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Abstract

This study aimed to assess the antifungal potential of Peganum harmala L. against significant plant
pathogenic fungi and its phytotoxic impact on select cultivated plants. The aerial parts (flowers, shoots, leaves,
and seeds) of P. harmala were harvested from Kirsehir Province during the 2023 growing season. Subsequently,
the collected plants were shade-dried in the laboratory and finely powdered using an electric grinder. One liter of
methanol was added to 100 grams of the dried plant material, followed by a 48-hour maceration period. After
methanol evaporation, the residue was dissolved in DMSO to achieve concentrations of 0.5, 1, 2, and 4 mg mL ™,
Nine-centimeter diameter Petri dishes were prepared with two layers of filter paper, and 25 seeds each of the test
plants (wheat, cress, and clover) were evenly distributed. The Petri dishes were then sealed and incubated at 24°C
for a period ranging from 1 to 4 weeks. After the incubation period, seed germination rates and the lengths of roots
and shoots were measured for the test plants. Additionally, the impact of the methanol extract on the mycelial
growth of pathogenic fungi including Alternaria alternata (A.A), Verticillium dahliae (V.D), Sclerotinia
sclerotiorum (S.S), Alternaria solani (A.S), and Monilinia fructigena(M.F) at concentrations of 0.5, 1, 2, and 4
mg mL-! was evaluated. The results indicated varying effects of the plant methanol extract on the cultivated plants,
with Sclerotinia sclerotiorum displaying inhibition rates of 0.0%, 0.0%, 19.68%, 39.59%, and 62.97% against
Alternaria solani, Monilinia fructigena, Verticillium dahliae, Alternaria alternata, and Sclerotinia sclerotiorum,
respectively. Consequently, the study identified the biological activity of P. harmala and recommended further
validation through pot and field experiments.

Key Words: Peganum harmala L., phytotoxic effect, antifungal activity, germination, root and shoot growth
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INTRODUCTION

There are abiotic and biatic factors in the agricultural
ecosystem that cause problems in products. These
biotic factors include diseases, pests and weeds.
Synthetic fungicides are used extensively due to the
inadequacy of environmentally friendly methods such
as cultural control in the control against plant
pathogenic diseases. Unconscious and excessive use
of these chemicals can cause harm to the environment
and people. Studies are being carried out to identify
natural products that can replace them in order to
reduce this negative effect. On the other hand, weeds,
which are another plant protection problem, have
negative effects on agricultural products. The most
significant among these negative effects is the
competition with cultivated plants for water, nutrients
and light. In addition, the allelopathic effects of weeds
on cultivated plants may cause loss of yield. Every
plant within the agricultural ecosystem contains
secondary compounds and plays a role in allelopathic
interactions between plants. These compounds can be
released from the plants themselves or released into
the environment from their by-products. Although
these components released into the agricultural
ecosystem are called allelochemicals, they can cause
phytotoxic effects on other plants (Alam and Islam,
2002; Yilar et al., 2020). The compounds that cause
this phytotoxic effect can be found in different parts
of plants (Zeng et al., 2008) and when released into
the environment, they cause negative effects on other
plants. For the reasons mentioned above, weeds can
cause serious yield losses in cultivated plants.

Worldwide, weed control is estimated to
result in a loss of approximately 13.2% in the eight
most crucial food and commercial crops (Oerke et al.,
1995). Mechanical methods such as hand weeding
and hoeing demand significant labor and time.
Consequently, chemical control remains the most
widely used approach. However, chemical herbicides
can pose environmental risks due to their toxicity
(Batish et al., 2007c; Kordali et al., 2009). Integrated
strategies aimed at enhancing weed management are
necessary to reduce reliance on herbicides. Recent
efforts have focused on investigating the allelopathic
effects of various plants to sustainably control weeds
(Singh, 2003c; Macias et al., 2006). Residues from
natural products released by allelopathic and
medicinal plants can aid in decreasing the use of
synthetic herbicides, thereby reducing pollution and
promoting safer agricultural practices (Singh et al.,

2003a; Khanh et al., 2007). Various plant families are
being explored for this purpose, and research on these
species is ongoing.

Peganum harmala L. is a perennial, glabrous
plant belonging to the Zygophyllaceae family,
typically growing between 30-70 cm in height. It is an
invasive species in meadow pastures, spreading in
uncultivated and barren lands (Anonymous, 2008;
Ertugrul et al., 2022). Commonly referred to as
"peganum™ in our region, it was initially named
"Moly" by Dioscorides, while Syrians called it
"Besasa," and Cappadocians referred to it as "Moly"
(Ratsch, 1992). This plant possesses antimicrobial
(Arshad et al.,, 2008), anti-inflammatory, and
analgesic properties (Monsef et al., 2004). In folk
medicine, P. harmala has been utilized as an
emmenagogue and abortifacient in North Africa and
the Middle East (Monsef et al., 2004). Additionally,
boiling P. harmala leaves is employed in treating
rheumatism (Chopra et al., 1986). Carboline alkaloids
such as harmine, harmaline, harmalol, peganine,
vasicin, vasicin, deoxyvasicin, peganone-1 (3-6-
dihydroxy-8-methoxy-2methyl anthraquinone), and
peganone-2 (8-hydroxy — 7 methoxy — 2 methyl
anthraquinone) obtained from various parts of this
plant are utilized against various diseases (Aarons,
1977; Sobhani et al., 2002).

Medicinally, the fruits and seeds of P.
harmala are known to possess digestive, diuretic,
hallucinogenic, hypnotic, antipyretic, antispasmodic,
antiemetic, narcotic, and uterine stimulant properties
(Chatterjee, 1997; Kiritikar, 1995; Sharma, 1988).
The red dye derived from the seeds is extensively used
for coloring carpets in Turkey and Iran (Baytop,
1999). Leaves of P. harmala are beneficial in treating
asthma, colic, dysmenorrhea, hiccups, hysteria,
neuralgia, and rheumatism (Chatterjee, 1997;
Kiritikar, 1995; Sharma, 1988). The plant has also
been explored for its antimicrobial (Adday et al.,
1989; Alkofahti et al., 1990; Prashanth et al., 1999)
and antitumor properties (Prashanth et al., 1999), as
well as its potential in treating malaria (Kiritikar et al.,
1995) and as an insecticide (Ahmed et al., 1981).
While studies highlighting the allelopathic and
antifungal activity of this plant are limited, existing
research demonstrates its effectiveness against
various crops, weed species, and plant pathogenic
fungi (Sodaeizadeh et al., 2010; Farajollahi et al.,
2013; Shao et al., 2013; Bitchagno et al., 2022; Al-
Jalili et al., 2022).
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This study aims to assess the phytotoxic
impact of P. harmala, a plant abundant in secondary
compounds, on various cultivated plants from diverse
families, as well as its antifungal activity against
significant plant pathogenic fungi.

MATERIALS and METHODS

2.1. Plant Materials: Plant material of Peganum
harmala used in the experiments was collected during
the flowering stage from Kirsehir Province,
throughout the 2023-2024 vegetation period. The
collected plant materials were dried in the shade under
laboratory conditions.

Table 1. Plant pathogens used in the study.

2.2. Fungal Cultures: The plant pathogenic fungi
utilized in this study (Alternaria alternata,
Verticillium dahliae, Sclerotinia sclerotiorum,
Alternaria solani, and Monilinia fructigena) were
obtained from stock cultures maintained at Kirsehir
Ahi Evran University, Faculty of Agriculture,
Department of Plant Protection, Phytopathology
Laboratories. Fungal cultures were utilized after
incubating for 7 days at 234£2°C on Potato Dextrose
Agar (PDA) plates. The plant pathogens used in the
study are given in Table 1.

Latin Name Abbreviation Plant from which it Turkish Name
was isolated.

Alternaria alternata AA Apple Apple fruit rot
Verticillum dahlie V.D Aubergine Verticillium wilt
Alternaria solani. AS Tomato Early blight

Monilinia fructigena M.F Pear Mummy disease

Scleratinia sclerotiorum (Lib.) de Bary S.S Cucumber white rot

2.3. Preparation of Plant Methanol Extracts: 100 g
of each ground plant material was weighed and placed
in 1 L Erlenmeyer flasks, followed by the addition of
600 ml methanol. The mixture was agitated at 120
rpm in an orbital shaker at room temperature for 24
hours. Subsequently, the extract was filtered, and
methanol was evaporated at 32°C until a solid
material was obtained. Different concentrations (0
(control), 0.5, 1, 2, and 4 mg mL™) were prepared
using the residual extract dissolved in dimethyl
sulfoxide (DMSO) (Yilar and Bayar, 2023).

2.4. In vitro Antifungal Activity Study: The agar
plate method was modified and employed to evaluate
the antifungal effect of the methanol extract of
Peganum harmala L. (Nwosu and Okafor, 1995).
Prepared PDAs were autoclaved and cooled to 40-
50°C, then mixed with sterile PDA at various
concentrations (0 (control), 0.5, 1, 2, and 4 mg/mL).
The PDAs were transferred to 60 mm diameter Petri

dishes (~10 mL/petri). Mycelium disks (5 mm in
diameter) from 7-day-old fungal cultures were placed
onto the Petri dishes. Following inoculation, the
fungal cultures were incubated at 23+£2°C for 10 days.
Fungal growth was monitored daily for 7 days, and
colony diameter was calculated by measuring the
fungal colony diameter in orthogonal directions.

Percentage inhibition of mycelial growth
was calculated by comparing the inhibition in growth
with the control development. Thiram 80% (wt/vol)
(commercial fungicide) was used as a positive
control, while 5% (v/v) DMSO was used as a negative
control. The experiment was replicated thrice with
three replications each, and percentage inhibition of
mycelial growth was calculated according to the
formula specified by Pandey et al. (1982):

Percent Inhibition (%)=(Growth in control-Growth
in extract/ Growth in control)x100
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2.5. Phytotoxic Effect of Plant Methanol Extract:
Phytotoxicity studies on seed germination and
seedling development of cultivated plants were
conducted in 9 cm diameter Petri dishes. Two layers
of blotting paper were placed in the Petri dishes, and
the seeds of the test plants (25 each) were evenly
distributed. Methanol extracts prepared at different
concentrations (50, 100, 200, and 400 mg/mL) and
pure water-DMSO for control purposes were added to
the Petri dishes (6 ml/petri dish) and moistened. Petri
dishes were tightly sealed with paraffin and incubated
at an average temperature of 24°C for 1-3 weeks. At
the end of the incubation period, seed germination rate
and the lengths of radicle and shoot were measured
(Onen, 2003).

2.6. Data Analysis: The significance levels of
differences between treatments in the experiments

were determined by analysis of variance (ANOVA),
and means were compared using the Duncan test.
Statistical analyses were performed using the SPSS
15.0 computer program.

RESULTS and DISCUSSION

3.1. Phytotoxic Effect of Peganum harmala
Methanol Extract

The phytotoxicity of Peganum harmala
methanol extract exhibited varying degrees of impact
on different cultivated plants. While the methanol
extract did not statistically affect the seed germination
of Lepidium sativum, it significantly inhibited the
seed germination of Triticum aestivum and Medicago
sativa compared to the control (Table 2).

Table 2. Percentage Effect of Peganum harmala Methanol Extract on Seed Germination and Seedling

Development of Cultivated Plants.

Test plants Doses (mg mL?') | Germination (%) | Root (cm) Shoot (cm)
Control 100%+0,0 3,90%+0,37 3,89%+0,17

0.5 99%+1,0 3,562+0,25 3,57%+0,18
Lepidium sativum 1 99%+1,0 3,42%+0,32 3,565%+£0,25
2 992+1,0 2,10°+0,26 3,48%+0,43

4 992+1,0 1,85°+0,31 3,222+0,40

Control 100%+0,0 15,05%+1,38 12,08%+10,1

0.5 98+1,15 8,86°+0,68 9,30%0+0,21

Triticum aestivum 1 983+2 0 7,96°+1,0 9,18%+0,67
2 983+2 58 6,24°+0,60 8,78+1,70

4 94°+0,84 4,87°+0,36 7,72°40,75
Control 98,08+2,0 2,32%+0,21 3,15%+0,45
0.5 91,0°+1,0 2,19%+0,04 2,53%+0,31

Medicago sativa 1 90,0°+1,15 2,13%+0,33 2,50%0,28
2 90,0°+1,0 1,76%+0,02 2,30%+0,11
4 90.0%+1,15 1,708+0,31 2,213+0,13
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While the Peganum harmala methanol
extract exhibited a significant inhibitory effect on
cress root development compared to the control, it
was found to be ineffective in altering plant shoot
development. Furthermore, unlike the effect

observed on cress plants, the extract demonstrated
statistically significant inhibitory effects on both
wheat root and shoot development at the P<0.05
significance level compared to the control (Table 2).

Figure 1. Phytotoxic effect of P. harmala methanol extract on test plants (a: wheat, b: clover, c: cress)

The genus Peganum encompasses various
classes  of  metabolites  with  significant
pharmacological effects. Plants within this genus
contain phenolic compounds, terpenes, and nitrogen-
containing compounds, with alkaloids being
identified as the main components of the obtained
extracts (Ratsch, 1992). Additionally, it has been
reported that P. harmala leaves contain
phytochemicals such as saponins, steroids, and
tannins (Pahlavia et al., 2018). Aqueous extracts of P.
harmala leaves have been found to contain phenolic
acids including gallic, vanillic, caffeic, syringic, and
trans-ferulic acids, as well as derivatives of benzoic
acid (Sodaeizadeh et al., 2009).

Several studies have investigated the
biological activity of P. harmala, a plant rich in
phytochemical composition. It has been observed that
phytotoxins released when plant material is
incorporated into soil have varying effects on Avena
fatua L. (Poaceae) and Convolvulus arvensis L.
(Convolvulaceae) plants, with a notable reduction
observed in C. arnesis plants (Sodaeizadeh et al.,
2010). Moreover, the germination of Chenopodium
album, Amaranthus retroflexus, and Avena fatua
seeds was inhibited by a 1% dose of P. harmala dried
and ground fruit hydroalcoholic extract, resulting in
reductions of 60%, 50%, and 40%, respectively,
compared to the control (Tafti et al., 2011).

P. harmala has also been found to exhibit an
allelopathic effect on Bromus tectorum when grown
in soils where plant materials obtained from different
parts (root, shoot, leaf, and seed) are mixed. In this
study, a high concentration of P. harmala

demonstrated a strong inhibitory effect on the
germination and early development period of B.
tectorum (Farajollahi et al., 2013).

Under in vitro bioassay conditions, ethanol
extracts of P. harmala showed significant inhibitory
effects on both monocotyledonous (Triticum aestivum
L.) and dicotyledonous (Lactuca sativa L.) plants at a
dose of 0.05g/mL. Similar studies have suggested that
the essence and extracts of numerous plants, including
P. harmala, could serve as biological herbicides due
to their inhibitory effects on mitochondrial activity
and fat oxidation in plants (Robles et al., 1999; Ehlers
and Thompson, 2004).

3.2. Antifungal Activity Study Results

In our investigation, we examined the
biofungicidal effects of methanol extract derived from
Peganum harmala L. against significant plant
pathogens including  Alternaria  alternata,
Verticillium dahliae, Sclerotinia sclerotiorum,
Alternaria solani, and Monilinia fructigena. The rates
of mycelial growth inhibition exhibited by these plant
pathogenic fungi against the extract are presented in
Table 3 and Figure 2. Statistical analysis revealed
significant differences between the doses at the
P<0.05 level. Comparing to the negative control, the
4 mg mL* dose of the plant extract inhibited the
mycelial growth of Sclerotinia sclerotiorum,
Alternaria solani, Monilinia fructigena, Verticillium
dahliae, and Alternaria alternata by 0.0%, 0.0%,
19.68%, 39.59%, and 62.97%, respectively. The
extract demonstrated similar inhibitory effects on the
mycelial growth of the plant pathogens.
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The most sensitive pathogen to the plant
extract was Alternaria alternata, followed by
Verticillium  dahliae, Monilinia  fructigena,

Sclerotinia sclerotiorum, and Alternaria solani,
respectively (Table 3, Figure 2).

Table 3. Mycelium growth inhibition of methanol extract of Peganum harmala against plant pathogens (%)

Doses (mg mL?Y) | A.A V.D S.S AS M.F
P+ 1002 +0,00 1002+0,00 1002 +0,00 1002 +0,00 1002+0,00
N- 0.00° +£0.00 0.00°¢+0.00 0.00°+0.00 0.00°+0.00 0.00°¢+0.00
0,5 33.939+4.83 | 0.00¢+0.00 0.00°+0.00 0.00° +0.00 0.00° +0.00
1 40.209+£2.46 | 12.28°+6.19 0.00° +0.00 0.00° +0.00 0.00°¢+0.00
2 48.66°+£3.02 | 13.11°+7.15 0.00° +0.00 0.00° +0.00 0.00°¢+0.00
4 62.97°£1.63 | 39.59°+9.54 0.00°+0.00 0.00°+0.00 19.68° +1,68

Means with different letters in the same column are different at the P<0.05 significance level according to LSD.
N-: Negative control; P+: Positive control; A.A(Alternaria alternata), V.D(Verticillum dahlie, S.S(Sclerotinia
sclerotiorum, AS(Alternaria solani), M.F(Monilinia fructigena)

In a study, water, ethanolic, and methanolic
extracts derived from the leaves, flower tissues, and

seeds of Peganum harmala  demonstrated
effectiveness against various plant pathogens
including Phytophthora drechsleri, Verticillium

dahliae, Sclerotinia sclerotiorum, Cladosporium
cucumerinum, Corynespora cassiicola, Alternaria
sp., Ulocladium sp., Botrytis cinerea, Monosporascus

cannonballus, Fusarium oxysporum f. sp. melonis,
Macrophomina phaseolina, Rhizoctonia solani, and
Trichoderma harzianum. These extracts were tested
for their impact on mycelial development and spore
germination of the pathogens. The study reported
significant antifungal activity against several of these
plant pathogens (Sarpeleh et al., 2009).

Figure 2. Effect of methanol extract of Peganum harmala on mycelium development of plant pathogens

N-: Negative control; P+: Positive control; A.A(Alternaria alternata), VV.D(Verticillum dahlie, S.S(Sclerotinia
sclerotiorum, AS(Alternaria solani), M.F(Monilinia fructigena)
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Hajji et al. (2020) investigated the antifungal
activity of Peganum harmala seed oil against 10 plant
pathogenic fungi (R. solani, M. phaseolina, Pythium
sp. 1, Pythium sp. 2, Alternaria sp., Colletotrichum
sp., M. cannonballus, F. solani f. sp. cucurbitae, F.
oxysporum f. sp. melonis, F. oxysporum f. sp. niveum)
by incorporating different concentrations of the oil
into melted agar. They found that 50% seed oil of P.
harmala exhibited notable activity against Pythium
sp., showing mycelium inhibition rates ranging from
56% to 82%, followed by F. solani f. sp. cucurbitae
with inhibition rates of 15% to 55.7%. Abdal et
al.(2023) assessed the antifungal activity of P.
harmala seed water extract against fungi such as
Phytophthora infestans, Oidium oxysporum, Botrytis
cinerea, and Alternaria solani, known to infect
tomatoes. Their results indicated that P. harmala seed

pathogens to varying degrees. These findings align
with previous studies.

CONCLUSION

In vitro bioassays demonstrated the phytotoxic
effects of methanol extracts of P. harmala on the
mycelial development of significant plant pathogenic
fungi and on the tested cultivated plants. This suggests
that P. harmala can produce phytochemical
compounds that inhibit seed germination and growth
in cultivated plants, as well as the mycelial
development of pathogenic fungi. However,
considering potential variations between laboratory,
greenhouse, and field conditions, further
investigations are warranted to validate the phytotoxic
and antifungal activity of P. harmala under different
environmental settings.

water extract inhibited the development of plant
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OZET

Bu ¢aligmada Asteraceae familyasindan Inula viscosa (L.) Aiton (Andiz otu; INUVI) ve Simurabuceae familyasindan Ailanthus
altissima (Mill.) Swing (kokar agag; AILAL) 1n ¢igekli ve ¢igeklenme 6ncesi donemlerinde, yaprak, gévde ve koklerinden elde edilen
ve 6 ml/petri dozda uygulanan farkli (%1, %2, %4, %8 ve %16) yogunluktaki oziitlerin; Amaranthus retroflexus L. (kirmizi koklii
tilki kuyrugu; AMARE), Avena sterilis L. (kisir yabani yulaf; AVEST), Echinochloa colonum (L.) Link (benekli darican; ECHCO),
Hirchfeldia incana (L.) Lagr. Foss. (dev hardal; HIRIN), Portulaca oleracea L. (semizotu; POROL) ve Sinapis arvensis L. (yabani
hardal; SINAR)’e kars1 allelopatik etkinligi aragtirilmigtir. Calisma, 3 tekerriirlii ve 2 tekrarlamali olarak boliinmiis parseller deneme
desenine gore kurulmustur. Elde edilen sonuglara gore bitki 6ziitlerinin allelopatik etkinligi artan dozlara paralel olarak; yabanci otlarin
tohum ¢imlenmesini 6nemli diizeyde engelledigi goriilmiistiir. Kullamlan tiim 6ziitlere kargi S. arvensis olduk¢a hassas olmasina
ragmen digerlerinin daha dayanikli oldugu saptanmistir. Buna gore; yapilan probit analiz sonuglarindan hesaplanan LDso degerlerine
gore farkli uygulamalardan elde edilen sonuglara bakildiginda, oziitlerin en etkili oldugu yabanci otlar ve dozlar1 (ml/petri): I'YF
(¢igekli dénemde andiz otu yaprak) 6ziitii igin SINAR (0.001); IYL (¢igekli donem oncesi andiz otu yaprak) 6ziitii HIRIN ve SINAR
(0.001); AYF (¢igekli donemde kokar agag yaprak) 6ziitii icin SINAR (0.645); AYL (gicekli donem 6ncesi kokar agag yaprak) 6ziitii
icin POROL (0.029); AGF (¢i¢ekli donemde kokar agag govde) oziitii igin SINAR (0.257); AGL (gigekli donem 6ncesi kokar agag
govde) oziiti icin AMARE (0.500); AKF (¢igekli donemde kokar agac¢ kok) 6ziit uygulamasi i¢in SINAR (0.577); AKL (¢icekli
donem oncesi kokar agag kok) oziitiinde ise SINAR (0.813)’dir. Probit analiz sonuglarindan hesaplanan LDsodegerlerine gore yabanci
ot tohumlarinin en hassas olduklari 6ziitler: AMARE, AVEST i¢in IYF; ECHCO i¢in AGF; HIRIN i¢in IYL; POROL igin ise AYL;
SINAR igin IYF ve IYL’dir.

Anahtar Kelimeler: /nula viscosa, Ailanthus altissima, yabanci ot tohumu, allelopatik etki, 6ziit

Allelopathic Effects of False Yelloehead (I/nula viscosa L..) And Tress of Heaven
(Ailanthus altissima (Miller) Swingle) Extracts On The Germination of Some Weed
Seeds

ABSTRACT

In this study, the effects of extracts with different concentrations (1%, 2%, 4%, 8% and 16%) obtained from the leaves, stems and roots
of Inula viscosa (L.) Aiton (false yellowhead; INUVI) from the Asteraceae family and Ailanthus altissima (Mill.) Swing (tree of
heaven; AILAL) from the Simurabuceae family, applied at a dose of 6 ml/petri, in flowering and before flowering stages on some
weeds; Amaranthus retroflexus L. (redroot pigweed; AMARE), Avena sterilis L. (sterile wild oat; AVEST), Echinochloa colonum (L.)
Link. (awnless barnyardgrass; ECHCO), Hirchfeldia incana (L.) Lagr. Foss. (hoary mustard; HIRIN), Portulaca oleracea L. (common
purslane; POROL) and Sinapis arvensis L. (charlock; SINAR) were investigated. The study was established according to a split-plot
experimental design with 3 replications and 2 replications. According to the results obtained, plant extracts have significantly inhibited
the seed germination of weeds in parallel with increasing doses (1%, 2%, 4%, 8% and 16%). Although S. arvensis were very sensitive
to all the extracts used, others were found to be more resistant. Accordingly, When the results obtained from different applications
were examined according to the LD50 values calculated from the probit analysis results, the most effective weeds and their doses
(ml/petri): SINAR (0.001) for IYF (leaf of false yellowhead in flowering stage) extract; HIRIN and SINAR (0.001) for IYL (leaf of
false yellowhead before flowering stage) extracts; SINAR (0.645) for AYF (leaf of tree of heaven in flowering stage) extract; POROL
(0.029) for AYL (leaf of tree of heaven before flowering stage) extract; SINAR (0.257) for AGF (stem of tree of heaven in flowering
stage) extract; AMARE (0.500) for AGL AGL (stem of tree of heaven before flowering stage) extract; SINAR (0.577) for AKF (root
of tree of heaven in flowering stage) extract application; and SINAR (0.813) in AKL (root of tree of heaven before flowering stage)
extract. According to the LD50 values calculated from the probit analysis results, the extracts to which the weed seeds are most
sensitive are: AMARE, IYF for AVEST; AGF for ECHCO; IYL for HIRIN; AYL for POROL; IYF and IYL for SINAR.

Key Words: Inula viscosa, Ailanthus altissima, weed seeds, allelopathic effect, extracts
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GIRIS

Gilinlimiizde hizli niifus artigi, tarim alanlarinin
yerlesim ve sanayiye agilmasi, tarimsal iiretimde
yeterli verim ve kalite elde edebilmek i¢in daha fazla
su, giibre, enerji ve pestisit kullanimini zorunlu
kilmaktadir. Artan niifusun beslenme ve diger
ihtiyaglarim karsilayabilmek igin tarimsal {iretimin
maksimum fayda saglayacak sekilde yapilmasi
gerekmektedir. Bu kapsamda gilinlimiiz  bilingli
insaninin hedefi, ekolojik dengeleri bozmadan, birim
alandan olabildigince fazla ve yiiksek kaliteli {irlin
elde etmektir. Bu hedefe ulasirken, tiriinlerin hastalik,
zararli ve yabanci otlarin etkilerinden ekonomik
oOlcgiilerde korunmasi ve tarimsal miicadelenin entegre
zararlh yonetimi (IPM) ilkelerine uygun olarak
yiiriitilmesi onemlidir. Bu baglamda siirdiiriilebilir
tarim uygulamalarinin  benimsenmesi, gelecekteki
gida giivenligi ve ekosistem saglig1 acisindan biiyiik
onem tagimakta olup, bu tiretimin mevcut ekosisteme
zarar vermeden gergeklestirilmesi dnemlidir (Uremis
ve ark., 2023a ve b).

Tarimsal iretimde bitki hastalik
zararhlariyla birlikte yabanci otlar, {iriin kalite ve
verimini 6nemli dl¢iide azaltmaktadir. Yabanci otlarla
miicadelede bircok yontem olmasma ragmen,
kimyasal miicadele yiiksek etkinligi, hizli sonug
vermesi ve bilingli kullanildiginda ekonomik olmasi
gibi sebeplerle en fazla tercih edilen yontemdir.
Ancak, cevresel etkileri ve insan saghigi lizerindeki
potansiyel etkileri g6z  Oniinde
bulundurularak, kimyasal miicadelenin dikkatli bir
sekilde uygulanmasi gerekmektedir. Herbisitlerin
bilingli ve kontrollii kullanimi, ¢evresel etkilerin en
aza  indirilmesi siirdiiriilebilir ~ tanm
uygulamalarimin desteklenmesi agisindan gereklidir.
Bu baglamda, entegre zararli yonetimi ilkeleri
cercevesinde kimyasal miicadele, biyolojik, fiziksel
ve kiiltirel miicadele yontemleri ile birlikte
kullanilmalidir (Uludag ve ark., 2018). Yabanci
otlarin kontrol altina alinmasi, tarimsal verimliligi ve
iriin kalitesini artirmak igin kritik bir dneme sahip
olup yabanct otlarla miicadelede kullanilan
kimyasallarin bilyikk kismini herbisitlerin kullanim
miktart  illkeden iilkeye  biiyiik farkliliklar
gostermektedir. Az gelismis tilkelerde tiim pestisitler
icerisindeki herbisitlerin pay1 yaklasik %10 iken,
gelismekte olan iilkelerde bu oran %25-30'a, gelismis
iilkelerde ise %50-55'lere ulagmaktadir. Tiirkiye'de
herbisitlerin ~ pestisitler ~ igindeki  payt %30
diizeyindedir (Erkin ve Kismir, 1996; Gonen ve ark.,
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1996; Delen ve ark., 2005). Ulkemizde yillik pestisit
tilketimi yaklagitk 200 milyon Euro olup, herbisit
kullaniminin  55-60 milyon Euro oldugu tahmin
edilmektedir. Bu veriler, yabanci otlarla miicadelede

herbisitlerin  ekonomik ve tarimsal Onemini
vurgulamaktadir.
Yabanci ot miicadelesinde  kullanilan

kimyasallar ¢cevre ve insan sagligi {izerinde olumsuz
etkilere yol agmakta ve bu tehlike giderek artmaktadir
(Kropff ve Walter, 2000). Hatal1 segilen ve yanlig
zamanda uygulanan kimyasallar, diriinlerde ilag
kalintis1 sorununa neden olmaktadir. Bu durum,
iiriinlerin ihra¢ edildigi noktalardan geri donmesine
ve dolayistyla iilke ekonomisinde kayiplara sebep
olmaktadur. I¢ piyasada tiiketilen ilag kalint1li iiriinler
ise, insan saglig1 izerinde kisa veya uzun vadede geri
doniisii  olmayan sorunlara yol agabilmektedir.
Sentetik herbisitlerin siirekli olarak yiiksek dozlarda
kullanilmas1 ¢evre kirliligine neden olmakta,
herbisitlere direngli yabanct otlarin
artmasina, ekonomik zararli olmayan tiirlerin zamanla
baskin hale gelmesine, biyolojik zenginligin
azalmasina ve kiiltlir bitkilerinde fitotoksisite
olusumuna yol agmaktadir. Ayrica, bu durum birgok
baska olumsuz etkiyi de beraberinde getirmektedir.
Son zamanlarda, gevre dostu pestisitlerin kullanimi ve
bu pestisitlerin tarim {riindi ihracatim etkileyen
standartlara uygun olarak kullanilmasi gerektigi
onemle vurgulanmaktadir. Bu dogrultuda, gelismis
iilkelerdeki diizeyde ve bilingli bir sekilde pestisit
kullanim standartlarinin benimsenmesi
gerekmektedir (Delen ve ark., 2005).

sayisinin

Tarimin siirdiiriilebilirligini saglamak igin
gida giivenligini korumak, dayaniklilik olusumunu
engellemek, cevre kirliligini 6nlemek ve kimyasal
yontemlere alternatif yontemler arastirip uygulamak
zorunluluk haline gelmistir (Tekeli ve ark., 2006). Son
yillarda, pestisit kullanimini tamamen ortadan
kaldiran veya miimkiin oldugunca azaltan alternatif
miicadele yontemleri ¢alismalar
yogunlasmustir. Bu alternatif yontemlerden biri de
allelopatik maddelerin (allelokimyasallarin)
kullanimidir. Allelopatik maddeler, yabanci otlarin,
bitki hastaliklarinin ve zararlilarimin miicadelesinde
etkili bir arac olarak 6ne ¢ikmaktadir (Ozdemir, 2007;
Ozdemir ve Uremis, 2013; Ozdemir ve Uremis,
2019). Allelopati, bazi bitkilerin diger bitkiler
iizerinde kimyasal bilesikler yoluyla inhibe edici veya
oldiiriicii etkiler olusturmasi olarak tanimlanabilir.

tizerinde
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Allelopatik maddelerin tarimda kullanimi, kimyasal
pestisitlerin olumsuz etkilerini azaltmaya yardimci
olabilir Bu maddeler, c¢evre dostu ozellikleri
sayesinde hem ekosistem tizerinde daha az olumsuz
etki yaratmakta hem de siirdiiriilebilir tarim
uygulamalariin desteklenmesine katki saglamaktadir
(Uludag, 2006; Uludag ve ark., 2017).

Tirkiye florasinda 10.000'den fazla bitki
tiri bulunmakta olup, bunlarin yaklasik 3400
endemiktir (Davis, 1965-1988; Giiner ve ark., 2000;
Erik ve Tarikahya, 2004). Cevreyi ve genetik
kaynaklar1 korumak i¢in allelopatik iligkilerin
bilinmesi biiyiilk onem tagimaktadir. Brassicaceae,
Lamiaceae, Leguminosae, Apiaceae, Asteraceae gibi
birgok bitki familyasina ait bitkilerin allelopatik
etkileri belirlenmistir (Uygur ve ark., 1990; Sozeri ve
Ayhan, 1997; Karaaltin ve ark., 1999; Dogan, 2004;
Uremis, 2006; Ozdemir, 2007; Uremis ve ark., 2014).
Bu konudaki 6nemli bitki familyalarindan biri de
Asteraceae (Compositae) familyasidir (Kadioglu,
2004). Asteraceae familyasina ait bitkilerin yiiksek
allelopatik etki gostermeleri nedeniyle, gerek
Tiirkiye'de gerekse yurt disinda ¢ok sayida ¢alisma
yapilmistir (Arslan ve ark., 2005; Uremis ve ark.,
2005). Bu galismada cle alinan andiz otu (Jnula
viscosa (L.) Aiton), Compositae familyasindan, kirag
alanlarda ve bos alanlarda goriilen ¢ok yillik otsu bir
bitkidir. Andiz otunun bazi boceklere karsi repellent
etkisi bulunmakta ve son zamanlarda tibbi olarak da
onem kazanmaktadir (Topakg1 ve ark., 2005). Ayrica,
yabanci otlara kars1 allelopatik etkileri bulunmaktadir.
Inula'nin  toprak istii kisimlarindan hazirlanan
oOziitlerin, bazi yabanci ot tohumlarinin ¢gimlenmesi ve
gelisimi etkili oldugu belirlenmistir
(Omezzine ve ark., 2011a; Omezzine ve ark., 2011b;
Dor ve Hershenhorn, 2012; Bayhan ve ark., 2017). Bir
diger ele alman bitki ise kokar agac (Ailanthus
altissima (Miller) Swingle) olup, Simaroubaceae
familyasinda yer almaktadir. Zarif sekilde kivrilmis
dallant ve gekici cicekleriyle dikkat ¢ceken bu agac,
istilac1 karakterdedir (Mamikoglu, 2007; Uludag,
2015). Kokar agacinin allelopatik potansiyeli ile ilgili
oldukea az ¢alisma bulunmaktadir. Ozellikle kokleri,
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govdesi ve yapraklarindan elde edilen 6ziitlerin, ¢ok
sayidaki yabanci ot {izerinde etkili oldugu
bilinmektedir (Heisey, 1990; Small ve ark., 2010;
Bostan ve ark., 2014; Sladonja ve ark., 2014; Bagheri
ve Cici, 2015; Uremis ve ark., 2017a, 2017b). Bu
calismalar, allelopatik bitkilerin tarimsal zararlilarla
miicadelede kullanilmasimin potansiyel faydalarini
ortaya  koymakta ve c¢evre dostu  tarim
uygulamalarinin gelistirilmesine katki saglamaktadir.
Calismalarin sonuglari, allelopatik bitki &ziitlerinin
yabanci otlarin kontrolii ve tarimsal iiretimin
strdiiriilebilirligi acisindan potansiyel birer gevre
dostu alternatif olabilecegini gdstermektedir. Bu
dogrultuda, cevre dostu miicadele yontemlerinin
gelistirilmesi, tarimin siirdiirtilebilirligi ve ekosistem
sagligi agisindan biiylik 6nem tagimaktadir.

Bu ¢alismada, andiz otu (Inula viscosa (L.)
Aiton) ve kokar agac (Ailanthus altissima (Miller)
Swingle)’in  yaprakli cicekli  donemler
donemlerinde toplanan yaprak, gévde ve koklerinden
elde edilip farkli konsantrasyonlarda (%1, %2, %4,
%8 ve %16) hazirlanan Oziitlerin, tarim alanlarinda

Ve

yaygmn olarak gorillen Amaranthus retroflexus L.
(kirmiz1 kokli tilki kuyrugu), Avena sterilis L. (kisir
yabani yulaf), Echinochloa colonum (L.) Link
(benekli darican), Hirchfeldia incana (L.) Lagr. Foss.
dev hardal), Portulaca oleracea L. (semizotu) ve
Sinapis arvensis L. (yabani hardal) tohumlarinin
¢imlenmelerine etkileri ele alinmustir.

MATERYAL VE YONTEM

Materyal

Calismanin ana materyalini Ailanthus altissima
(Mill.) Swingle (kokaragag) (AILAL) ve [nula
viscosa (L.) Aiton (andiz otu ) (INUVI)’ndan elde
edilen oziitler ile Amaranthus retroflexus L.
(AMARE) (kirmizi kokli tilki kuyrugu), Avena
sterilis L. (AVEST) (kisir yabani yulaf), Echinochloa
colonum (L.) Link (ECHCO) (benekli darican),
Hirchfeldia incana (L.) Lagr. Foss. (HIRIN) (dev
hardal), Portulaca oleracea L. (POROL) (semizotu)
ve Sinapis arvensis L. (SINAR) (yabani hardal)
tohumlar1 olusturmustur.
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Yontem
Oziitlerin Hazirlanmast

Ailanthus altissima (Mill.) Swingle (kokaraga¢) nin
kok, govde ve yapraklart Mayis 2016 tarihinde
(yaprakli donem) ve Ekim 2016 tarihinde (¢icekli-
meyveli donem) dogal olarak yetistigi alanlardan elde
edilmistir. Her iki donem igin ayr1 ayn olarak, kok
eldesi icin kokaraga¢ fidanlari ilgili ddneminde
kokleriyle beraber sokiildiikten sonra kdk bogazindan
kesilerek kokler govdeden ayrilmistir. Yaprak icin ise
ornekler laboratuvara getirildikten sonra yapraklar
yaprak saplarindan siyrilmistir. Bu islemlerden sonra
islemlerden arta kalan gévde, dal ve yaprak saplari bir
arada olacak sekilde ayrica degerlendirilmistir. Elde
edilen materyale (kok, yaprak ve govde) kurutulmaya
baglanmadan o6nce ylizey sterilizasyonu (%10
hipoklorit 15 dakika, takiben 3 kere bol suyla
temizleme) uygulanmistir. Daha sonra Ornekler
laboratuvarda 25 °C de kurutulmustur. Kurutulan
bitkisel materyal bitki Oglitme degirmeni ile
ogiitiilerek toz haline getirilmistir. Toz haline getirilen
ornekler plastik posetlerde +4 °C de buzdolabinda
calismalarda  kullanilmak saklanmustir.
Boylelikle bitkinin farkli donemlerine ait toz (kok,
yaprak ve govde) haline getirilen ii¢ kisim elde
edilmistir. Calismada kullanilacak %1, %2, %4, %8
ve %16 oraninda oOziitler elde etmek i¢in 6nceden
hazirlanan bitki tozlarindan 1000ml saf su igerisine
10, 20, 40, 80 ve 160 gram agirlikta cam kap icine
konulmus ve c¢alkalayicida 24 saat ¢alkalandiktan
sonra ince tiilden gecirilmistir. Oziitler daha sonra
kaba filtre kagidinda siiziilerek kat1 artiklar
uzaklastirilmis ve santrifiijjde 4000 rpm hizinda 15
dakika siire dondiiriilerek kati artiklardan tamamen
ayristirilmistir. Bu islemlerden sonra 6ziitler cam kap
igerisine konulmus ve 24 saat UV’de birakilmistir. Bu
islemleri takiben bitki 6ziitleri plastik kaplara alinmig
ve denemede kullanincaya kadar derin dondurucuda
saklanmustir.

lizere

Inula viscosa (L.) Aiton (andiz otu)’un
toprak istii kismi Mayis 2016 tarihinde (yaprakli
donem) ve Ekim 2016 tarihinde (¢i¢ekli donem) dogal
olarak yetistigi alanlardan elde edilmistir. Her iki
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donem i¢in ayri ayri olarak, andiz otu bitkileri hemen
toprak {iistiinden ilgili doneminde gévdesiyle beraber
almmustir. Daha sonra yapraklarin eldesi i¢in 6rnekler
laboratuvara getirildikten sonra yapraklar yaprak
saplarindan siyrilmistir.  Elde edilen yapraklara,
kurutulmaya baslanmadan dnce yiizey sterilizasyonu
(%10 hipoklorit 15 dakika, takiben 3 kere bol suyla
temizleme) uygulanmisti. Daha sonra &rnekler
laboratuvarda 25 °C de kurutulmustur. Kurutulan
bitkisel materyal bitki 0&giitme degirmeni ile
ogiitiilerek toz haline getirilmistir. Toz haline getirilen
ornekler plastik posetlerde +4 °C de buzdolabinda
caligmalarda  kullanilmak  iizere  saklanmustir.
Boylelikle bitkinin farkli donemlerine ait toz haline
getirilen kisim elde edilmistir. Caligmada kullanilacak
%1, %2, %4, %8 ve %16 oraninda oziitler elde etmek
i¢in 6nceden hazirlanan bitki tozlarindan 1000 ml saf
su igerisine 10, 20, 40, 80 ve 160 gram agirlikta cam
kap icine konulmus ve calkalayicida 24 saat
calkalandiktan sonra ince tiilden gecirilmistir. Oziitler
daha sonra kaba filtre kagidinda siiziilerek kati artiklar
uzaklastirilmis ve santrifiijde 4000rpm hizinda 15
dakika siire dondiiriilerek kati artiklardan tamamen
ayristirlmistir. Bu islemlerden sonra dziitler cam kap
igerisine konulmus ve 24 saat UV’de birakilmistir. Bu
islemleri takiben bitki 6ziitleri plastik kaplara alinmig
ve denemede kullanincaya kadar derin dondurucuda
saklanmustir.

Tohumlarin Temin Edilmesi

Calismada kullanilan yabanci otlardan; AMARE,
ECHCO ve POROL tohumlart 2016 yilimin Eyliil -
Ekim aylarinda Hatay’da; misir tarlarindan, AVEST,
HIRIN ve SINAR tohumlart ise 2016 yilinin Mayis
ayinda bugday tarlalarindan toplanmistir. Yabanci ot
tohumlarinin olgunlagmis basaklar1 ve meyveleri elle
toplanmus, laboratuvarda tohumlarn ¢ikarilmigtir. Elde
edilen tohumlar daha sonra gblgede kurutulmus olup
dormansileri kirildiktan sonra (Buhler ve Hoffman,
1999) calismada kullanilincaya kadar +4 °C’de
buzdolabinda saklanmustir.
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Cimlendirme Calismalar

Calismalar, Mustafa Kemal Universitesi
Ziraat  Fakiiltesi  Bitki Koruma  Boliimii
laboratuvarlarinda yiiriitilmiistiir. Denemeye
baslamadan o6nce denemede kullamilacak olan

tohumlarin patojenlerle bulagik olma ihtimali
diistiniilerek tiim tohumlara ylizey sterilizasyonu
uygulanmistir. Bunun igin tohumlar kullanilmadan
once %I1‘lik sodyum hipokloritte 5 dakika
birakildiktan sonra bes defa saf su ile yikanip filtre
kagitlar1 iizerinde oda sicakliginda steril kabinde
kurutulmustur (Baltepe ve Mert, 1973). Eyliil 2017°de
¢imlendirme ¢aligmalarina baglanmistir. Kokaraagag
ve andiz otu Oziitlerinin uygulanacagl ¢imlendirme
calismalarinda, 2 kat filtre kagidina sahip sterilize
edilmis 9 cm’lik petrilere saglam goriinisli,
dormansisi kirtlmig 50 adet yabanci ot tohumu
konulmustur. Her bitkiye ait %1, %2, %4, %8 ve %16
dozlarindaki 6ziitler 6 ml/petri uygulanmistir. Kontrol
olarak kullanilacak petrilere sadece 6 ml saf su
konulmustur.

Hazirlanan petriler optimum ¢imlenme
sicakligina ayarlanmis ¢imlendirme kabinlerine
yerlestirilmistir. Calismada kullanilan ¢imlendirme
kabinleri; AMARE, ECHCO ve POROL igin, 12 saat
28 °C sicaklik ve tamamen karanlik/ 12 saat 32 °C
sicaklik, 8 saati %33 ve 4 saati ise %100
isiklandirmali  olarak  ayarlanmistir. Kiltiir
bitkilerinden musir i¢in 25 °C sicaklik ve tamamen
karanlik; AVEST, HIRIN ve SINAR, igin 23 °C
sicaklik 12 saat tamamen karanlik / 12 saat aydinlik
olarak ayarlanmistir. Petriler 7. giinde, sayim yapilmig
olup en az 0.5 cm’e ulasan tohumlar ¢imlenmis kabul
edilmistir (Uygur, 1985).

Cimlendirme ¢alismalart 3 tekerriirli ve 2
tekrarlamali olarak bdlinmiis parseller deneme
desenine gore kurulmustur. Calismada ana parselleri
alt parselleri ise bunlarin dozlar
olusturmustur. Yapilan istatistik analize gore iki

oOziitler,
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fark
goriilmediginden veriler birlestirilerek kullanilmistir.
Cimlenme engelleme orani asagidaki formiile gore
hesaplanmuistir.

tekrarlama  arasinda  istatistiki  olarak

Cimlenme Engelleme Orani (%) = [(K— U)/K] x 100
K: Kontrolde ¢imlenme (adet)

U: Oziit uygulanan tohumlarda ¢imlenme
(adet)

Istatistiki Analizler

Sonuglara SPSS istatistik programinda
(ANOVA) istatistiki analiz uygulanmis, elde edilen
ortalama degerler arasindaki farkliliklara Duncan
Coklu Karsilagtirma Testi (P<0.05) kullanilmis ve
gruplandinlmistir. Ayrica, probit analizleri ile egri
tahminleri yapilmig, her uygulama igin LDso ve LDgg
(tohumlarin % 50 ve % 90’1 dldiiren en diisiik doz)
degerleri hesaplanmustir.

BULGULAR

Calismada /nula viscosa (L.) Aiton (INUVI,
andiz otu)’nin iki farkli gelisme déneminde (Mayis
ayinda ¢iceklenme oncesi, IYL ve Ekim ayinda
ciceklenme donemi IYF) alinan yapraklar ile
Ailanthus (Mill.) Swingle (AILAL,
kokaragag)’'nin aynmi sekilde iki farkli gelisme
doneminde (Mayis ayinda ¢iceklenme 6ncesi ve Ekim
ayinda ci¢eklenme dénemi) alman yaprak (AYL ve
AYF), govde (AGL ve AGF) ve koklerinden (AKL ve
AKEF) elde edilen oziitlerin farkli dozlari (1, 2, 4, 8 ve
16 ml/petri) ile yapilan uygulamalar yabanci otlar ve
kdiltiir bitkilerinin tohumlarinin ¢imlenmelerini farkl

altissima

oranlarda etkilemistir (Cizelge 1.). Yapilan
uygulamalar yabanci ot tohumlarinin ¢gimlenmelerini
farkli  oranlarda  etkilemisti. ~ Uygulamalarin

tamaminda Oziitlerin dozu artik¢a bunlarin ¢imlenme
miktarlar1 (adet/petri) azalmis ve dozlar arasinda

istatistiki farkliliklar olusmustur.
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Cizelge 1. Inula viscosa ve Ailanthus altissima Oziitlerinin yabanci ot tohumlarinin ¢imlenmelerine etkileri
(adet/petri)

Uygulama  Yabana Dozlar
Otlar 0l 1l 2l 4l Sul 16 nl
IYF AMARE A B B B C D
44.342.2 17.5£2.7 16.5+1.9 12.842.2 1.240.4 0.2+0.2
AVEST A AB B B C D
43.2+1.7 36.0+1.2 34.2+1.6 28.5£3.7  18.8+3.9 8.5¢1.7
ECHCO A B B B B C
41.7+1.4 18.8+3.6 18.3+1.0 15.842.7  13.242.3 0.8+0.4
HIRIN A B C D D D
38.5+3.1 30.0<1.3 20.8+1.9 4.5+1.9 0.0+0.0 0.0+0.0
POROL A B BC C D D
48.8+0.2 35.7£3.8 30.3+4.9 22.7£2.7 6.2+3.4 1.7+0.8
SINAR A B C C D D
40.5+£2.3 17.0£1.6 5.5¢1.7 4.3+0.7 0.8+0.3 0.3+0.2
1YL AMARE A B C D D D
44.3£2.2 29.2+1.6 18.7£2.0 11.3£1.8  12.7£1.6  10.5+0.5
AVEST A B B B C C
43.2+1.7 28.0£2.6 25.3+1.7 27.0£2.7  14.7£2.2 9.7£2.3
ECHCO A B B BC C D
41.7€1.4 23.0+4.3 19.242.7 16.5+1.7  11.5%1.6 0.0+0.0
HIRIN A B C D D D
38.5+3.1 34.7+1.5 20.2+2.4 4.0+1.6 0.3+0.2 0.0+0.0
POROL A B C D E E
48.8+0.2 35.2+1.4 28.5+4.5 10.7£2.4 3.8£1.7 1.8+£0.8
SINAR A B B C C C
40.5£2.3 12.5¢1.3 10.0+1.2 4.0+0.9 0.8+0.3 0.5+0.3
AYF AMARE A B BC CD DE E
44.342.2 15.5¢1.9 12.742.8 8.7£2.3 43+1.2 2.2+1.3
AVEST A AB B C D E
43.2+1.7 38.8+£2.2 36.7£1.9 29.8£2.0  15.0£2.1 9.2+1.9
ECHCO A B B BC CD D
41.7+1.4 21.5£3.6 18.2+1.5 16.0£1.8  11.7+1.8 6.5£1.8
HIRIN A B C D D D
38.5+3.1 20.3£1.9 15.5+1.6 0.0+0.0 0.0+0.0 0.0+0.0
POROL A B B B C D
48.8+0.2 36.0+£3.7 31.8£1.9 31.3£2.7 12.8£24 3.3+0.7
SINAR A B B C C C
40.5+2.3 16.7£2.8 14.3£2.6 3.5+0.6 0.8+0.3 0.3+0.2
AYL AMARE A B C D DE E
44.342.2 21.3+0.9 13.3£1.1 8.7£1.8 6.5£1.8 2.3£1.3
AVEST A A B B C D
43.2+1.7 40.5+1.9 33.5£2.5 325423 15.5£1.5 9.7+1.5
ECHCO A B BC BC C D
41.7+1.4 20.242.5 19.5£1.2 15.8£1.5  14.7+£1.7 7.8+0.9
HIRIN A B B C C C
38.5+3.1 18.5+2.2 14.0+1.9 0.0+0.0 0.0+0.0 0.0+0.0
POROL A B B B C D
48.8+0.2 37.0+£2.9 37.3£2.1 31.5+2.3  18.8+4.9 0.2+0.2
SINAR A B BC CD D D
40.5+2.3 10.3+1.9 7.8£1.4 5.0+£1.2 1.2+0.5 1.7+0.49
AGF AMARE A B C CD D E
44.342.2 19.0+1.3 12.742.2 8.7£1.3 7.2+1.6 0.5+0.3
AVEST A B B B C D
43.2+1.7 26.5+1.6 25.0+1.6 23.542.0  18.0£1.7 9.3+£2.1
ECHCO A B C C C D
41.7+1.4 24.842.2 17.5+2.4 125432 11.7£1.3 3.3£1.2
HIRIN A B B C C C
38.5+3.1 30.5+£3.8 26.5+2.2 0.3+0.2 0.0+0.0 0.0+0.0
POROL A B B C C C
48.8+0.2 6.5+0.9 5.3+0.9 3.0+£0.6 2.7+£0.7 1.0+£0.3
SINAR A B Cc D D D
40.5+2.3 14.742.4 9.8+1.4 1.7+0.3 0.8+0.3 0.7+0.2
AGL AMARE A B BC D C D
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44.3+2.2 31.0+1.8 26.2+1.9 15.3+2.1  24.0+1.0  13.7£3.0

AVEST A B B B B C
43.2+1.7 30.0£2.4  27.7£5.4 225427  21.8+4.3 8.3£2.3

ECHCO A B B B B Cc
41.7+£1.4  27.0+£3.6  22.8+3.7 21.0+£1.4  20.7£1.3  11.7+2.6

HIRIN A B B Cc Cc Cc
38.5+3.1 30.7£2.5  26.17£3.6 0.0+0.0 0.0+0.0 0.0+0.0

POROL A A AB AB AB B
48.8+0.2 44.2+4.5 36.8+3.5 38.3£1.8  37.243.1  28.0+6.6

SINAR A B B C Cc Cc
40.5+2.3 12.5+1.3 10.5+0.9 1.0£0.4 0.3+0.2 0.3+0.2

AKF AMARE A B B BC CD D
44.3+2.2 10.8+1.0 10.3+1.1 6.7£1.6 3.3£1.2 0.7+0.5

AVEST A B BC BCD CD D
43.2+1.7 16.2+1.3 12.8£2.9 12.3+1.3 9.3£2.1 7.0+0.8

ECHCO A B Cc Cc D D
41.7£1.4  22.5£1.1 14.7£2.5 11.8+1.9 1.8+0.7 0.0+0.0

HIRIN A B B B B B
38.5+3.1 0.7+0.7 0.2+0.2 0.5+0.3 0.7+0.7 0.7+0.3

POROL A B B Cc C C
48.8+0.2 28.7€1.6  27.5£1.8 12.743.7 9.8+£2.5 11.7£2.9

SINAR A B B B B B
40.5+£2.3 2.0£0.9 1.8+0.87 1.67+0.9 1.5+0.2 0.7+0.3

AKL AMARE A B BC CD DE E
44.3+2.2 11.5£1.9 10.3+1.3 6.5£2.2 2.8+1.1 1.2+0.7

AVEST A B BC C D D
43.2+1.7 19.0+0.6 15.2+1.6 11.7£2.1 4.0+1.1 2.24+0.8

ECHCO A B BC C C D
41.7£1.4 225424  18.2£2.04 16.5¢1.7 13.242.0 1.7+0.7

HIRIN A B B B B B
38.543.1 0.8+0.8 0.2+0.2 0.0+0. 0.0+0.0 0.7+0.4

POROL A B B B B B
48.8+0.2 12.245.6 11.84£3.9 10.7+3.3 6.2+2.3 6.7£3.1

SINAR A B B B B B
40.5£2.3 2.8+1.3 2.3+0.6 1.7+0.6 1.0+0.4 1.3£0.5

* :Ayni satirda aym biiyiik harflerle gosterilen dozlar arasinda Duncan Coklu Karsilagtirma

Testine gore (P< 0.05) bir fark yoktur.

Amaranthus retroflexus L. (AMARE, Kirmzi
koklii tilki kuyrugu)

Yapilan uygulamalar Amaranthus
retroflexus  tohumlarmin  ¢imlenmelerini  farkli
oranlarda etkilemistir. Buna gore: farkli dozlardaki
oziitlerle yapilan uygulamalara ait ¢imlenme
miktarlari incelendiginde; Kontrolde (0 ml/petri)
¢imlenme miktar1 44.3£2.2 adet/petri olup, tim
uygulamalarda (IYF, IYL, AYF, AYL, AKF ve AKL)
en yiksek ¢imlenme miktar1 1 ml/petri doz
uygulamasi ile, en diisiik ¢imlenme miktar1 ise 16
ml/petri doz uygulamasindan elde edilmistir. Buna
gore uygulamalara gore en yliksek ve en diisiik
¢imlenme miktarlarn (adet/petri ) sirasiyla; IYF
ozitiinde 17.5£2.7 ve 0.2+0.2; IYL Oziitiinde
29.2+1.6 ve 10.5+0.5; AYF oziitiinde 15.5£1.9 ve
2.2+1.3; AYL o0ziitiinde 21.3+0.9 ve 2.3+1.3; AGF
ozitinde 19.0+1.3 ve 0.5+0.3; AGL o0ziitiinde
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31.0+1.8 ve 13.7+3.0; AKF oziitinde 10.8+1.0 ve
0.7+£0.5; AKL ozutinde 11.5+£1.9 ve 1.2+0.7 elde
edilmistir.

AMARE tohumlari {izerine uygulanan Inula
viscosa ve Ailanthus altissima oziitleri uygulama
dozlar1 ve ¢imlenmenin engellenme orani arasindaki
iliskiyi ortaya koymak i¢in yapilan probit analiz
sonucunda bu iliskiyi en iyi sekilde ifade eden doz-
¢imlenme engelleme orani arasindaki egriye ait
denklem elde edilmistir. Oziitlerin AMARE
tohumlarina yapilan uygulama dozlari ile etki oranlari
arasindaki iligkilerine bakilarak LDsy ve LDgg
degerleri karsilastirildiginda, IYF Oziitlinin LDsg
degerine gore 0.291 ml/petri dozunda, ayni zamanda
LDgo degerine gore de 5.148 ml/petri dozunun en
etkili sonucu verdigi goriilmektedir. Ayrica,
AMARE’ye en az etkili olan ise AYF (LDsp: 3.908
ml/petri) ve LDgo: 246.089 ml/petri)’dir (Cizelge 2.).
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Cizelge 2. Amaranthus retroflexus tohumlarimin ¢imlenmesinde uygulama dozu ile farkli uygulamalarin etkileri

arasindaki iliski ve LDsg ile LDoy degerleri

Yabanci Otlar  LDso LDgo DF Slope (+SE) 1 P Y

IYF 0.291 5.148 3 3.652 (£0.280) 1.837 0.607 0.549+1.024X
1YL 0.306  5.283 3 3.726 (£0.278) 1.023 0.796  0.533+1.036x
AYF 3.908 246.089 3 3.489 (£0.204) 7.480 0.058 -0.421+0.712x
AYL 0.752  8.298 3 4.797 (£0.256) 3.174 0.366  0.152+1.229x
AGF 0.842 9.731 3 4.907 (£0.246) 0.589 0.899  0.090+1.260x
AGL 0.500 8.443 3 4132 (+0.253) 0.485 0.922 0.315+1.044x
AKF 1615 45.118 3 4.212 (+0.210) 4.644 0.200 -0.185+0.886x
AKL 0.976  6.400 3 5.537 (£0.283) 9.646 0.022 0.016+1.569x

Avena sterilis L. (AVEST, Kisir yabani yulaf)

Yapilan uygulamalar Avena sterilis tohumlarmin
¢imlenmelerini farkli oranlarda etkilemistir. Buna
gore: farkli dozlardaki 6ziitlerle yapilan uygulamalara
ait ¢cimlenme miktarlar incelendiginde; Kontrolde (0
ml/petri) ¢cimlenme miktart 43.2+1.7 adet/petri olup,
tim uygulamalarda (IYF, IYL, AYF, AYL, AKF ve
AKL) en yiiksek ¢cimlenme miktar1 1 ml/petri doz
uygulamasi ile, en diisiik ¢imlenme miktari ise 16
ml/petri doz uygulamasindan elde edilmistir. Buna
gbre uygulamalara gore en yiiksek ve en diisiik
cimlenme miktarlart (adet/petri ) sirasiyla; IYF
oziitinde 36.0+1.2 ve 8.5+1.7; IYL Oozitiinde
28.0+£2.6 ve 9.7+2.3; AYF oOzitinde 38.842.2 ve
9.2+1.9; AYL oziitiinde 40.5+1.9 ve 9.7+1.5; AGF

Ozutiinde 26.5+1.6 ve 9.3+2.1; AGL Oziitiinde

30.0+£2.4 ve 8.3+2.3; AKF oziitiinde 16.2+1.3 ve
7.0+0.8; AKL o6ziitiinde 19.0+0.6 ve 2.2+0.8 elde
edilmistir.

Oziitlerin AVEST tohumlarina yapilan
uygulama dozlart ile etki oranlart arasindaki
iliskilerine bakilarak LDso degerleri
karsilastirildiginda her sekiz 6ziit birbirlerine yakin
etki gostermelerine ragmen, IYF Oziitiinin LDsg
degerine gore 0.240 ml/petri dozunda en etkili sonucu
verdigi belirlenmistir. LDy degerleri
karsilastirildiginda, aym sekilde IYF 6ziitliniin LDgo
degerine gore 8.918 ml/petri dozunun en etkili sonucu
verdigi goriilmektedir. Ayrica, AVEST e en az etkili
olanlar ise AGF (LDso: 6.265 ml/petri) ve AYL (LDg:
115.030 ml/petri)’dir (Cizelge 3.).

Cizelge 3. Avena sterilis tohumlariin ¢gimlenmesinde uygulama dozu ile farkli uygulamalarin etkileri arasindaki

iliski ve LDs ile LDy degerleri

Yabanci Otlar LDso LDgo DF Slope (+£SE) 1 P Y

IYF 0.240 8.918 3 2.371 (£0.220) 0.217 0975  0.323+0.522X

1YL 0.903  9.677 3 4.957 (£0.251) 1598 0.660  0.055+1.244x

AYF 4265  81.632 3 4.703 (£0.213) 4459 0216  -0.630+1.000x

AYL 3.285  115.030 3 3.972 (+£0.209) 2.769  0.429  -0.4290.830x

AGF 6.265  29.507 3 7.556 (+£0.252) 3.673 0299  -1.518+1.904x

AGL 5945  28.100 3 7.662 (+£0.249) 2220 0528  -1.486+1.910x

AKF 3.601  78.522 3 4,536 (£0.211) 4744 0192  -0.533+0.957x

AKL 5817  38.925 3 6.714 (£0.231) 2491 0477  -1.187+1.552x
Echinochloa colonum (L.) Link. (ECHCO, Benekli diisik ¢imlenme miktar1 ise 16 ml/petri
darican) uygulamasindan elde edilmistir. Buna gore
Yapilan  uygulamalar  Echinochloa  colonum u}{gulamalara gore en' yliksel ve en disik glmlenme

. . miktarlari (adet/petri ) sirasiyla; IYF Oziitiinde

tohumlarimin =~ ¢imlenmelerini  farkli  oranlarda

etkilemistir. Buna gore: farkli dozlardaki oOziitlerle
yapilan uygulamalara ait c¢imlenme miktarlar
incelendiginde; Kontrolde (0 ml/petri) ¢imlenme
miktar1 41.7+1.4 adet/petri olup, tiim uygulamalarda
(IYF, 1YL, AYF, AYL, AKF ve AKL) en yiiksek
cimlenme miktar1 1 ml/petri doz uygulamasi ile, en
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18.8+3.6 ve 0.8+0.4; IYL ozitiinde 23.0+4.3 ve
0.0+£0.0; AYF oOziitiinde 21.54+3.6 ve 6.5+1.8; AYL
oziitinde 20.2£2.5 ve 7.840.9; AGF o0ziitiinde
24.8+2.2 ve 3.3=1.2; AGL oziitinde 27.0+3.6 ve
11.7£2.6; AKF oziitiinde 22.5+1.1 ve 0.0+£0.0; AKL
Oziitlinde 22.5+2.4 ve 1.7£0.7 elde edilmistir.
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Yapilan probit analizleri sonucunda bu
iliskiyi en iyi sekilde ifade eden doz-¢imlenme
engelleme oranmi arasindaki egriye ait denklem elde
edilmistir. Oziitlerin ECHCO tohumlarina yapilan
uygulama dozlann ile etki oranlann arasindaki
iligkilerine bakilarak LDso degerleri
kargilastirildiginda, AGF oziitiiniin LDsp degerine

gore 1.206 ml/petri dozunda en etkili sonucu verdigi
belirlenmistir.  Aymt  sekildle LDgo degerleri
karsilastirildiginda, [YF 6ziitiiniin LDgo degerine gore
6.253 ml/petri dozunun en etkili sonucu verdigi
goriilmektedir. Ayrica, ECHCO’ya en az etkili olan
ise AYF (LDso: 3.823 ml/petri) ve LDg: 306.567
ml/petri)’dir (Cizelge 4.).

Cizelge 4. Echinochloa colonum tohumlarimin ¢imlenmesinde uygulama dozu ile farkli uygulamalarin etkileri

arasindaki iligki ve LDs ile LDy degerleri

Yabanc1 Otlar  LDso LDgo DF Slope (+£SE) ¥ P Y

IYF 1293 6.253 3 6.178 (£0.303) 4716 0.194 -0.209+1.872x
1YL 1579 22916 3 4,782 (+£0.231) 6.782 0.079 -0.219+1.103x
AYF 3.823 306.567 3 3.209(+0.210) 1.904 0592 -0.392+0.673x
AYL 1547 19.677 3 5.008 (£0.232) 2309 0511 -0.220+1.160x
AGF 1206 122.043 3 2.987 (£0.214) 1426 0.700 -0.052+0.639x
AGL 1.306 48.361 3 (3.729 (£0.219) 0.702 0.873  -0.095+0.817x
AKF 1.693 15.604 3 5.495 (£0.242) 9.028 0.029 -0.304+1.329x
AKL 1237 23.643 3 4.320 (£0.232) 9.916 0.019 -0.093+1.000x

Hirchfeldia incana (L.) Lagr. Foss. (HIRIN, Dev
hardal)

Yapilan uygulamalar Hirchfeldia incana
tohumlarimin  ¢imlenmelerini  farkli  oranlarda
etkilemistir. Buna gore: farkli dozlardaki oziitlerle
yapilan uygulamalara ait c¢imlenme miktarlar
incelendiginde; Kontrolde (0 ml/petri) g¢imlenme
miktart 38.543.1 adet/petri olup, tiim uygulamalarda
(IYF, IYL, AYF, AYL, AKF ve AKL) en yiiksek
¢imlenme miktart 1 ml/petri doz uygulamasi ile, en
diisiik ¢imlenme miktar1 ise 16 ml/petri doz
uygulamasindan elde edilmistir. Buna gore
uygulamalara gore en yiiksek ve en diisiik ¢imlenme
miktarlar1 (adet/petri ) swrasiyla; IYF 6ziitiinde
30.0+1.3 ve 0.0£0.0; IYL ozitinde 34.7+1.5 ve
0.0+0.0; AYF oziitinde 20.3+1.9 ve 0.0+0.0; AYL
Ozutinde 18.5+2.2 ve 0.0+0.0; AGF Oziitiinde

30.5+£3.8 ve 0.0+0.0; AGL oziitinde 30.7+£2.5 ve
0.0+0.0; AKF oziitiinde 0.7+£0.7 ve 0.7+0.3; AKL
oziitlinde 0.8+0.8 ve 0.7+0.4 elde edilmistir.

Oziitlerin HIRIN tohumlarina  yapilan
uygulama dozlarn ile etki oranlan arasindaki
iligkilerine bakilarak LDso degerleri

karsilastirildiginda her sekiz 6ziit birbirlerine yakin
etki gostermelerine ragmen, IYL oOzitiiniin LDsg
degerine gore 0.001 ml/petri dozunda en etkili sonucu
verdigi belirlenmistir. Ayn1 sekilde LDgy degerleri
karsilastirildiginda IYL 6ziitiiniin LDgo degerine gore
0.009 ml/petri dozunun en etkili sonucu verdigi
goriilmektedir. Ayrica, HIRIN’a en az etkili olanlar
ise AKF (LDso: 2.043 ml/petri) ve AKL (LDgo: 4.330
ml/petri)’dir (Cizelge 5.).

Cizelge 5. Hirchfeldia incana tohumlarinin ¢imlenmesinde uygulama dozu ile farkli uygulamalarin etkileri

arasindaki iligki ve LDs ile LDy degerleri

Yabanci Otlar L Dso LDy DF Slope (£SE) 1 P Y

IYF HY* HY HY HY HY HY HY

1YL 0.001 0.009 3 0.262 (+0.644) 1.833 0.608 2.285+0.169x
AYF 1.903 3.730 3 7.142 (£0.614) 14.129 0.003 -1.224+4.383x
AYL 1.920 3.833 3 7.205 (£0.592 13.926 0.003 -1.209+4.268x
AGF 1.124 2.947 3 5.363 (£0.571) 7.547 0.056 -0.155+3.060x
AGL 1.230 3.085 3 5.653 (£0.567) 8.251 0.041 -0.288+3.208x
AKF 2.043 4.141 3 7.462 (£0.560) 0.062 0.996 -1.296+4.178x
AKL 1.863 4.330 3 7.227 (£0.484) .289 0.515 -0.945+3.498x

*: Hesaplanamadi
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Portulaca oleracea L. (POROL, Semiz otu)

Portulaca oleracea
tohumlarinin farkli  oranlarda
etkilemistir. Buna gore: farkli dozlardaki oziitlerle
yapilan uygulamalara ait ¢imlenme miktarlari
incelendiginde; Kontrolde (0 ml/petri) ¢imlenme
miktar1 48.8+0.2 adet/petri olup, tiim uygulamalarda
(IYF, 1YL, AYF, AYL, AKF ve AKL) en yiiksek
¢imlenme miktari 1 ml/petri doz uygulamasi ile, en
diisik ¢imlenme miktar1 ise 16 ml/petri doz
uygulamasindan elde edilmistir. Buna gore
uygulamalara gore en yiiksek ve en diisiik ¢cimlenme
miktarlart (adet/petri ) swrasiyla; IYF oziitiinde
35.74£3.8 ve 1.7£0.8; IYL ozitinde 35.2+1.4 ve
1.840.8; AYF oziitinde 36.0+3.7 ve 3.3£0.7; AYL
oziitiinde 37.0+2.9 ve 0.2+0.2; AGF o6ziitiinde 6.5+0.9

Yapilan uygulamalar

¢imlenmelerini

ve 1.0+£0.3; AGL ozitinde 44.2+4.5 ve 28.0+6.6;
AKF oziitiinde 28.7+1.6 ve 11.7+2.9; AKL oziitiinde
12.2+5.6 ve 6.7£3.1 elde edilmistir.

Yapilan probit analizler sonucunda bu
iligkiyi en 1iyi sekilde ifade eden doz-¢imlenme
engelleme orani arasindaki egriye ait denklem elde
edilmistir. Oziitlerin POROL tohumlarma yapilan
uygulama dozlart ile etki oranlarn arasindaki
iligkilerine bakilarak LDsy ve LDgy degerleri
karsilagtirildiginda, AYL oziitiinin LDsy degerine
gore 0.029 ml/petri dozunda, aynt zamanda LDgg
degerine gore de 1.969 ml/petri dozunun en etkili
sonucu verdigi goriilmektedir. Ayrica, POROL’a en az
etkili olan ise AYF (LDso: 40.780 ml/petri) ve LDoo:
2475.5 ml/petri)’dir (Cizelge 6.).

Cizelge 6. Portulaca oleracea tohumlarinin ¢imlenmesinde uygulama dozu ile farkli uygulamalarin

etkileri arasindaki iliski ve LDso ile LDgo degerleri

Yabanci Otlar LDso LDgo DF Slope (+SE) 1 P Y

IYF 1.704 35.990 3 4.796 (£0.202) 6.012 0.111  -0.224+0.967x
1YL 0.033 37.287 3 1.905 (£0.220) 0.782 0.854  0.623+0.419x

AYF 40.780 24755 3 3.345 (+0.215) 3.619 0.306  -1.157+0.719x
AYL 0.029 1.969 3 2.307 (+0.303) 0.332 0.954  1.076+0.700x

AGF 4.071 20.085 3 8.068 (£0.229) 19.120 0.001  -1.127+1.849x
AGL 3.482 20.817 3 7.473 (£0.221) 10.382 0.016  -0.894+1.650x
AKF 2.031 7.828 3 8.218 (£0.266) 2.340 0.505 -0.673+2.187x
AKL 2.562 11.519 3 8.095 (£0.242) 5.456 0.141  -0.802+1.93x

Sinapis arvensis L. (SINAR, Yabani hardal)

Yapilan uygulamalar Sinapis arvensis tohumlarinin
¢imlenmelerini farkli oranlarda etkilemistir. Buna
gore: farkli dozlardaki 6ziitlerle yapilan uygulamalara
ait ¢cimlenme miktarlar incelendiginde; Kontrolde (0
ml/petri) ¢cimlenme miktar1 40.5+2.3 adet/petri olup,
tim uygulamalarda (IYF, IYL, AYF, AYL, AKF ve
AKL) en yiiksek ¢imlenme miktari 1 ml/petri doz
uygulamasi ile, en diisiik ¢imlenme miktar1 ise 16
ml/petri doz uygulamasindan elde edilmistir. Buna
gore uygulamalara gore en yliksek ve en diisiik
¢imlenme miktarlari (adet/petri ) sirasiyla; IYF
oziitinde 17.0£1.6 ve 0.3+£0.2; IYL ozitiinde
12.5+1.3 ve 0.5+0.3; AYF Oziitiinde 16.7+2.8 ve
0.3+0.2; AYL oziitiinde 10.3+1.9 ve 1.7+0.5; AGF

ozitinde 14.742.4 ve 0.7£0.2; AGL Oziitiinde
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12.5+1.3 ve 0.3£0.2; AKF o6zitinde 2.0+0.9 ve
0.7+£0.3; AKL ozitinde 2.8+1.3 ve 1.3+0.5 elde
edilmistir.

Oziitlerin SINAR tohumlarina yapilan
uygulama dozlarn ile etki oranlan arasindaki
iligkilerine bakilarak LDso degerleri
karsilagtirildiginda her sekiz 6ziit birbirlerine yakin
etki gostermelerine ragmen, IYF ve I[YL Oziitlerinin
LDso degerine gore 0.001 ml/petri dozunda en etkili
sonucu verdigi belirlenmistir. Ayni sekilde LDgo
degerleri karsilastirildiginda, IYF ve IYL 6ziitlerinin
LDgo degerine gore 0.089 ml/petri dozunun en etkili
sonucu verdigi goriilmektedir. Ayrica, SINAR’a en az
etkili olanlar ise AGL (LDso: 0.921 ml/petri) ve AKL

(LDgo: 4.438 ml/petri)’dir (Cizelge 7.).
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Cizelge 7. Sinapis arvensis tohumlarinin ¢imlenmesinde uygulama dozu ile farkli uygulamalarin etkileri arasindaki

iliski ve LDso ile LDy degerleri

Yabanc1 Otlar  LDso LDy DF Slope (+SE) + P Y

IYF 0.001 0.089 3 0.784 (£0.394) 0.215 0.975 1.606+0.309
1YL 0.001 0.089 3 0.639 (+0.349) 0.187 0.980 1.516+0.223x
AYF 0.645 2.942 3 4.616 (£0.421) 4124 0.248  0.370+1.945x
AYL 0.665 3.428 3 4.848 (+0.375) 2.143  0.543  0.319+1.799x
AGF 0.257  4.340 3 3.472 (£0.301) 1.080 0.782 0.616+1.044x
AGL 0.921 4.188 3 5.464 (£0.357) 3.038 0.386 0.070+1.948x
AKF 0.577 3.772 3 4.484 (+0.344) 1.264 0.738  0.392+1.543x
AKL 0.813 4.438 3 5.237 (£0.332) 0.969 0.809 0.157+1.738x

TARTISMA VE SONUC

Hizli niifus artigt ve buna bagli ve/veya bagimsiz
gelisen gida ihtiyacindaki artis giiniimiiz diinyasinin
yadsinamaz ger¢egi olarak karsimiza c¢ikmaktadir.
Ayrica, niifusun hizli bigimde artmasi; tarim
alanlarinin yerlesim ve sanayi amagli kullanilmasina,
yeni tarim alanlarindan yeterli verimin ve kalitenin
alinabilmesi i¢in de daha fazla su, giibre, enerji ve
pestisit kullanimina neden olmaktadir (Uludag ve
ark., 2017). Bunun sonucu genellikle dogal dengenin
bozulmasi olarak karsimiza g¢ikmaktadir. Bozulan
dogal dengeyle birlikte tarima alanlarindaki bitki
koruma sorunlari bunlarin igerisinde de yabanci ot
sorunu giderek artmaktadir (Zimdahl, 2018). Bunlarin
miicadelesinde hizli sonu¢ vermesi, uygulama
kolaylig1 ve ekonomik olmasi nedenleriyle sentetik
herbisitler yogun olarak kullamilmaktadir. Basta
pestisitler olmak tizere girdilerin yogun kullanimiyla
varilan noktada bizi ¢evre kirliligi beklemektedir.
Uzerinde ¢ok durulmasina, tartisiimasma ve ciddi
senaryolar yazilmasina ragmen birgok yerde cevre
artik eski haline bir daha doénemeyecektir. Diinya
neredeyse kopriiden onceki son ¢ikist kagirmak
iizeredir. Bundan sonra bizleri nasil bir gelecegin
bekledigi hemen hemen belli olmasina ragmen yine
de umutsuzluga kapilmadan ¢6ziim iiretmeye devam
edilmelidir. Oncelikle sorunu olusturan bilesenler tek
tek ele alinarak daha kolay ¢oziimler iiretilebilir.
Sorunu olusturan 6nemli bilesenlerden biri pestisitler,
bunu olusturanlarin 6nemli bir ayag ise herbisitlerdir.
Gergek olan tarimsal iiretimde 6nemli sorunlardan
basta geleni yabanci otlardir. Ciddiye alinip miicadele
edilmedigi takdirde ¢ok sayidaki zararimin yaninda
bitkisel tiretim miktari; yabanct otun tiirline, kiiltiir
bitkisine vb. nedenlere bagl olarak %1 —100 arasinda
ortalama %20-30 azalacak, buna paralel olarak kalite
de diisecektir (Giincan, 2016). Bu durumda yapilmasi
gereken yukandaki belirtildigi  gibi  herbisit
kullanmak, ancak bu agsamada sorun tam ¢dziilemiyor,
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aksine daha da iginden ¢ikilmaz hale gelebiliyor. Bu
nedenle yabanci ot miicadelesinde &zellikle organik
tarimda alternatif miicadele yontemlerine ihtiyag
duyulmaktadir (Uludag ve ark., 2018). Bu alternatif
yontemlerden biri bitkilerin allelopatik
Ozelliklerinden yararlanmaktir.

Bitkisel kokenli allelopatik kimyasallar
biyolojik etkinliklerine goére biiyiik cesitlilik
gostermektedir (Duke ve ark., 1988). Ayrica,
allelopatik kimyasallarin yabanci ot kontroliinde
herbisitlere  alternatif olabilecegi ¢ok sayida
aragtirmaci tarafindan bildirilmekte (Dudai ve ark.,
1999; Duke ve ark., 2000; Francisco ve ark., 1991,
Kordali ve ark., 2009), bu allelokimyasallarin biyo-
herbisit  potansiyelleri durulmaktadir
(Uludag ve ark., 2018). Dogal olmasi, yenilenebilir ve
kolayca  parcalanabilir =~ olmasindan  dolayi,
allelokimyasallar rahatlikla c¢evre dostu olarak
nitelenebilirler. Calismada kullanilan tiim oziitlerin
etkisi doz artisina paralel olarak artmaktadir. Bu
beklenen bir sonugtur, ancak allelopatinin taniminda
belirtildigi gibi bazen kullanilan allelokimyasallarin
bitkilerin bazi metabolik faaliyetleri {izerinde tesvik
Ozelliginin olabilecegi de g6z ardi edilmemelidir
(Uremis ve ark., 2005; Arslan ve ark., 2005; Uremis
ve ark., 2009; Uremis ve ark. 2017a).

iizerinde

Kullanilan tiim Oziitlere karsi SINAR
oldukga hassas olmasina ragmen AVEST ve POROL
daha dayaniklidir. Uremis ve ark. (2017a ve 2017b)
Ailanthus  altissima’nin ile yaptiklart
calismada Sinapis arvensis tohumlarinin 6ziitlere kasi
hassas, ancak Amaranthus tohumlarinin % 50’den
daha az c¢imlendiklerini bildirmektedirler, buna gore
yapilan bu c¢alisma sonuglant ile benzerlik
bulunmaktadir. Bostan ve ark., (2014) ayn1 noktalara
dikkat ¢ekerek Ailanthus’un istilasinin basarisindaki
onemli bir faktorl, yerlestigi habitatlardaki bitki
ortiistinii olumsuz etkileyen allelopatik bilesiklerin
salinmasi olarak ifade etmektedir.

Ozutleri



Horuz and Uremis (2024)., Journal of Weed Science 27(1):2024: 9 -22

Ayrica yapilan c¢aligmalarda, Ailanthus
ekstrelerinin, biyotest ve sera caligmalarinda bagli
olarak bazi angiosperm ve gymnosperm bitkilerinin
¢imlenmesini  ve  biiylimesini  engelledigini
gosterdigini belirtmekte ve bu ¢aligmada tohumlarina
Ailanthus  oziitleri  uygulanan  Sinapis alba
tohumlarimin ¢imlenmesinin %83 ve Brassica napus
tohumlarinin  ¢imlenmesinin  ise %96 oraninda
engellendigini bildirmektedir. Benzer sekilde Inula
viscosa’nin da 6nemli 6l¢iide allelopatik potansiyele
sahip oldugu bildirilmektedir (Omezzine ve ark.,
2011b). Ailanthus oziitleri ile yaptiklar1 ¢alismada
etkinin %30 olarak bulundugunu buna gore
ailotone’un  gelecekte  dogal  {irlin  olarak
kullanilabilecegine dikkat ¢ekilmektedir (Sladonja ve
ark., 2014).

Calismada, SINAR IYF ve
IYL’den  diger gore daha fazla
etkilenmektedir. Benzer sonuglar Bostan ve ark.
(2014) tarafindan bildirilip, Ailanthus’un allelopatik
potansiyelinin yiiksek oldugunu, buna bagli olarak da
cevredeki diger komsu bitkileri olumsuz etkileyecegi

ozellikle
Ozltlere

anlagildigina  dikkat c¢ekilmektedir. Baska bir
caligmada Bagheri ve Cici (2015) Ailanthus altissima,
oOziitlerinin  serada  bulunan geng  bitkilere

uygulandiginda kabuktan hazirlanan 6ziit ¢ok etkili
bulunmustur. Amaranthus retroflexus ve Carthamus
tinctorius uygulanan 6ziitin  tim  dozlarindan
etkilenmistir. Ancak, Echinochola crus-galli ve
Abutilon  theophrasti’de =~ 6nemli  bir  etki
gorilmemistir. Diger bir ¢aligmada, Ailanthus
altissima (Mill.) Swingle’nin farkli kisimlarindan
(yaprak, govde ve kok) hazirlanan dziitlerin etkilerini

belirlendigi  c¢alismada  Portulaca  oleracea,
Amaranthus retroflexus, Amaranthus hybridus,
Echinochloa colonum tohumlarinin  ¢imlenmesi
lizerine tim Ozitlerin etkisi g¢esitli oranda

gerceklesmistir, ancak kokten hazirlanan oziitlerinin
etkisi daha yiiksek olmustur (Uremis ve ark., 2017a).
Heisey (1990), Ailanthus’un allelopatik etkisinin
koklerden kaynaklandigini bildirmektedir. Bununla
birlikte, ailanthone genis bir spektrumlu bir herbisit
potansiyeline sahip oldugu belirtilmektedir (Heisey,
1996; Heisey, 1997). Bu c¢alismada kullanilan diger
bitki Inula viscosa’nin da allelopatik potansiyele
sahip oldugu (Omezzine ve ark., 2011a) tarafindan
belirtilmektedir.
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Kullanilan &ziitlerin yabanci otlar tizerindeki
etki diizeylerine bakildiginda: IYF SINAR {izerinde,
IYL HIRIN iizerinde diger oziitlerden daha fazla
etkilidir. Ailanthus altissima (cennet agact), oldukca
agresif, dogal olmayan, istilact ve allelopatik bir tiir
olarak, yerlesik tiirlerin baskilanmasi ve rekabetgi
etkilesimlerin degistirilmesi yoluyla yerli bitki
topluluklarim1 olumsuz etkileme kapasitesine sahip
olmasi nedeniyle allelopatik potansiyelinin yiiksek
oldugu bildirilmektedir Small ve ark., 2010). Baska
bir ¢alismada, Inula viscosa’nin yaprak oziitleri ve
kuru yapraklarinin organik tarimda
kullanilabilecegine topraga karistirilan kuru yapraklar
ve hazirlanan 6ziitlere kiiskiit, horoz ibigi ve yabani
hardal’in ¢ok hassas oldugu bildirilmektedir (Dor ve
Hershenhorn, 2012). Omezzine ve ark. (2011b)
yaptiklar1 caligmada oziitleri kullanilan diger bitki
olan andiz otu, /nula tiirlerinin fitotoksik bilesikler
acisindan zengin olup /nula’nin istilaciliginda 6nemli
rol oynamakta olduguna dikkat ¢cekilmektedir. Ayrica,
I. viscosa yaprak Oziitliniin yiiksek antifungal
aktiviteye de sahip oldugu da bildirilmektedir
(Bayhan ve ark., 2017).

Yapilan ¢aligma sonuglarina gore allelopatik
potansiyeli arastirilan lnula viscosa ve Ailanthus
altissima’nin 6nemli oOlcgiide allelopatik etkisinin
oldugu, bitkilerin toplandigi donem ve kullanilan bitki
kisimlarina gore baz1 farklhiliklarin  olabilecegi
goriilmektedir. Tim bunlarin 1518inda  bu tip
allelopatik  etkisi olabilecek bitkilerin; biyo-
cesitlilige,  strdiiriilebilir  gelismelere, kaynak
yOnetimine, sagliga ve ¢evreye olan etkileri hakkinda
daha fazla  bilgiye ihtiyag oldugu, dogal
vejetasyondan ve mikroorganizmalardan kaynaklanan
allelokimyasallarin potansiyelleri konularinda daha
genis Olciitlerde arastirmalarin siirekliliginin gerektigi
anlagilmaktadir. Ekolojik dengeleri bozmadan, birim
alandan olabildigince ¢ok miktarda ve yiiksek
kalitede iiriin elde edilmesine yonelik olarak, bu
sonuglarin ¢evre saghigmi tehdit eden sentetik
herbisitlerin  yerine alternatif olabilecek biyo-
herbisitlere kaynak saglayabilecegi beklenmektedir.
Bu baglamda neredeyse tiim bitkilerin diger bir
tiir/tiirler iizerine toksisite gosterebilecegi gercegi
karsisinda, bu ¢alismada ele alinan 6ziitlerin organik
tarimda yabanci otlarin miicadelesinde
kullanilabilmesine yonelik sera ve tarla ¢alismalarinin
yapilmasi gerekmektedir.
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ABSTRACT

Kenaf (Hibiscus cannabinus L.) cultivation holds significant promise in Nigeria. However, there exists a gap
in understanding the optimal weeding frequency for maximizing kenaf yields in this region. This study aimed to
address this gap by investigating the impact of different weeding frequencies on kenaf crop productivity. A field
experiment was conducted at two locations in Southwest Nigeria during the 2022 and 2023 rainy seasons. Three
different hoe weeding frequencies were implemented as experimental treatments: weeding at 2 weeks after sowing
(WAS), weeding at both 2 and 4 WAS, and weeding at 2, 3, and 6 WAS. The experiment also featured weed-free and
weedy checks which were the control treatments. The experimental treatments were laid out in a Randomized Complete
Block Design, and replicated three times. Data on weed density, weed weight, kenaf growth parameters, biomass
production, fibre yield, and economic variables were collected and analyzed. The results revealed a clear correlation
between higher weeding frequency and reduced weed density and biomass, highlighting the effectiveness of frequent
weeding in controlling weed proliferation and enhancing kenaf cultivation. Significant differences in kenaf growth
metrics were observed in three or more hoe-weeding regimes compared to weedy check, emphasizing the adverse
impact of weed competition on kenaf development. Moreover, biomass parameters of kenaf increased in response to
increased weeding frequency, particularly thrice-weeded plots. Weeding at least twice a season is recommended for
optimal kenaf growth and yield. Net income varied between locations, underscoring the importance of location-specific
weeding strategies.

Keywords: Hoe-weeding, Income, kenaf yield, weeding frequency, weeding cost
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INTRODUCTION

Kenaf (Hibiscus cannabinus L.), belonging to the
Malvaceae family, holds recognition as a valuable
vegetable and fibre crop (Udemba et al., 2023). Global
production of kenaf fibre currently stands at 0.30
million tons, with India, China, Bangladesh, Brazil, and
Cuba contributing 47%, 26%, 13%, 6%, and 2%
respectively (Rahman et al., 2022). Despite historical
insignificance as a primary crop in Nigeria (Akubueze
et al., 2014), kenaf plays a crucial role as a raw material
for manufacturing bags, high-quality paper, and
newsprint. Furthermore, its bark serves in cordage,
particularly for rope-making. Nigeria stands out as a
significant producer of kenaf in Africa, yielding
approximately 1,460 tonnes of kenaf fibre in 2020, with
the southwestern region dominating production and
contributing nearly 60% of the total national output
(LINKS, 2022).

The southwest ecology of Nigeria is
characterized by a tropical climate with distinct wet and
dry seasons (Adedoyin et al., 2019). During the wet
season, the region experiences excess rainfall, which
creates favourable conditions for weed growth, as
moisture and warmth promote rapid proliferation
(Anwar et al., 2021). Weeds thrive in moist soils,
competing with crops for nutrients, water, and sunlight,
thus posing challenges for crop production in the region.
Additionally, the combination of high humidity and
warmth in the southwest provides an ideal environment
for weed propagation throughout the year, further
exacerbating the issue for farmers. Effective weed
management strategies, including manual weeding,
timely cultivation practices and the use of herbicides,
are essential to mitigate weed infestation and ensure
optimal kenaf yields in this ecological context (Aluko et
al., 2017).

Manual weeding remains a predominant weed
management approach due to concerns surrounding the
cost, environmental impact, and health implications
associated with herbicide use (Ologbon et al., 2023).
Despite requiring more labour and time compared to
herbicide application, manual weeding provides
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additional benefits such as employment opportunities
for rural communities, contributing to local livelihoods
and economic growth. The rationale for determining the
appropriate frequency of weeding lies in the cost of
repeating this agronomic practice in relation to the
marginal yield. The frequency of weeding directly
affects the overall farm economics by impacting labour
costs and influencing crop yields (Gharaneh & Briggs,
2018). In the framework of Pest Management Concept,
weed management strives to pinpoint the most
advantageous frequency of weeding. This entails
determining the frequency that justifies the cost of
weeding by mitigating economic losses incurred from
weed competition (Cortés et al., 2010).

Additionally, the factors influencing weeding
costs depend on a number of variables, including labour
availability, the type of weeds, and their density. Labour
availability and wages play a significant role in
determining weeding costs. Regions with plentiful and
inexpensive labour resources may incur lower weeding
costs compared to areas where labour is scarce or costly
due to factors such as competition from other industries
or government regulations (Ansong et al., 2021).
Moreover, the type and abundance of weeds in kenaf
fields influence the cost of weed control measures, with
fields infested with aggressive weed species attracting
higher labour costs (Agbaje et al., 2008; Nur et al.,
2021).

Research on weeding frequency has been
extensively conducted across various crops, driven by
the distinct production values of each crop,
necessitating tailored decisions. Increasing the
frequency of weeding has shown the potential to
effectively reduce yield losses in many agricultural
contexts. However, there remains a notable gap in
knowledge regarding weeding frequency specifically in
kenaf production within southwest Nigeria. As such,
this study aims to address this gap by investigating the
impact of varying weeding frequencies on kenaf crop
yields and overall productivity. By filling this research
gap, the study seeks to provide valuable insights and
guidance for optimizing weed management practices in
kenaf cultivation in the region.
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MATERIALS AND METHODS

Collection of materials

The Ifeken DI 400 kenaf variety seeds were
procured from the Institute of Agricultural Research and
Training (IAR&T) Ibadan, Nigeria. Afterward, Italian
grape hoes featuring 18cm blades were bought from an
agricultural equipment store.

Experimental sites

Field experiment was conducted at the
Research Station of the Faculty of Agriculture,
Adekunle Ajasin University, Akungba Akoko, Nigeria
(7° 37" N, 5° 44' E), during the 2022 rainy season.
Similar experiment was carried out in the same
rainforest-savannah transitional agroecology, at the
research farm of the Institute of Agricultural Research
and Training (IAR&T), Ibadan, Nigeria (7° 38' N, 3° 84"
E), during the 2023 rainy season. The physicochemical
properties of the soil at each experimental site are
detailed in Table 1, while weather data for the respective
locations are provided in Table 2. Weed survey before
land preparation showed that the sites were
predominately dominated by broad-leaf weeds
including Talinum triangulare and Euphorbia
heterophylla at Akungba, and Tithonia diversifolia in
Ibadan. Standard land preparation practices such as
clearing, ploughing, and harrowing were done at each
site. The experimental sites were divided into plots
measuring 2 m X 2 m, with a 0.5 m alley between plots
and a 1 m gap between blocks.

Sowing of kenaf

Kenaf seeds (Ifeken DI 400) were sown at a
spacing of 25 ¢cm X 50 ¢cm on level ground, with four
seeds per hole at a depth of 1 cm. Two weeks after
sowing (WAS), seedlings were subsequently thinned to
two plants per stand.

Experimental treatment and design

The study comprised five experimental
treatments, namely: weed-free, weedy check, and
varying weeding frequencies of hoe weeding at 2 WAS,
2and 4 WAS, and 2, 4, and 6 WAS. These were laid out
in a Randomized Complete Block Design with three
replicates. The weed-free plots attained a weed-free
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status through eight sessions of hoe-weeding conducted
over a span of ten weeks. Consequently, this frequency
of weeding was utilized to calculate the cost of weeding
in the weed-free plots. The rate of weed biomass
accumulation for each weeding regime was calculated
by dividing the fresh and dry weights of the removed
weeds by the fourteen-day interval.

Data collection and analysis

At 8 weeks after sowing (WAS), weed density
and weights were evaluated using 0.25 m? quadrats
randomly positioned at two locations along the
diagonals of the plots. Weeds collected from each plot
were counted to measure the weed density, gathered and
weighed fresh to determine the fresh weight, oven-dried
at 80°C for 48 hours, and reweighed to evaluate the dry
weight. The growth parameters of kenaf, including plant
height, stem girth, and leaf count, were assessed at 8
WAS using four tagged plants within each plot. Plant
heights and stem diameters were measured using a
meter rule and vernier caliper, respectively. At 10 WAS,
kenaf plants were harvested, biomass was assessed, and
fibre yield was quantified after the retting process.
Information regarding the market price of kenaf fibre
and the cost of weeding on a per-hectare basis was
obtained from the Kenaf & Jute Improvement
Programme, Institute of Agricultural Research and
Training, Ibadan.

Partial Budgetary Analysis

A partial budgetary analysis was carried out for
Kenaf production at Akungba and Ibadan. The analysis
focused on variables such as Weeding Cost (¥), Bast
Fibre Yield (t ha™), Bast Fibre Price (¥ t!), Gross
Income (N), and Net Income (). Major variables were
derived as follow:

Gross Income (¥) = Bast fibre yield (t ha™) X
Bast fibre price (¥ t7)

Net Income (N) = Gross Income (%) - Weeding
Cost (¥) - Other production cost

Marginal yield = Change in production output
due to change in variable input

Marginal Return on Investment =
Change in net income due to change in weeding regime

change in weeding cost
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RESULTS

The cumulative weed density and weed weight removed
increased with higher weeding frequencies in both
Akungba and Ibadan (Table 3). Based on the weeding
frequencies, Akungba recorded a fresh weed weight
growth ranging from 9.96 to 13.58 g day?, with a
corresponding dry weed weight growth of 1.3t02.79 g
day?. Ibadan recorded a fresh weed weight growth
ranging from 0.46 to 6 g day*, with a dry weed weight
growth of 0.09 to 0.78 g day™ (Table 4).

At 8 weeks after sowing, the weed density and
both fresh and dry weed weights were found to be
highest in the weedy check plots at both the Akungba
and Ibadan sites (Table 5). Conversely, the weed-free
plots exhibited no weed presence, showing a significant
difference from the weedy check plots in terms of weed
density, as well as both fresh and dry weed weights in
these sites. In Akungba, weeding at 2 weeks after
sowing (WAS) resulted in comparable weed density and
weight with weedy check plots. Conversely, in Ibadan,
weeding at 2 WAS led to significant differences in weed
density and weight compared to the weedy check plots.
Weeding twice, at 2 and 4 weeks after sowing (WAS),
and weeding thrice, at 2, 4, and 6 WAS, led to
significantly lower weed density, as well as both fresh
and dry weed weights, compared to the weedy check
plots at both the Akungba and Ibadan sites. Notably, in
both locations, these weeding frequencies resulted in
weed density, as well as both fresh and dry weed
weights, that were statistically comparable. In contrast
to the situation in Ibadan, where all weeding frequencies
resulted in weed density and growth comparable to
weed-free, in Akungba, only weeding twice and thrice
resulted in weed density statistically comparable to
weed-free conditions. Additionally, weeding thrice in
Akungba yielded fresh weed weight statistically
comparable to the weed-free.

The growth of kenaf, at 8 WAS, indicated that
weedy check plots had the lowest plant height, number
of leaves, and stem girth, while the weed-free plots
exhibited the highest growth in both Akungba and
Ibadan, except for the number of leaves per plant in
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Ibadan (Table 6). In both Akungba and Ibadan, the
various weeding frequencies did not yield significantly
different kenaf plant heights. However, in Ibadan,
comparable plant heights were observed between the
weeding frequencies and the weed-free plots, whereas
in Akungba, plant heights were comparable to those of
the weedy check plots. The number of leaves per plant
resulting from plots weeded once and twice did not
show significant differences in both Akungba and
Ibadan. Notably, the leaf count per plant from plots
weeded once was significantly lower than those from
plots weeded thrice in both locations. The stem girth of
kenaf across the weeding frequencies did not show
significant differences in Akungba and Ibadan.
Nonetheless, a slight increase in stem girth was
observed with increasing weeding frequency.

At 10 WAS, biomass parameters of kenaf,
including total fresh weight, total dry weight, dry core
weight, and dry bast fibre weight, were lowest in the
weedy check plots and highest in the weed-free plots in
both Akungba and Ibadan, with the exception of dry
core weight and dry bast fibre weight in Ibadan, where
hoe-weeding regime of 2, 4 and 6 WAS had the highest
values (Table 7). Notably, in Ibadan, hoe-weeding at 2
WAS resulted in kenaf with total fresh weight, total dry
weight, dry core weight, and dry bast fibre weight
statistically comparable to those of the weed-free plots,
unlike in Akungba. Additionally, hoe-weeding regimes
of 2 and 4 WAS involving weeding twice and 2, 4 and
6 WAS involving weeding thrice resulted in comparable
yield components (total fresh weight, total dry weight,
dry core weight, and dry bast fibre weight) in both
locations.

The yield components, core and bast fibre,
were found to be lowest in weedy check plots and
highest in weed-free plots in both Akungba and Ibadan,
(Table 8). The yield from plots weeded once, twice, and
thrice did not show significant differences in both
locations, except for bast fibre, which was significantly
higher in plots weeded thrice compared to those weeded
once in Akungba. Additionally, higher weeding
frequency resulted in a slightly increased yield in both
locations.
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The partial budgetary analysis indicated that
with an increase in the frequency of weeding, the
associated costs of weed management also escalated
(Table 9). In the study, the expenditure for conducting
a single weeding operation per hectare amounted to
¥N50000, resulting in a total range of ¥50000 to
N150000 for weeding conducted once to thrice.
Moreover, the gross income from kenaf was highest in
the weed-free plots and lowest in the weedy-check
plots in both Akungba and Ibadan. Furthermore, the
gross income from kenaf exhibited an upward trend as
the frequency of weeding increased. However, the net
income from kenaf, subject to varying weeding
frequencies, displayed distinct return patterns at these
locations. Of particular note is the observation that net
income increased proportionally with the weeding
frequency in Akungba. Conversely, in Ibadan, net
income decreased when weeding was conducted twice
compared to once, but subsequently rebounded and
increased when conducted thrice. Overall, the net
income from kenaf was higher in Ibadan than in
Akungba under the same weeding frequency.
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In Akungba, the bast fibre yield of kenaf
increased by 0.17 t ha! when weeding was performed
twice instead of once, and by 0.34 t ha! when weeding
was carried out thrice instead of twice. This led to
marginal revenues of ¥N94,500 and ¥239,000,
respectively (Table 10). In Ibadan, the bast fibre yield
of kenaf rose by 0.01 t ha™! when weeding was done
twice instead of once, and by 0.35 t ha™! when weeding
was conducted thrice instead of twice. This resulted in
marginal revenues of -N41,500 and 247,500,
respectively.

DISCUSSION

This study demonstrates a clear correlation between
higher frequency of weeding and decreased weed
density and biomass. These results underscore the
effectiveness of frequent weeding in curbing weed
emergence and growth, thus enhancing the cultivation
of kenaf. Notably, these findings support the earlier
observation by Adenawoola et al. (2005) that
intensifying weeding frequency leads to significantly
reduced weed growth.
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Table 1: Physicochemical properties of soil in the experimental sites

pH oC oM N P K Na Ca Mg Sand Clay Silt
% ppm cmol/kg %
Akungba 4.76 1.26 2.18 0.21 4.8 0.58 0.8 14 0.6 56.8 27.2 16
Ibadan 6.7 276 475 0.28 4.2 0.76 0.29 3.3 2.21 69.4 10.2 20.5
Table 2: Weather Information of the experimental site
Weather Parameters Akungba Ibadan
Maximum Temperature (°C) 31 32
Minimum Temperature (°C) 19 21
Total Precipitation (mm) 664 593
Maximum Daily Precipitation (mm) 110 33
Raining Days 71 71
* Akungba: 5th August - 19th October 2022, Ibadan: 13™ July — 215 September 2023
Source: Visual Crossing Corporation (https://www.visualcrossing.com)
Table 3: Quantifying cumulative weeds removed across various weeding frequencies
Akungba Ibadan
Treatment Density Fresh weight Dry weight Density Fresh weight Dry weight
(m?) (@m?) (@m?) (m?) (@m?) (@m?)
Weedy check 0 0 0 0 0 0
Weeding 2 WAS 573.08 190.21 39.08 184.02 84.00 10.88
Weeding 2 & 4 WAS 935.35 329.61 57.31 296.33 129.60 18.40
Weeding 2, 4 & 6 WAS 1301.00 486.62 85.31 320.49 136.00 19.72
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Table 4: Quantifying weed biomass accumulation rate across weeding regimes

Akungba Ibadan
Fresh weight Dry weight Fresh weight Dry weight
Treatment (g day™) (g day?) (g day) (g day™)
Weedy check 0 0 0 0
First weeding (2 WAS) 13.58 2.79 6 0.78
Second weeding (4 WAS) 9.96 1.3 3.26 0.54
Third weeding (6 WAS) 11.22 2 0.46 0.09
Table 5: Effect of weeding frequency on weed emergence and growth at 8 weeks after sowing (WAS)
Akungba Ibadan

Treatment Density Fresh weight Dry weight Density Fresh weight Dry weight

(Plant m?) (@m?) (@m?) (m?) (@m?) (@m?)
Weedy Check 1227.26% 1654.912 346.192 418.672 828.272 167.842
Weeding 2 WAS 1160.57% 1315.27% 271.242 82.67° 229.87" 56.08"°
Weeding 2 & 4 WAS 496.63" 784.04¢ 160.35° 50.27° 156.80P 40.48°
Weeding 2, 4 & 6 WAS 328.33¢ 476.43% 100.64° 24.00° 29.60° 13.445
Weed-free 0° 09 0° 0° 0P 0P

Means with the same letters within a column are not significantly different based on DMRT (P= 0.05).

Table 6: Effect of weeding frequency on kenaf growth at 8 weeks after sowing (WAS)

Plant height (cm)

Number of leaves (plant™)

Stem Girth (mm)

Treatments Akungba  Ibadan Akungba  Ibadan Akungba Ibadan
Weedy Check 79.30° 68.75° 18.59¢ 19.83¢ 5.63¢ 6.13
Weeding 2 WAS 100.53P 108.83? 27.00°  71.58° 7.65%¢ 11.06°
Weeding 2 & 4 WAS 100.43P 108.00° 4338  9550% 9.96" 11.142
Weeding 2, 4 & 6 WAS 99.70° 107.75° 60.04° 108.082 10.61° 11.79?
Weed-free 141.30° 115.42? 90.96%  99.00% 15.442 12.23

Means with the same letters within a column are not significantly different according to DMRT (P= 0.05).
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Table 7: Effect of weeding frequency on biomass accumulation of kenaf at 10 weeks after sowing (WAS)

Total fresh weight Total dry weight Dry core weight Dry bast fibre
Treatments (g plant 1 (g plant 1) (g plant 1) (g plant 1)
Akungba Ibadan Akungba Ibadan Akungba Ibadan Akungba Ibadan

Weedy Check 17.95¢ 36.58b 4.42° 8.51b 1.48° 2.48b 0.78d 1.37b
Weeding 2 WAS 54.07¢ 118.17ab 13.12% 28.82ab 4.45% 9.77a 2.34cd 5.65a
Weeding 2 & 4 WAS 89.54%¢ 169.08a 25.28° 48.31a 7.73  11.57a 3.38bc 5.69a
Weeding 2, 4 & 6 WAS 127.59° 202.83a 26.79° 39.00a 10.51°  16.16a 5.53b 7.89a
Weed-free 250.442 209.67a 67.232 55.18a 20.63? 13.55a 10.86a 6.40a

Means with the same letters within a column are not significantly different based on DMRT (P=0.

Table 8: Effects of weeding frequency on kenaf yield per hectare

05).

Core weight Bast fibre yield

Treatments (tha?l) (thal)

Akungba Ibadan Akungba Ibadan
Weedy check 0.24d 0.40b 0.12d 0.22b
Weeding 2 WAS 0.71cd 1.56a 0.37cd 0.90a
Weeding 2 & 4 WAS 1.24bc 1.85a 0.54bc 0.91a
Weeding 2, 4 & 6 WAS 1.68bc 2.59a 0.88b 1.26a
Weed-free 3.300a 2.17a 1.74a 1.02a

Means with the same letters within a column are not significantly different based on DMRT (P= 0.
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Variables Weed-free Weeding frequency Weedy check
1 2 3

Akungba

Weeding cost (¥¥) 400,000 50,000 100,000 150,000 0

Bast fibre yield (t hat) 1.74 0.37 0.54 0.88 0.12

Bast fibre Price (¥t 1) 850,000 850,000 850,000 850,000 850,000

Gross Income (3¥) 1,479,000 314,500 459,000 748,000 102,000

Net Income (¥) 1,079,000- p 264,500- p 359,000- p 598,000- p 102,000 - p

Marginal ROI (%) - 3.25 1.89 4.78 -

Ibadan

Weeding cost () 400,000 50,000 100,000 150,000 0

Bast fibre yield (t hat) 1.02 0.9 0.91 1.26 0.22

Bast fibre Price (¥t 1) 850,000 850,000 850,000 850,000 850,000

Gross Income () 867,000 765,000 773,500 1,071,000 187,000

Net Income (¥) 467,000 — p 715,000- p 673,500- p 921,000- p 187,000 - p

Marginal ROI (%) - 10.56 -0.83 4.95 -

ROI- Return on Investment; b — other production costs (N); ***1N=USD1,000
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Table 10: Marginal kenaf yield and revenue () from weeding frequencies at Akungba and Ibadan

weed-free

Weeding 3
frequency
2

1

weedy check

Weeding
frequency | 3

weed-free
2
1

weedy check

Marginal Yield (t hat) in Akungba

32

Marginal Revenue (3hat) in Akungba

**1¥: =USD 1,000

0 weed- | O
free
086 0 Weeding | 3 481,000 0
frequency
1.2 034 0 2 720,000 239,000 O
137 051 017 O 1 814,500 333,500 94,500 O
162 076 042 025 O weedy | 977,000 496,000 257,000 162,500 0
check
weed- 3 2 1 weedy weed-free 3 2 1 weedy
free check check
Weeding Weeding frequency
frequency
**13 =USD 1,000
Marginal Yield (t hal) in Ibadan Marginal Revenue (¥ ha') in Ibadan
0 223 0
g3
0.24 0 |1 206,000 0
=2

0.35 0.11 0 T2 247,500 41500 O

0.36 0.12 0.01 0 weed-free 454,000 248,000 206,500 O

1.04 0.8 0.69 0.68 0 weedy check | 734,000 528,000 486,500 280,000 0

3 weed-free 2 1 weedy check 3 1 2 weed-free  weedy check
Weeding
frequency Weeding Frequency Weeding Frequency
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Discernible disparities in key kenaf growth
metrics, such as leaf count and stem diameter, were
evident between regular weeding of three or more
regimes (weed-free) and the weedy check, indicating
the presence of a growth-enhancing threshold
associated with weeding. Consistently, kenaf plants
in weed-free plots exhibited notably superior growth
attributes compared to the weedy check plots,
underscoring the adverse impact of weed competition
on crops. Additionally, the current observations align
closely with the conclusions drawn by Aluko et al.
(2017), whose research demonstrated a decline in
kenaf growth parameters with escalating weed
biomass and population. Thus, the findings not only
corroborate the results but also accentuate the critical
role of effective weed management in optimizing
kenaf growth and development. The stark disparities
observed between the weed-free plots and 3-weeding
regime plots, and the weedy check underscore the
significance of minimizing weed competition to
maximize kenaf productivity.

Furthermore, the measured agronomic
parameters of kenaf, encompassing total fresh weight,
total dry weight, dry core weight, and dry bast fibre
weight, exhibited significant increases in response to
weeding conducted twice and thrice. This
phenomenon is plausibly attributable to the
augmented number of leaves, potentially fostering
heightened photosynthetic  capacity and the
accumulation of increased photosynthates (Hossain et
al., 2010). The findings of this study suggest that a
single weeding event may suffice to maintain kenaf
plant height, but increased weeding frequency,
particularly ~ 3-weeding regime, enhanced leaf
development and fibre production. Weeding
contributes to increased plant biomass production by
mitigating resource competition, particularly in
environments with high weed pressure. Among the
different weeding frequencies, 3-weeding regime had
the highest plant biomass values due to more reduced
competition, facilitating availability of water and soil
nutrients for crop utilization and superior fibre yield.

The cultivation of kenaf in weed-free plots
undoubtedly fosters optimal growth compared to the
specified weeding regimes. Nonetheless, it is
imperative to recognize that maintaining complete
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weed eradication is not environmentally sustainable.
Weeds fulfil crucial ecological roles, including soil
erosion prevention, wildlife sustenance, and
pollinator attraction (Blaix et al., 2018). Thus, while
prioritizing kenaf growth, a balanced approach
between weed control and preservation of weed-
derived ecological benefits is essential for sustainable
agricultural practices.

During the study period, Akungba
experienced higher rainfall than Ibadan, which likely
led to increased weed growth in Akungba compared
to Ibadan (Gandia et al., 2021) and reduced kenaf
yield where weeds were present in Akungba
compared to Ibadan (Aluko et al., 2017). Conversely,
kenaf plants in weed-free plots in Akungba
capitalized on the ample soil moisture, resulting in
improved yield compared to Ibadan. The notable
variations between Akungba and Ibadan, particularly
in weed growth rates, emphasize the importance of
tailoring weed management strategies to local
conditions. Differences in fresh and dry weed weight
growth rates suggest varying rates of weed
proliferation and  environmental influences.
Specifically, the effectiveness of weeding conducted
once at 2 weeks after sowing (WAS) differed between
the two locations. In Akungba, this intervention
yielded results similar to the weedy check plots, while
in Ibadan, significant improvements were observed.
These disparities underscore the necessity for
customized weed management strategies based on
local conditions for optimal efficacy.

In terms of the effect of weeding regimes on
yield and income, a positive correlation was observed
between weeding frequency and gross income from
kenaf. This suggested that more frequent weeding
contributed to enhanced yields and higher revenue
generation. However, the relationship between
weeding frequency and net income was more
nuanced. In Akungba, net income rose proportionally
with weeding frequency, indicating a favourable
return on investment. Conversely, in Ibadan, while
net income initially decreased with weeding
conducted twice, it rebounded and increased with
weeding done thrice, highlighting the dynamic nature
of profitability in different locations.
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The Marginal Return on Investment (ROI)
analysis provides valuable insights into the economic
viability of different weeding frequencies in kenaf
cultivation. In Akungba, the marginal ROI for
weeding twice was 189%, indicating that for every
N1 invested in this additional weeding frequency, a
return of ¥1.89 was achieved. Similarly, weeding
thrice resulted in a substantially higher marginal ROI
of 478%, indicating a return of }4.78 for every N1
invested on additional weeding. These positive
marginal ROIs highlight the profitability of
increasing weeding frequency, with weeding thrice
showing a more significant return compared to
weeding twice. Conversely, in Ibadan, weeding twice
resulted in a negative marginal ROl of -83%,
indicating a loss of ¥0.83 for every N1 invested on
additional weeding. However, weeding thrice
demonstrated a positive marginal ROl of 495%,
indicating a return of 34.95 for every ¥1 invested on
additional weeding. These findings underscore the
importance of considering location-specific factors
and economic implications when determining the
optimal weeding frequency for kenaf cultivation.
Farmers and policymakers can use this information to
make informed decisions, balancing the economic
benefits with factors such as labour availability and
environmental sustainability.

The disparity in gross income between
weed-free and weedy-check plots underscored the
detrimental impact of weeds on kenaf yield and
income. Moreover, the response of kenaf yield and
income to weeding frequency varied across locations,
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suggesting the influence of environmental factors.
Despite variations in weeding frequency and its
impact on income, Ibadan consistently exhibited
higher net income compared to Akungba. This
disparity underscored the influence of location-
specific factors, such as soil fertility, climate
conditions, on overall profitability.

CONCLUSION

In summary, frequent weeding proves effective in
reducing weed density and biomass, thereby
improving kenaf yield and profitability. A weeding
frequency of at least twice a season is recommended
for optimal kenaf growth and yield, particularly in
areas with significant weed pressure due to high
rainfall. This recommendation is supported by
observed correlations between higher weeding
frequency and reduced weed proliferation. Disparities
in kenaf growth metrics between regular weeding of
three or more regimes (weed-free) and the weedy
check highlight the detrimental impact of weed
competition. Increases in kenaf biomass parameters
emphasize the importance of effective weed
management in mitigating resource competition.
While weed-free conditions are ideal, a balanced
approach to weed control is necessary for
sustainability, considering the ecological benefits of
weeds and profitability. Location-specific factors
such as soil fertility and climate conditions should
inform tailored weed management strategies to
optimize profitability and inform sustainable
agricultural practices.
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OZET

Bitki paraziti nematodlar (BPN) tarimsal iiretimde verim ve kalite kayiplarina neden olan 6nemli tarimsal zararli
gruplarindan biridir. Tarimsal iiretim alanlarinda bulunan yabanci otlar, bircok BPN’ye konukguluk yaparak
BPN’ler ile miicadeleyi zorlastirmaktadir. Bu ¢alismada 25 familyaya ait 110'dan fazla yabanci ot tiirli, diinya
capinda farkli BPN’lere konuk¢u uygunlugu agisindan incelenmistir. Yabanci otlarla beslenebilen BPN gruplart
igerisinde, en ¢ok konukgu sayisia (53 yabanci ot tiirli) sahip olan grubun Kok Ur nematodlar1 (Meloidogyne
spp.) oldugu bilinmektedir. Yabanci otlar {izerinde beslenebilen diger BPN’ler: Pratylenchus spp. Rotylenchulus
reniformis, Heterodera glycines ve Radopholus similis’tir ve bu nematodlarin sirasi ile 26, 25, 10 ve 3 yabanci ot
tiriinii enfekte ettigi rapor edilmistir. BPN'lere en fazla konukg¢uluk yapan yabanci ot tiirleri ise Poaceae
familyasinda tespit edilmistir.

Anahtar kelimeler: Bitki Paraziti Nematodlar, Yabanci otlar, Ara konuk¢u

Weeds That Host Plant Parasitic Nematodes
ABSTRACT

Plant parasitic nematodes (PPN) are one of the important agricultural pest groups that cause yield and quality
losses in agricultural production. Weeds found in agricultural production areas host many PPNs, making it
difficult to combat PPNSs. In this study, more than 110 weed species belonging to 25 families were examined for
host suitability to different PPNs worldwide. Among the PPN groups that can feed on weeds, it is known that the
group with the highest number of hosts (53 weed species) is Root Knot nematodes (Meloidogyne spp.). Other
PPNs that can feed on weeds are: Pratylenchus spp. Rotylenchulus reniformis, Heterodera glycines and
Radopholus similis, and these nematodes have been reported to infect 26, 25, 10 and 3 weed species,
respectively. The highest number of weed species that host nematodes was found in the Poaceae family.

Key words: Meloidogyne spp. Pratylenchus spp, Rotylenchulus reniformis, Heterodera glycines, nematode hosts
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1. GIRiS

Yabanci otlar, kiiltiir bitkileri ile su, besin maddeleri
ve yer icin rekabet etmeleri sebebiyle tarimsal
tiretimi sinirlayan 6nemli biyotik etmenlerden biridir
(Zhang ve ark. 2023). Ayrica yabanci otlar, tarimsal
zararli organizmalarm ve fitopatojenlerin alternatif
konukgulart olduklar igin tarimsal iiretimde dolayl
olarak olumsuz etkilere neden olabilir (Lopes ve ark.
2019; Munif ve ark, 2022).

Yabanci otlar, tarmmsal zararlilar
hastaliklar i¢in uygun bir konuk¢u olmas1 dolayisiyla
etmenlerin popiilasyonunun artmasina neden olarak
tarimsal miicadeleyi zorlagtirmaktadirlar (Wisler ve
Norris, 2005; Jordaan ve Waele, 1988). Bitki paraziti
nematodlar (BPN’ler) yabanci otlar1 konuk¢u olarak
kullanan tarimsal zararlilardan biridir (Ntidi ve ark.
2015). Yabanci otlar nematodlara konuk¢uluk

yapmanin yani sira, pestisitlerden ve olumsuz c¢evre

ve

kosullarindan ~ koruma  saglayarak  nematod
miicadelesini olumsuz yonde etkilerler (Thomas ve
ark. 2004; Lopez ve ark. 2021).

Mevcut konukgularin ¢esitliligi ve diger
patojen organizmalarla etkilesimi, nematodlar1 ana
zararli gruplarindan biri haline getirmektedir. Bu
baglamda nematodlarin tarimsal {retime
kalitesine verdigi zarar yillik yaklagik 157 milyar
dolardir. Bu zararlilar diinya c¢apinda ¢ok g¢esitli
tarim alanlarinda, farkli bolgelerde yaygin olarak
goriilmektedir (Bellé ve ark. 2017).

Ve

Nematodlar dogasi geregi kozmopolittir ve
diinyadaki hemen hemen tiim habitatlarda bulunur.
Collerden soguk bolgelere kadar ¢ok cesitli iklim
kosullarina uyum saglayabilirler (Subedi ve ark.
2020).

BPN’ler binlerce farkli bitki tiirtinii enfekte
eder ve tarimsal iiretimde onemli diizeyde verim ve
kalite kaybina sebep olurlar (Castillo ve ark. 2008).
BPN’lerin cogunlugunu toprak icerisinde
bulunmakta ve kiiltiir bitkilerinde neden olduklar
simptomlarin birgogunun diger tarimsal zararli ve
hastaliklar ile benzerlik gostermesi nedeniyle,
tireticiler tarafindan oldukga ge¢ fark edilmekte ve
bu nedenle tarimsal iretimde kayiplar meydana
gelmektedir (Bakr ve ark. 2020).
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Bircok BPN, dogrudan kdk dokusuna zarar
vererek su ve besin emilimini engeller. Baz1 BPN’ler
bitkinin kok bolgesinden iist kisimlara hareket
edebilir. BPN’lerle enfekte bitkilerde verimde diisiis,
gelisme geriligi, yaprak ve meyvede kiigiilme ve
dokiilme, sacak kok, solgunluk, koklerde bulunan ve
ciplak gozle goriilebilen beyazdan soluk sariya
degisen kist gibi Simptomlar goriiliir (Esker, 2023).
Nematod enfeksiyonu, bitkinin ayn1 zamanda diger
patojenler (funguslar, bakteri vb.) tarafindan enfekte
olarak direncinin zayiflamasina sebep olur (Jones ve
ark. 2013). Sonugta, ekim alanlarinda yabanci otlarin
varhigr siirdiiriilebilir ve Karli bir {iretime engel
olmaktadir (Ntidi ve ark. 2015; Burelle ve Rosskopf,
2012).

BPN’ler ile miicadele stratejilerinde temel
prensip, hedef nematodun popiilasyon yogunlugunu
azaltmaktir. Fakat bu strateji, nadas donemleri
sirasinda nematodlarin yabanci otlar lizerinde hayatta
kalarak veya popiilasyon yogunluklarini artirmasi
nedeniyle basarili olamamaktadir (Samaliev ve
Markova, 2014).

2. BITKi PARAZITi NEMATODLARIN
KONUKCUSU YABANCI OTLAR

Yabanci otlar, ¢esitli BPN tiirlerine konukguluk
yapmaktadirlar. Cesitli ¢alismalarda Meloidogyne
spp. (Tylenchida: Meloidogynidae), Pratylenchus
spp. (Tylenchida: Pratylenchidae), Radopholus
similis (Tylenchida: Pratylenchidae), Rotylenchulus
reniformis  (Tylenchida:  Hoplolaimidae)  ve
Heterodera glycines (Tylenchida: Heteroderidae)
gibi nematod tiirlerine yabanci otlarin konukguluk
yaptig1 goriilmektedir (Kutywayo ve Been, 2006;
Rich ve ark. 2008; Duyck ve ark. 2009; Moens ve
ark. 2009; Gharabadiyan ve ark. 2012; Toktay ve
ark. 2014; Ahmad ve ark. 2015; Bellé ve ark. 2017;
Bellé ve ark. 2019; Basnet ve ark. 2019; Rodriguez
ve ark. 2022; Kantarct ve ark. 2023). BPN’ler
ozellikle kiiltiir bitkilerinin yetistirme sezonu diginda
yabanci otlar iizerinde beslenerek populasyonlarini
artirmakta ve yetistirme sezonu igerisinde kiiltiir
bitkilerini tekrar enfekte etmektedirler.
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2.1. Kok Ur Nematodlar1 (Meloidogyne spp.)

Meloidogyne Yunanca koékenlidir ve 'elma bigimli
disi' anlamma gelir. K6k Ur Nematodlar1 (KUN)
zorunlu bitki parazitleridir ve yeryliziinde birgok
iklime uyum saglamis ekonomik agidan onemli bir
BPN grubudur. KUN’lar genig bir konukcu
yelpazesine sahip polifag zararlilardir. KUN’lar
onemli diizeyde iiriin kayiplarina sebep olmaktadir,
sadece M. incognita'min her yil diinyada 100 milyar
dolarlik bir kayba neden oldugu tahmin edilmektedir
(Téliz ve ark. 2007; Gharabadiyan ve ark. 2012;
Sumita ve Vivekananda, 2023). KUN tiirlerinde
(Meloidogyne spp.) tarimsal agidan en 6nemlileri; M.
icognita, M. javanica, M. arenaria, M. chitwoodi, M.
etiopica ve M. hapla’dir. Meloidogyne spp.
(KUN)’ye konukguluk yapan yabanci ot tiirlerinin
familyasi ve bilimsel adlar1 Tablo 1. de verilmistir.

2.1.2. Meloidogyne incognita (Tylenchida:
Meloidogynidae)

M. incognita, ilk olarak 1855 yilinda ABD'de pamuk
bitkisinde tespit edilmistir. Genis konukgu dizisi ve
yiiksek tireme hizi, yumurtalarin toprakla kolayca
taginabilmesi, ticari bitki ve fide hareketleri ile
bulasik toprak ve materyallerin taginmasi gibi
faktorler nedeniyle, diinya capinda hizla yayilmistir
(Kat1 ve Mennan, 2006; Eisenback, 2020). M.
incognita BPN igerisinde cografi olarak en genis
dagilima sahip en 6nemli tiir olup, hemen hemen tiim
kiiltiir bitkilerini enfekte edebilmektedir. Bu nedenle,
her yil milyarlarca dolarlik iiriin kaybina sebep
olmaktadir. (McCarter ve ark. 2003; Bernard ve ark.
2022).

2.1.3. Meloidogyne javanica (Tylenchida:
Meloidogynidae)

M. javanica, ilk olarak 1885 yilinda Endonezya'nin
Java adasinda bugday bitkisinde tespit edilmis ve bu
nedenle "javanica" ismi verilmistir (Coyne ve ark.
2018). M. javanica tropikal ve subtropikal dagilima
sahip 6nemli KUN tiirlerinden biridir. Genis bir
konukgu yelpazesine sahiptir ve 6nemli bir tarimsal
zararli olarak kabul edilir (Rahman ve Hirschmann,
1990; Watson ve ark. 2020; Rich ve ark. 2008).

38

2.1.4.Meloidogyne arenaria (Tylenchida:
Meloidogynidae)

M. arenaria ilk olarak Chitwood tarafindan 1949
yilinda Yunanistan'da melisa bitkisinde tespit edilmis
(Atas ve ark. 2022) olup, soya fasulyesi (Glycine
max L.), yer fistig1 (Arachis Hypogaea L.), patates
(Solanum tuberosum L.), musir (Zea mays L.), tiitiin
(Nicotiana  tabacum L.), domates (Solanum
lycopersicum L.), muz (Musaspp. |L.), asma
(Vitis spp. L.), seftali (Prunus persica (L.), seker
pancar1 (Beta vulgaris L.) ve sis tiirleri gibi kiilttr
bitkilerinden elde edilen gida ve lif iiretiminin verim
ve kalitesinin azalmasinin ana nedenidir (CABI,
2019). M. arenaria farkli yabanci otlar iizerinde
polifag olarak beslenebilmektedir (Bellé ve ark.
2020).

2.1.5. Meloidogyne etiopica (Tylenchida:
Meloidogynidae)

Cogunlukla Afrika {lkelerinde goriilen kok-ur
nematodu M. etiopica, ilk kez 1968'de Tanzanya'da
tespit edilmistir (Aydinl ve ark. 2013). M. etiopica,
diinya ¢apinda bir¢ok konukguda iiriin kaybina neden
oldugu bildirilen, ekonomik agidan Onemi Yyeni
ortaya c¢ikan nematod tiirlerinden biri olarak kabul
edilmektedir. M. etiopica, 2011 yilinda Avrupa ve
Akdeniz Bitki Koruma Orgiitii'niin (EPPO) uyari
listesine alinmustir (Bellé ve ark. 2019).

2.1.6. Meloidogyne
(Tylenchida: Meloidogynidae)

chitwoodi

M. chitwoodi yaygin olarak 'Columbia kok-ur
nematodu' olarak bilinen bir kék-ur nematodudur. Bu
tir ilk olarak 1980 yilinda Amerika Birlesik
Devletleri'nin Kuzeybat1 Pasifik bolgesinde bir
tarlada patatesin kok ve tespit
edilmigtir. M. chitwoodi, Biiylik Britanya, Kuzey
Karolina ve AB'de patatesin karantinaya tabi 6nemli
zararlilarindandir. Yumrular koklerdeki
simptomlar, diger kok-ur nematodlarinin neden
oldugu simptomlara benzer tipte urlar seklindedir.
Istila edilmis patates yumrularinin yiizeyi genellikle
cok sayida sivilce benzeri kabarik urlar ile kaplidir
(Hoyle ve Prior, 2023).

yumrularinda

ve
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2.1.7. Meloidogyne hapla (Tylenchida: Meloidogynidae)

M. hapla ilk kez 1949 yilinda ABD’de Chitwood tarafindan patates tarlasinda tespit edilmistir (Rusinque ve ark.
2022) ve havug, marul, sogan ve seker pancarinda %40-80'e varan verim kayiplar ile 6zellikle organik sebze
tiretiminde ciddi zararlara sebep olmaktadir. 550'den fazla dikotiledon bitki tiiri M. hapla'ya konukgukluk
yapmaktadir (Vestergéard, 2019).

Tablo 1. Meloidogyne spp. (KUN) ye konukguluk yapan yabanci ot tiirlerinin familyasi ve bilimsel adlari

Familya Konukc¢u Yabanci Ot* Nematod Tiirii
Amaranthaceae (Horozibigigiller) Amaranthus cruentus (L.) M. javanica
Amaranthus hybridus (L.) M. incognita
M. etiopica
Amaranthus spinosus (L.) M. incognita
M. etiopica
Amaranthus tricolor (L.) M. javanica
Amaranthus deflexus (L.) M. incognita
M. arenaria
M. etiopica
Amaranthus hybridus (L.) M. arenaria
Amaranthus retroflexus (L.). M. incognita
Amaranthus viridis (L.) M. incognita
M. arenaria
M. etiopica
Chenopodium album (L.) M. incognita
M. arenaria
Asteraceae (Papatyagiller) Galinsoga parviflora (Cav.) M. incognita
Meloidogyne spp.
M. etiopica
Acanthospermum australe (Loefl.) M. etiopica
Bidens pilosa (L.) M. incognita
M. etiopica
Bidens subalternans (DC.) M. incognita
M. etiopica
Lactuca serriola (L.) M. etiopica
Senecio vulgaris (L.) M. chitwoodi
Sonchus oleraceus (L.) M. etiopica
Brassicaceae (Turpgiller) Raphanus raphanistrum (L.) M. etiopica
Commelinaceae (Telgrafcicegigiller) Commelina benghalensis (L.). M. incognita
M. etiopica
Commelina diffusa (Burm. f.) M. javanica
Convolvulaceae (Kahkahagigegigiller) Ipomoea nil (L.) M. incognita
Ipomoea grandifolia (Dammer) M. arenaria
M. etiopica
Ipomoea purpurea (L.) M. incognita
M. etiopica
Ipomoea cissoides (Lam.) M. incognita
Euphorbiaceae (Siitlegengiller) Euphorbia heterophylla (L.) M. incognita,
M. etiopica
Fabaceae (Baklagiller) Aeschynomene rudis (Benth) M. incognita
Aeschynomene americana (L.) M. arenaria
M. Incognita
M. javanica
Crotalaria sphaerocarpa (Perr.) M. javanica
Melilotus indica (L.) M. javanica
Lamiaceae (Ballibabagiller) Leonurus sibiricus (L.) M. incognita
M. etiopica

39


https://bizimbitkiler.org.tr/v2/hiyerarsi.php?f=Commelinaceae

Tasdelen, Yiiksel, Imren, Colak, Giiven and Canhilal (2024)., Journal of Weed Science 27(1):2024:36-48

Tablo 1. Devam

Malvaceae (Ebeglimecigiller) Sida rhombifolia (L.) M. incognita
M. arenaria
M. etiopica
Abutilon theophrasti (Med.) M. incognita
Hibiscus trionum (L.) M. javanica
Malva sylvestris (L.) M. incognita
Oxalidaceae (Eksi yoncagiller) Oxalis corniculata (L.) M. etiopica
Papaveraceae (Gelincikgiller) Fumaria indica (Hausskun.) M. javanica
Poaceae (Bugdaygiller) Cynodon dactylon (L.) M. javanica,
M. etiopica
Digitaria insularis (L.) M. incognita
Digitaria sanguinalis (L.) M. javanica
Digitaria horizontalis (Willd.) M. incognita
Eleusine coracana (L.) M. javanica
Rhynchelytrum repens (Willd.) M. incognita
Sorghum halepense (L.) M. javanica
Polygonaceae (Madimakgiller) Rumex crispus (L.) M. incognita,
M. javanica
Polygonum aviculare (L.) M. incognita
Portulaca oleracea (L.) Meloidogyne spp.
M. incognita,
M. arenaria
M. Javanica,
M. etiopica
Portulacaceae (Semizotugiller) Talinum paniculatum (Jack) M. etiopica

Rubiaceae (Kdkboyasigiller)

Sapindaceae (Akgaagaggiller)

Solanaceae (Patlicangiller)

Spermacoce assurgens (Ruiz& Pav.)

Spermacoce confusa (Rendle)
Spermacoce latifolia (Aubl)

Cardiospermum halicacabum (L.)

Solanum americanum (Mill.)

Solanum nigrum (L.)

Solanum sisymbriifolium (Lam.)

Nicandra physalodes (L.)

Solanum pseudocapsicum (L.)
Physalis angulata (L.)

Meloidogyne spp.
Meloidogyne spp.
Meloidogyne spp.
. incognita,

. arenaria

. etiopica

. incognita

. arenaria

. etiopica
eloidogyne spp.
. incognita

. chitwoodi

. incognita,

. arenaria

. etiopica

. incognita,

. arenaria
M.etiopica

M. etiopica

M. incognita

IIZIZIZIZIZIZIZILZLZILLLL

*Konukgu olan yabanci ot tiirleri Ahmad ve ark. (2015); Bakr ve ark. (2020); Bellé ve ark. (2017; 2019; 2020);
Burelle ve Rosskopf (2012); Giraldeli ve ark. (2017); Kantarc1 ve ark. (2023); Kutywayo ve Been (2006); Lopes
ve ark. (2019); Munif ve ark. (2022); Ntidi ve ark. (2015); Queneherve ve ark. (1995); Rich ve ark. (2008) ve
Rodriguez ve ark. (2022) kaynaklarindan alintilanmigtir.
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2.2. Kok Yara Nematodlari, Pratylenchus yaralara sebep olmalarindan dolay1 toprak koékenli

spp. (Tylenchida: Pratylenchidae) diger patojenlerin sekonder enfeksiyonlarma neden

olurlar (Thomas ve ark. 2005). Pratylenchus spp.’in

Kok yara nematodlart (KYN) endoparazit genis bir konukgu yelpazesine ve cografi dagilima

nematodlardir (Bernard ve ark. 2022). KYN’ler, sahip oldugu birgok ¢alismada bildirilmistir (Tablo
konukgu bitkilerin koklerini istila ederler, ancak 6zel 2.) (Vanstone ve Russ, 2001).

beslenme bolgeleri olugturmazlar. Bu nematodlar
tipik olarak stiletlerini kortikal hiicreleri delmek ve
beslenmek i¢in kullanirlar. Koklerde ¢ok sayida
Tablo 2. Pratylenchus spp. 'ye konukguluk yapan yabanci ot tiirlerinin familyas1 ve bilimsel adlari

Familya Konukg¢u Yabanc1 Ot* Nematod Tiirii
Amaranthaceae (Horozibigigiller) Amaranthus palmeri (S.Watson.) P. neglectus
Amaranthus retroflexus (L.) P. neglectus
Chenopodium album (L.) P. penetrans
Asteraceae (Papatyagiller) Cirsium arvense (L.) P. penetrans
Sonchus oleraceus (L.) P.penetrans
Senecio vulgaris (L.) P.penetrans
Brassicaceae (Turpgiller) Brassica tournefortii (Guoan) P. neglectus
Raphanus raphanistrum (L.) P. neglectus
Sisymbrium altissimum (L.) P. neglectus
Fabaceae (Baklagiller) Crotalaria sphaerocarpa (Perr) P. zeae
Vicia villosa (L.) P. neglectus
Malvaceae (Ebegiimecigiller) Malva parviflora (L.) P. neglectus
Poaceae (Bugdaygiller) Aegilops cylindrica (Host) P. neglectus
P. thornei
Apera spica-venti (L.) P. penetrans
Avena fatua (L.) P. neglectus
Bromus inermis (Leyss.) P. neglectus
P. thornei
Bromus tectorum (L.) P. thornei
Digitaria sanguinalis (L.) P. neglectus
Echinochloa crus-galli (L.) P. neglectus
P. penetrans
Eleusine indica (L.) P. zeae
Elymus lanceolatus (Scribn.) P. neglectus
P. thornei
Elymus smithii (Rydb.) P. neglectus
Elytrigia repens (L.) P. penetrans
P. neglectus
Festuca ovina (L.) P. thornei
Festuca trachyphylla (Hack) P. thornei
Poa annua (L.) P.penetrans
Poa secunda (J. Presl) P. neglectus
Rottboellia cochinchinensis (Lour) Pratylenchus spp.
Setaria viridis (L.) P. neglectus
Thinopyrum ponticum (Podp.) P. neglectus
Vulpia myuros (L.) P. thornei
Polygonaceae (Madimakgiller) Rumex crispus (L.) P. neglectus
Emex australis (Doublegee) P. neglectus
Solanaceae Solanum nigrum (L.) P. neglectus
(Patlicangiller) P. penetrans

*Konuk¢u olan yabanci ot tiirleri Gast ve ark. (1984); Jordaan ve Waele (1988); Kutywayo ve Been (2006);
Queneherve ve ark. (1995); Rodriguez ve ark. (2022); Samaliev ve Markova (2014); Smiley ve ark. (2014) ve
Vanstone ve Russ (2001) kaynaklarindan alintilanmustir.
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2.3. Radopholus similis

Pratylenchidae)

(Tylenchida:

R. similis ilk kez 1893 yilinda Fiji
adalarindaki muz bahgelerinde tespit edilmistir
(Christie, 1957). Sekil ve boyut olarak Pratylenchus
spp.’ye benzer, ancak digilerinin iki yumurtalig

olmasiyla  Pratylenchus  spp.’lerden ayrilirlar.
Erkekler goriiniis olarak disilere gore daha incedirler
(Kaplan ve O’Bannon, 1985). R. similis konuk¢u
koklerinin dokularinda gelisip ¢ogalir. Konukgu
olarak yasadigi yabanci ot tiirleri Tablo 3’te
verilmistir. Muzda zararli olan en 6nemli nematod
olarak bilinmektedir (Gowen ve ark. 2005).

Tablo 3. Radopholus similis’e konukguluk yapan yabanci ot tiirlerinin familyasi ve bilimsel adlari

Familya

Konukc¢u Yabanci Ot*

Araceae (Yilanyastigigiller)
Poaceae (Bugdaygiller)

Urticaceae (Isirgangiller)

Caladium bicolor (Uphof.)
Echinochloa colona (L.)

Phenax sonneratii (Poir)

*Konukgu olan yabanci ot tiirleri Gebremichael, 2015 kaynagindan alintilanmigtir.

2.4. Rotylenchulus reniformis

(Tylenchida: Hoplolaimidae)

R. reniformis ilk kez 1940 yilinda Hawaii’de Linford
and Oliveira tarafindan pamuk tarlalarinda tespit
edilmistir (Ayala ve Ramirez, 1965). R. reniformis,
diinya c¢apmnda tropik ve subtropikal bdlgelerde
dagilim gosteren, cinsinin ekonomik agidan en

onemli tiyesidir (Bernard ve ark. 2022). R. reniformis
pamugun baslica ekonomik nematod zararlisidir
(Lawrence ve ark. 2008). Konuk¢u olarak yasadigi
yabanci ot tiirleri Tablo 4’te verilmistir. Pamuk,
hintyagi, boriilce, papaya, bamya, domates, ananas
gibi 50 familyaya ait 150'den fazla bitki tiiri R.
reniformis tarafindan parazitlenebilmektedir (Khan,
2005).

Tablo 4. Rotylenchulus reniformis’e konuk¢uluk yapan yabanci ot tiirlerinin familyas1 ve bilimsel adlart

Familya

Konukc¢u Yabanc1 Ot*

Amaranthaceae (Horozibigigiller)

Compositae (Papatyagiller)

Commelinaceae (Telgrafcicegigiller)

Convolvulaceae (Kahkahacicegigiller)

Euphorbiaceae (Siitlegengiller)

Leguminosae (Baklagiller)
Malvaceae (Ebegiimecigiller)
Portulacaceae (Semizotugiller)
Poaceae (Bugdaygiller)

Solanaceae (Patlicangiller)
Urticaceae (Isirgangiller)

Zygophyllaceae (Cobangokertengiller)

Amaranthus spinosus (L.)
Chenopodium murale (L.)
Chenopodium album (L.).
Bidens pilosa (L.)

Blumea hieraciifolia (Spreng.)
Galinsoga ciliata (Rafin)
Xanthium spp.

Atemisia spp.

Commelina diffusa (Burm. f.)

Convolvulus arvensis (L.)

Ipomoea spp.

Euphorbia heterophylla (L.)
Euphorbia hirta (L.)

Euphorbia thymifolia (L.)
Euphorbia milii (Des Moul.)
Phyllanthus carolinensis (Walter)
Aeschynomene americana (L.)
Abutilon indicum (L.)

Portulaca oleracea (L.)

Setaria barbata (Lam.)

Rottboellia cochinchinensis (Lour)

Physalis angulata (L.)
Laportea aestuans (L.)
Phenax sonneratii (Poir)
Tribulus terrestris (L.)

*Konukgu olan yabanci ot tiirleri Inserra ve ark. (1989); Khan, (2005); Munif ve ark. (2022); Queneherve ve
ark. (1995) ve Yadav ve Nandawa ( 1976) kaynaklarindan alintilanmigtir.
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2.5. Heterodera glycines (Kist
Nematodlari) (Tylenchida:
Heteroderidae)

Soya fasulyesi kist nematodu (SCN,

Heterodera glycines), ilk kez 1987 yilinda Ohio soya
fasulyesi tarlalarinda tespit edilmis olup soya
fasulyesinin (Glycine max) 6nemli bir zararlisidir
(Venkatesh ve ark. 2000). Soya fasulyesi Kkist

nematodunun (Heterodera glycines), 22 bitki
familyasina dahil olan yaklasik 150 baklagil ve
baklagil olmayan cinsi kapsayan genis bir

yelpazedeki konuk¢u  bitkiyi  parazitledigi
bildirilmistir (Johnson ve ark. 2008). H. glycines
yerlesik  endoparazittir.  Tipik olarak yaygin

KUN’lerden daha dar konukgu araliklarina sahiptir
(Bernard ve ark. 2022). Konukgu olarak yasadigi
yabanci ot tiirleri Tablo 5°te verilmistir Bazi yabanci
otlar SCN yasam dongiisiiniin tamamlanmasi igin,
soya fasulyesi ekilmeyen tarlalarda SCN i¢in bir
koprii gorevi yapabilmektedir (Basnet ve ark. 2019).
ABD’ de soyada SCN’nin neden oldugu kayiplarin
ilke ¢apindaki diger hastaliklarin iki kati oldugu
bildirilmistir (Rocha ve ark. 2021).

Tablo 5. Heterodera glycines’e konukguluk yapan yabanci ot tiirlerinin familyasi ve bilimsel adlar

Familya

Konuk¢u Yabanc1 Ot*

Asteraceae(Papatyagiller)

Xanthium strumarium (L.)
Cirsium arvense (L.)

Brassicaceae (Turpgiller)
Caryophyllaceae (Karanfilgiller )
Fabaceae (Baklagiller)

Lamiaceae (Ballibabagiller)

Malvaceae (Ebegiimecigiller)

Cardamine parviflora (L.)
Thlaspi arvense (L.)
Capsella bursa-pastoris (L.)
Stellaria media (L.)
Trifolium repens (L.)
Lamium purpureum (L.)

Lamium amplexicaule (L.)

Malva neglecta (Wallr)

*Konukgu olan yabanci ot tiirleri Basnet ve ark. (2019); Creech ve ark. (2007); Johnson ve ark. (2008); Mock, ve
ark. (2011); Poromarto ve ark. (2015); Venkatesh, ve ark. (2000) ve Werle ve ark. (2015) kaynaklarindan

alintilanmustir.

3. SONUC

Yabanci otlarin tarimsal iiretim sistemlerinde cansiz
veya canli birgok faktorle etkilesimi vardir. Yabanci
otlar patojen, bocek ve nematod gibi zararhlarla
birlikte, faydali organizmalarinda hayatta kalmasinda
onemli rol oynarlar.

Yabanci ot miicadelesi genellikle yabanci ot

popiilasyonlarinin ~ yogunluklarmma ve  yabanci
ot/kiiltir bitkisi rekabeti i¢in belirlenen esik
seviyelerine gore gergeklestirilir. Yabanct ot

popiilasyonlar1 nispeten diigiikse, bu yabanci otlarin
parazit nematodlar1 barindirip barindirmadigina
bakilmaksizin, yabanci ot miicadelesinin
gerceklestirilmesi faydasiz olarak goriilebilir.

Konuk¢u  durumu

tzerindeki nematodlarin

ve yabancit otlar
cogalma  derecesi,

biitiinlegsmis nematod miicadele programlarinda
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onemli bir konu olmalidir, ¢iinkii yabanci otlar
tarimsal iiretim sezonu boyunca ve daha sonra nadas
donemlerinde de arazilerde bulunabilmektedirler.

Nematod-yabanci ot iligkisi tizerine yapilan
calismalarda BPN’lerin o6zellikle domates, biber,
patlican gibi sebze bitkilerinde, muz, seker pancari
ve patateste yaygin olan yabanci otlarda konukguluk
yaptig1 gorilmiistiir (Ercan ve Elekcioglu, 2009,
Evlice ve Bayram, 2016; imren ve Elekcioglu, 2018;
Torun ve ark.; 2021; Kantarci ve ark. 2023).

Nematodlara konukguluk yapan yabanci
otlarla miicadele edilmemesinden dolay1 artacak
nematod popiilasyonu, yesilbiber ve domateste
%15, Havug, fasulye, salatalik, kavun ve kavun gibi
sebzelerde ise %20, patateste %80 ye varan gelir
kaybina sebep olmaktadir (Imren ve Elekcioglu,
2018; Evlice ve Bayram, 2016).
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Nadas donemlerinde iiriinlere ayrilan tarim
arazileri belirli donemler boyunca atil durumda
kalmasindan dolay1 yabanci otlar bu alanlarda hizla
cogalirlar. Yabanct otlarin  kiiltiir  bitkilerinin
olmadigi donemlerde nematodlara konukguluk
yapmasindan dolay1 nadas dénemlerinde de yabanci
ot miicadelesi yapmak nematodlarla miicadeleyi
kolaylagtiracaktir. Baz1 ¢aligmalar Nadas alanlarinda
yabanci otlarla miicadele ederken daha fazla toprak
erozyonu ve organik madde miktarinda azalma
Olmamasi ic¢in yabanci otlarin tamammi degil
nematodlara konukg¢uluk yapabilecek olanlar1 secici
olarak miicadele edilmelidir.

BPN’lere konukguluk eden yabanci ot
tirlerinin iyi bilinmesi gerekir. Bu yabanci otlarla
diger miicadele yontemlerinin (kiltiirel, mekanik)
disinda herbisit uygulamasi ile kiiltiir bitkilerindeki
nematod biiyilk oranda engellenebilir. Nadas
donemlerinde BPN’lere konukgu olmayan oOrtiicii
bitkilerin yetistirilmesi yabanci otlarin  ¢ikigini
azaltmasindan dolay:1 alternatif bir yontem olarak
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ABSTRACT

Broomrapes (Orobanche spp. and Phelipanche spp.) are annual root parasitic weeds from the Orobanchaceae
family. Broomrape species have a wide host range causing yield losses in crop production. Broomrape control is
challenging due to dependency, prolific seed production, long-term seed viability in soil, and unique physiological
and biological characteristics. Traditional weed control methods, including mechanical, physical, and chemical,
may be limited in their effectiveness in the management of broomrape. In biological control, identification and
utilizing soil-borne microorganisms are considered potentially effective. Notably, fungi isolated from various
broomrape species and different hosts are extensively documented in the literature. During the 70-year period from
1954 to the present, in the studies conducted in 25 different countries from 4 continents, 104 fungal species
belonging to 42 genera have been reported from five main broomrape species. With this review prepared by an
extensive literature review, the fungal diversity in broomrape species has been revealed and is intended to be a
resource for researchers working on this subject.

Keywords: Phelipanche spp., Orobanche spp., fungus, Fusarium, fungal diversity, broomrape

Canavar Otu Tiirlerindeki Funguslarin Cesitliligi ve Cografik Dagilimlar:
OZET

Canavar otlar1 (Orobanche spp. ve Phelipanche spp.), Orobanchaceae familyasina baglh tek yillik kok paraziti
yabanct otlardir. Canavar otu tiirlerinin konuk¢u dizisi oldukg¢a genis olup, tarimsal {iretimde verim kayiplarina
neden olmaktadirlar. Canavar otlari ile miicadele konukguya bagli yasamalari, ¢ok sayida tohum olusturmalar1 ve
tohumlarinin uzun yillar toprakta canli kalabilmeleri ve bu bitkilerin benzersiz fizyolojik ve biyolojik 6zellikleri
nedeniyle zordur. Geleneksel yabanci ot miicadele yontemlerinden mekanik, fiziksel ve kimyasal miicadele
yontemleri bu yabanci otlarin miicadelesinde sinirli kalabilmektedir. Biyolojik miicadelede toprak kdkenli
mikroorganizmalarin tanilanmas: ve kullamiminin etkili olabilecegi diistiniilmektedir. Farkli canavar otu
tiirlerinden ve farkli konukgulardan izole edilen funguslara literatiirde genis 6l¢iide yer verilmistir. 1954 yilindan
giiniimiize kadar gegen 70 yillik siire boyunca, 4 kitadan 25 farkli iilkede yiiriitiilen ¢caligmalarda, 5 ana canavar
otu tiiriinden 42 cinse ait 104 farkli fungus tiirii rapor edilmistir. Genis bir literatiir taramasi ile hazirlanan bu
derleme ile canavar otu tiirlerindeki fungal ¢esitlilik ortaya konulmus olup, bu bilgilerin bu konuda ¢alisan
arastiricilara kaynak olusturmasi amaglanmaktadir.

Anahtar Kelimeler: Phelipanche spp., Orobanche spp., fungus, Fusarium, fungal ¢esitlilik, canavar otu
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INTRODUCTION

The largest family among parasitic plant families is
the Orobanchaceae family, which is represented by
102 genera and over 2100 species (Nickrent, 2020).
Among the holoparasitic plants of the Orobanchaceae
family, species belonging to the Orobanche and
Phelipanche genera cause significant yield and
quality losses in different crops in the Mediterranean
region. These two genera include around 200 species
and cause notable yield losses in several crop families,
including Apiaceae, Asteraceae, Brassicaceae,
Cucurbitaceae, Fabaceae, and Solanaceae (Parker &
Riches, 1993; Westwood et al., 2012). The
holoparasitic species that cause damage to major
agricultural crops and are considered primary
parasitic weeds worldwide are Orobanche cernua
Loefl, Orobanche cumana Wallr., Orobanche
crenata Forsk., Phelipanche aegyptiaca Pers. (Pomel)
(=syn: O. aegyptiaca), and Phelipanche ramosa L.
(=syn: O. ramosa).

0. cernua Loefl. causes damage to the
Asteraceae (especially sunflower) and Solanaceae
family (especially tomato, tobacco, and eggplant)
(Parker & Riches, 1993). Its distribution extends
particularly to the Middle East, Southern and Eastern
Europe, and North Africa, as well as to Asia and
Australia. O. cernua has been reported in tobacco
fields in India (Swarnalatha et al., 2020) and more
recently in onion production areas (Akhter et al.,
2018), in tomato and tobacco production areas in Iran
(Nosratti et al., 2020; Tahmasbali et al., 2021), in
tomato and eggplant production areas in Jordan (Abu-
Irmaileh, 1991; Qasem, 2009), in sunflower fields in
Tiirkiye (Demirci et al., 2003), and on various hosts
in China (Wang et al., 2016). O. cumana Wallr. causes
damage exclusively to sunflowers within the
Asteraceae family (Labrousse et al., 2001). O.
cumana, which has become the most significant threat
to sunflower production worldwide, causes damage
particularly in Russia, Ukraine, Moldova, Romania,
Tiirkiye, Bulgaria, Spain, Israel, and Hungary, but
also in Syria, Egypt, and the North African coasts
(Antonova et al., 2013; Jebri et al., 2017; Kaya, 2014;
Molinero-Ruiz et al., 2015). O. crenata Forsk. causes
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damage to various cultivated plants belonging to at
least four families. It inflicts damage on crops in the
Fabaceae family (especially faba bean) and the
Apiaceae family (especially carrot), and to a lesser
extent, on crops in the Cucurbitaceae and Asteraceae
families (Parker & Riches, 1993). There is no host
specificity (Musselman & Parker, 1982). O. crenata
causes significant economic losses, especially in the
cultivation of faba bean (Vicia faba L.) (Negewo et
al., 2022; Stoddard et al., 2010). However, this species
also damages lentil (Lens culinaris Medik.) (En-Nahli
et al., 2021; Fernandez-Aparicio et al., 2008), pea
(Pisum sativum L.) (Castillejo et al., 2004; Rubiales
et al., 2009), chickpea (Cicer arietinum L.) (Rubiales
et al., 2009; Rubiales et al., 2003), tomato (Solanum
lycopersicum L.) (Dor et al., 2010), lettuce (Lactuca
sativa L.) (Landa et al., 2006), carrot (Daucus carota
subsp. sativus (Hoffm.) Schiibl. & G.Martens)
(Eizenberg et al., 2001). The geographic distribution
of O. crenata is primarily in the Mediterranean region,
including North Africa, and also extends to the Near
East and Western Asia (Musselman & Parker, 1982).
It has been reported that the majority of red lentil
production areas in the Southeastern Anatolia Region
of Tiirkiye are infested with O. crenata along with P.
aegyptiaca/P. ramosa (Aksoy et al., 2016). According
to recent reports, in Morocco, root weight, root length,
and root diameter in carrots have decreased by
19.98%, 20.04%, and 9.10%, respectively, due to O.
crenata. Additionally, O. crenata has been reported to
reduce quality parameters in carrots, with total yield
losses ranging from approximately 21 to 27 t/ha
(Chedadi et al., 2020). Phelipanche ramosa L. is the
species with the widest range of hosts compared to
other broomrape species. It causes significant yield
losses in important crop families such as Asteraceae
(sunflower), Brassicaceae (mustard, rape, cabbage),
Fabaceae (chickpea, lentil), Solanaceae (tomato,
potato, tobacco, eggplant), and Cucurbitaceae (melon,
watermelon, cucumber). Phelipanche aegyptiaca
Pers. (Pomel), similar to P. ramosa, also has a broad
host range, but it has been reported to cause more
damage than P. ramosa specifically in cultivated
plants belonging to the Cucurbitaceae family (Parker
& Riches, 1993).
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In areas where broomrape populations are
very high, crop yields decline significantly, often
leading farmers to abandon production. In recent
years, factors such as global warming, unpredictable
weather conditions, increased trade, changes in
agricultural practices, and globalization have greatly
increased the damage to crops and the likelihood of
these species spreading to new regions where they
have not yet been found. Parasitic plants are distinct
from all other weeds because they attach to the host’s
vascular system through haustoria, establishing a
physical and physiological connection throughout
their entire parasitic life cycle. This parasitic
relationship occurs underground, where the parasitic
plant obtains water, minerals, and carbohydrates from
its host crop. As a result of successful parasitism, the
resources of the host plant are depleted, leading to
irreversible qualitative and quantitative reductions in
crop yield when shoots emerge to the soil surface
(Joel, 2013). The unique life cycle of parasitic plants,
their production of thousands of tiny, dust-like seeds,
their remarkable reproductive ability, and the vascular
tissue connection between host and parasite severely
limit the control options for these weed species
(Fernandez-Aparicio et al., 2016; Shilo et al., 2016).
Many studies have been conducted on broomrape
management including crop rotation, deep plowing
(Shevchenko et al., 2024), trap cropping (Kleifeld et
al., 1994), nitrogen fertilization (Ye et al., 2023),
development of resistant varieties (Fernandez
Martinez et al., 2012) and chemical control (Alonso et
al., 1998). Studies have also been conducted on the
biological control of broomrapes, aiming to inhibit
seed germination and control broomrape plants during
their initial parasitic stages by isolating and using soil
microorganisms such as fungi and bacteria. Various
fungal species have been isolated and identified for
their potential use in controlling broomrape in
different countries and on different hosts worldwide.
Various species belonging to the genus Fusarium
have been isolated from different hosts of O. cernua
(Aybeke, 2017; Goussous et al., 2009; Hameed et al.,
2001; Karam Pur et al.,, 2004; Taslakh'yan &
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Grigoryan, 1978; Wang et al., 2016), from O. cumana
in sunflower (Bedi & Donchev, 1991; Ding, Zhang, et
al., 2012; Dor & Hershenhorn, 2009; Taslakh'yan &
Grigoryan, 1978; Zhang et al., 2022), from O. crenata
in faba bean (Abouzeid & El-Tarabily, 2010; Al-
Menoufi, 1986; Hameed et al., 2001; K. H. Linke et
al., 1992; Nemat Alla et al., 2008; Suh, 2011), and
from P. aegyptiaca causing damage in various hosts
(Basbagc et al., 2023; Panchenko, 1974; Rostami et
al., 2017; Saremi & Okhovvat, 2008; Wang et al.,
1985). Additionally, species of the genus Alternaria
have been isolated (Dor & Hershenhorn, 2009;
Hameed et al., 2001; Thomas et al., 1999). Although
the majority of hosts affected by P. ramosa overlap
with P. aegyptiaca, surveys conducted especially in
tobacco have isolated species of Rhizoctonia (Gibot-
Leclerc et al., 2022), Fusarium (Ampova et al., 1967;
Boari & Vurro, 2004; Fischl et al., 2001) and
Alternaria (Boari & Vurro, 2004; Gibot-Leclerc et al.,
2022).

In recent years, numerous studies have been
conducted to isolate fungal species from broomrape
species in agricultural fields and examine their
potential effects. These studies were undertaken to
understand the biological activities of fungi on
broomrape species and to determine their herbicidal
effects. This review article aims to provide a summary
of the research conducted to date on fungus species
isolated from broomrape species and to serve as a
resource for researchers working in this field.

Fungal Species Isolated From Major
Broomrape Species Damaging Crops

Many studies are revealing the fungal diversity in
broomrape species conducted by researchers in
various countries. In the 70-year period from 1954 to
2024, 104 different fungal species belonging to a total
of 42 genera have been reported, in association with
the five major broomrape species, Orobanche cernua,
O. cumana, O. crenata, Phelipanche aegyptiaca and
P. ramosa (Table 1.)
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Table 1. Fungal species isolated from main broomrape species

Broomrape species*

Fungal species

Orobanche Orobanche Orobanche Phelipanche Phelipanche
cernua cumana crenata aegyptiaca ramosa
Acremonium fusicoides - - - + -
Alternaria sp. - - + - +
Alternaria alternata - - + + +
Alternaria solani + - - - -
Alternaria infectoria - - + - +
Aspergillus sp. - - - + .
Aspergillus alliaceus + - - - -
Aspergillus niger - - + - -
Aspergillus ochraceus - - - - +
Botrytis sp. - - - - +
Cephalosporium sp. + - - - -
Chaetomium sp. - - + - -
Cladosporium sp. - - - - +
Cladosporium cladosporioides - - - + -
Cladosporium herbarum + + + - -
Cochliobolus spicifer - - + - -
Colletotrichum lagenarium - - - + -
Cylindrocarpon sp. - - + - -
Cylindrocladium sp. + - - - -
Dendrophoma sp. + - - + .
Epicoccum sp. + - - - -
Epicoccum nigrum - - - + +
Fusarium sp. + + + + +
Fusarium acuminatum - - - + +
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Table 1. Continued

Fusarium andiyazi - - - +
Fusarium artrosporioides - - - +
Fusarium avenaceum - - + -
Fusarium brachygibbosum - + - -

Fusarium camptoceras - - - -

Fusarium cerealis - + - -
Fusarium chlamydosporum - - - +
Fusarium compactum - - + +

Fusarium culmorum - - - -

Fusarium diversisporum - - - +
Fusarium equiseti - + + +
Fusarium fujikuroi - - - +
Fusarium flocciferum - - - +
Fusarium foetens - - - +

Fusarium graminearum - - - -

Fusarium hostae - - - +
Fusarium incarnatum - - - +
Fusarium lacertarum - - - +

Fusarium lateritium - - - R

Fusarium moniliforme + - - R

Fusarium nygamai - - - -

Fusarium orobanches - - - +

Fusarium oxysporum + + + +

Fusarium oxysporum f. sp.
orobanche

Fusarium oxysporum f. sp.
orthoceras

53



Basbagci, Cignitas and Kitis, Journal of Weed Science 27(1):2024:49-75

Table 1. Continued

Fusarium pallindoroseum - - - +
Fusarium proliferatum - + - +
Fusarium redolens - - - +
Fusarium reticulatum - - - +
Fusarium sambucinum + + + +
Fusarium scirpi - - - +
Fusarium semitectum - - - +
Fusarium solani + + + +

Fusarium sporotrichioides - - - -

Fusarium thapsinum - - - +
Fusarium torulosum - - - +
Fusarium tricinctum - - - +

Fusarium venenatum - - - -

Fusarium verticillioides - + - +

Fusarium virguliform - - - +

Gliocladium varians - - - -

Macrophomina phaseolina + - - +
Monilia humicola + - - -
Mortierella alpina - - - +
Mucor odoratus - - + -
Mucor sciurinus - + - -

Myrothecium verrucaria - - - -

Papulaspora sp. - - - +
Penicillium sp. + - + -
Penicillium cyclopodium - - + -
Phoma complanata - - - +
Phoma dennisii - - - +
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Table 1. Continued

Phomopsis sp. - - + -

Pithomyces chartarum - - - -

Plectosphaerella sp. - - - -

Plectosphaerella cucumerina - + - -

Plectosphaerella ramiseptata - - - -

Plectosporium tabacinum - - - -

Pleosporineae sp. - - - -

Pullularia sp. - - - +
Pythium sp. - + - -
Rhizoctonia sp. + - + +

Rhizoctonia sp. AG-A - - - -

Rhizoctonia solani + - - +

Rhizopus oryzae - - - +

Sarocladium strictum - - - -

Sclerotinia sp. - - + -

Sclerotinia minor - + - -

Sclerotinia sclerotiorum + + - -

Sclerotium rolfsii + - - -

Sordaria fimicola - - - +

Stemphylium botryosum - - + -

Stereum sp. - - - -

Talaromyces trachyspermus - - - -

Trichoderma koningii - - - +
Trichoderma harzianum - - - +
Trichothecium roseum - - - +
Ulocladium atrum - - + -
Ulocladium botrytis - - + -
Ulocladium consortiale - - + -

*+: isolated, -: non-isolated
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Fungal species isolated from nodding broomrape in studies carried out by different researchers in

(Orobanche cernua)

Studies determining the fungal diversity in
nodding broomrape (Orobanche cernua) have been
particularly focused on the Asian continent. To date,

tomato, eggplant, tobacco and sunflower fields, 19
different fungal species have been reported from O.
cernua plants in India, Iran, Jordan, China, Armenia
and Tiirkiye (Table 2).

Table 2. Fungal species isolated from nodding broomrape (Orobanche cernua)

Fungal species Host of the Geographic Reference
broomrape origin
Sclerotium rolfsii Tobacco India (Raju et al., 1995)
Tomato, eggplant India (Gupta & Pavgi, 1970)
Fusarium solani Tomato Iran (Karam Pur et al., 2004)
Eggplant Jordan (Goussous et al., 2009)
Fusarium sambucinum - Armenia (Taslakh'yan &

Cladosporium herbarum

Monilia humicola

Grigoryan, 1978)

Fusarium oxysporum Tomato Iran (Karam Pur et al., 2004)
Eggplant Jordan (Goussous et al., 2009)
Sunflower Tiirkiye (Aybeke, 2017)
Tobacco, sunflower China (Wang et al., 2016)
Sclerotinia sclerotiorum - India (Narasimhan &

Thirumalachar, 1954)

Tomato Iran (Karam Pur et al., 2004)
Fusarium moniliforme Tomato Iran (Karam Pur et al., 2004)
Rhizoctonia solani
Macrophomina phaseolina
Alternaria solani
Fusarium sp. Tomato Jordan (Hameed et al., 2001)
Eggplant Jordan (Goussous et al., 2009)
Dendrophoma sp. Tomato, eggplant Jordan (Hameed et al., 2001)
Rhizoctonia sp.
Penicillium sp.
Cephalosporium sp. Tomato, eggplant Jordan (Goussous et al., 2009)
Cylindrocladium sp.
Epicoccum sp.
Aspergillus alliaceus Sunflower Tiirkiye (Aybeke, 2020)
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Sclerotium rolfsii was isolated from O.
cernua plants in tomato and eggplant cultivation areas
in India (Gupta & Pavgi, 1970). In another study
conducted in India, this fungal species was reported
from O. cernua in tobacco fields (Raju et al., 1995).
Narasimhan & Thirumalachar (1954) also reported S.
sclerotiorum from this broomrape species in India.

In Iran, Fusarium solani, F. oxysporum, F.
moniliforme, Sclerotinia sclerotiorum, Rhizoctonia
solani, Macrophomina phaseolina and Alternaria
solani fungal species were isolated from O. cernua by
Karam Pur et al. (2004) in tomato cultivation areas. A.
solani and F. moniliforme have been reported for the
first time in this study for all broomrape species.

In another study conducted by Goussous et
al.  (2009) in Jordan, Cephalosporium sp.,
Cylindrocladium sp., Epicoccum sp., Fusarium sp., F.
oxysporum and F. solani species were isolated from
this broomrape in tomato ve eggplant areas.
Cephalosporium sp. and Cylindrocladium sp. have
been reported for the first time in this study for all
broomrape species. Hameed et al. (2001) reported that
Fusarium sp., Dendrophoma sp., Rhizoctonia sp. and
Penicillium sp. fungal species were isolated from O.
cernua in tomato and eggplant cultivation areas.

In another study conducted by Wang et al.
(2016) in China, F. oxysporum was isolated from
symptomatic O. cernua plants in tobacco and
sunflower cultivation areas.

In the only study in Armenia where fungal
diversity was determined in broomrape species,
Taslakh'yan & Grigoryan (1978) reported that, F.
sambucinum, Cladosporium herbarum and Monilia
humicola fungal species were isolated from O. cernua
plants. Morever, M. humicola was detected only in
this study in broomrape species.

In a study conducted in Tirkiye, Aybeke
(2017) isolated Fusarium  oxysporum  from
symptomatic O. cernua plants in sunflower
cultivation areas in Edirne province. In another study
conducted by the same researcher, Aspergillus
alliaceus was reported on this broomrape species
(Aybeke, 2020). This fungal species is the first to be
reported in all broomrape species.

Fungal species isolated from sunflower
broomrape (Orobanche cumana)

When we examine the studies identifying
fungal agents in the Orobanche cumana species, it is
seen that Asian countries come to the fore (Table 3).

Table 3. Fungal species isolated from sunflower broomrape (Orobanche cumana)

Fungal species Host of the Geographic Reference
broomrape origin
Fusarium oxysporum f. sp. Sunflower Bulgaria (Bedi & Donchev, 1991)
orthoceras
Fusarium cerealis (Ding, Zhang, et al., 2012)
Fusarium solani (Ding, Zhang, et al., 2012;
Zhang et al., 2022)
Fusarium oxysporum (Ding, Zhang, et al., 2012;
Zhang et al., 2022)
Pythium spp. (Ding, Zhang, et al., 2012)
Scleratinia sclerotiorum Sunflower China (Ding, Zhao, et al., 2012)
Plectosphaerella cucumerina (Xu et al., 2016)
Sclerotinia minor (Zhang et al., 2018)
Fusarium brachygibbosum (Xia et al., 2018)
Fusarium equiseti (Zhang et al., 2022)
Fusarium proliferatum (Zhang et al., 2022)
China (Zhang et al., 2022)
Fusarium verticillioides Sunflower

Israel (Dor et al., 2009)
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Table 3. Continued

Fusarium sp. Sunflower, tobacco China (Kong et al., 2006)
Fusarium sambucinum

. Taslakh'yan & Grigoryan,
Mucor sciurinus - Armenia ( y1978) gory

Cladosporium herbarum

There are many studies conducted by
different researchers on this subject, especially in
China. Ding, Zhang, et al. (2012) stated that, F.
cerealis, F. solani, F. oxysporum and Pythium spp.
were isolated from O. cumana in sunflower
cultivation areas. This study is the first report of F.
cerealis and Pythium spp. on sunflower broomrape. In
another study conducted in the same year, Ding, Zhao,
et al. (2012) isolated Sclerotinia sclerotiorum from
symptomatic broomrape. This fungal species was
reported with only this study on sunflower
broomrape. Xu et al. (2016) reported that
Plectosphaerella cucumerina was isolated from this
broomrape in China. This fungal species is the the first
to be reported in all broomrape species. S. minor,
which was also detected only in this broomrape
species, was reported by Zhang et al. (2018). In other
study conducted in the same year by Xia et al. (2018),
Fusarium brachygibbosum was isolated from
lesioned O. cumana plants. In another study where
different Fusarium species were identified, Zhang et
al. (2022) reported that F. oxysporum, F. solani, F.
equiseti, F. proliferatum and F. verticillioides were
isolated from O. cumana. F. equiseti and F.
proliferatum were only reported with this study on O.

cumana. Kong et al. (2006) isolated Fusarium sp.
from O. cumana in sunflower and tobacco cultivation
areas.

In studies determining fungal species in
sunflower broomrape in the Asian continent, F.
verticillioides in Israel (Dor et al., 2009), F.
sambucinum, Mucor sciurinus and Cladosporium
herbarum in Armenia (Taslakh'yan & Grigoryan,
1978) were reported. M. sciurinus was reported only
in this study for all broomrape species.

In the only study conducted on this subject
in the European continent, (Bedi & Donchev, 1991)
isolated Fusarium oxysporum f. sp. orthoceras from
O. cumana in sunflower cultivation areas.

Fungal species isolated from crenate broomrape
(Orobanche crenata)

It is noteworthy that the studies in which
fungal species were identified from crenate
broomrape (Orobanche crenata) were generally in
faba bean cultivation areas. The studies were not
limited to a single continent but were carried out by
different researchers in African, Asian and European
countries (Table 4).

Table 4. Fungal species isolated from crenate broomrape (Orobanche crenata)

Fungal species Host of the Geog_ra_phlc Reference
broomrape origin
Greece (Suh, 2011)
Faba bean (Abouzeid et al., 2005; Abouzeid & El-
Fusarium oxysporum Egypt Tarabily, 2010; Al-Menoufi, 1986;
Nemat Alla et al., 2008)
- Syria, Morocco, (K. H. Linke et al., 1992)
France
Eaba bean Egypt (Abouzeid et al., 2005; Abouzeid & El-

Tarabily, 2010; Al-Menoufi, 1986)

Fusarium solani

- Syria, Morocco,
France

(K. H. Linke et al., 1992)
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Table 4. Continued

Syria, Morocco,

(K. H. Linke et al., 1992)

. France
Alternaria sp.
Faba bean Egypt (AbOUZeid et al., 2005, AI'MenOUfi,
1986)
Sclerotinia sp. Faba bean Egypt (Al-Menoufi, 1986)
Egypt (Abouzeid & El-Tarabily, 2010)
Fusarium sp. Faba bean Jordan (Hameed et al., 2001)
Tunisia (K. H. Linke et al., 1992)
- Syria, Morocco, (K. H. Linke et al., 1992)
. rance
Fusarium compactum
Faba bean Egypt (Abouzeid & El-Tarabily, 2010)
Fusarium sambucinum
Faba bean Egypt (Abouzeid & El-Tarabily, 2010)
Fusarium avenaceum
Rhizoctonia sp.
Cheatomium sp. Faba bean Jordan (Hameed et al., 2001)
Penicillium sp.
Faba bean Jordan (Hameed et al., 2001)
Alternaria alternata ;
) Syria, Morocco, (K. H. Linke et al., 1992)
France
- Armenia (Taslakh'yan & Grigoryan, 1978)
Cladosporium herbarum .
- Syria, Morocco, (K. H. Linke et al., 1992)
France
Alternaria infectoria
Aspergillus niger
Cochliobolus spicifer
. Syria, Morocco, .
Phomopsis sp. - France (K. H. Linke et al., 1992)
Stemphylium botryosum
Fusarium equiseti
Ulocladium atrum
Faba bean Germany (Miiller-Stover & Kroschel, 2005)

Ulocladium botrytis

Syria, Morocco,
France

(K. H. Linke et al., 1992)

Ulocladium consortiale

Cylindrocarpon sp.

Syria, Morocco,
France

(K. H. Linke et al., 1992)
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Table 4. Continued

Mucor odoratus

Penicillium cyclopodium

Armenia (Taslakh'yan & Grigoryan, 1978)

There are many reports in which fungal
detection studies have been carried out on O. crenata
in faba bean cultivation areas in Egypt. Al-Menoufi
(1986) isolated F. oxysporum, F. solani, Alternaria
sp. and Sclerotinia sp. from symptomatic O. crenata
plants. This study is the first report of Sclerotinia sp.
on O. crenata. Similarly, Abouzeid et al. (2005)
isolated F. oxysporum, F. solani and Alternaria sp.
on this broomrape species. Another study reporting
the F. oxysporum on O. crenata was also conducted
by Nemat Alla et al. (2008). Abouzeid & El-Tarabily
(2010) reported Fusarium sp., F. oxysporum, F.
solani, F. compactum, F. sambucinum and F.
avenaceum on O. crenata. In Tunisia, Boutiti et al.
(2008) also isolated Fusarium sp. from O. crenata in
faba bean cultivation areas.

In a comprehensive study covering three
different continents and conducted by Linke et al.
(1992), F. oxysporum, F. solani, F. compactum, F.
equiseti, Alternaria sp., A. alternata, A. infectoria,
Aspergillus  niger, Cladosporium  herbarum,
Cochliobolus spicifer, Phomopsis sp., Stemphylium
botryosum, Ulocladium atrum, U. botrytis, U.
consortiale and Cylindrocarpon sp. fungal species
were isolated from O. crenata in Syria, Morocco and
France. A. niger, C. spicifer, S. botryosum, U. atrum,
U. consortiale and Cylindrocarpon sp. species were
only reported with this study in broomrape species.

Fungal diversity was also revealed in
different regions of O. crenata in faba bean

cultivation areas. In a study conducted in Armenia,
Taslakh'yan & Grigoryan (1978) reported that
Cladosporium herbarum, Mucor odoratus and
Penicillium cyclopodium fungal species were
isolated from O. crenata. M. odoratus and P.
cyclopodium were only reported in this study on
broomrape species.

Hameed et al. (2001) isolated Alternaria
alternata, Fusarium sp., Rhizoctonia  sp.,
Cheatomium sp. and Penicillium sp. in Jordan.
Cheatomium sp. was reported only with this study on
broomrape species. In Germany, a study in which the
fungal species Ulocladium botrytis was identified by
Miiller-Stéver & Kroschel (2005). Suh (2011)
determined to presence of F. oxysporum on O.
crenata in Greece. This study is the first report of
fungal agents on broomrape species in Greece.

Fungal species isolated from Egyptian
broomrape (Phelipanche aegyptiaca)

Studies on the determination of fungal
diversity in the Egyptian broomrape (Phelipanche
aegyptiaca), which has a very wide host range, were
carried out in the Asian continent. So far, 52 different
fungal species from this broomrape species have
been reported by many different researchers in
Russia, Iran, Tiirkiye, Uzbekistan, Jordan, Palestine,
Nepal, Israel, China and India (Table 5).

Table 5. Fungal species isolated from Egyptian broomrape (Phelipanche aegyptiaca)

Fungal species bHr%Sc}rﬂ];;hi Geographic Reference

P origin
Colletotricum lagenarium Watermelon Russia (Stankevich, 1971)
Fusarium oxysporum f. sp. Watermelon Russia (Panchenko, 1974)
orthoceras
Fusarium oxysporum f. sp. - Iran (Saremi & Okhovvat, 2008)

orobanche
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Table 5. Continued

Tobacco Uzbekistan ~ (Kabulov & Khalimov, 1974)
Fusarium orobanches
Melon China (Wang et al., 1985)
Tomato Iran (Rostami et al., 2017)
Fusarium sp. Tomato, eggplant Jordan (Hameed et al., 2001)
Tomato Tiirkiye (Basgbagci et al., 2023)
Table 5. Continued
Fusarium fujikuroi Tomato Tiirkiye (Cignitas et al., 2024)
Dendrophoma sp.
Pullularia sp. Tomato, eggplant Jordan (Hameed et al., 2001)
Aspergillus sp.
- Iran (Darvishnia et al., 2013)
Tobacco, mustard Nepal (Thomas et al., 1999)
Fusarium oxysporum Tomato Iran (Dehaghi;t;l..’,;é)l()%; Rostami
Melon Israel (Amsellem et al., 2001)
Melon Israel (Cohen, 2001)
Fusarium acuminatum Tomato China (Chai et al., 2018)
Fusarium chlamydosporum
Fusarium semitectum
Fusarium reticulatum ] an (Darvishnia et al., 2013)
Fusarium pallindoroseum
Fusarium diversisporum
Fusarium virguliform
Fusarium proliferatum
Fusarium redolens
Fusarium equiseti
Tomato Iran (Rostami et al., 2017)

Fusarium lacertarum

Fusarium verticillioides

Fusarium sambucinum

61



Basbagci, Cignitas and Kitis, Journal of Weed Science 27(1):2024:49-75

Table 5. Continued

Fusarium andiyazi

Fusarium thapsinum

Fusarium hostae

Fusarium torulosum

Fusarium foetens

Fusarium flocciferum

Melon Israel (Amsellem et al., 2001)
Fusarium arthrosporioides
Melon Israel (Cohen, 2001)
Tomato, eggplant Jordan (Hameed et al., 2001)
Alternaria alternata Tomato Israel (Dor & Hershenhorn,
Tobacco, mustard Nepal (Thomas et al., 1999)
- Iran (Darvishnia et al., 2013)
Tomato Iran (Rostami et al., 2017)
Tomato Israel (Dor & Hershenhorn,
2009)
Fusarium solani Tomato, eggplant,
cabbage, Palestine (Ghannam et al., 2007)
cauliflower, sage,
sunflower, chickpea
Rape, mustard India (Sharma et al., 2011)
Tobacco, mustard Nepal (Thomas et al., 1999)
Tomato Tirkiye (Basbagci et al., 2023)
Rhizoctonia sp.
Tobacco, mustard Nepal (Thomas et al., 1999)
Rhizopus oryzae Tomato China (Zhang et al., 2013)
Acremonium fusicoides
Cladosporium cladosporioides
Epicoccum nigrum
Fusarium compactum
Tobacco, mustard Nepal (Thomas et al., 1999)

Fusarium equiseti

Fusarium incarnatum

Fusarium proliferatum

Fusarium scirpi
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Table 5. Continued

Fusarium tricinctum

Mortierella alpina

Papulaspora sp.

Phoma complanata

Phoma dennisii

Sordaria fimicola

Trichoderma koningii

Trichoderma harzianum

Trichothecium roseum

Macrophomina phaseolina

Tomato
Rhizoctonia solani

(Dor & Hershenhorn,

Israel 2009)

Amsellem et al. (2001) reported that F.
oxysporum and F. arthrosporioides fungal species
were isolated from P. aegyptiaca in melon cultivation
areas in Israel. Likewise, these two fungal species also
isolated by Cohen (2001) in Israel.

In a study conducted in Nepal, Thomas et al.
(1999) reported that, 21 fungal species belonging to
12 genera were isolated from P. aegyptiaca in tobacco
and mustard cultivation areas and that these were
Acremonium  fusicoides, Alternaria alternata,
Cladosporium cladosporioides, Epicoccum nigrum,
Fusarium compactum, F. equiseti, F. incarnatum, F.
oxysporum, F. proliferatum, F. scirpi, F. solani, F.
tricinctum, Mortierella alpina, Papulaspora sp.,
Phoma complanata, P. dennisii, Sordaria fimicola,
Rhizoctonia sp., Trichoderma koningii, T. harzianum
and Trichothecium roseum. Among these fungal
species, A. fusicoides, C. cladosporioides, F. scirpi,
M. alpina, Papulaspora sp., P. complanata, P.
dennisii, S. fimicola, T. koningii, T. harzianum and T.
roseum were reported only in this study on broomrape
species.

Hameed et al. (2001) isolated A. alternata,
Fusarium sp., Denrophoma sp., Pullularia sp. and
Aspergillus sp. on P. aegyptiaca in tomato and
eggplant  cultivation areas.  Aspergillus  sp.,
Denrophoma sp. and Pullularia sp. fungal species
were reported only in this study in broomrape species.

In Russia, the fungal agent Colletotrichum
lagenarium was detected from P. aegyptiaca in
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watermelon by Stankevich (1971). This fungal
species is first reported by this study. In other study
conducted in Russia, Panchenko (1974) isolated F.
oxysporum f. sp. orthoceras on P. aegyptiaca in
watermelon.

F. orobanches was isolated on P. aegyptiaca
plants in tobacco areas in Uzbekistan (Kabulov &
Khalimov, 1974), and in melon areas in China (Wang
etal., 1985).

Dor & Hershenhorn (2009) isolated
Macrophomina phaseolina, Alternaria alternata,
Rhizoctonia solani and F. solani on P. aegyptiaca in
tomato cultivation areas in Israel. M. phaseolina was
reported only in this study on Egyptian broomrape.
Ghannam et al. (2007) reported that F. solani and F.
oxysporum were isolated from P. aegyptiaca in
tomato, eggplant, cabbage, cauliflower, sage,
sunflower and chickpea cultivation areas.

There are many studies in Iran in which
fungal agents have been detected from P. aegyptiaca,
and many species, especially those belonging to the
Fusarium genus, have been reported. Dehaghi et al.
(2008) isolated F. oxysporum on P. aegyptiaca in
tomato. In other study conducted in the same year,
Saremi & Okhowvvat (2008) isolated F. oxysporum f.
sp. orobanche from lesioned P. aegyptiaca plants.
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Darvishnia et al. (2013) reported that F.
chlamydosporum, F. solani, F. semitectum, F.
oxysporum, F. reticulatum, F. pallindoroseum, F.
diversisporum and F. virguliform fungal species were
isolated from this broomrape species. Among them,
F. diversisporum, F. pallindoroseum, F. reticulatum,
F. semitectum and F. virguliform were reported only
in this study on broomrape species. In another study
conducted in Iran by Rostami et al. (2017), Fusarium
sp., F. flocciferum, F. foetens, F. solani, F. torulosum,
F. hostae, F. thapsinum, F. andiyazi, F. sambucinum,
F. verticillioides, F. lacertarum, F. equiseti, F.
redolens, F. oxysporum and F. proliferatum fungal
species were isolated on P. aegyptiaca in tomato. This
study is the first report of F. andiyazi, F. flocciferum,
F. foetens, F. hostae, F. lacertarum, F. thapsinum and
F. torulosum on broomrape species.

In another study conducted in India, Sharma
et al. (2011) isolated F. solani on P. aegyptiaca in
rape and mustard cultivation areas. In another study
reporting fungal agents belonging to the Fusarium
genus, Chai et al. (2018) isolated F. acuminatum on

P. aegyptiaca in tomato fields in China. Zhang et al.
(2013) isolated Rhizopus oryzae on this broomrape
species in tomato areas in China. This fungal species
is first reported in this study on broomrape species.

In Tiirkiye, in a study conducted by Bagbagc1
et al. (2023), it was reported that, Fusarium spp. and
Rhizoctonia spp. were isolated on lesioned P.
aegyptiaca plant on tomato cultivation areas in
Antalya, Burdur and Isparta provinces. In another
study, Cignitas et al. (2024) isolated F. fujikuroi from
Egyptian broomrape on tomato areas in Tiirkiye. This
study is the first report of this fungal species on P.
aegyptiaca.

Fungal species isolated from branched
broomrape (Phelipanche ramosa)

There are many studies in which fungal
diversity has been determined on branched broomrape
(Phelipanche ramosa) in different continents and
countries around the world. To date, 49 fungal species
have been reported from P. ramosa plants in different
cultivation areas by many researchers (Table 6).

Table 6. Fungal species isolated from branched broomrape (Phelipanche ramosa)

. Host of the Geographic
Fungal species b . Reference
roomrape origin
) . ] Tomato USA (Duafala et al., 1976)
Rhizoctonia solani
Tobacco France (Gibot-Leclerc et al., 2022)
Sclerotium rolfsii Tomato Chile (Galdames & Diaz, 2010)
Tomato Hungary (Hodosy, 1981)
Tobacco Hungary (Fischl et al., 2001)
; ; Tomato, cauliflower, Italy (Boari & Vurro, 2004)
Fusarium solani tobacco
Tomato, eggplant, Iran (Mohammadi, 2014)
melon, watermelon
Faba bean Egypt (Abouzeid & El-Tarabily, 2010)
Tomato Hungary (Hodosy, 1981)
Tomato, cauliflower, Italy (Boari & Vurro, 2004)
tobacco
Tobacco Hungary (Fischl et al., 2001)
Fusarium oxysporum Tobacco Italy (Nanni et al., 2005)
Tobacco France (Gibot-Leclerc et al., 2022)
Tomato Egypt (Nemat Alla et al., 2008)
Faba bean Egypt (Abouzeid & El-Tarabily, 2010)
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Table 6. Continued

Fusarium orobanches Tobacco Bulgaria (Ampova et al., 1967)
Fusarium oxysporum f. sp. Tomato, cabbage Ukraine (Timchenko & Dovgal', 1972)
orobanche
Fusarium oxysporum f. sp. Tomato, cabbage Ukraine (Fomin, 1954)
orthoceras
Fusarium lateritium . :
i Armenia (Taslakh'yan & Grigoryan,
. . . 1978)
Gliocladium varians
Tomato Hungary (Hodosy, 1981)
Fusarium equiseti Tomato, cauliflower, Italy (Boari & Vurro, 2004)
tobacco
Faba bean Egypt (Abouzeid & El-Tarabily, 2010)
Tomato, cauliflower, Italy (Boari & Vurro, 2004)
Alternaria sp. tobacco
Tobacco France (Gibot-Leclerc et al., 2022)
Tomato, cauliflower, Italy (Boari & Vurro, 2004)
tobacco
. Tobacco Macedonia (Tashkoski, 2013)
Fusarium sp.
Tomato, eggplant Jordan (Hameed et al., 2001)
Faba bean Egypt (Abouzeid & El-Tarabily, 2010)
Tomato, cauliflower, Italy (Boari & Vurro, 2004)
tobacco
Fusarium acuminatum Tomato Iran (Gholizadeh & Hemmati, 2019)
Faba bean Egypt (Abouzeid & El-Tarabily, 2010)
Fusarium camptoceras
Fusarium nygamai
. . Tomato, cauliflower, .
Fusarium sambucinum t0bacco Italy (Boari & Vurro, 2004)
Myrothecium verrucaria
Plectosporium tabacinum
Tomato, cauliflower, Italy (Boari & Vurro, 2004)
Fusarium compactum tobacco
Faba bean Egypt (Abouzeid & El-Tarabily, 2010)
Tomato, cauliflower, Italy (Boari & Vurro, 2004)
tobacco
Fusarium proliferatum Tomato Iran (Gholizadeh & Hemmati, 2019)
Faba bean Egypt (Abouzeid & El-Tarabily, 2010)
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Table 6. Continued

Fusarium chlamydosporum

Tomato, cauliflower, Italy

tobacco

(Boari & Vurro, 2004)

Tomato Iran

(Gholizadeh & Hemmati, 2019)

Fusarium verticillioides

Tomato, cauliflower, Italy

tobacco

(Boari & Vurro, 2004)

Tobacco France

(Gibot-Leclerc et al., 2022)

Faba bean Egypt

(Abouzeid & El-Tarabily, 2010)

Alternaria infectoria

Botrytis sp.

Cladosporium sp.

Epicoccum nigrum

Fusarium avenaceum

Fusarium brachygibbosum

Fusarium cerealis

Fusarium culmorum

Fusarium incarnatum

Fusarium graminearum

Penicillium sp.

Phomopsis sp.

Pithomyces chartarum

Plectosphaerella
ramiseptata

Plectosphaerella sp.

Pleosporineae sp.

Rhizoctonia sp. AG-A

Sarocladium strictum

Sclerotinia sp.

Stereum sp.

Tobacco France

(Gibot-Leclerc et al., 2022)

Fusarium equiseti

Tobacco France

(Gibot-Leclerc et al., 2022)

Tomato Iran

(Gholizadeh & Hemmati, 2019)

Alternaria alternata

Tomato, eggplant Jordan

(Hameed et al., 2001)

Tomato, eggplant, Iran
melon, watermelon

(Mohammadi, 2014)
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Table 6. Continued

Tomato, eggplant,

Pythium sp. melon, watermelon Iran (Mohammadi, 2014)
Aspergillus ochraceus

Fusarium fujikuroi Tomato Iran (Gholizadeh & Hemmati, 2019)
Macrophomina phaseolina

Talaromyces Tomato Iran (Gholizadeh & Hemmati, 2019)

trachyspermus

In a study conducted by Duafala et al. (1976)
isolated Rhizoctonia solani from P. ramosa in tomato
areas in USA. In another study conducted in America
continent, Galdames & Diaz (2010) isolated
Sclerotium rolfsii on P. ramosa in tomato areas in
Chile. This fungal species was reported only by this
study on branched broomrape.

On the other hand, in studies conducted in
European countries, it is seen that fungal agents
related to the Fusarium genus come to the fore.
Hodosy (1981) isolated F. solani, F. oxysporum and
F. equiseti on P. ramosa in tomato areas in Hungary.
Similarly, F. solani and F. oxysporum also isolated in
tobacco fields in Hungary by Fischl et al. (2001). In
Italy, in a study conducted by Boari & Vurro (2004),
Alternaria sp., Fusarium sp., F. acuminatum, F.
camptoceras, F. chlamydosporum, F. compactum, F.
equiseti, F. nygamai, F. oxysporum, F. proliferatum,
F. sambucinum, F. solani, F. verticillioides,
Myrothecium  verrucaria and  Plectosporium
tabacinum fungal species were isolated from P.
ramosa in tomato, cauliflower and tobacco cultivation
areas. Among these fungal species, F. camptoceras,
F. nygamai, M. verrucaria and P. tabacinum were
reported only in this study on broomrape species. In
another study conducted by Nanni et al. (2005) in
Italy, F. oxysporum was isolated from P. ramosa in
tobacco areas. Gibot-Leclerc et al. (2022) obtained
Alternaria sp., A. infectoria, Botrytis sp.,
Cladosporium sp., Epicoccum nigrum, F. avenaceum,
F. brachygibbosum, F. cerealis, F. culmorum, F.
equiseti, F. incarnatum, F. graminearum, F.
oxysporum, F. redolens, F. sambucinum, F. solani, F.
sporotrichioides, F. tricinctum, F. venenatum, F.
verticillioides, Penicillium sp., Phomopsis sp.,
Pithomyces chartarum, Plectosphaerella
ramiseptata, Pleosporineae sp., Rhizoctonia solani,
Rhizoctonia sp. AG-A, Sarocladium strictum,
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Sclerotinia sp. and Stereum sp. fungal species from
symptomatic P. ramosa plants in tobacco areas in
France. Botrytis sp., F. culmorum, F. graminearum,
F. sporotrichioides, F. venenatum, P. chartarum, P.
ramiseptata, Plectosphaerella sp., Pleosporineae sp.,
Rhizoctonia sp. AG-A, S. strictum and Stereum sp.
fungal species were reported only in this study on
broomrape species. Fusarium sp. was reported by
Tashkoski (2013) on P. ramosa in tobacco areas in
Macedonia. In the only study reporting the F.
oxysporum f. sp. orobanche species in this broomrape
species, Timchenko & Dovgal' (1972) isolated the
fungus on tomato and cabbage areas in Ukraine. In
another study conducted in tomato ve cabbage
cultivation areas in Ukraine, Fomin (1954) obtained
F. oxysporum f. sp. orthoceras on P. ramosa. Ampova
et al. (1967) isolated F. orobanches on P. ramosa in
tobacco areas in Bulgaria.

In Asia, there are studies in Jordan and
especially in Iran where symptomatic fungi have been
identified on P. ramosa plants. Hameed et al. (2001)
isolated Alternaria alternata and Fusarium sp. on P.
ramosa in tomato and eggplant areas in Jordan.
Mohammadi (2014) obtained F. solani, A. alternata
and Pythium sp. from lesioned P. ramosa plants in
tomato, eggplant, melon and watermelon cultivation
areas in Iran. Gholizadeh & Hemmati (2019) reported
that Aspergillus ochraceus, F. fujikuroi, F.
acuminatum, F. equiseti, F. chlamydosporum, F.
proliferatum and Macrophomina phaseolina fungal
species were isolated from symptomatic P. ramosa
plants in tomato areas in Iran. A. ochraceus was
reported only by this study on all broomrape species.
In Iran, Hemmati & Gholizadeh (2019) isolated
Talaromyces trachyspermus on this broomrape in
tomato areas. This fungal species was also reported
only in this study in all broomrape species. In
Armenia, Taslakh'yan & Grigoryan (1978) reported
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that F. lateritium and Gliocladium varians were
isolated on P. ramosa. G. varians was reported only
with this study on broomrape species.

It is evident that the studies carried out on
this subject in the African continent stand out in
Egypt. Nemat Alla et al. (2008) isolated F. oxysporum
on P. ramosa in tomato areas in Egypt. Abouzeid &
El-Tarabily (2010) reported that, Fusarium sp., F.
oxysporum, F. solani, F. compactum,

F. verticillioides, F. equiseti, F. proliferatum and F.
acuminatum were obtained from this broomrape
species in faba bean areas in Egypt.

Fungal Species Isolated From Other Broomrape
Species

Apart from the 5 main damaging broomrape
species mentioned above, there are few studies on
fungal diversity in other broomrape species (Table 7).

Table 7. Fungal species isolated from other broomrape species

Broomrape species Fungal species

Host of Geographic

. Reference
broomrape origin

Fusarim solani

(Ghasemi et al.,

Orobanche spp.
Fusarium oxysporum

Tomato Iran 2013)

Alternaria tenius

Orobanche alba
Hyphoderma roseum

Fusarium lateritium

Coniosporium arundinis

Orobanche reticulata
Fusarium moniliforme

Penicillium natatum

Fusarium lateritium

Cladosporium fasciculatum

Fusarium gibbosum

Orobanche mutelii

Verticillium microsporum

Rhizopus microsporus

(Taslakh'yan &

- Armenia Grigoryan,

Rhizopus nigricans

1978)

Cladosporium brevi-
compactum

Orobanche rosea
Trichoderma glaucum

Fusarium solani

Orobanche alsatica Monilia candida

Monosporium sylvaticum

Aspergillus glaucus
Orobanche colorata

Mortierella stylospora

Aspergillus versicolor
Orobanche orientalis

Rhizopus atrocarpi
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Table 7. Continued

Orobanche lutea Stemphylium botryosum

Orobanche caesia Geotrichum candidum

Orobanche nana

Cladosporium fasciculatum

Orobanche foetida Fusarium sp.

(Boutiti et al.,

Tunisia 2008)

Faba bean

In Iran, Ghasemi et al. (2013) isolated F.
solani and F. oxysporum on Orobanche spp. in tomato
areas. In Armenia, Taslakh'yan & Grigoryan (1978)
isolated Alternaria tenius and Hyphoderma roseum
on O. alba; Cladosporium fasciculatum, Fusarium
gibbosum, F. lateritium, Verticillium microsporum,
Rhizopus microsporus and R. nigricans on O. mutelii;
Coniosporium  arundinis, F. lateritium, F.
moniliforme and Penicillium natatum on O.
reticulata; Cladosporium brevi-compactum and
Trichoderma glaucum on O. rosea; F. solani, Monilia
candida and Monosporium sylvaticum on O. alsatica;
Aspergillus glaucus and Mortierella stylospora on O.
colorata; Aspergillus versicolor and Rhizopus
atrocarpi on O. orientalis; Stemphylium botryosum on
O. lutea; Geotrichum candidum on O. caesia and
Cladosporium fasciculatum on O. nana. Among these
fungal species, A. tenius, H. roseum, C. arundinis, P.
natatum, C. brevi-compactum, T. glaucum, M.
candida, M. sylvaticum, A. glaucus, M. stylospora, A.
versicolor, R. atrocarpi, G. candidum and C.
fasciculatum were reported only with this study on
broomrape species. In Tunisia, Boutiti et al. (2008)
isolated Fusarium sp. on O. foetida in faba bean
cultivation areas.
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Geographic Distributions Of Fungal
Isolated From Broomrape Species

Species

So far, studies on fungal diversity in the five
main damaging broomrape species and other
broomrape species have been conducted across four
different continents and in 25 countries. Researchers
in different parts of the world have carried out studies
identifying fungal agents from broomrape species in
12 different countries (Iran, India, Jordan, Tirkiye,
China, Israel, Russia, Palestine, Nepal, Uzbekistan,
Armenia and Syria) from Asia, 8 (Ukraine, Greece,
Almanya, France, Hungary, Italy, Bulgaria and
Macedonia) from Europe, 3 (Egypt, Tunisia and
Morocco) from Africa and 2 (USA and Chile) from
America.

As a result of these studies, the highest
number of fungal species were reported in France with
36 different species, followed by Iran (33), Armenia
(29), Nepal (21), Syria (16) and Morocco (16) in
decreasing order. Fungal diversity is also high in
China, Italy, Egypt and Jordan. 15 different fungal
species have been reported in China and Italy, 13 in
Egypt and 12 in Jordan. In countries with fewer
reported fungal species, 7 different species have been
reported in Israel, 5 in Tirkiye, 3 in India and
Hungary, and 2 in Russia, Palestine, Ukraine, and
Bulgaria. Only 1 fungal species has been reported in
Macedonia, Tunisia, Chile, USA, Greece, Germany
and Uzbekistan (Figure 1).
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Figure 1. Geographic distributions of fungal species isolated from broomrape species

The Potential and Risk of Fungal Species as
Mycoherbicides for Broomrape Management

Fungi-based formulations for weed control
are known as mycoherbicides (Bailey, 2014).
Furthermore, extracts from plants or microorganisms
that exhibit phytotoxic effects, along with purified or
semi-purified natural phytotoxins, are termed
bioherbicides (Bordin et al., 2018). As described
above, various fungal species have been identified on
broomrape species in many countries. Several
strategies have been explored and tested for the use of
these fungal species as a bioherbicide for broomrape
management. For example, the use of mixed
pathogens has shown moderate to high efficacy in the
control of P. aegyptiaca and O. cumana (Dor, 2003).
The combined application of Fusarium oxysporum
Schlecht. f.sp. orthoceras (Appel & Wollenw.) Bilai
with BTH (Benzo (1,2,3) thiadiazole-7-carbotioic
acid S-methyl ester) as a resistance induced chemical
in sunflower improves the efficacy to control O.
cumana compared to the use of the fungus alone
(Miiller-Stover et al., 2005). It has been suggested that
the effectiveness of fungi as biological control agents
could be enhanced through fermentation, formulation,
and application technologies (Sauerborn et al., 2007),
but this approach has generally not been pursued.
Studies have been conducted to genetically enhance
the virulence of fungal isolates against broomrape.
The aim was to increase the virulence of Fusarium
oxysporum (FOXY) and F. arthrosporioides
(FARTH) isolates against O. aegyptiaca by
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overexpression of indole-3-acetic acid (IAA)
production.  The  tryptophan-2-monooxygenase
(iaaM) and indole-3-acetamide hydrolase (iaaH)
gene, which are part of the IAA biosynthesis pathway,
was transformed into fungal protoplasts, resulting in
transgenic FOXY and FARTH isolates that
overproduce IAA. These isolates led to a reduction in
both the number of broomrape shoots (Cohen et al.,
2002). Nepl is an extracellular fungal protein that
induces necrosis in a variety of dicotyledonous plants,
including invasive weed species (Keates et al., 2003).
FOXY and FARTH were also cloned into the
protoplasts of Fusarium oxysporum f. sp. erythroxyli
and Colletotrichum coccodes (Wallr.) Hughes to
enhance their virulence. None of the FOXY NEP1
mutant fungi exhibited hypervirulence, but the
FARTH mutant killed P. aegyptiaca faster than the
wild type (Meir et al., 2009). Transformed Fusarium
sp. was not tested in the field due to the refusal of
regulatory authorities for permission (Watson, 2013).
Fusarium oxysporum f. sp. orthoceras was
successfully developed as a mycoherbicide in the
former USSR (K. Linke et al., 1992). This fungus
cultivated on sterilized barley seed or on a medium
containing corn flour and straw, this preparation also
known “Product F”” maintaines the fungus for 80 days
(Panchenko, 1975). Aside from the historical
reference to Product F in Russia, there has been no
practical application of fungi for the biocontrol of
broomrape to date (Gressel, 2001). Because the fungal
species lack adequate virulence for effective
application in the field, which implies that virulence
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may need to be enhanced through transgenic CONCLUSIONS and FUTURE TRENDS
methods or that alternative isolates should be explored
(Cohen et al., 2002). The host range of the fungus and
the selectivity of its formulations must be validated
both theoretically and experimentally. Some
mycoherbicides are derived from broad-spectrum
pathogens that have been documented on both target
weeds and crops. These pathogens can be utilized in
specific scenarios when susceptible crops are not part
of the crop rotation in the area where weed biocontrol
is implemented. However, if the conditions for using
mycoherbicides are not adhered to, there is a risk of
damage to the crops being protected (Jiang & Wang,
2023). To date, only seven out of the 15 registered
mycoherbicides are potentially available, yet none are
widely utilized. This is partly due to the fact that most
of these products are selective biologicals developed
to target specific problematic weed species
(Berestetskiy, 2021). Biocontrol agents are generally
perceived as environmentally safe. However, factors
such as allergenicity and toxicity, their persistence in
soil, and their impact on beneficial organisms also
need to be assessed. Knowledge about these
properties of phytopathogens is limited, with the
exception of certain Alternaria species and a broad
spectrum of Fusarium fungi (Chou et al., 2014,
Zukiewicz-Sobczak, 2013).

The main agriculturally important broomrape species
are Orobanche cernua Loefl., Orobanche cumana
Wallr., Orobanche crenata Forsk., Phelipanche
aegyptiaca Pers. (Pomel) and Phelipanche ramosa L.
species, especially the fungus species detected on
broomrape, 104 different fungal species belonging to
42 genera have been reported since 1954 until today.
Research on fungal species isolated from broomrape
provides crucial information about their biological
activities and potential uses, and these fungi could
serve as an important source of bioherbicides. These
fungal species have the possibility of synthesizing a
wide variety of bioactive substances belonging to all
groups of natural compounds that can be used as
prototypes of the pesticides. The potential of these
fungi as producers of biologically active compounds
could be very high. However, it was not a commercial
success, and no product reached the market. Although
there is no commercial product on the market, the
‘bioherbicide’ approach may be promising by
reconsidering the fungal isolates obtained from
previous studies in the light of new scientific and
technological advances and testing their effectiveness
under field conditions in different hosts.
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OZET

Kenevir (Cannabis sativa L.), endiistriyel ve tibbi kullanim alanlarinda giderek artan bir 6nem tasirken, basarili
bir yetistiricilik icin yabanct ot kontrolii kritik bir rol oynamaktadir. Kenevir bitkisi, 6zellikle baslangic
asamasinda, diger bitkilerle rekabet etme konusunda zayif oldugundan, yabanct otlar kenevirin biiylimesini ve
verimini olumsuz etkileyebilir. Bu nedenle yabanci ot miicadelesi, kenevirin saglikli gelisimi ve yiiksek verimliligi
icin gereklidir. Kenevir yetistiriciliginde fiziksel yontemler arasinda elle veya mekanik olarak yabanci otlarin
temizlenmesi yer alirken, kimyasal yontemler herbisitlerin uygulanmasini igerir. Kimyasal miicadele, hizli sonug
ve maliyet etkinligi nedeniyle siklikla tercih edilir; ancak, herbisitlerin dogru zaman ve miktarda uygulanmasi
o6nemlidir. Toprak hazirligi ve ekim stratejileri de yabanci ot miicadelesinde 6nemli rol oynar. Ekim dncesinde
toprak islenmesi ve yabanci ot kontrolii, kenevirin gelisim siirecini olumlu yonde etkiler. Ayrica, kenevir ile
yapilan miinavebeler, yabanci ot baskisini azaltabilir ve toprak verimliligini artirabilir. Bu derlemede kenevir
yetistiriciliinde sorun olan O6nemli yabanci ot tiirleri ile kenevirde yabanci ot miicadele uygulamalari
degerlendirilmistir.

Anahtar kelimeler: Cannabis sativa L., kenevir, yabanci ot popiilasyonlar

Weeds and Their Control in Hemp

ABSTRACT

Cannabis sativa L., which is increasingly important for industrial and medical applications, requires effective
weed control for successful cultivation. The cannabis plant, particularly in its early stages, is vulnerable to
competition from other plants and weeds can negatively affect its growth and yield. Weed control is essential for
the healthy development and high productivity of cannabis. Physical methods of weed control include manual or
mechanical removal, while chemical methods involve the use of herbicides. Chemical control is often preferred
because of its rapid results and cost-effectiveness, but the timing and dosage of herbicide application are critical.
Soil preparation and planting strategies also play an important role in weed management. Pre-plant soil preparation
and weed control have a positive effect on cannabis development. In addition, crop rotation with cannabis can
reduce weed pressure and improve soil fertility. This review is an assessment of the main weed species and weed
control practices in hemp cultivation.

Keywords: Cannabis sativa L., hemp, weed populations
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GIRiS

Kenevir (Cannabis sativa L.) bitkisinin kokeni Orta
Asya olup, Cannabaceae familyasi igerisinde yer
almaktadir. Lif ve tahil yapiminda kullanilabilen ve
yetistiriciliginin ilk kez Cin’de 8500 yil Oncesine
dayandig distiniilen bir kiltiir bitkisidir Daha sonra
kenevir bitkisi kitalara yayilarak ozellikle lif kismi
Avrupa’da denizle iligkili olan iilkelerde ip, halat,
cadir ve yelken yapiminda kullanilmistir (Schultes ve
ark., 1970; Fike, 2016). Kenevir tohumlarindan elde
edilen yaglar, sabun ve losyon gibi cilt bakim
iriinlerinde  yaygin  olarak  kullanilir.  Yag
cikarildiktan sonra kalan kiispe ise hayvan yemi
olarak degerlendirilir (Aytag, 2018; Isler, 2019; Kale,
2023).

Tarimda yetistirilen her kiiltiir bitkisinde
oldugu gibi kenevir bitkisinde de bitki koruma
zararlilar1 mevcuttur. Yabanci otlarin tarlalarda
bulunmasi durumunda iiriin veriminde ve kalitesinde
azalma Yabanct otlar, kiltiir
bitkilerinin su, besin ve 11k gibi kaynaklarla rekabet
Ozellikle gelisim
asamalarinda, bu otlarin yavag biiyiime hizlar1 ve
zayif rekabet yetenekleri nedeniyle 6nemli zararlara
yol acabilirler (Isik ve Akga, 2016; Ozdemir ve Isik,
2020; Kale, 2023). Endistriyel kenevir, yabanci
otlarin rekabetinden olumsuz etkilenir ve bu durum
verimlilik ve kalite kaybina yol agar. Ozellikle uzun
Omiirlii yabanci otlar, toprak isleme islemlerini
zorlastirabilir ve tohumluk iiretiminde hasat siirecini
giiclestirebilir. Ayrica, bu otlar kontrol maliyetlerini

soz konusudur.

ederler. triinlerin ~ erken

artirabilir ve hem insanlar hem de hayvanlar igin
zehirli olabilir. Bu nedenlerle, kenevir tariminda
yabanci otlarin etkin bir sekilde kontrol edilmesi
onemlidir (Onen, 2020; Kale, 2023). Hazirlanan bu
derlemede kenevir yetistiriciliginde tlkemizde ve
diinyada goriilen 6nemli yabanci ot tiirleri ile
kullanilan yabanci ot miicadele
bildirilmistir.

uygulamalari

Kenevir alanlarinda goriilen yabanci ot tiirleri

Diinyada ve iilkemizde literatiir taramasina
gore saptanan yabanci ot tiirleri Cizelge 1°de yer
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almaktadir. Bu literatiirlerde = Amaranthaceae,
Asteraceae, Brassicaceae, Convolvulaceae, Poaceae
ve Polygonaceae gibi 6nemli familyalarin basi ¢cektigi
goriilmektedir.  Amerika’daki  bir  arastirmada
Amaranthus spp., Avena fatua L., Brassica napus L.,
Chenopodium album L., Cirsium arvense L.,
Convolvulus arvensis L., Fallopia convolvulus L.,
Galeopsis tetrahit L. ve Ipomoea spp. kenevirde tespit
edilen onemli yabanci ot tiirlerinden bazilarinin
oldugu bildirilmistir (Fike, 2016). Yunanistan’da
Kousta ve ark. (2023) onemli tiirlerin Amaranthus
retroflexus L., Convolvulus arvensis L., Echinochloa
crus-galli (L.) P.Beauv., Malva sylvestris L.,
Portulaca oleracea L. ve Solanum elaeagnifolium
Cav. oldugunu bildirmistir. Tirkiye’de ise Kale
(2023) tarafindan yapilan bir ¢alismada Yozgat ve
Kayseri illerinde benzer sekilde kenevirde sorun olan
Amaranthus retroflexus L., Anchusa azurea Mill.,
Chenopodium album L., Convolvulus arvensis L.,
Cynodon dactylon (L.) Pers., Lactuca serriola L.,
Portulaca oleracea L., Sinapis arvensis L., Tribulus
terrestris L.ve Xanthium strumarium L. tiirleri tespit
edilmistir. Diger taraftan McPartland ve ark. (2000)
tarafindan belirtildigi iizere, tek yillik yabanci
otlardan farkli olarak, ¢ok yillik Ambrosia trifida L.
ve bazi bambu tiirleri (Bambusa spp., Dendrocalamus
spp., Phyllostachys spp.) kenevirden daha hizl
geliserek keneviri baskilayabilmektedir.

Kenevirde verimi 6nemli derecede etkileyen
dar ve genis yaprakli yabanci ot tiirlerinin yaninda,
parazit yabanci ot tirleri de bulunmaktadir
(Hackleman ve Domingo, 1943; Lee ve Oliver, 1982;
Ozer ve ark., 2001; Van der Werf, 2002; Vera ve ark.,
2006; Jankauskiene ve Gruzdeviene, 2010; Marahatta
ve ark., 2012; Tepe, 2014; Jankauskiene ve ark., 2015;
Morris ve ark., 2015; Kale, 2023; Kousta ve ark.,
2023) (Cizelge 1). McPartland ve Cubeta (1997),
Phelipanche ramosa (L.) Pomel kenevirin en énemli
vaskiiler bitki paraziti oldugunu belirtirken, ayrica
Phelipanche aegyptiaca (Pers.) Pomel ve Orobanche
cernua Loefl.'nin da kenevir tizerinde tespit edildigini
ifade etmistir.
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Cizelge 1. Kenevirde iilkemizde ve diinyada sorun olan bazi 6nemli yabanci ot tiirleri.

Familyasi Bilimsel adi* Tiirkce adi**
Amaranthaceae Amaranthus retroflexus L. Kirmizi koklii tilkikuyrugu
Amaranthus spp. Horozibigi tiirleri
Avraceae Caladium spp. Filkulag tiirleri
Asteraceae Achillea millefolium L. Civanpergemi
Ageratum spp. Vapur dumant tiirleri

Ambrosia artemisiifolia L.
Anthemis arvensis L.

Anthemis cotula L.

Anthemis spp.

Arctium spp.

Bidens pilosa L.

Cirsium arvense L.

Conyza bonariensis (L.) Cronquist.
Conyza canadensis (L.) Cronquist.
Conyza spp.

Emilia sonchifolia (L.) DC. ex Wight
Erechtites hieracifolia (L.) Raf. ex DC.

Galinsoga spp.

Lactuca serriola L.
Senecio spp.

Sonchus asper (L.) Hill.
Sonchus oleraceus L.
Sonchus spp.

Xanthium spinosum L.
Xanthium spp.
Xanthium strumarium L.

Pelinimsi ambrosia
Tarla kdpek papatyasi
Pis kokulu kdpek papatyast
Kopek papatyast tiirleri
Dul avrat otu tiirleri
Sultan suketeni
Koygogiiren

Tiiylii pire otu

Pire otu

Pire otu tiirleri

Ask tanrisi tiirii
Yanik otu tiirii
Diigme otu tiirleri
Dikenli yabani marul
Kanarya otu tiirleri
Dikenli esek marulu
Adi esek marulu
Esek marulu tiirleri
Zincir pitragi

Pitrak tiirleri

Domuz pitragi

Boraginaceae

Anchusa azurea Mill.

Italyan sigir dili

Brassicaceae

Camelina spp.

Capsella bursa-pastoris (L.) Medic.

Sinapis arvensis L.
Sinapis spp.

Yalanci keten tiirleri
Coban ¢antasi
Yabani hardal
Yabani hardal tiirleri

Thlaspi arvense L. Tarla ak¢acicegi
Caryophyllaceae Stellaria media L. Serge dili
Chenopodiaceae Chenopodium album L. Sirken

Chenopodium spp.

Kazayag tiirleri

Convolvulaceae

Calystegia sepium (L.) R. Br.
Convolvulus arvensis L.
Ipomoea hederacea (L.) Jacg.
Ipomoea lacunosa L.
Ipomoea spp.

Cit sarmasig1

Tarla sarmasig1

Boru ¢igekli sarmagik
Beyaz gece sefasi
Gece sefast tiirleri

Cucurbitaceae Cucurbita texana (Scheele) A.Gray Kabak tiirii

Cuscutaceae Cuscuta spp. Kiiskiit tiirleri

Cyperaceae Cyperus esculentus L. Sar1 topalak L.
Cyperus rotundus L. Topalak
Cyperus spp. Topalak tiirleri

Euphorbiaceae

Euphorbia helioscopia L.
Euphorbia heterophylla L.
Euphorbia spp.
Mercurialis annua L.

Giines siitlegeni

[ri yaprakh siitlegen
Siitlegen tiirleri

Yer feslegeni

Fabaceae

Biancaea decapetala (Roth) O. Deg.

Crotalaria juncea L.
Mimosa pudica L.
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Cizelge 1. Devami

Seshania spp.

Sesbanya tiirleri

Trifolium arvense L. Tarla tiggiili

Trifolium pratense L. Cayir tirfili

Trifolium spp. Uggiil tiirleri
Fumariaceae Fumaria officinalis L. Hakiki sahtere
Lamiaceae Lamium amplexicaule L. Ballibaba

Lamium purpureum L. Kirmuz gigekli ballibaba

Lamium spp. Ballibaba tiirleri
Malvaceae Abutilon theophrasti Medic. Imam kavugu

Malva neglecta Wallr. Ebegilimeci

Malva sylvestris L. Yabani ebegiimeci

Malva spp. Ebegiimeci tiirleri
Orobanchaceae Orobanche spp. Canavar otu tiirleri
Poaceae Agrostis spp. Beyaz ayrik ¢imi tiirleri

Alopecurus spp.

Andropogon bicornis L.
Arrhenatherum spp.

Avena fatua L.

Avena sterilis L.

Bromus sterilis L.

Cenchrus spp.

Chloris spp.

Cymbopogon refractus (R.Br.) Camus

Tilki kuyrugu tiirleri
Ikisakalotu tiirii

Cayir yulafi tiirleri
Yabani yulaf

Kisir yabani yulaf
Kisir brom

Kum mahmuzu tiirleri
Parmak otu tiirleri

Dikenli tel ¢imen tiirii

Cynodon dactylon (L.) Pers. Kopekdisi ayrigi

Digitaria sanguinalis (L.) Scop. Catal otu

Digitaria spp. Catal otu tiirleri

Echinochloa crus-galli (L.) P.Beauv.  Darican

Eleusine indica (L.) Gaertner Kaz ¢imi

Elymus repens (L.) Gould Ayrik

Eragrostis spp. Cayir giizeli tiirleri

Panicum spp. Yalanci dari tiirleri

Paspalum dilatatum Poir. Adi yalanci dart

Paspalum spp. Su ayrig1 tiirleri

Poa annua L. Tavsan biy181

Poa spp. Salkim otu tiirleri

Setaria glauca (L.) P.Beauv. Sar1 tiiylii kirpidari

Setaria spp. Yapigkan ot tiirleri

Sorghum halepense (L.) Pers. Kanyag
Polygonaceae Persicaria lapathifolia (L.) Gray Tirson

Polygonum aviculare L. Coban degnegi

Polygonum convolvulus L. Sarmagik goban degnegi

Polygonum spp. Coban degnegi tiirleri

Rumex crispus L. Kuvircik labada

Rumex obtusifolius L. Kiit yaprakli labada

Rumex spp. Labada tiirleri
Polypodiaceae Polypodium aureum (L.) J.Sm. Polipodyum tiirii
Portulacaceae Portulaca oleracea L. Semiz otu
Rubiaceae Galium aparine L. Dil kanatan
Scrophulariaceae Veronica arvensis L. Tarla yavsanotu
Solanaceae Solanum elaeagnifolium Cav. Giimiis yaprakli itiiziimii

Solanum nigrum L. Kopek tiztimii

Solanum spp. Kopek tiziimii tiirleri
Urticaceae Urtica dioica L. Biiyiik 1sirgan

Urtica urens L. Isirgan otu
Violaceae Viola arvensis Murr. Tarla meneksesi
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Cizelge 1. Devamu

Zygophyllaceae

Tribulus terrestris L.

Demir dikeni

*Yabanci ot tiirleri Hackleman ve Domingo (1943), Lee ve Oliver (1982), Ozer ve ark. (2001), Van der Werf (2002), Vera ve
ark. (2006), Jankauskiene ve Gruzdeviene (2010), Marahatta ve ark. (2012), Tepe (2014), Jankauskiene ve ark. (2015), Morris
ve ark. (2015), Kale (2023) ve Kousta ve ark. (2023) kaynaklarindan taranmugtir.

**Tiirkge adlar Ulug ve ark. (1993) tarafindan baz alinarak diizenlenmistir.

Kenevirde yabanci ot miicadelesi

Kenevirin diger bitkilerle rekabet giicii
diisik oldugundan, ekimden once yabanci otlarin
kontrol edilmesi gereklidir. Tarlalarda yabanci otlarin
gelisgmesinin -~ Onlenmesi  durumunda  kenevir
gelisgiminin hizli oldugu, kalin yaprak olusturdugu,
golgeleme yaparak yabanci otlara karst rekabet
giiclinii  yiikselttigi ve verimde artis sagladigi
bildirilmistir (Poisa ve Adamovic, 2010; Rehman ve
ark., 2013). Biitiin kiiltiir bitkilerinde oldugu gibi
kenevirde de yabanci otlarla miicadelede tek bir
yabanct ot miicadelesi sekli entegre
miicadelenin uygulanmasi daha basarilidir.

yerine,

Entegre miicadele

Kenevir bitkisi,
asamalarinda diger bitkilerle rekabet etme konusunda
zayif oldugu igin, etkili bir yabanci ot miicadelesi
gerekmektedir. Bu noktada entegre yabanci ot
yonetimi  (IWM-Integrated Weed Management),
yabanct ot baskisini kontrol etmek ve tarimsal
stirdiiriilebilirligi saglamak acisindan biiyilk 6nem
tasir. Entegre miicadele, farkli kontrol yontemlerinin
bir araya getirilerek kullanilmasi anlamina gelir. Bu
yontemler, yabanci otlarla miicadelede sadece
kimyasal miidahaleye dayanmak yerine, biyolojik,

ozellikle ilk gelisme

fiziksel, kiiltiirel ve kimyasal stratejilerin bir arada
uygulanmasini  ongériir. IPM, c¢evresel
azaltirken uzun vadeli ve siirdiiriilebilir sonuglar elde
edilmesini hedefler (Ehler, 2006). Kenevirde sorun
olan yabanci otlarla miicadelede, yabanci otlarin
dogru ve uygun gelisme doneminde miicadele
yapilmalidir. Ozellikle kenevirde erken dénemde (3-4
hafta) dar yaprakli yabanci otlarla kardeslenme ve
genis yaprakli yabanci otlarla dallanma doneminde
tarlalarda miicadele edilmelidir. Eger sorun olan

etkileri

yabanct ot tiirleri tarlalardan uzaklastirilmak
isteniyorsa, zararli tiire karst uygun yabanci ot
miicadele stratejisini belirlememiz gerekmektedir.
Ancak her seyden dnce sorun olan yabanci ot tiiriiniin
biyolojisi ve ¢ogalma sekli bilinmelidir. Kimyasal
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miicadele uygulamalarinin kiiltiirel, mekaniksel ve
fiziksel  yontemlerle de kombine edilmesi
gerekmektedir. Struik ve ark. (2000) kenevir
tariminda toprak hazirligi ve miinavebenin, entegre
yabanc1 ot kontroliiniin 6nemli bilesenleri oldugunu
belirtmektedir. Basbag ve ark. (2020) da Kkenevir
iretiminde entegre yabanci ot miicadelesinin
kimyasal herbisitlere olan bagimlili1 azaltabilecegini
ve c¢evresel strdirilebilirligin  artirilabilecegini
belirtmektedir. Entegre miicadele stratejileri, sadece
yabanci1 otlar1 kontrol etmekle kalmaz, ayn1 zamanda
toprak sagligint da korur.

Entegre miicadelenin yabanci ot
miicadelesindeki avantajlari su sekildedir:

- Kimyasal herbisitlerin siirekli ve tek bagina
kullanilmasi, yabancit otlarin bu kimyasallara
dayaniklilik gelistirmesine neden olabilir. Dayanikli
yabanci otlar zamanla herbisitlerle kontrol edilemez
hale gelir ve yeni tiirlerin ortaya ¢ikmasina yol agar.
Entegre miicadelede, kimyasal yontemlerin diger
stratejilerle birlestirilmesi, dayaniklilik gelisimini
yavaslatir ve herbisitlere olan bagimhiligi azaltir
(Norsworthy ve ark., 2012).

- Kimyasal herbisitlerin yogun kullanimi, su
kaynaklarmin kirlenmesine, toprakta ve ekosistemde
biyolojik dengenin bozulmasina yol agabilir. Entegre
miicadele, kimyasal kullanimimi en aza indirgeyerek
topragin saglhigini ve su kaynaklarinin korunmasini
destekler (Liebman ve Gallandt, 1997).

- Kimyasal herbisitlerin a1 kullanimu,
iriinlerde kimyasal kalintilara neden olabilir ve bu
durum insan saglig1 i¢in bir risk olusturabilir. Entegre
miicadele, kimyasal kalinti miktarin1 azaltarak gida
giivenligini artirir (Liebman ve ark., 2001).

- Entegre miicadele, iklim degisikligine
uyum saglamada da etkili olabilir. Mekanik ve
biyolojik yontemler, degisen ¢evre kosullarina uyum
saglamak i¢in daha esnek ve siirdiiriilebilir stratejiler
sunar. Ozellikle miinavebe ve ekim zamanlamasinin
ayarlanmasi, iriin ~ verimliligini koruyarak
adaptasyonu destekler (Petersen ve Rover, 2005).
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Kiiltiirel islemlerle yabanci ot Miicadelesi

- Sertifikalt ve temiz tohumluk kullanimu:
Tarlalarda  ekim i¢in  kullanilacak  kenevir
tohumlugunun temiz ve yabanci ot tohumlariyla
bulagitk olmamast gerekmektedir. Bu nedenle
tarlalarda tiretimi geciktiren yabanci ot tiirleri kenevir
liflerine yapisarak lif kalitesini diiglirebilir ya da
kenevir tohum miktarinin azalmasma sebep
olabilmektedir. Yabanci ot tohumlariyla karigik
olarak ithal edilen kenevir tohumluklarma dikkat
edilmelidir. ~ Gerekirse  uygun  selektorlerden
gecirildikten sonra tarlalara ekim yapilmalidir. Eger
sertifikali ve yabanci ottan ari tohumluk var ise tercih
edilmelidir.

- Dogru ve uygun kenevir cesidi secimi:
Bolgeye, lokasyona hatta tarlaya gore uygun ve
gelistirilmis olan kenevir c¢esitleri kullanilmalidir.
Eger belirlenen kenevir ¢esidi yabanci ot tiirleriyle
rekabet (su, 151k, besin vb.) edemezse kenevire ait
verim ve verim unsurlar1 azalabilmektedir. Kenevir
bitkisinin tercih ettigi topraklarda (pH, tekstiir, su
tutma kapasitesi vs.), uygun iklim kosullarina sahip
bolgelerde (sicaklik, yagmur, nem vb.) ve yabanci
otlarla rekabet giicii yiiksek cesitler kullanilarak
yetistiricilik yapilmalidir (Ozer ve ark., 2001;
Jankauskiene ve ark., 2014).

- Inokulum kaynaklarimin uzaklastirdmast:
Hasattan sonra tarlalarda inokulum olabilecek bitki
artiklar1 birakilmay1p, tarlalardan uzaklagtiritlmalidir.
Ciinkii ¢evrede bulunan yabanci otlar kenevirde
hastaliga neden olan patojenlerin ya da zararh
boceklerin  hayat dongiilerini devam ettirerek
(konukguluk 6zelligi) bir sonraki ekilen kenevir
bitkilerine patojenleri ya da zararli bocekleri tasirlar.

- Alet ve ekipman temizligi: Yetistiricilik
yapilan tarlalarda bir tarladan digerine gegerken
yabanci ot tohumlar1 veya vejetatif cogalma organlari
taginabilmektedir. Bu yilizden kullanilacak olan
capalama ve mibzer gibi aletlerin temizligi 6nemlidir.

- Erken veya gec ekim ile ekim sikhigi:
Tohum iiretimi amactyla yapilan ekimlerde, bitkinin
fazla uzamasmi engellemek icin ge¢ ekim tercih
edilerek vejetasyon siiresi kisaltilmalidir (Basbag ve
ark., 2020; Kale, 2023). Erken veya ge¢ ekim
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zamaninda kenevir kiiltiir bitkisi yabanci ot tiirlerine
gore daha hizli ve giir gelisebilmekte, dolayisiyla
yabanct ot tohumlarinin c¢imlenme kabiliyetini
azaltabilmektedir. Dolayisiyla erken ve sik ekimde
kenevir bitkisi yabanci ot ¢ikiglarini baskilamaktadir.
Yabanci otlarla miicadelede en 6nemli yontemin ise
stk ekim oldugu kenevirde, bitki sayisinin artmasiyla
yabanci ot popiilasyonlarinin baskilanabildigi ve
farkli kenevir c¢esitlerinin kullanilmasimin  6nemli
oldugu kaydedilmistir (Vera ve ark., 2006; Hall ve
ark., 2014). Ge¢ ekimde ise tarlalarda sorun olan
yabanci ot popiilasyonlar1 ortamdan uzaklastirildiktan
sonra ekim rahatlikla yapilabilmektedir. Sik ekimde
birim alanda kenevir bitki sayisimin artis1 sayesinde
toprak  ylizeyi  kaplanir yabanct ot
popiilasyonlarinin  gelismesi 6nlenir (ONTARIO,
2024a). Bu durumda, kenevir bitkisi hem vejetatif
hem de generatif olarak yeterli gelisim
gosteremediginden, lif ve tohum verimi azalir (Van
der Werf, 2002). Daha dar sira araliklari lif verimi ve
kalitesini, daha genis sira araliklar1 ise tohum verimi
ve kalitesini artirmaktadir (Gore ve Kurt, 2020; Kale,
2023). Tabi ki kenevir kiiltiir bitkisinin istedigi
iklimsel ve tarimsal istekleri baz alinarak erken veya
ge¢ ekim yontemi uygulanmalidir.

Ve

- Giibreleme sulama:  Kenevir
giibrelemesi toprak analizlerine gore, tavsiye edilen
giibreleme dozunda ve zamaninda yapilmalidir.
Kenevir bitkisi toprakta yer alan biitiin mineralleri
toplamaktadir, buna ek olarak zengin gilibreleme
islemleri gerektirmektedir. Giibreleme yaparken de
yabanci ot popiilasyonlarimin tarlalara uygulanan
giibrelere  ortak olacagi da
Ehrensing (1998), diinya ¢apindaki
dayanarak kenevir tarlalarinda tavsiye edilen giibre
miktarlarim 4-20 kg da (NHs NH3), 3-12 kg da?
(P20s) ve 0-20 kg da* (K,0O) olarak ifade etmektedir.
Fosfor ve potasyum igeren giibreler genellikle tohum
yatag1 hazirligi esnasinda veya ekim sirasinda topraga

ve

unutulmamalidir.
verilere

verilir. Azotlu giibreler ise hizli yikanma o&zelligi
nedeniyle ekimle birlikte ve sonraki biiylime
donemlerinde uygulanir (Basbag ve ark., 2020). Bu
nedenle yabanci otun gelisme donemi ve giibreleme
sayist Onemlidir. Kullanilacak olan dogal veya
kompost ¢iftlik giibrelerinin iyi yanmis olmasi
gerekmektedir.
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Hayvanlarin  digkisinda  sindirilemeyen
yabanct ot tohumlarimin tarlalara ¢iftlik giibresi
seklinde uygulanmas1 yabanci ot popiilasyonlarinin
tarlalarda ¢ogalmasimi saglar. Kurak olmayan
bolgelerde bir veya iki kez sulama yapmak
yeterliyken, kurak bolgelerde sulama sayisi
artabilmektedir  (ONTARIO, 2024b). Sulama
yapilacak tarlalarda suyla bulasabilecek tohumlarin
yayilmasini 6nlemek i¢in su kanal ve kanaletlerin
kenarinda bulunan yabanci otlar tohum baglamadan
once bicilmelidir. Sulama borularinin 6niine tiil
benzeri vs. materyaller konularak suyla bulasan
yabanct ot tohumlarinin taginmasi énlenmelidir. Kok
gelisimini  biliyllk 0Olglide tamamlanmig  Dbitkiler
kurakliga dayanikli olsa da, kuraklik asir1 seviyelere
ulastiginda bitkiler zayif kalir ve normal gelisim
siirecinden daha erken ¢iceklenme ve tohum tiretimi
gosterirler (Basbag ve ark., 2020).

Mekanik miicadelenin yapiimasi

- Tohum yatag1 ve ekim hazirligr: Yetersiz
toprak hazirligi yapilmis, kotii drenaj o6zelliklerine
sahip, tinly, asidik, kumlu veya agir biinyeli topraklar,
kenevir yetistiriciligi i¢in uygun degildir (Struik ve
ark., 2000). Kenevir tohumu hizli ¢imlenebilmek igin
uygun toprak tavinda olmahidir. Aksi halde, kenevir
tohumunun ¢imlenmesi gecikerek, diger rekabet giicii
yiiksek olan yabanci ot tohumlarinin ¢imlenmesine
imkan verilir. Kenevir ekimi genellikle bahar
doneminde (Nisan) mibzer
gerceklestirilmektedir. Ekim isleminin sirali ve ¢ok
diizgiin bir sekilde gergeklestirilmesi, kenevir fide
cikiglarinda  ve gelismesinde etkilidir.
tohumunun 2-3 c¢m derinlikte topraga yiizeysel ekimi
yeterlidir (Desanlis ve ark., 2013). Ancak kenevirde
lif ya da tohum iiretimi i¢in gerekli olan ekim sekli
degisebilmektedir.

kullanilarak

Kenevir

- Capalama: Uygun capalama araligina
sahip aletlerle, kenevir bitkisi diizenli olarak
capalanmalidir. Toprak 6zelligine bagli olarak, toprak
hazirlig1 igin kullanilan aletler ve toprak isleme sayis1
yabanct ot  popiilasyonlarinin  miicadelesinde
onemlidir. Kenevirde ilk capalama kenevir bitkileri 5-
10 cm boya ulasinca gergeklesir (MEB, 2024).
ekim saptanmasi

Kenevirde uygun zZamaninin
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yaninda, yeterli bitki yogunlugu bir araya geldiginde
herhangi bir ¢apalama islemine dahi gereksinim
duyulmayabilir  (Jankauskiene ve ark., 2015).
Tarlalarda kenevirin erken gelisme déoneminde kiigiik
lokal alanlarda yabanci otlar el ¢apasi yardimiyla da
almabilmektedir. Ancak sik ekimde bu tarz ¢apalama
islemleri yapilamamaktadir.

Fiziksel miicadele

- Solarizasyon: Bu islem bos ve kiigiik tarim
alanlarinda seffaf plastik ortii benzeri malzemelerle
giines enerjisi kullanilarak ger¢eklesmektedir. Burada
amag toprak 1s1sin1 yiikselterek yabanci ot tohumlarini
oldiirmektir, hatta sorun olan toprak kokenli
patojenlerin ve nematodlarin azalmasim saglar.

- Malglama: Daha genis ekim araligina
sahip tarlalarda toprak yiizeyi farkli malg materyalleri
kullanilarak (saman malg1, siyah malg tekstili, talas
vs.) ortiilebilmektedir. Burada da amag solarizasyona
benzer sekilde topragin 1sisint ylikseltmek ve nem
kaybini azaltmaktir. Bu sayede yabanci ot ¢ikislari
onlenerek kontrolii saglanmis olur.

Ekim nobeti sistemlerinin uygulanmasi

Gilinimiizde  yabanci  otlarla  direk
miicadelede ekim ndbeti en Onemli yontem haline
gelmistir. Sadece tarlalara kenevir ekimini yapmak
yeterli olmamaktadir. Kenevir ekilen tarlalarda farkli
tirtinlerin degisimi, kiiltlir bitkilerinin ekim ve hasat
tarihlerini  degistirmekte, giibreleme isteklerini
azalmakta ve ana zararli yabanci ot tiirlerinin
biyolojilerinin tamamlanmasini onlemektedir
(O’Donovan ve ark., 2007; Vencill ve ark., 2012).
Cilinkii ana zararl1 yabanci otlar kiiltiir bitkilerine gore
Ozellesmistir (Labrada, 2006). Bu olusan dongiiniin
kirilmasinda ise ekim nobeti énemli bir miicadele
yontemi olmustur. Ekim nobetinde kiiltiir bitkisinin
onemi, ekosisteme olan katkis1 ve tarima sagladig:
faydalar unutulmamalidir. Miinavebe uygulamalari,
yag verimini artirabilir ve hastaliklar1 azaltabilir.
Kenevir, tahillar ve
miinavebe edilebilir (Gorchs ve ark., 2017). Ayrica,

azot agisindan zengin baklagil bitkileri, zellikle

sebzelerle uyumlu olarak

yonca veya lggiil, kenevirle yapilan miinavebede
olduke¢a faydali olabilir (Basbag ve ark., 2020).
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Herbisit kullanimi

Kimyasal miicadele, o6zellikle herbisit
kullanimi, hem diinya genelinde hem de iilkemizde
yabanci ot kontroliinde yaygin olarak tercih edilen bir
yontemdir. Diger yontemlere gdre uygulanmasinin
kolay olmasi, hizli sonu¢ vermesi ve maliyetinin
Diisik olmast nedeniyle bu yodntem siklikla
kullanilmaktadir (Kiely ve ark., 2004). Ureticiler
tarafindan kisa siirede sonug alinmasi, ekonomik
olmast ve uygulanabilirliginin kolay olmasidan
otiirii ¢ok fazla kimyasal (herbisit) kullanimi tercih
edilmektedir. Ancak tilkemizde kenevir
yetistiriciliginin devlet kontroliinde ve dar alanlarda
yapilmasi, bunun yaninda yaygm ekilen {iriin
olmamasi herbisit tiiketimini dnlemektedir. Tarim ve
Orman Bakanligi-Gida ve Kontrol Genel Midiirliigi
(GKGM) tarafindan suan ruhsatlandirilmis bir
herbisit bulunmamaktadir (GKGM, 2024). Fakat
istilact ve potansiyel durumda bulunan kenevirde
sorun olusturabilecek ana zararli yabanci ot tiirleri

bilinmeli, ekonomik zarar esigi calismalari
yapilmalidir.

Amerika ve Kanada’da kenevir
yetistiriciliginde ruhsatlandirilmisg herbisitler

bulunabilmektedir. Amerika’da Amaranthus spp.,
Chenopodium spp., Echinochloa spp., Polygonum
spp., Sinapis spp. ve Solanum spp. gibi baz tiirler
tizerinde denenen pendimethalin, S-metalochlor ve
fomesafen gibi aktif maddelerinin ¢ikis 6ncesi (Byrd,
2019), MSMA (monosodium methanearsonate),
bromoxynil, sethoxydim, halosulfuron, clopyralid ve
quizalofop gibi aktif maddelerin ¢ikis
(Maxwell, 2016) yetistiriciliginde
kullanilabilecegi bildirilmistir. Ayrica kullanilan
herbisitlerin ise doz artig1 veya hatali kullaniminda
yaralanmalara ve zararlanmalara da sebep olabilecegi
ifade edilmistir. Tiirkiye’de de Kale (2023) tarafindan
yapilan ¢alismada pendimethalin, pyroxasulfone
herbisitlerinin kenevirde yabanci ot miicadelesinde

sonraslt
kenevir
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kullanilabilecegi gibi lif veriminin artmasina katki
sagladigr kaydedilmistir. Kenevir yetistiriciliginde
benfluralin, dimethachlor + clomazone, pendimetalin
+ clomazone, S-metalochlor, linuron, herbisitleri
yabanci otlar1 kontrol altina saglamakta basarili olup

fitotoksisite olusturmadig1 ve kenevir
yetistiriciliginde  kullanilabilecegi  belirlenmistir
(Kale, 2023).

SONUC

Kenevir yetistiriciliginde yabanci ot miicadelesi, hem
bitkinin saglikli biiyiimesi hem de elde edilen verimin
yiiksek ve kaliteli olmast agisindan kritik bir 6neme
sahiptir. ozellikle biiylime
donemlerinde yabanci otlarla rekabet giicii zayif
oldugundan, bu doénemlerde yabanci otlarin kontrol
edilmesi gereklidir. Yabanci otlar, kenevir bitkisinin
besin maddeleri 15181
engeller. Bu
nedenle, uygun yabanci ot miicadele stratejileri, tarim
verimliligi ve iiriin kalitesi acisindan hayati bir
faktordiir. Kenevir tariminda yabanci ot miicadelesi,
bitkinin biiyiime evrelerinden itibaren planlanmali ve
uygulanmalidir. Yabanci otlarla etkili miicadele,
kenevirin verimini artirirken, ayni zamanda ¢evresel
sirdiriilebilirlik agisindan da o6nemlidir. Fiziksel,
kimyasal ve mekanik yontemlerin bir arada
kullanildig1 entegre bir yaklagim, hem kisa hem de
uzun vadeli tarimsal basariy1 destekler. Miinavebe ve

Kenevirin erken

ihtiya¢ duydugu su,
paylasarak kenevirin biiylimesini

ve

dogru ekim stratejileri ile desteklenen bir kenevir
iretimi, yabanct otlarin baskisimi azaltabilir ve
kenevir bitkisi i¢in daha saglikli bir biiylime ortami
sunar. Uzun vadede, bu stratejiler sadece verimi
artirmakla  kalmaz, aym1 zamanda topragin
verimliligini korur ve c¢evreye olumsuz etkileri
minimize eder. Kenevirin ekonomik ve endiistriyel
potansiyelini tam anlamiyla kullanabilmek igin,
yabanci ot miicadelesinin 6nemi goz ardi edilmemeli
ve biitiinciil bir yaklagimla ele alinmalidir.
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