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Abstract

This study was conducted in Adana province and its districts in 2021 to investigate the weed species that pose problems in
agricultural areas, the status of chemical control in both agricultural and non-agricultural areas, and the presence of
herbicide-resistant weeds. Face-to-face surveys were conducted with 100 licensed dealers of Plant Protection with the Adana
Directorate of Agriculture and Forestry. As a result of the research, 61% of the dealers stated that there was a severe weed
problem in agricultural fields. The most common weed species identified were Avena sterilis (80%), Echinochloa crus-galli
(79%), and Sorghum halepense (76%). The major crops affected by weed problems were wheat (78%), maize (76%), and
peanut (61%), leading to the highest intensity of chemical herbicide use in these crops. The most commonly used herbicide
active ingredients in agricultural areas were Glyphosate Potassium Salt (72%), Clethodim (65%), and Pendimethalin (62%).
Additionally, 62% of the dealers reported a significant herbicide resistance problem in the region, stating that certain weed
species cannot be controlled despite herbicide applications. The leading herbicide-resistant weed species were Avena sterilis
(58%), Convolvulus arvensis (37%), and Avena rigidum (32%). Furthermore, 66% of the dealers stated that total weed
control was implemented, with herbicides containing Glyphosate Isopropylamine Salt and Diquat Dibromide being the most
frequently used. The study shows that weeds are a major problem in both agricultural and non-agricultural areas in Adana
province. In addition, herbicide resistance is becoming an increasing problem due to the intensive and frequent use of
herbicides for weed control.
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Adana ili Tarim Alanlarinda Sorun Olan Yabanci Otlarin Arastirilmasi ve Kimyasal

Miicadele Durumu
Oz
Arastirma 2021 yilinda Adana il ve il¢elerinde tarim alanlarinda sorun olan yabanci ot tiirlerini, tarim ve tarim dis1 alanlarda
kimyasal miicadele durumunu ve herbisitlere dayanikli yabanci ot durumunu belirlemek amaciyla yiiriitilmiistiir. Adana
Tarim ve Orman Miidiirliigiine bagh ruhsatli 100 Bitki Koruma Uriinleri bayileri ile yiiz yiize anketler yapilmustir. Aragtirma
sonucunda, bayilerin %61°1 tarim alanlarinda yogun bir yabanci ot probleminin oldugunu belirtmislerdir. Sorun teskil eden
bu yabanci otlarin basinda sirasiyla; %80 A. sterilis, %79 E. crus-galli ve %76 S. halepense yabanci ot tiirlerinin geldigini
bildirmislerdir. Kiiltiir bitkilerinde en biiyiik yabanci ot sorununun bugday (%78), musir (%76) ve yer fistig1 (%61) ekim
alanlarinda goriildiigiinii ve en yogun bu iiriinlerde kimyasal herbisit kullanimimin oldugunu belirtmislerdir. Tarim
alanlarinda en fazla Glyphosate Potasyum Tuzu (%72), clethodim (%65) ve pendimethalin (%62) aktif maddeli herbisitlerin
kullanildigin1 ifade etmislerdir. Buna ek olarak, bayilerin %62’si bolgede ciddi bir dayaniklilik problemin oldugunu ve
herbisit kullanilmasina ragmen baz1 yabanci ot tiirlerinin kontrol altina alinmasinin miimkiin olmadigin1 belirtmislerdir. Bu
yabanct otlarin basinda da sirasiyla; 4. sterilis (%58), C. arvensis (%37) ve A. rigidum (%32) tiirlerinin geldigini
bildirmislerdir. Ayrica, bayilerin %66’s1 total yabanc ot kontroliiniin yapildigini ve en fazla glyphosate isopropylamin tuzu
ve Diquat Dibromide aktif maddeli herbisitlerin kullanildigint belirtmislerdir. Calisma, yabanci otlarin Adana ilinde hem
tarimsal hem de tarim dis1 alanlarda 6nemli bir sorun oldugunu géstermektedir. Ayrica, yabanci ot kontrolii i¢in herbisitlerin
yogun ve sik kullanim1 nedeniyle herbisit direnci giderek artan bir sorun haline gelmektedir.
Anahtar Kelimeler: Adana, anket, dayaniklilik, herbisit, yabanci ot yonetimi
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1. Introduction

Nicknamed the "Pearl of the Mediterranean," Adana is the seventh most populous city in
Tiirkiye. According to TUIK (2021), the Mediterranean region ranks fourth in Tiirkiye in terms
of agricultural land, and Adana ranks first among the provinces in this region in terms of
agricultural area. The province, which has a total surface area of 14,030 km?, has 4,869,874 da
of agricultural land, including 3,576,151 da of cereals and other crops, 78,930 da of fallow land,
313,213 da of vegetables, 900,310 da of other crops such as orchards, and 1,270 da of
ornamental plants [1].

With its vast and fertile agricultural lands, Adana is one of Tiirkiye’s most important
agricultural provinces, making a significant contribution to the national economy. Thanks to
favorable climatic conditions, land suitable for irrigation, and advancements in technology,
agricultural diversity and yield per unit area have increased considerably since the 1960s [2].
However, despite these improvements, many factors still reduce agricultural productivity.

Weeds are among the most significant factors negatively affecting the yield and quality of
cultivated crops in agricultural areas [3-5]. Chemical control methods are generally preferred
for weed management [6]. Today, chemical control is applied more frequently due to its rapid
results, ease of application, and cost-effectiveness.

Chemical control against weeds started to be widely used after the Second World War [7].
Herbicides account for 47% of pesticide use in the world [8]. In Tiirkiye, 53 672 tons of
pesticides were used in 2020, of which 24.68% were herbicides [1]. While herbicides are used
in the first place in the World [8], in Tiirkiye they rank second after fungicides [1].

The use of herbicides is increasing day by day due to their rapid effect, ease of application, and
low cost. However, the intensive and improper use of herbicides negatively impacts the
environment, as well as human and animal health [9-11]. The effects of herbicides include acute
and chronic toxicity in humans and warm-blooded animals, lethal effects on fish, side effects
on insects (especially bees), negative impacts on soil microorganisms and invertebrates,
disruptions in host-parasite relationships in plants, and alterations in higher plants [12, 13].
Herbicides can also cause toxicity in cultivated plants [14-16]. Applying herbicides at excessive
doses or with an inappropriate number of applications, as well as using unsuitable herbicide
mixtures, can lead to toxicity. Herbicide toxicity may cause symptoms that resemble plant
diseases. Damage can appear on leaves, stems, flowers, and fruits, with symptoms such as
interveinal chlorosis, spotted chlorosis, yellow spotting, leaf bruising, necrosis, and stem death.
As aresult, plants become weakened and more vulnerable to pathogens, pests, and unfavorable
environmental conditions, leading to increased yield losses.

This study was carried out to determine the weed species that are problematic in agricultural
areas and cultivated plants in Adana province, the chemical control status in agricultural and
non-agricultural areas and the herbicide resistant weed status in the province.

2. Material and Methods

The study was conducted as a face-to-face survey with Plant Protection Products and
Agricultural Control Tools and Machinery Dealers affiliated to Adana Provincial Directorate
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of Agriculture and Forestry in 2021. There are 372 BKU dealers affiliated to the Adana
Provincial Directorate of Agriculture and Forestry, and 100 of them were randomly selected for
face-to-face interviews and a 16-question survey.

The number of BKU dealers in Adana province and its districts is given in Table 1.

Table 1. BKU dealers in Adana province and its districts

Districts Number of dealers
Center 47
Aladag 0
Ceyhan 53
Cukurova 5
Feke 1
Imamoglu 10
Karaisah 7
Karatas 8
Kozan 29
Pozant1 3
Saimbeyli 0
Saricam 15
Seyhan 57
Tufanbeyli 1
Yumurtahk 3
Yuregir 133
Total 372

To the dealers through a survey study;

- Distribution of the respondents according to age groups, educational status and how
many years they have been dealers?

- Weed density level in Adana province?

- Weed species found intensively in the agricultural areas of Adana province?

- Crops with high weed density?

- Weed species that are problematic in the agricultural areas of Adana province and
according to the cultivated plant?

- Crops where herbicides are used intensively?

- Herbicide application periods according to cultivated plants?

- Herbicides used extensively in agricultural areas?

- Whether there are weed species that cannot be controlled with herbicides?

- Areas where total chemical control is carried out?

- When producers come and apply to BKU dealers?

- How the BKU dealers decide on chemical control?

- In general, whether pre-emergence or post-emergence herbicides are used?

- Whether both pre-emergence and post-emergence herbicides were used?

- Whether there are herbicide resistant weeds in herbicide treated areas?

- Whether chemical control is practiced in non-agricultural areas?
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Questions were asked on issues such as.

Data Analysis

The results of the data obtained as a result of the survey were evaluated using the SPSS 20.0
statistical package program. Results; findings are expressed as frequency and percentage
distribution.

3. Results and Discussion
The frequency and percentage values of the responses to the questions regarding the
participants' age groups, educational background, and years of experience as dealers are
presented in Table 2.
Table 2. Age range, education level and how many years they have been a dealer

Education How Many
o o o
Age F % Status F % Years Dealer %
20-30 13 15 University 85 85 1-5 16 16
31-40 37 Master's 15 15 36 36
37 5-10
degree
41-50 29 29 10-15 23 23
50+ 21 31 15+ 25 25
Total 100 100 Total 100 100 Total 100 100

When we look at the distribution of the participants according to age groups, 13 (15%) people
between the ages of 20-30, 37 (37%) people between the ages of 31-40, 29 (29%) people
between the ages of 41-50 and 21 (31%) people over the age of 50 (Table 2). Regarding the
educational status, 85 people have university degrees and 15 people have master's degrees. It is
seen that 16 of the dealers participating in the research are 1-5 years old, 36 of them are 5-10
years old, 23 of them are 10-15 years old and 25 of them are 15 years old or more (Table 1).
The percentage (%) values of the answers given to the question of weed density level in Adana
province asked to the dealers are given in Figure 1.
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Figure 1. Weed density level in Adana province

When BKU dealers were asked about the level of weed density in their province, 61% of them
reported that it was dense, 21% medium dense, 16% very dense and 2% low density (Graph 1).
The frequency and percentage (%) values of the answers given to the question of weed species
found intensively in agricultural areas are given in Table 3.

Table 3. Weed species found intensively in agricultural areas

Latin name English name Frequency Percentage (%)
Sorghum halepense (L.) Pers. Johnsongrass 76 76
Amaranthus retroflexus L. Redroot pigweed 67 67
Sinapis arvensis L. Wild mustard 75 75
Avena sterilis L. Wild oat 80 80
Alopecurus myosuroides Huds. Black-grass 22 22
Xanthium strumarium L. Common cocklebur 44 44
Portulaca oleraceae L. Common purslane 51 51
Echinochloa crus-galli (L.) P.Beauv. Barnyard Grass 79 79
Convolvulus arvensis L. Field bindweed 38 38
Cyperus rotundus L. Purple nutsedge 20 20
Chenopodium album L. Common lambsquaters 18 18
Other 24 24

* Total exceeds 100% due to more than one option being marked

When BKU dealers were asked about the most common weed species in the agricultural areas
of Adana province, the dealers who participated in the research stated that the most common
weed species in the agricultural areas are 80% Wild oat (Avena sterilis L.), 79% Barnyard Grass
(Echinochloa crus-galli (L.) P. Beauv.), 76% Johnsongrass (Sorghum halepense (L.) Pers.), %75
Wild mustard (Sinapis arvensis L.), 67% Redroot pigweed (Amaranthus retroflexus L.), 51%
Common purslane (Portulaca oleraceae L.), 44% Common cocklebur (Xanthium strumarium L.),
38% Field bindweed (Convolvulus arvensis L.), 24% other weeds, 22% Black-grass (4/opecurus
myosuroides Huds.), 20% Purple nutsedge (Cyperus rotundus L.) and 18% Common
lambsquaters (Chenopodium album L.) (Table 3). In a study conducted in the corn fields of
Adana region; Java-grass (Cyperus rotundus L.), Jungle rice (Echinochloa colonum (L.) Link)
and Wild melon (Cucumis melo var. agrestis Naudin) weeds were found to be important
problems [17]. In another study conducted in Adana province, it was reported that Convolvulus
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arvensis, Chenopodium album and Sinapis arvensis weed species were the most common in
sunflower surveys [18]. These studies are similar to the results we obtained.

The frequency and percentage (%) values of the answers given by the BKU dealers to the
question of the crops where weeds are dense are presented in Table 4.

Table 4. Crops with high weed density

Cultivated plant Frequency Percent (%)
Citrus 54 54
Maize 76 76
Cotton 58 58
Onion 25 25
Spinach 5 5
Sunflower 22 22
Wheat 78 78
Peanut 61 61
Radish 3 3
Soya beans 46 46
Pomegranate 8 8
Potato 10 10
Melon and watermelon 19 19
Banana 4 4
Other 4 4

* Total exceeds 100% due to more than one option being marked

When asked about the cultivated areas where weeds are most concentrated in Adana province,
the dealers reported the following: 76% in corn, 78% in wheat, 61% in peanut, 58% in cotton,
54% in citrus, 46% in soybean, 25% in onion, 22% in sunflower, 19% in melon and watermelon,
10% in potato, 8% in pomegranate, 5% in spinach, and 4% in banana and other cultivated areas
(Table 4).

According to previous studies, Avena sterilis L. and Sinapis arvensis L. [19] are common in
wheat cultivation areas in Adana. In corn fields, the dominant weed species include Cyperus
rotundus L., Echinochloa colonum L., and Cucumis melo var. agrestis Naudin [17]. Similarly,
in citrus fields, prevalent weed species include Cyperus rotundus L., Amaranthus viridis L.,
Portulaca oleracea L., Cynodon dactylon (L.) Pers., Amaranthus retroflexus L., Chenopodium
album L., Sorghum halepense (L.) Pers., Avena sterilis L., Chrysanthemum sp. and Convolvulus
arvensis L. [20]. The literature data align with the findings of our study, confirming high weed
densities in wheat, maize, and citrus cultivation areas.

The frequency and percentage (%) values of the answers given to the question of weed species
in density according to crop plants asked to the BKU dealers are presented in Table 5.
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Table 5. Weed species according to cultivated plants

Weeds Wheat Corn Cotton Peanut Sunflower Soybeans Onion Spinach Citrus Melon
Watermelon
F % F % F % F % F %> F % F % F % F % F %

Abutilon theophrastii Medik. - - 3 3 6 6 4 4 - - 2 2 - - - - 2 2 - -
Agropyron repens (L.) Beauv. - - - - - - - - - - 2 2 2 2 2 2 10 10 2 2
Alopecurus myosuroides Huds. 15 15 10 10 4 4 2 2 4 4 - - - - - - - - - -
Amaranthus retroflexus L. - - 29 29 6 6 15 15 6 6 12 12 6 6 - - 18 18 8 8
Avena sterilis L. 80 80 13 13 - - - - 9 9 - - 8 8 - - 2 2 - -
Chenopodium album L. 2 2 15 15 8 8 2 2 13 13 2 2 - - 10 10 8 8 8 8
Cyperus rotundus L. 2 2 17 17 28 28 30 30 - - 19 19 10 10 - - 8 8 5 5
Cucumis melo var. agrestis Naudin - - - - 18 18 22 22 2 2 13 13 - - - - - - - -
Cuscuta sp. - - - - - - - - 4 4 - - - - - - - - 2 2
Convolvulus arvensis L. 12 12 62 62 10 10 8 8 12 12 10 10 - - 2 2 4 4 - -
Descurainia sophia (L.) - - - - 2 2 - - - - - - - - - - 30 30 - -
Echinochloa crus-galli (L.) Beauv - - 26 26 8 8 27 27 2 2 35 35 10 10 2 2 52 52 6 6
Fumaria officinalis L. 18 18 6 6 - - - - - - - - - - - - - - - -
Orobanche spp - - - - - - - - 15 15 - - - - - - - - - -
Prosopis farcta (Banks& Sol.) J.F.Mac. - - 3 3 - - - - 8 8 - - - - - - - - - -
Portulaca oleraceae L. - - 8 8 4 4 37 37 - - 2 2 8 8 8 8 37 37 9 9
Setaria verticillata (L.) P.Beauv. - - - - 6 6 2 2 - - 8 8 - - - - 38 38 7 7
Sinapis arvensis L. 72 72 24 24 - - - - 2 2 2 2 5 5 2 2 12 12 - -
Sorghum halepense (L.) Pers - - 65 65 36 36 38 38 6 6 32 32 - - 9 9 36 36 22 22
Solanum nigrum L. - - - - 25 25 - - - - 3 3 - - - - - - 4 4
Vicia sativa L. 19 19 - - - - - - - - - - - - - - - - - -
Xanthium strumarium L. - - 13 13 17 17 - - 2 2 9 9 - - - - 5 5 2 2

*Since more than one option was marked, the total exceeds 100%.
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When the BKU dealers who participated in the research were asked about the dominant weed
species in cultivated plants grown in Adana province and its districts, their responses were
analyzed. Regarding problematic weed species in wheat cultivation areas, the dealers identified
eight significant species. Among these, Avena sterilis (80%) and Sinapis arvensis (72%) were
the most frequently reported. These were followed by Vicia sativa (19%), Fumaria officinalis

(18%), Alopecurus myosuroides (15%), Convolvulus arvensis (12%), Chenopodium album
(2%), and Cyperus rotundus (2%). The weed species mentioned by the dealers as problematic
in wheat cultivation areas show similarities with those reported in previous studies, including
A. sterilis, S. arvensis, A. myosuroides, and V. sativa [21]. In maize cultivation areas, the dealers
reported a high density of weed species, with the three most common being Sorghum halepense
(65%), Convolvulus arvensis (62%), and Amaranthus retroflexus (29%). Survey studies
conducted in maize cultivation areas in the Cukurova region have also identified 12 weed
species that have become prevalent in these fields [21, 22, 23]. These findings suggest that the
studies complement each other.

It was reported that 14 weed species were intensive in cotton cultivation areas and the top five
weed species were S. halepense 36%, C. rotundus 28%, S. nigrum 25%, C. melo 18% and X.
strumarium 17%. It was determined that 84% S. halepense, 64% P. oleracea, 60% X.
strumarium, 60% C. arvensis and 44% S. nigrum weeds took the first five places in the cotton
cultivation areas of Igdir province [24]. In a survey study conducted on cotton in
Kahramanmaras province, it was found that the most important weeds were X. strumarium
(85.71%) and S. halepense (85.71%) followed by Setaria spp. (71.42%) and others [25]. In a
survey study performed in cotton cultivation areas in Kahramanmaras province, it was
determined that the most important weed was S. halepense followed by C. arvensis [26]. In our
survey, similarities were found between the weeds stated by the dealers and the studies
conducted. In Tiirkiye, 79% of the peanut cultivation area and 81% of the production is realized
in Adana and Osmaniye.Adana has the highest yield with 3.8 tons/ha. This province is followed
by Osmaniye with 3.4 tons/ha [27]. Therefore, yield and quality of peanuts are important. They
stated that 11 weed species were found intensively in the peanut cultivation areas of the dealers
and 38% S. halepense, 37% P. oleraceae, 30% C. rotundus and 27% E. crus-galli were seen in
the first four rows. In studies conducted with peanuts, Sorghum halepense (L.) Pers., Xanthium
strumarium L., Convolvulus arvensis L., Amaranthus retroflexus L. and Portulaca oleracea L.
were found to occupy a significant area.

Although the prevalence and density of these weeds vary, they are important weeds in peanuts
[28-35]. In our survey, it was observed that the weeds S. halepense and P. oleraceae mentioned
by the dealers were similar to the weeds in the previous studies. In sunflower cultivation areas,
dealers reported that 13 weed species were problematic. The most common weeds were
Orobanche spp. (15%), C. album (13%) and C. arvensis (12%). In studies conducted in
sunflower cultivation areas in Osmaniye, Adana, Mersin and Osmaniye provinces of Cukurova
region, it was found that the most common weed species was Chenopodium album L. with a
frequency of 67.74% and the species with the highest percentage coverage was Convolvulus
arvensis L. with a coverage of 3.71% [5]. It is seen that the weeds identified in the study overlap
with the weeds in our study. Considering soybean cultivation areas; BKU dealers determined
that 14 weeds were problematic. However, E. crus-galli (35%), S. halepense (32%), C. rotundus
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(19%), C. melo (13%) and A. retroflexus (12%) weeds were found intensively. In a study
conducted with industrial crops in the Mediterranean region, it was reported that C. arvensis
(58.10%) and L. triloba (16.2%) weeds were found in soybean [36]. In the onion cultivation
areas, the dealers stated that 7 weed species were found intensively, and the first 3 weed species
were C. rotundus and E. crus-galli (10%), A. sterilis and P. oleraceae (8%), A. retroflexus (6%).
It was determined that our findings were similar to the weed species that [37] and [38]
determined as high frequency in their studies. It was reported that 7 important weed species
were found in spinach cultivation areas. Among these, 10% C. album, 9% S. halepense, 8% P.
oleraceae and 2% A. repens, C. arvensis, E. grus-galli, S. arvensis weed species are in the first
place. In a study conducted in spinach cultivation areas; the most important species were
Veronica hederifolia L. + Veronica persica Poiret., Fumaria officinalis L., Stelleria media (L.)
Vill, Sinapis arvensis L. and Cirsium arvense (L.) Scop. in the fall period; S. media, Lamium
amplexicaule L. + Lamium purpureum L., Chenopodium album L. and Amaranthus retroflexus
L. [39]. It can be said that some of the weed species in the study overlap with our study.

The dealers stated that 14 weed species were found intensively in citrus cultivation areas, with
the five most common being Echinochloa crus-galli (52%), Setaria verticillata (38%),
Portulaca oleracea (37%), Sorghum halepense (36%) and Descurainia sophia (30%). In a
study conducted in citrus orchards in Antalya province, the most prevalent weed species were
Xanthium strumarium (64%), Portulaca oleracea (60%), Sorghum halepense (60%), Cyperus
rotundus (50%), and Echinochloa crus-galli (45%) [40]. The findings of that study align closely
with the weed species identified in our research. The dealers also reported that 11 weed species
were found intensively in melon and watermelon cultivation areas, with the three most common
being Sorghum halepense (22%), Portulaca oleracea (9%), and Amaranthus retroflexus (8%)
followed by Chenopodium album. In a study conducted in watermelon cultivation areas, the
most common weeds were Chenopodium album, Amaranthus retroflexus, Heliotropium
europeum, Chenopodium botrys and Atriplex hortensis [41]. The results of that study also show
similarities with our findings.

Table 6 presents the frequency and percentage (%) values of the answers given to the question
of when the producer comes to you.

Table 6. When does the producer come to you?

Time Frequency Percentage (%)
Before planting the crop 52 52
After planting and before emergence 28 28
After product release 37 37
After weed emergence 69 69
After weed infestation 15 15

* Total exceeds 100% due to more than one option being marked

When the question directed to the dealers was analyzed in terms of chemical control, 69% of
the dealers stated that they came to the dealers after the weed emerged, 52% before planting the
crop, 37% after the crop emerged, 28% after planting the crop but before emergence and 15%
after the weed infestation (Table 6).
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The frequency and percentage (%) values of the answers given to the question “How do you
decide on chemical control?” are presented in Table 7.

Table 7. How do you decide on chemical control?

Decision making on chemical control Frequency Percentage (%)
By walking around in the field myself 67 67
By looking at samples and photos brought by producers 28 28
According to the manufacturer's request 74 74
Looking at the surrounding fields 9 9
Depending on the previous crop 4 4

* Total exceeds 100% due to more than one option being marked

When the dealers were asked how they decide on chemical control, 74% stated that they decide
on chemical control according to the request of the producer, 67% by walking around the field
myself, 20% by looking at the samples and photographs brought by the producers, 9% by
looking at other fields in the vicinity and 4% depending on the previous crop (Table 7).

The frequency and percentage (%) values of the answers given to the question about the crops
where herbicides are intensively used are given in Table 8.

Table 8. Cultivated plants where herbicides are intensively used

Cultivated plant Frequency Percentage (%)
Citrus 62 62
Corn 76 76
Cotton 57 57
Onion 13 13
Spinach 2 2
Sunflower 16 16
Wheat 73 73
Peanut 68 68
Soybeans 42 42
Pomegranate 6 6
Potato 4 4
Melon-watermelon 5 5
Banana 1 1
Other 3 3

* Total exceeds 100% due to more than one option being marked

In the survey, when asked about the crops where herbicides are used intensively, the dealers
responded as corn cultivation areas with a rate of 76%. Afterwards, 73% of the dealers reported
wheat, 68% peanut, 62% citrus, 57% cotton, 42% soybean, 16% sunflower, 13% onion, 6%
pomegranate, 5% melon and watermelon, 4% potato, 3% other, 2% spinach, 1% banana
plantations (Table 7). [42], in their study, when the dealers were asked about the proportion of
cultivated plants for which the most plant protection products were sold in our province, 28%
of them stated that cotton, 23% wheat, 17% corn, 13% lentils, 10% pistachios, and 9%
vegetables, and it can be said that the study data are in parallel with our results.
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The frequency and percentage (%) values of the answers given to the question of
herbicide application periods according to crop plants asked to the BKU dealers are given in
Table 9.

Table 9. Herbicide application periods according to cultivated plants

Cultivated plant Pre-exit Post-exit Pre-exit + Post-exit
Frequency  Percentage  Frequency Percentage Frequency Percentage
(%) (%) (%)
Citrus 21 21 52 52 13 13
Corn 73 73 73 73 52 52
Cotton 67 67 51 51 43 43
Onion 24 24 17 17 11 11
Spinach 1 1 - - - -
Sunflower 25 25 16 16 7 7
Wheat 27 27 74 74 13 13
Peanut 69 69 63 63 57 57
Radish - - 1 1 - -
Soybeans 51 51 46 46 34 34
Pomegranate 2 2 5 5 1 1
Potato 4 4 3 3 - -
Melon-watermelon 1 1 8 8 1 1
Other 2 2 1 1 - -

* Total exceeds 100% due to more than one option being marked

When the BKU dealers participating in the research were asked about the herbicide application
periods according to the crops, 29% of them stated that they used pre-emergence herbicide and
71% used post-emergence herbicide. 81% of the dealers stated that they used herbicides in both
pre-emergence and post-emergence periods and 19% stated that they did not use herbicides. It
is seen that post-emergence herbicides are mostly used in cultivated plants (Table 9). The crops
where dealers used post-emergence herbicides the most were wheat plantations with 74%. After
that, they used 73% in maize, 63% in peanut, 52% in citrus, 51% in cotton, 46% in soybean,
17% in onion, 16% in sunflower, 8% in melon and watermelon, 5% in pomegranate, 3% in
potato and 1% in radish and other crops. Among the crops for which they used pre-emergence
herbicides, 73% of the crops were corn and 69% were peanuts. These were followed by cotton
with 67%, soybean with 51%, wheat with 27%, sunflower with 25%, onion with 24%, citrus
with 21%, potato with 4%, pomegranate and other crops with 2%, spinach and melon-
watermelon with 1% (Table 8). They stated that there were 10 crops for which both pre-
emergence and post-emergence herbicides were used, 52% of which were peanut plantations,
52% corn, 43% cotton, 34% soybean, 13% wheat and citrus, 11% onion, 7% sunflower, 1%
pomegranate and melon-watermelon plantations.

The frequency and percentage (%) values of the answers given to the question of
herbicides used intensively in agricultural areas, which was asked to the BKU dealers, are given
in Table 10.
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Table 10. Herbicides used intensively in agricultural areas

Active Substance Product Used Frequency  Percentage
(%)
S-Metolachlor + Terbuthylazine Sunflower, Corn, Chickpea, Cotton, 26 26
Sweet Corn
Isoxaflutole + Thiencarbazone-methyl Corn 58 58
+ Cyprosulfamide
Glyphosate Potassium Salt Citrus, Vineyard, Hazelnut, Olive, 72 72
Cultivated Crop Areas
Pendimethalin Onion, Cotton, Sunflower, Corn, Beans, 62 62
Tobacco, Carrot
Mesotrione + Nicosulfuron Corn 38 38
Mesosulfuron-methyl + Wheat 56 56
Thiencarbazone-methyl +
Iodosulfuron-methyl-sodium +
Mefenpyr-diethyl
Dimethenamid-p Corn 11 11
Clethodim Cotton, Tomato, Red Lentil, Potato, 65 65
Onion, Sugar Beet
Nicosulfuron Corn 28 28
Indaziflam Citrus, Vineyard, Apple, Peach 16 16
Halauxifen-methyl+Pyroxsulam + Wheat 18 18
Cloquintocet-acid (Safener)
Dicamba-+Triasulfuron Wheat, Barley
Glyphosate Isopropylamin Salt Citrus
Quizalofop-p-ethyl Sunflower, Vineyard, Tomato, Canola,
Red Lentil, Chickpea, Cotton, Soybean,
Sugar Beet
Diquat dibromide Apple 3 3
Mesotrione + Nicosulfuron Comn 5 5
S-Metolachlor + Benoxacor Cotton, Tomato 8 8
Mesotrione + Nicosulfuron Corn 4 4

Other 35 35

* Total exceeds 100% due to more than one option being marked

When asked about the herbicides commonly used in agricultural areas, 72% of the dealers stated
that Glyphosate Potassium Salt is intensively used in citrus, vineyard, hazelnut, olive and non-
cultivated areas in Adana province and districts (Table 10). Subsequently, 65% of the dealers
used clethodim in cotton, tomato, red lentil, potato, onion and sugar beet crops, and 62% used
pendimethalin in onion, cotton, sunflower, maize, bean, tobacco and carrot crops, 58% used
isoxaflutole + thiencarbazone-methyl + cyprosulfamide herbicide in maize, 56% used
Mesosulfuron-methyl + Thiencarbazone-methyl + Iodosulfuron-methyl-sodium + Mefenpyr-
diethyl herbicide in wheat, 38% used Mesotrione + Nicosulfuron in maize. [43], in his survey
study, stated that 46% of the producers used herbicides in the GAP Region, 55% in Diyarbakar,
51% in Mardin, 51% in Sanliurfa and 34% in Sanlurfa.

The frequency and percentage (%) values of the answers given to the question of weed
species that cannot be controlled with herbicides asked to the BKU dealers are given in Table
11.
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Table 11. Weed species that could not be controlled with herbicides

Latin name English name Frequency Percentage
(Y0)
Avena sterilis L. Wild oat 58 58
Convolvulus arvensis L. Field bindweed 37 37
Asyneuma rigidum (Willd.) Grossh. subsp. rigidum  Broom grass 32 32
Echinochloa crus-galli (L.) P.Beauv. Barnyard grass 15 15
Cyperus rotundus L. Purple nutsedge 26 26
Amaranthus retroflexus L. Redroot pigweed 13 13
Sorghum halepense (L.) Pers. Johnsongrass 24 24
Malva sylvestris L. High mallow 4 4
Portulaca oleraceae L. Common purslane 11 11
Prosopis farcta (Banks& Sol.) J.F.Mac. Prosopis 6 6
Cucumis melo var. agrestis Naudin Wild Melon 7 7
Other 5 5

* Total exceeds 100% due to more than one option being marked

In the study, 62% of the dealers answered "yes", and 38% answered "no" to the question of
whether there were weed species that could not be controlled after the use of herbicides. Those
who answered "yes" were then asked which weed species remained uncontrolled despite
herbicide application. In response, 58% of the dealers mentioned Avena sterilis, 37%
Convolvulus arvensis, 32% Alopecurus rigidum, 26% Cyperus rotundus, 24% Sorghum
halepense, 15% Echinochloa crus-galli, 13% Amaranthus retroflexus, 11% Portulaca
oleracea, 7% Cucumis melo, 6% Prosopis farcta, 5% other species, and 4% Malva sylvestris
(Table 10).

Additionally, during interviews with the dealers, they stated that the problem of herbicide
resistance is becoming increasingly serious due to the intensive and improper use of herbicides,
leading to weeds becoming uncontrollable.

It was reported that the weed species identified by dealers as resistant to herbicides include
Sorghum halepense, Amaranthus retroflexus, Echinochloa colonum, Echinochloa crus-galli,
Sinapis arvensis, Avena sterilis, and Xanthium strumarium worldwide, while in Tiirkiye, the
primary resistant species were Avena sterilis, Echinochloa crus-galli, and Sinapis arvensis [44].

The frequency and percentage (%) values of the answers given to the question “Areas where
total chemical control is practiced” asked to the BKU dealers are presented in Table 12.

Table 12. Areas where total chemical control was carried out

Area Frequency Percentage (%)
Garden 50 50
Irrigation Canals 16 16
Park 5 5
Hard floor 5 5
Other 9 9

*More than one option is marked

When BKU dealers who participated in the survey were asked whether total chemical control
is practiced, 66% of the dealers answered yes and 34% answered no. Those who answered yes
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to this question were asked in which areas do you carry out chemical control? 50% of the dealers
stated that they apply chemical control in gardens, 16% in irrigation canals, 9% in other areas,
and 5% in parks and hard surfaces (Table 12).

The frequency and percentage (%) values of the answers given to the question of the herbicides
used intensively in total weed control and the licensed products are presented in Table 13.

Table 13. Herbicides used intensively in total weed control and licensed products

Active Substance Licensed Products Frequency Percentage
(%)
Glyphosate Isopropylamin Salt Citrus 58 58
Diquat Dibromide Citrus, Apple, Apricot, Cultivated 23 23
Crop Areas
Oxyfluorfen Pear, Sunflower, Cauliflower, Citrus, 11 11
Onion
Glufosinate Ammonium Salt Fruit, Vineyard, Citrus 7 7
Glyphosate Ammonium Salt  Citrus, Vineyard, Hazelnut and Olive 13 13
Sonrount Citrus, Vineyard, Hazelnut, Fruit 3 3
Gardens, Crop-free Areas
Knockdown Citrus, Vineyard, Hazelnut, Fruit 3 3
Gardens, Crop-free Areas
Other 9 9

*More than one option is marked

When asked about the herbicides used intensively in total weed control, 58% of the BKU
dealers used glyphosate isopropylamine salt active ingredient herbicide licensed in citrus areas,
23% used Diquat dibromide licensed in citrus, apple, apricot and non-cultivated areas, 13%
used Diquat dibromide licensed in citrus, vineyard, glyphosate ammonium salt in hazelnut and
olive, 11% used Oxyfluorfen in pear, sunflower, cauliflower, citrus and onion, 9% used
herbicides with other active ingredients, 3% used Sonrount and Knockdown herbicides in citrus

fruits, vineyards, hazelnuts, orchards and areas where cultivated plants are not grown (Table
13).

4. Conclusion
In this study, a questionnaire survey was conducted with licensed BKU dealers affiliated to
Adana Provincial Directorate of Agriculture and Forestry in order to determine the weeds that
are problematic in agricultural areas and cultivated plants in Adana province and districts, the
chemical control status in agricultural and non-agricultural areas and the status of herbicide
resistant weeds. More than half of the dealers (61%) stated that the weed level in their
agricultural areas was 'dense'. They reported that although weed species in agricultural areas
varied according to the cultivated plants, the most problematic weed species were A. sterilis
(80%), E. crus-galli (79%), S. halepense (76%) and S. arvensis (75%). The crops with the
highest weed densities were wheat (78%), corn (76%), peanut (61%) and cotton (58%). They
stated that post-emergence herbicides were mostly used in agricultural areas and the most
chemical control was carried out in wheat with 74%, followed by 73% in maize and 63% in
peanut cultivation areas. Additionally, they noted that the most commonly used herbicides
contained the active ingredients glyphosate potassium salt (72%), clethodim (65%), and
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pendimethalin (62%). The dealers also emphasized that 62% of them observed a herbicide
resistance problem in the agricultural areas of Adana province and its districts. Despite
herbicide applications, they reported that Avena sterilis (58%), Convolvulus arvensis (37%),
Alopecurus rigidum (32%), and Cyperus rotundus (26%) were the most resistant weed species
and could not be effectively controlled. They warned that herbicide resistance is increasing due
to the intensive and improper use of herbicides. Furthermore, 66% of the dealers stated that
total weed control was applied, with herbicides containing glyphosate isopropylamine salt and
diquat dibromide being the most frequently used. In order to overcome the development of
herbicide resistance and to promote sustainable agriculture, it is recommended that farmers
implement an Integrated Weed Management (IWM) strategy. This involves a reduction in the
reliance on herbicides, with the incorporation of cultural, mechanical, and biological control
methods. In addition, the rotation of herbicide modes of action is to be encouraged. Diversifying
the range of crops grown and utilising cover crops are effective strategies for weed control,
thereby reducing the amount of herbicide required. Regular monitoring of weed populations for
resistance is essential. It is incumbent upon policy makers to fortify programmes for the
management of herbicide resistance, to advocate research into non-chemical control
methodologies, and to furnish farmers with the requisite training. Nevertheless, the
implementation of more stringent regulations pertaining to the use of herbicides, incentives for
the adoption of sustainable practices, and an enhancement in the level of cooperation among
the various stakeholders involved have the potential to facilitate the achievement of long-term
and sustainable weed management objectives through the effective implementation of weed
control methodologies.
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