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Kale (Brassica oleracea L. var. sabellica L.) is a bi-
ennial crop from the Brassicaceae (Burnett) family, 
one of the oldest vegetable species known to man. 
It is characterised by  wide leaves along the  stem 
and a strong, deep, well-developed root system. Tall 
varieties can reach 80–90  cm in  height and have 
a  slightly smaller diameter. In  the first year, kale 
produces many large, strongly corrugated, thick 
leaves on a stocky stem in a spreading rosette, while 
in  the second year, it forms a  flower shoot, flow-
ers, and seeds. The  leaves are usually dark green, 
but in  some varieties, they can be purple-green, 
purple, purple-brown, or even variegated. Kale 
plants contain organic and mineral compounds 
(Ayaz et al. 2006), and their high nutritional value 
has led to increased cultivation and consumption. 
The  edible part of  kale is the  leaves, most often 
oval or elongated-oval in shape, pinnate, and rich 
in  many basic nutrients (Zdrojewicz et al. 2016). 

They are used for freezing or for the fresh market 
as an ingredient in salads, for cooking, or for deco-
rating dishes (Kapusta-Duch 2020). Small soil re-
quirements, high frost and drought resistance, and 
moderate requirements contribute to  the expan-
sion of  its cultivation area. Kale can be harvested 
from late autumn through winter by  breaking off 
the lower, oldest leaves (Korus 2015).

Kale is moderately sensitive to weed competition, 
which may negatively affect plant growth and de-
velopment, leaf size and quality, and make harvest-
ing difficult. It may also contribute to  infestations 
by  diseases and pests. Such effects are observed 
in many vegetable crop species (Rudnicki & Jaskul-
ski 2006). Weeds growing from the  beginning 
to the middle of the vegetation period are particu-
larly harmful (Dobrzański & Adamczewski 2009). 
There are a few studies on the impact of weeds on 
kale yield losses. In Great Britain, the yield of kale 
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grown free of weeds was 20.9–34.5 t/ha, and with-
out weed control decreased by  9.4–18.9 t/ha (El-
liott & Cox 2006). Couch grass (Elymus repens – 
AGRRE) can reduce the  yield of  vegetable crops 
by more than 30–40%. In crops sensitive to weed 
infestation, e.g., vegetable crops from seed, losses 
can be much higher (Adamicki & Dobrzański 1999). 
The  long-term studies carried out by  Dobrzanski 
et al. (2003) showed that the average fresh biomass 
of weeds 30 days after planting pepper was 8.8 t/ha 
(range 2.6 to 11.6 t/ha) and was mainly determined 
by weather conditions during the growing season.

Integrated weed management is based on knowl-
edge of  weeds' biological and ecological charac-
teristics to understand how cultural practices can 
modulate their presence. This system, based on 
the precise use of herbicides adjusted to weed in-
festation, combined with mechanical, biological, 
and agrotechnical methods, is the base of sustain-
able agriculture (Bond & Groundy 2001; Bond et al. 
2003; Gołębiowska & Domaradzki 2010). Herbici-
des cannot be the primary tool for regulating weed 
infestation in vegetable crops; they should be supp-
lemented by other methods, especially mechanical 
and physical ones. Such systems are effective and 
allow the production of healthy products. An  im-
portant trend influencing improvements in food sa-
fety is minimising the use of chemical plant protec-
tion products and limiting their adverse impact on 
people and the environment (Mennan et al. 2009; 
Pruszyński et al. 2012). Herbicide use is economi-
cally the most profitable method, but it has become 
less socially acceptable.

During the  growing season, weeds can be con-
trolled mechanically or manually (Adamczewski 
& Dobrzański 2008). Kale is grown with wide row 
spacing, usually 50–75 cm, which allows mechanical 
weeding until the interrows are covered. Traditional 
mechanical treatments in the inter-rows should be 
performed at least 5 cm from the crop rows to avoid 
damaging the  root system (Dobrzański & Adamc-
zewski 2009). Too frequent mechanical weeding 
can lead to soil drying and degradation (Dobrzański 
&  Adamczewski 2006; Woźnica 2008). Modern 
weeders equipped with torsion elements can also 
control weeds in  rows, causing little plant dam-
age and no yield reduction (Dobrzański & Adam-
czewski 2006; Adamczewski & Dobrzański 2008). 
For practical use, innovative robots can also be im-
plemented for  intra-row weeding (van der Weide 
et al. 2008; Melander et al. 2015).

Flame weeding is a physical method of control-
ling weeds that utilises propane. This technique is 
commonly used in  organic farming but can also 
be applied in  conventional or integrated farm-
ing (Melander et al. 2005; Ascard 2007). However, 
the effects of flame-weeding are often short-lived. 
During the treatment, only the aboveground parts 
of the weeds are damaged, while the roots remain 
intact, allowing the  weeds to  regrow. The  effec-
tiveness of flame weeding depends on the amount 
of  heat  produced by  the device, the  duration 
of  the plants' exposure to  high temperatures, and 
the weed's growth stage, with younger plants being 
more sensitive to heat (Dobrzański 1996; Peerzada 
& Chauhan 2018).

The studies aimed to  assess the  impact of  dif-
ferent weed control methods on kale growth and 
yield, weed infestation, and to determine whether 
reducing chemical protection by  replacing it with 
non-chemical methods is possible.

MATERIAL AND METHODS

The study on kale was  conducted in  2018–2020 
in Skierniewice, Poland (Latitude: 51.9592° N, Longi-
tude: 20.1468° E). Field experiments were established 
on luvisol soil containing 1.3–1.5% organic matter and 
with a pH of 6.3–6.5. The effectiveness of various weed 
control methods was compared, including: mechani-
cal weeding (2–3 treatments), flame weeding (2 treat-
ments), a combination of mechanical weeding (1 treat-
ment) and flame weeding (1–2  treatments), herbicide 
application before planting, followed by flame weed-
ing after planting and herbicide application both be-
fore and after kale planting. In  the combined treat-
ments, pendimethalin [Stomp Aqua  455  CS (BASF 
Agro B.V., Neetherlands)] was applied at 1 593 g/ha 
before planting, followed by  1–2  flame weeding 
treatments after planting. Chemical weed control 
utilised metamitron [Goltix 700 SC (ADAMA Pol-
ska Sp. z o.o. Poland)] at  1  400  g/ha before plant-
ing, and also metamitron at  1 400  g/ha combined 
with pyridate [Lentagran 45 WP (Certis Belchim 
B.V. Neetherlands)] at  675  g/ha, applied 1–3 weeks 
after planting. Pyridate was  also used alone at  dos-
ages of 747 g/ha and 585 g/ha, in  conjunction with 
the adjuvant Olbras 88 EC (Obrol Kulczyński sp. k., 
Poland) (1.5 L/ha). Additionally, pyridate was applied 
using a split application method (360 g + 360 g/ha) 
with a 14-day interval.
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The trial was  conducted using a  completely ran-
domised block design with 4 replications. Kale trans-
plants of the Reflex F1 variety (Winterbor in 2020) were 
planted on May 16, 2018, May 7, 2019, and May 14, 
2020, with a spacing of 50 × 55 cm. The area of  the 
mechanically weeded plots was 12.15 m2, while the re-
maining plots were 12.4 m2. Mechanical weed control 
was performed to a depth of 2–3 cm using the tractor 
weeder "Ecopielnik EP-4", which was  equipped with 
traditional weeding elements such as hoe blades and 
riffle knives, as  well as  finger and torsion elements. 
Based on the dynamics of weed emergence, 2–3 me-
chanical treatments were conducted 18–21, 27–29, 
and 36 days after planting. Flame weeding in  the 
inter-rows was carried out using a flame weeder with 
a working width of 16 cm and a pressure of 2 MPa. 
In plots where flame weeding was the only method 
of  weed control, treatments were applied at  14–21 
and 26–34 days after planting; in the remaining plots, 
at  16–29, 26–28, and 36 days after planting. Af-
ter flame weeding, supplementary hand weeding 
of the rows was performed. Herbicides were sprayed 
using a wheel sprayer equipped with a 2.7 m-wide field 
boom and DG Tee-Jet (TeeJet Technologies, USA) 
110-02 VS flat fan nozzles, applying 230 L/ha of wa-
ter generated by compressed air. Throughout the ex-
periment, air and soil temperatures, as well as rainfall, 
were recorded. During periods of water shortage, kale 
was irrigated using a reel-type sprinkler.

The effectiveness of various weed control methods 
was  evaluated through both estimated assessments 
and quantitative measurements, using unweeded 
plots for comparison. The efficacy of individual weed 
species was  assessed 37 to  42 days after planting, 
when the  herbicidal effects were at  their strongest, 

using a visual estimation method expressed as a per-
centage (%) of weed control. The number and biomass 
of weeds were determined after the final assessment 
of weed control by counting individuals of each spe-
cies within a 20 × 50 cm frame at 4 randomly selected 
locations in the plots, at 38–47 days after kale planting. 
The  weeds at  that  time were at  growth stages rang-
ing from BBCH 14–16 to  BBCH 39. The  secondary 
weed infestation, expressed as soil weed coverage (%), 
was assessed 116–138 days after planting, before har-
vest. Concurrently, the  biomass of  the aboveground 
parts of  kale, including the  biomass of  whole leaves 
and leaf blades, was determined. Sampling 10 plants 
from each plot was used to measure, and the results 
were converted to  a  single plant. Kale leaves were 
manually harvested at  full maturity (118–140 days 
after planting), and marketable and non-marketable 
yields per ha were determined. The results were sta-
tistically analysed using variance analysis in  Statis-
tica (version 13.0). The Newman-Keuls test (P = 0.05) 
was used to assess differences in means, and the analy-
sis was performed on the raw data.

RESULTS 

Weather conditions during the experiments var-
ied from year to  year. Still, they were moderately 
favourable for  kale development (Figure 1). Tem-
peratures at  the beginning of  the growing season 
varied considerably, with a  predominance of  cool 
days in April, which may have limited plant growth 
and initial development. In the middle of the grow-
ing season (June and July), higher and more even 
temperatures were observed, which may have fa-
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voured more intensive growth and leaf mass de-
velopment. Toward the end of the growing season 
(August and September), air temperatures gradual-
ly decreased, which may have benefited the quality 
and final yield of kale. During the analysed period, 
there were significant variations in total rainfall be-
tween years and between individual months of the 
growing season. During periods of water shortage, 
the  field experiments were irrigated using a  reel-
type sprinkler.

The floristic assessment conducted 38–47 days 
after kale planting revealed that  the kale experi-
ments were infested with 13 weed species (Fig-
ure 2), which were at growth stages ranging from 
BBCH 14–16 to  BBCH 39. Two species were 
dominant: Capsella bursa-pastoris (CAPBP), with 
a  density of  236 pcs/m2, and Chenopodium al-
bum (CHEAL), with a  density of  116.9 pcs/m2. 

The weeds at  lower densities, including Galinsoga 
parviflora (GASPA) at  46.2 pcs/m2 and Thlaspi 
arvense (THLAR) at  31.5  pcs/m2, were also pre-
sent. The densities of the remaining species ranged 
from 0.2 to  7.9  pcs/m2. Occasionally, weeds such 
as Stellaria media (STEME), Sinapis arvensis (SI-
NAR), Urtica urens (URTUR), Geranium pusillum 
(GERPU), Polygonum spp. (POLSS), and Poa an-
nua (POAAN) appeared, but their densities were 
not assessed. C. album is one of the most danger-
ous weeds for kale, due to rapid growth, inhibition 
of access to light, and shading the plants.

The weed infestation was assessed by soil cover-
age of weed species, which reflects their competi-
tive properties. In kale, soil weed coverage varied, 
but it did not fully correlate with the number of in-
dividual weed species present. The  weed species 
with the highest soil coverage were: C. bursa-pasto-
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ris – 40.7%, G. parviflora – 7.9%, C. album – 6.9%, 
and T. arvense – 6.3% (Figure 2B). The soil cover-
age by other weed species ranged from 1.0 to 2.8%. 
The  level of  soil coverage is influenced by  the 
number of weeds of a given species and its growth 
habits, as well as by  the crop's competitive effect. 
The  rapid and vigorous growth of  weeds results 
in extensive soil cover, even at low numbers.

 The results indicate differences in  the effec-
tiveness of  weed control methods in  managing 
both general weed populations and specific spe-
cies. Table 1 shows data collected 37 to  42 days 
after kale planting. Mechanical weeding proved 
the most effective method, giving 98% total weed 
control. The  use of  herbicide metamitron before 
planting, followed by  post-planting applications 
of pyridate, resulted in 96% weed control. Another 
effective strategy involved applying pendimetha-
lin before planting, followed by one to  two treat-
ments of flame weeding after planting the kale, and 
at weed emergence, resulting in a total weed con-
trol of 93%. The efficacy of metamitron and pyri-
date at  full doses, pyridate at a reduced rate with 
an oil adjuvant, and pyridate with a split applica-
tion method were comparable to  flame weeding 
and to  the combined mechanical treatment with 
flame weeding, and all ranged from 81% to 85%.

Weed species responded differently to  weeding 
methods. Mechanical treatments, as  well as  the 
use of herbicides metamitron + pyridate, provided 
the  control of  broadleaved weed species, such as: 
C.  album, T. arvense, C. bursa-pastoris, G. parvi-
flora, Matricaria maritima ssp. inodora (MATIN), 
Erodium cicutarium (EROCI), Amaranthus retro-
flexus (AMARE), and Echinochloa crus-galli (ECH-
CG) at  the range of  94–100%. The  efficacy of  re-
maining weed species ranges from 64 to 67%. 

The system based on pendimethalin use be-
fore planting, followed by  one to  two treatments 
of  flame weeding, provided weed control ranging 
from 94% to  100% for  species such as  C. album, 
T. arvense, and M. maritima ssp. inodora, E. cicu-
tarium and A. retroflexus. Senecio vulgaris (SEN-
VU) control was  85%, G. parviflora 82%, while 
Lamium amplexicaule (LAMAM) and Polygonum 
persicaria (POLPE) 61% and 67%, respectively.

Other methods show greater differences in weed 
species control, though some are very effective. 
Metamitron at  the rate of  1400  g/ha complete-
ly controlled M. maritima ssp. inodora (100%), 
the  efficacy of  pyridate at  the rate of  747  g/ha 

against T.  arvense, G. parviflora, M. maritima 
ssp. inodora, E. cicutarium and A. retroflexus 
ranged from 98 to  100%. Pyridate with an  ad-
juvant has  controlled species such as  C. album, 
G. parviflora, E. cicutarium, and A. retroflexus 
at  97–100%, and pyridate with the  split applica-
tion method has  controlled T.  arvense, G. parvi-
flora, M. maritima ssp. inodora, E. cicutarium and 
A. retroflexus at  99–100%. Herbicides effectively 
protected kale against weeds from planting until 
the inter-rows were covered.

The efficacy of  flame weeding ranged from 34% 
to 94%, while the combined mechanical treatment 
and flame weeding method ranged from 53% 
to  100%. Thermal flame weeding was  conducted 
in the inter-rows using a shield to protect the kale 
plants from the high temperatures generated by the 
flames during gas  combustion. However, these 
shields did not completely prevent damage to  the 
kale plants, with damage reaching up to 4%. The ex-
tent of the damage largely depended on the preci-
sion with which the flame nozzle and shield were 
guided. Although the  effectiveness of  thermal 
weeding is slightly lower than that of herbicides, it 
remains beneficial for kale. While mechanical tre-
atments combined with flame weeding generally 
demonstrated lower effectiveness than mechanical 
treatments alone, they were particularly successful 
in controlling weeds such as T. arvense, M. mariti-
ma ssp. inodora, and E. cicutarium.

In the experiments presented, the total weed count 
of 454 pcs/m2 and biomass of 2 084.6 g/m2 were re-
corded in  the check at  38–47 days after planting. 
The  number and biomass of  weeds varied widely 
depending on the weed control method (Table 2). 
The greatest weed reduction was achieved through 
non-chemical methods, including mechanical 
treatment, thermal flame weeding, and a combina-
tion of  mechanical treatment and flame weeding. 
The  use of  metamitron before planting, followed 
by pyridate after planting, as well as pendimethalin 
before planting combined with flame weeding after 
planting, proved effective also. The number of un-
damaged weeds ranged from  0  to  4.3% compared 
to the check.

A  relatively high weed infestation was  ob-
served after herbicide application. Low effective-
ness was recorded after the use of pyridate at  the 
rate of  747  g/ha, where the  number of  remaining 
weeds was 37.7%, compared to  the check, and af-
ter the split-application method use, in  two doses 
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at  360  g/ha (35.1%), and after the  use of  pyridate 
at  the rate of  585  g/ha, with the  addition of  Ol-
bras 88 EC adjuvant (23.4%). The biomass of weeds 
on these objects, compared to the check, was 9.4%, 
6.8%, and 6.9%, respectively. The  impact of  meta-
mitron on weeds was  less significant than that  of 
the  combined use of  metamitron and pyridate. 

Metamitron with pyridate effectively reduced both 
weed numbers and biomass, suggesting this weed 
control system is optimal.

An important indicator of plant growth is the bio-
mass of  the aboveground parts (Table 3). In  kale, 
the  average biomass of  the aboveground parts 
ranged from 1.94 to  2.53  kg/plant, representing 

Weed management method, 
herbicide, rates per ha

Number of weeds Biomas of weeds
Secondary weed 

infestation **Broadleaved Total Broadleaved Total
38–47 days after planting

Mechanical treatments (3×)* 0.0a 0.0a 0.0a 0.0a 1.1a

Metamitron – 1 400 g 10.9b 12.3b 7.9a 14.5b 1.0a

Metamitron – 1 400 g + pyridate 
– 675 g 1.6a 3.9a 0.3a 5.0a 0.6a

Pyridate – 747 g 37.7c 38.7c 9.4b 13.0b 0.4a

Pyridate – 585 g + ... + Olbras 88 EC 
– 1.5 L 23.4c 23.7c 6.9a 7.7a 0.7a

Pyridate – 360 g + pyridate – 360 g 35.1c 36.4c 6.8a 10.7b 0.7a

Pendimethalin – 1 593 g + ... 
+ flame weeding * 3.5a 3.5a 0.5a 0.6a 1.2a

Flame weeding * 4.0a 5.3a 1.2a 1.5a 1.6a

Mechanical treatments * + ... 
+ flame weeding * 4.3a 4.4a 1.2a 1.3a 1.5a

Check 450.4 pcs/m2

(= 100%)
454.0 pcs/m2

(= 100%)
2045.8 g/m2

(= 100%)
2 084.6 g/m2

(= 100%) 1.5a

* The treatments were supplemented by hand weeding of the rows immediately afterwards; ** the assessment was per-
formed 116–138 days after planting; values in columns, followed by the same letter, are not significantly different at the 
5% level, according to Newman-Keul's multiple range test

Table 2. The impact of weed management methods on weeds present in kale, after 38–47 days after planting (means 
from 2018–2020)

Weed management method, 
herbicide rates per ha 

Biomass of aboveground  
part of 1 plant

Biomass of leaves  
per 1 plant 

Biomass of leaf blades  
per 1 plant

(kg) (%) (kg) (%) (kg) (%)
Mechanical treatments (3×)* 2.53a 142.9 1.76a 141.9 1.21a 155.1
Metamitron – 1 400 g 1.94cd 109.6 1.33cd 107.3 0.83bc 106.4
Metamitron – 1 400 g + pyridate – 675 g 1.97cd 111.3 1.36cd 109.7 0.85bc 109.0
Pyridate – 747 g 1.97cd 111.3 1.36cd 109.7 0.87bc 111.5
Pyridate – 585 g + ... + Olbras 88 EC – 1.5 L 2.08c 117.5 1.42cd 114.5 0.92bc 117.9
Pyridate – 360 g + pyridate – 360 g 1.95cd 110.2 1.35cd 108.9 0.84bc 107.7
Pendimethalin – 1 593 kg + ... + flame weeding * 2.06c 116.4 1.45c 116.9 0.91bc 116.7
Flame weeding * 2.09c 118.1 1.40cd 112.9 0.97bc 124.4
Mechanical treatments * + ... + flame weeding * 2.32b 131.1 1.62b 130.6 1.01b 129.5
Check 1.77d 100.0 1.24d 100.0 0.78c 100.0

* The treatments were supplemented by hand weeding of the rows immediately afterwards; values in columns, followed 
by the same letter, are not significantly different at the 5% level, according to Newman-Keul's multiple range test

Table 3. The impact of weed management methods on the biomass of the aboveground parts of kale, at 116–138 days 
after planting (means from 2018–2020)
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a 9.6% to 42.9% increase compared to non-weeded 
plants (1.77 kg/plant). The average biomass of en-
tire leaves per plant also showed a  similar trend, 
ranging from 7.3% to  41.9% higher than the  non-
weeded control (1.24 kg/plant). There was greater 
variation in the biomass of the leaf blades per plant, 
which were obtained by  mechanically separating 
the  lamina from the  main leaf veins and petioles. 
The average biomass was found to be 6.4% to 55.1% 
higher than that of the control leaves. The highest 
leaf biomass was  recorded for  kale that  was  me-
chanically weeded at  1.21  kg per plant, followed 
by  mechanically combined with flame weeding 
at  1.01  kg per plant, and flame weeding alone 
at 0.97 kg per plant. Differences in  leaf blade bio-
mass across weed control methods may result from 
the combined effects of reduced weed competition 
and stress responses induced by these methods.

The data indicate that  different weed manage-
ment methods can affect leaf and petiole size, 
but do not significantly affect overall kale yield. 
Although higher leaf biomass is expected to  lead 
to a higher yield, this is not always the case.

The impact of  various weed control methods on 
kale is summarised in Table 4. The results of the phy-
totoxicity tests conducted at 14–24 and 21–31 days 
after planting were presented. The  least damage 
was  observed after mechanical treatments (0.1%) 

and mechanical treatments combined with flame 
weeding (0.1% to  0.6%). Flame weeding was  con-
ducted using a flame nozzle equipped with a shield 
that protects the crop from the flame. Damages from 
flame weeding depend on the precision of the treat-
ment. Key factors are the accurate positioning of the 
flame nozzle, the growth stage of the kale plants, and 
the wind power during treatment. The most serious 
damage was obtained after flame weeding, starting 
when the kale plants were young.

Phytotoxicity caused by  herbicides was  high-
est between 21 and 31 days after planting, ranging 
from 0.7% with pyridate applied with the split ap-
plication method to 3.8% with pyridate combined 
with the adjuvant Olbras 88EC. These results indi-
cate that  the addition of an adjuvant can enhance 
the effectiveness of herbicides, but it may also lead 
to  increased phytotoxicity to  the crop. The symp-
toms of damage caused by the weed control meth-
ods gradually disappeared or were masked by  the 
growth of  expanding leaves. Overall, these symp-
toms had no significant long-term impact on kale 
plant growth, suggesting that  any adverse effects 
were only temporary.

The effectiveness of  weed control methods 
can be evaluated by  both the  number of  weeds 
removed shortly after treatment and the  level 
of  secondary weed infestation, which reflects 

Weed management method, 
herbicide rates per ha

Phytotoxicity to kale 
(%)**

The ground coverage 
by kale (in %)** Yield of kale leaves Biomass of whole 

kale plants
14–24 dap 21–31 dap 65–79 dap 116–138 dap ** t/ha % t/ha %

Mechanical treatments (3×)* 0.1 0.0 95.8 93.8 61.37a 132.3 87.67a 134.1
Metamitron – 1 400 g 2.2 1.5 95.2 91.3 49.26b 106.2 70.96b 108.5
Metamitron – 1 400 g 
+ pyridate – 675 g 2.0 2.0 94.9 90.7 50.04b 107.9 72.15b 110.4

Pyridate – 747 g 0.7 1.4 95.7 91.6 49.34b 106.4 71.31b 109.1
Pyridate – 585 g + 
... + Olbras 88 EC – 1.5 L 0.9 3.8 95.1 89.4 48.84b 105.3 70.95b 108.5

Pyridate – 360 g + pyridate 
– 360 g 1.0 0.7 95.1 90.1 49.11b 105.9 70.80b 108.3

Pendimethalin – 1 593 g + ... 
+ flame weeding * 1.5 3.5 96.0 91.9 49.11b 105.9 70.57b 107.9

Flame weeding * 2.9 3.0 95.9 90.3 50.07b 107.9 72.44b 110.8
Mechanical treatment * + ... 
+ flame weeding * 0.2 0.5 95.0 93.1 57.87a 124.7 82.24a 125.8

Check 0.0 0.0 91.5 88.8 46.39b 100.0 65.38b 100.0

Table 4. The impact of weed management methods on kale (means from 2018–2020)

* Mechanical treatments were supplemented by hand weeding of the rows immediately afterwards; ** dap – days after planting; 
values in columns, followed by the same letter, are not significantly different at the 5% level, according to Newman-Keuls 
multiple range test
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the  duration of  the herbicidal effect of  the vari-
ous methods. The  data in  Table 2 indicate slight 
differences in secondary weed infestation among 
the different weed species. Total weed infestation 
varied from 0.4% to 1.6%, with the most common-
ly observed species being G. parviflora (0.2–1.2%) 
and C. album (0.1–0.3%). Other species were ei-
ther present sporadically or absent.

Competition from weeds is one of  the ma-
jor factors reducing crop yield. The yield of kale 
leaves from weeded plots (Table 4) ranged from 
48.84 to  61.37  t/ha, which is a  5.3 to  32.3% in-
crease, compared to  the yield from the  check 
(46.39 t/ha). The high yield of kale leaves was ob-
tained from the plants weeded mechanically, and 
with the  combined method of  mechanical tre-
atment and flame weeding (61.37 and 57.87 t/ha), 
respectively. The  remaining treatments yielded 
between 488.4 kg and 50.07 t/ha, but still repre-
sented increases of 5.3% to 7.9% compared to the 
non-weeded control.

The positive effect of mechanical treatments on 
kale yield supports previous findings on other vege-
tables, suggesting that this method of weed control 
should be utilised more widely, despite the higher 
labour requirements. Burning weeds is also an ef-
fective way to  control weeds in  kale, though it is 
more expensive than other methods. The  results 
of this study also confirm the significant effective-
ness of herbicides for weed control in kale, particu-
larly in  larger areas where non-chemical methods 
might be challenging to  implement for  logistical 
reasons. The  overall kale plant biomass increased 
by 7.9% to 34.1% compared to the check. The dif-
ferences between kale leaf yield and aboveground 
biomass are similar across all treatments.

DISCUSSION

The reduction of herbicide use is a global trend 
towards alternative methods of  chemical treat-
ment in  crop production. Transplanted kale is 
less sensitive to weed competition than many veg-
etable crops grown from seeds, but weeds greatly 
impact the  leaf yield losses and its quality. Kale is 
particularly threatened by C. album, which grows 
rapidly, effectively inhibits light access, and shades 
the plants. According to Williams (2006), there is 
an  interaction between kale and C. album, as  the 
overgrowth of  C. album reduces both kale plant 

biomass and leaf area. Qasem and Hill (1994) note 
that in crops with high weed density, both interspe-
cific and intraspecific competition are observed. 
Hammerton (2006) found that among the compet-
ing weeds, Polygonum lapathifolium was the most 
competitive with kale, followed by Polygonum per-
sicaria, which was slightly less competitive, and Po-
lygonum aviculare, the least competitive.

The weed species observed in  the experiments 
with kale are typical of vegetable crops in Poland, 
as  documented by  Anyszka (2004), Dobrzański 
(2007, 2013), and Golian (2020). Dobrzański (1994) 
reports that the weed communities associated with 
vegetable crops tend to  be similar because these 
crops are primarily sown or planted in  spring. 
They are often widely spaced in  rows and do not 
effectively cover the  inter-row areas. Additionally, 
many weed species have adapted their growth cy-
cles to align with the cultivated crops. Kale is chal-
lenged by  weeds in  the Brassicaceae family, such 
as  Capsella bursa-pastoris and Thlaspi arvense, 
which are not easily controlled by  the herbicides 
used in this crop. Additionally, these weeds can be 
affected by the same pests and diseases that target 
kale plants. Recognising the composition of weed 
communities in different soil types can aid in select-
ing suitable herbicide systems (Rola & Rola 1997). 
Dobrzański et al. (2003) analysed long-term data 
on weed infestation across various vegetable spe-
cies and reported that, among crops from the Bras-
sicaceae family, the  average weed biomass during 
the  first half of  the growing season was  2.1 t/ha 
for broccoli, 3.5–6.1 t/ha for cauliflower, and 5.0 t/ha 
for cabbage. Golian (2020) reported that the aver-
age weed biomass in cabbage, measured 37–39 days 
after planting, was  9.6 t/ha. However, kale grown 
from transplants is less susceptible to weed infesta-
tion due to its rapid growth and effective leaf cov-
erage of the soil, which helps hinder weed growth.

Weeds with vigorous growth cover the  soil ex-
tensively, even when present in low numbers. High 
weed coverage can limit light access to  the soil, 
potentially affecting soil temperature and crop 
growth. Although C. album was  present in  large 
quantities in  the experiments, its soil coverage 
was  similar to  that of G. parviflora, despite a  sig-
nificant difference in population size. This suggests 
that kale plants may suppress the growth of C. al-
bum, consistent with Williams' (2006) findings.

Studies have shown that  weed control methods 
used in  kale differ in  effectiveness. Mechanical 
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treatment is one of the most important and easily 
accessible non-chemical methods. Despite the me-
chanical method's high effectiveness, its herbicidal 
effect is short-lived, and weeds quickly regrow, lea-
ving the inter-rows covered with kale leaves. Dobr-
zański and Adamczewski (2013) suggest that during 
mechanical treatments, the weed seeds are moved 
from deeper soil layers to  the upper layers, whe-
re they can germinate more easily, and the highest 
effectiveness of this method, reaching up to 100%, 
may be obtained during sunny weather and targe-
ting germinating weeds. However, for larger weeds, 
such as  those with four true leaves, the  effective-
ness of  this method drops to  around 80% under 
similar conditions. Proper timing and appropriate 
conditions during treatment can make the mecha-
nical method a primary strategy for weed control 
in kale or can be a supplement to other methods. 
Mechanical treatments leave a  strip of  uncontro-
lled weeds on either side of  the crop row, influ-
encing crop yield (Knezevic et al. 2017). Repeated 
treatments increase the  chance of  soil erosion, 
destroy soil quality, and promote the  emergence 
of  new weed flushes (Wszelaki et al. 2007; Ulloa 
et al. 2010a). Colquhoun et al. (1999) confirmed 
the effectiveness of mechanical treatments, especi-
ally when combined with herbicides.

During the  studies, flame weeding in  kale 
was conducted in  the inter-row using a flame no-
zzle equipped with a  shield to  protect the  crop 
from the flame. However, uneven soil or operating 
the  nozzle too close to  the crops can lead to  inc-
reased damage (Rajkovic et al. 2020). Leaf tissue 
that  is severely affected by the flame will die, ma-
king the  precision of  the treatment crucial. It's 
important to  note that  kale plants are less sensi-
tive to  flaming than crops like carrots or onions. 
Flame weeding using propane has  been proposed 
as an alternative to  traditional techniques in both 
organic and conventional agricultural systems 
(Abou Chehade et al. 2018). This method can be 
used on the entire field before planting the crops, 
after sowing the  seeds till before emergence, and 
on inter-row during vegetation (Ascard 1995; Abou 
Chehade et al. 2018). Plant responses to  flaming 
depend on their heat  tolerance, protective layers 
of hair and wax, lignification, and weather condi-
tions (Ascard 1995; Rajkovic et al. 2011). Flaming 
has  been more effective against broadleaf weeds 
than grasses (Cisneros & Zandstra 2008). Tempera-
tures in the range of 95–100 ºC can be lethal to weed 

leaves and stems when applied for  at  least 0.1  s, 
leading to  cell desiccation and ultimately the  loss 
of cell function (Knezevic et al. 2017). Flaming di-
srupts weed growth, so it is important to use flame 
when the plants are dry and when wind speed and 
direction are favourable. Both moisture and wind 
can lower the heat obtained from the flame devi-
ce, reducing the effectiveness of the flaming appli-
cation (Mutch et al. 2005). The  efficacy of  flame 
weeding can be influenced by  such factors as  the 
growth stages of  the plant (Ascard 1995; Ulloa et 
al. 2010), the physical location of the growing point 
at  the time of  flaming (Knezevic & Ulloa 2007b), 
the presence of protective layers of hair or wax and 
lignification (Ascard 1995; Ascard et al. 2007), and 
the  regrowth potential of  plant species (Ascard 
et al. 2007).

Weeds in farmland compete with crops for nutri-
ents, space, light, and moisture, leading to  reduc-
tions in production of 20–50%, depending on their 
intensity and duration in the field (Kaur et al. 2019). 
In  Poland, for  weed control in  transplanted kale, 
clomazone, pendimethalin and a mixture of meta-
zachlor with dimethenamid-P are used. Presented 
data indicate varying herbicide effectiveness and 
show that  these compounds protect kale against 
weeds from planting until the inter-rows are cove-
red. Later, weed pressure on kale is lower, although 
it is necessary to remove individual weeds growing 
between the kale plants. Pre-emergence herbicides, 
applied before weed germination, can prevent weed 
germination, reduce competition with crops, and 
increase yields (Oliveira et al. 2020). The  impact 
of herbicides persisted for a significantly longer pe-
riod, which helped maintain kale with minimal or 
no weed infestation during the later growth period. 
The  effectiveness of  herbicides depends on their 
active substance, the  floristic composition of  the 
weed population, application time and, to  a  large 
extent, on soil and climatic conditions (Pornprom 
et al. 2002). The greater the share of species sensi-
tive to  the selected herbicide, the  greater its her-
bicidal effectiveness (Dobrzański & Adamczewski 
2001). The  results also confirmed the  well-known 
thesis that  the adjuvant improves the  effective-
ness of herbicides. It should be noted that in kale, 
the greatest weed infestation occurs until the inter-
-rows are covered by leaves, as confirmed by Dobr-
zański (1996), who states that in vegetables, the gre-
atest weed infestation is observed at the beginning 
of vegetation.
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A minor secondary weed infestation in  the kale 
experiment is mainly attributed to effective control 
of  the primary weed infestation and to  good soil 
coverage in  the inter-rows by  kale leaves, which 
compete with weeds for light. The secondary weed 
infestation primarily consists of thermophilic spe-
cies that  require high temperatures for  germina-
tion (Dobrzański et al. 1997), but may also include 
species that  readily adapt to  changing environ-
mental conditions (Dobrzański 2013; Gołębiowska 
& Skorupa 2013).

Analysing results, it should be noted that mechani-
cal treatments, flame weeding, mechanical treatments 
combined with flame weeding, as well as pendimeth-
alin use before planting combined with flame weed-
ing after planting, and also the  use of  metamitron 
before planting followed by  pyridate post-planting, 
allow for  maintaining the  kale plantations without 
weeds or with small weed infestation. However, non-
chemical methods have a short-term effect, must be 
repeated, require more labour and energy inputs, 
and often require additional hand weeding of weeds 
not removed by these treatments. The high effective-
ness of  non-chemical methods, repeated if neces-
sary, as  well as  herbicide application, helps prevent 
the  emergence of  new weeds in  the field. The  find-
ings suggest that  effective control of  primary weed 
infestation may be sufficient to  keep the  kale crop 
clean and provide suitable conditions for growth and 
development. The weed control methods do not al-
ways eliminate all weeds; therefore, after complet-
ing the treatments and before closing the inter-rows, 
supplementary hand-weeding should be considered. 
Supplementary treatments will keep the field weed-
free after inter-row closure.

CONCLUSIONS

The weed management methods evaluated in the 
experiments successfully controlled the  majority 
of weeds observed during the trial.

(i) The  highest limitation of  weeds number and 
weed biomass was obtained after mechanical treat-
ments, the use of herbicides metamitron + pyridate 
and also pendimethalin supplemented by  flame 
weeding.

(ii) Slight, transient phytotoxicity symptoms 
on kale were observed after using herbicides and 
flame weeding, but they did not negatively affect 
the plant's further growth or yield.

(iii) The  studies indicate that  the dose of  pyri-
date can be reduced in  kale without compromis-
ing the effectiveness of this substance or the yield 
of kale leaves.

(iv) The studies indicate that non-chemical meth-
ods for  weed control in  kale from transplants are 
highly effective, and can be used as an alternative 
method to chemical weeding.

(v) The  effects of  non-chemical weed control 
methods are often short-lived and require repeated 
applications in a brief period.
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