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Abstract: Abiotic factors such as light, temperature, relative humidity, soil moisture and carbon
dioxide have an effect on herbicide efficacy and performance. As weeds continue to evolve with
changes in climate, it is important to understand the impact on herbicide effectiveness in
management strategies. In this paper, we describe changes in the sensitivity of black nightshade
(Solanum nigrum) population to glyphosate under different growing conditions and
demonstrate that resistance mechanism may be climate dependent. Young Solanum nigrum
plants were treated with normal and double dose rates of glyphosate. Observations were
recorded 5, 14, 21 and 28 days consecutively after treatment with glyphosate. Some of the
Solanum nigrum populations exhibited some level of tolerance to glyphosate in the first round
of the experiment for both normal and double dose under ambient conditions. However, a repeat
experiment using the same samples and treatment in a controlled environment (growing
chamber) where growing conditions was set did not yield the same observations made under
ambient conditions. Further investigations and experiments are recommended and may provide
more explanation to the differences in results obtained for initial tolerance in Solanum nigrum
samples which could be attributed to the differences in growing conditions.
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Osszefoglalas: Az abiotikus tényezOk - mint a fény, a hémérséklet, a talajnedvesség, 1égkori
széndioxid koncentracio - jelentdsen befolyédsoljak a gyomirtd szerek hatékonysagat. Mivel a
gyomallomany 0Osszetételére az éghajlati tényezok jelentds hatast gyakorolnak, fontos
megérteni a herbicidek hatékonysagara gyakorolt hatast is, a sikeres kezelési stratégiak
kidolgozasa érdekében. Ebben a munkaban a fekete csucsor (Solanum nigrum) glifozattal
szembeni reakcidjat vizsgaltuk annak érdekében, hogy bizonyitsuk, a herbicidekkel szembeni
reakcidt a klimatikus tényezdk is befolyasolhatjak. Ezért fiatal fekete csucsor névények
glifozattal szembeni reakciojat vizsgaltuk dozis-hatés kisérletekben szabadf61don, és kontrollalt
korilmények kozott klimakamraban. Az eredmények eltéréek voltak, ami azt valdszinisiti,
hogy az abiotikus tényezdk jelentdsen hatnak a vizsgalt gyomfaj/biotipus herbicid
érzékenységére, de ennek egzakt bizonyitdsara tovabbi vizsgalatok sziikségesek.
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1. Introduction

Climate is a critical factor in food production and climate change remains one of the defining
global issues in recent times. However, irrespective of how the climate patterns change, weeds
will continue to be present due to their ability to adapt to various environmental conditions
(Bajwa et al., 2021; Mahaut et al., 2020). Agricultural weeds are of particular concern since
they have severe impact on global food security and as such, it is important to highlight the
effects of abiotic conditions on weed management (Matzrafi et al., 2016). Weeds are highly
adaptive and able to withstand several stressors related to climate change such as increase in
temperatures, increased carbon dioxide (CO2) levels, drought and waterlogging (Hicks et al.,
2018). The effect of weeds on crop production can be very severe if not properly managed
(Chen et al., 2020; Kathiresan and Gualbert, 2016). Herbicides have been used in many
management strategies across the globe, this is because herbicides provide rapid action,
efficient and cost effective mechanism for controlling weeds. However, the increasing numbers
of recorded cases of herbicide resistant weeds worldwide is quite alarming and calls for more
research focused on resistance development (Travlos et al., 2020). Climate conditions such as
temperature, atmospheric CO2 and precipitation are likely to affect weed biology. These factors
affect the penetration of herbicide into the plant and indirectly influence the movement of
herbicide within the plant. (Ziska et al., 2019). Herbicide performance can also be affected by
abiotic, physiological, and biological factors thus, limiting weed control effectiveness (Torra et
al., 2021). Study by Ge et al. (2011) reported resistance of horseweed (Conyza canadensis) to
glyphosate in response to temperature. The particular increase in herbicide resistance cases
especially metabolism based non-target site (NTS) resistance and multiple resistance calls for
in-depth study into environmental effects on herbicide performance for improved weed control.
Research has shown that a significant proportion of reported cases of NTS herbicide resistance
is related to acetyl-CoA carboxylase (ACCase) inhibitors used to control grass weeds in cereal
crops and to 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) inhibitor, glyphosate, most
intensively used herbicide to control weeds globally (Délye 2013; Matzrafi et al., 2016).

In Hungary, herbicides are used in many weed management strategies and there have been
several reported cases of herbicide resistant weeds. Common ragweed (Ambrosia
artemisiifolia), johnsongrass (Sorghum halapense), Italian cocklebur (Xanthium italicum) and
green amaranth (Amaranthus powellii) have been found resistant to a number of acetolactate
synthase (ALS) inhibitors in Hungary (Szabo et al., 2018; Kazinczi-Torma, 2016). Glyphosate-
resistant Conyza canadensis have been reported (Kutasy et al., 2021; Heap, 2023). Although
there are currently no recorded cases of herbicide resistant S. nigrum in Hungary, the weed is
common occuring in areas with high nitrogenous soils and farmlands in Hungary where
herbicides are used to management strategies (Kazinczi et al., 2002). Since forecast for the
future continue to predict changes in climate patterns globally, the phenomenon of metabolic
resistance to herbicides will dramatically increase in agricultural systems. This highlights the
need for more research in the area of herbicide resistance development. In this paper, changes
in the sensitivity of Solanum nigrum population to glyphosate under different growing
conditions is studied and described.

2. Materials and Methods

Matured seeds of Solanum nigrum were collected from vineyards in Balatonboglar and
Cserszegtomaj where the main method of weed control was with the use of herbicides. Seed
samples were taken from individual plants suspected to be resistant after treatments with
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glyphosate. Seeds were also collected from wastelands at Kaposvar. The collected seeds were
cleaned and cold stratified to break dormancy. After stratification, the seeds were sown in three
different trays and allowed to grow under ambient conditions. At 3-4 leaf stage, dose-response
experiment was conducted and observations recorded. In the subsequent experiment, a dose-
response experiment was performed under controlled conditions where the planted seeds were
allowed to grow in a controlled environment with day temperature of 28°C and night
temperature 20°C. For the experiment, treatments applied were, control (no herbicide), normal
dose (1440 g glyphosate/ha in 250 1/ha of water) and double dose (2880 g glyphosate/ha in 250
I/ha of water). Each sample had four (4) replications per treatment as shown in Table 1.
Observations were taken 5, 14, 21 and 28 days after treatment (DAT) with glyphosate.

Table 1: Experiment layout for glyphosate dose-response experiment with Solanum nigrum

Tray 1 Tray 2 Tray 3

Each sample replicated 4 times per tray

Place of collection No Treatment Treatment with Treatment with
(Control) normal dosage double dosage
Balatonboglar 10 samples 10 samples 10 samples
Kaposvar 1 samples 1 samples 1 samples
Cserszegtomaj 9 samples 9 samples 9 samples
Total 80 samples 80 samples 80 samples
3. Results

It was observed during the experiment that the plants exhibited varied responses under ambient
conditions and in the growth chamber. Initial symptoms of yellowing and wilting were observed
14 DAT and proceeded till death of plant by the 28 day for most of the plants. However, its was
observed that some plants from seeds collected from Balatonboglar survived for both normal
and double dose rates under ambient conditions with slight yellowing 28 DAT as observed in
Figure 1. However, the same samples grown under controlled environment were susceptible to
the effects of glyphosate after treatment with normal and double doses.
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control with no treatment; middle: sprayed with double dose rate of glyphosate; right: sprayed with normal dose
rate of glyphosate under ambient conditions. Photo: Rita Ofosu

4. Discussion

The outcome of this experiment could be because of the differences in the environmental
conditions under which the plants were grown. This result is comparable to previous work done
by Vila-Aiub et al. (2013) where the efficacy of glyphosate on S. halapense was reported to
have increased with high temperature. In an earlier work done by Kudsk (2017), abiotic factors
such as temperature, light intensity and humidity can affect herbicide performance. The ambient
temperature recorded for the period when the experiment was conducted was higher than the
temperature in the controlled climate chamber with day temperature of 28°C and night
temperature 20 °C which supports the finding that resistance mechanism is climate dependent,
and that air temperature affects the growth of plants and the ability of the herbicide to produce
targeted results. Also, previous studies have shown that increased temperature can affect levels
of resistance to glyphosate (Ge et al., 2011). Thus the outcome of this experiment could suggest
that the decrease in sensitivity of the S. nigrum population as observed under ambient growing
conditions may be due to increased herbicide metabolism. Another reason could also be that
the herbicide did not get contact with the weeds during the treatment application hence, the
weeds survived. The time of application, precipitation, wind direction, humidity and
temperature are important and should be considered when applying herbicides to achieve
optimum results (Vila-Aiub et al., 2013). Further studies using the same weed populations are
recommended and may provide in-depth explanation for the ineffectiveness of glyphosate on
weed populations present at the sites of collection, the type of mechanisms used in decreasing
the sensitivity of the population to glyphosate dose on the growing field and impact of
environmental conditions on herbicide tolerance.
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