
Summary: A rapid laboratory test for detection of tribenuron-methyl resistant sunflower genotypes was developed. 
Four homozygous and four heterozygous tribenuron-methyl resistant hybrids, as well as a susceptible one were grown 
on MS medium supplemented with different concentrations of herbicide (2.0 μM, 2.5 μM, 3.0 μM, 3.5 μM and 4.0 
μM) and with pH either 7 or 8. The effect of medium pH and herbicide concentration on above-ground part and root 
mass of sunflower seedlings was observed. The test enabled visual discrimination between resistant and susceptible 
genotypes in 5 days, and discrimination between homozygous and heterozygous resistant genotypes in 12 days. All 
tested herbicide concentrations and morphological parameters were found to be suitable for discrimination of 
tribenuron-methyl susceptible genotypes. The best pH and herbicide concentration combination and morphological 
parameter for discrimination between homozygous and heterozygous resistant sunflower genotypes were 3.0 μM at 
pH 7 and root mass, respectively. 
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Weeds could significantly reduce sunflower 

(Helianthus annuus L.) yield. This reduction could range 
between 20% and 53% in comparison to weed-free 
conditions (Blamey & Zollinger 1997). Even though 
sunflower is an important oil crop worldwide, there are 
no herbicides for post-emergence weed control. 
Existing soil herbicides are often ineffective in 
suppression of small-seeded weed species and large-
seeded broad-leaved weeds, especially in years with 
rainfall deficits occurring after herbicide application 
(Malidža et al. 2004). Therefore, introduction of AHAS 
inhibitors, sulfonylureas (SUs) and imidasolinones 
(IMIs), for weed control further facilitated sunflower 
production (Jocić et al. 2011). 

Herbicides which inhibit activity of enzyme 
acetohydroxyacid synthase (AHAS, EC2.2.1.6, also 
known as acetolactate synthase ALS; EC 4.1.3.18) have 
proved to be useful in weed control, not just in 
sunflower, but in a number of crops such as tomato, 
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potato, maize, rapeseed, etc. Inhibition of activity of 
AHAS leads to inhibition of synthesis of three essential, 
branched-chain amino acids: valine, leucine and 
isoleucine, which causes inhibition of cell division and 
eventually cell death (Umbarger 1978, LaRossa & 
Schloss 1984). There are several groups of AHAS 
inhibitors: sulfonylureas (SUs), imidazolinones (IMIs), 
triazolopyrimidines (TPs), pyrimidinylthiobenzoates 
(PTBs) and sulfonylaminocarbonyltriazolinone (SCTs) 
(Menne & Kocher 2007). Tribenuron-methyl (TBM) is a 
member of sulfonylurea family of AHAS-inhibiting 
herbicides. Advantages of use of SUs are relatively low 
amount of herbicide used for weed control (between 1.8 
and 60 g a.i. ha-1), low toxicity level on animals 
(Chipman et al. 1998, Janjić 2002) and short persistence 
in the soil, since they can be hydrolysed and microbially 
degraded in soil (Janjić 2002). 

Al-Khatib et al. (1999) were first to report a 
tribenuron-methyl (TBM) resistant sunflower genotype. 
Resistance was discovered in wild H. annuus population. 
These populations were used to develop the first 
registered SU resistant sunflower genetic stocks: female 
genetic stock (oilseed maintainer) SURES-1 (Reg. no. 
GS-28, PI 633749) and restorer genetic stock SURES-2 
(Reg. no. GS-29, PI 633750) (Miller & Al-Khatib 2004). 
Jocić et al. (2008) found that resistance to TBM in 
cultivated sunflower is controlled by one dominant gene.  
As development of herbicide resistant crops has become 
important in modern breeding, the need for 
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development of quick and reliable tests for identification 
of herbicide resistant genotypes increased. For 
shortening the long period of backcrossing it is 
important to develop tests that can enable 
discrimination between homozygous and heterozygous 
resistant genotypes. Advantages of the use of laboratory 
tests are that they do not depend on the environment 
and could be used for screening of a large number of 
plants in a short period of time (Vasić et al. 2002, 
Dimitrijević et al. 2012). Different types of laboratory 
tests were developed for SU resistance detection in 
cultivated crop and weedy species. Saunders et al. (1992) 
used an in vitro test to detect chlorsulfuron resistance in 
sugar beet (Beta vulgaris L.) through somatic cell 
selection. Zygotic embryo culture was used to test 
resistance of several wheat (Triticum aestivum L.) 
genotypes to different SU herbicides (Kondić-Špika & 
Jevtić 2002, Kondić-Špika et al. 2009). Cirujeda et al. 
(2001) used a Petri dish-based assay for detection of 
TBM resistant Papaver rhoeas L. genotypes. In sunflower, 
in vitro ALS activity was used to discriminate between 
TBM resistant and susceptible genotypes (Božić et al. 
2012). So far, in sunflower soilless and in vitro tests were 
developed only for IMI resistance testing (Vega et al. 
2009, Breccia et al. 2011). 

Up to our knowledge, there are no reports on a 
laboratory test for TBM resistance in sunflower. The 
aim of this work was to develop a quick, reliable and 
cheap laboratory test for TBM resistance screening of a 
large number of sunflower genotypes that would 
accelerate breeding for herbicide resistance and 
conversion of sunflower inbred lines into herbicide 
resistant form. The specific objectives of the study were 
to determine (i) the optimal combination between pH 
and herbicide concentration for discrimination between 
resistant and susceptible sunflower genotypes, as well as 
between homozygous and heterozygous resistant ones 
and (ii) most useful morphological parameter indicating 
TBM resistance/susceptibility. 

 

 
Plant material 
Four homozygous (HoF, HoT, HoP, HoM), and four 

heterozygous TBM resistant (HtF, HtT, HtP, HtM) 
sunflower hybrids, as well as one TBM susceptible hybrid 
(Os) were used in the experiment (Table 1). All tested 
hybrids are a part of breeding program of Institute of Field 
and Vegetable Crops, Novi Sad, Serbia, and were chosen 
based on the differences in their genetic background (Jocić 
et al. 2008, 2011). 

 
Medium preparation  
MS medium (Murashige & Skoog 1962) supplemented 

with different concentrations of herbicide Express 50SX 
(500 g TBM a.i. kg-1, DuPont, Denmark) (2.0 μM, 2.5 μM, 
3.0 μM, 3.5 μM and 4.0 μM) and with pH either 7 or 8 was 
used for resistance testing. Filter sterilized herbicide 

Name SU resistance Genotype 

HoF resistant Ahasl1-2/Ahasl1-2* 

HoT resistant Ahasl1-2/Ahasl1-2 

HoP resistant Ahasl1-2/Ahasl1-2 

HoM resistant Ahasl1-2/Ahasl1-2 

HtF resistant Ahasl1-2/ahasl1 

HtT resistant Ahasl1-2/ ahasl1 

HtP resistant Ahasl1-2/ahasl1 

HtM resistant Ahasl1-2/ ahasl1 

Os susceptible ahasl1/ahasl1 

Table 1. Sunflower hybrids used for testing 

*nomenclature proposed by Sala et al. (2008) 

solution was prepared as described by Dimitrijević et al. 
(2012) and added into the medium after autoclaving. 
Media with appropriate pH with no herbicide added 
were used as control. 

 
In vitro resistance testing 
Seed sterilization was performed according to Taški-

Ajduković & Vasić (2005). Sterilized seeds were placed 
in Petri dishes with filter paper soaked in sterile water 
and germinated for 2 days as described by Dimitrijević 
et al. (2012). After 2 days, healthy sunflower seedlings, 
approximately 1.5 cm long, were placed on MS medium 
supplemented with different concentrations of 
herbicide and the control. Three seedlings were placed 
in each 250-ml Erlenmeyer flask. Every treatment was 
set in 4 repetitions. The seedlings were kept in a growth 
chamber at 25°C and a photoperiod 16 h day and 8 h 
night.  

Development of above-ground part and roots of the 
seedlings on MS medium was observed for 12 days. On 
the 12th day of culture, root mass (RM) and above-
ground part (AGM) were measured.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Data analysis 
The experiment was set as a completely random 

design in 4 repetitions. The obtained data were analysed 
by ANOVA. The means were separated by least 
significant difference (LSD) test (STATISTICA 10), 
while the difference between particular treatments was 
established by use of Student's t-test of treatment mean 
differences. 

 

 
Seedlings of all tested genotypes continued to 

develop after transfer onto herbicide supplemented 
media. After 3 days of culture, root development in 
susceptible genotype was halted in all treatments. In 
some plants, mostly grown at pH 8, root necrosis was 
observed (Figures 1 and 2). The negative effect of TBM 
on root development has also been observed in   

https://en.wikipedia.org/wiki/Student's_t-test


Figure 1. Root morphology of plants treated with 3.5 μM Express 50SX (active ingredient tribenuron-methyl) at pH 7:  
a) homozygous resistant plants; b) heterozygous resistant plants; c) susceptible plants 

Figure 2. Root morphology of plants treated with 3.5 μM Express 50SX (active ingredient tribenuron-methyl) at pH 8:  
a) homozygous resistant plants; b) heterozygous resistant plants; c) susceptible plants 

Papaver rhoeas L. (Cirujeda et al. 2001), while in 
sunflower, imazapyr treatment led to significant 
reduction in aerial and radicular growth and root tip 
necrosis (Breccia et al. 2011). Roots of the homozygous 
resistant plants were branched, whereas roots of the 
heterozygous resistant plants had a well-developed 
primary root, which was elongated, and poorly 
developed lateral roots. That was especially visible at 
pH 8 when higher herbicide concentrations were used 
(Figures 1 and 2). In contrast to the treated genotypes, 
root system of heterozygous genotypes was well 
developed in the control. There were no visible 
difference between root system development between 
non-treated homozygous resistant genotypes at pH 7 
and pH 8.  

ANOVA showed that there was statistically 
significant decrease of AGM of all treated susceptible 
plants compared to the control at both pH values 
(Figures 3 and 4). This is in agreement with the results 

of Vega et al. (2009) and Breccia et al. (2011) who also 
observed reduction of above-ground part of susceptible 
sunflower plants treated with herbicide (imazapyr). 
Herbicide treatments at pH 7 led to decrease in AGM 
in all heterozygous genotypes, although this decrease 
was statistically significant only at herbicide 
concentrations of 3.5 μM and 4.0 μM (Figure 3). 
Herbicide treatment at pH 7 had either none or positive 
effect on AGM in all homozygous genotypes. The only 
exception was HoP at 2.5 μM, where significant 
decrease of AGM compared to the control was 
observed (Figure 3). Generally, herbicide treatments at 
pH 8 led to the decrease of AGM in all heterozygous 
genotypes. This decrease was significant in 3.0 μM, 3.5 
μM and 4.0 μM treatments (Figure 4). Herbicide 
treatment had no effect on 3 homozygous resistant 
genotypes (HoF, HoP and HoM), however it had a 
negative effect on HoT at 4.0 μM, where a decrease of 
AGM was observed (Figure 4).  



ANOVA analysis of RM of susceptible genotype 
showed significant reduction in all treatments compared 
to the control at both pH values (Figures 5 and 6). 
Generally, herbicide treatment led to the decrease of 
RM of all treated heterozygous genotypes compared to 
the control, even though this decrease was not 
statistically significant in all treatments (Figure 5). At pH 
7, significant decrease of RM in all heterozygous 
genotypes was observed in 3.0 μM, 3.5 μM and 4.0 μM 
treatments. RM of all homozygous genotypes tested was 
not affected by herbicide treatment. At pH 8, herbicide 
treatment led to decrease of RM in all tested 

heterozygous resistant genotypes, except for genotype 
HtP at 2.0 μM. Herbicide treatment had no effect on 
RM in all homozygous resistant genotypes tested, 
except in 4 μM treatment where negative effect of the 
treatment on HoF was observed (Figure 6). In addition, 
for better observation of the effect of herbicide 
treatment on RM growth, for pH 8, results are displayed 
in two different ways. In Figure 6A, the emphasis is on 
the comparison of the effect of treatments within tested 
genotypes; while in Figure 6B the emphasis is on the 
comparison of treatments among different genotypes. 
What is shown in Figure 6B is the trend of decrease in 
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Figure 3. Effect of tribenuron-methyl treatment on fresh above ground mass of tribenuron-methyl resistant and susceptible 
sunflower genotypes at pH 7 
*significant difference at α0.05 (values marked with asterisk differ significantly from control at α0.05) 
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Figure 4. Effect of tribenuron-methyl treatment on fresh above ground mass of tribenuron-methyl resistant and susceptible 
sunflower genotypes at pH 8 
*significant difference at α0.05 (values marked with asterisk differ significantly from control at α0.05) 



overall RM with the increase of the herbicide 
concentration in different treatments. The decrease in 
RM is statistically significant between the control and all 
herbicide treatments, while the decrease of RM between 
treatments is statistically significant between 2.0 μM and 
4.0 μM treatments and 2.5 μM and 4.0 μM treatments 
(Table 2).  

In most cases root morphology differed between 
homozygous and heterozygous resistant genotypes. 
Similar effect of AHAS inhibitors on sunflower root 
development was observed in sunflower plants treated 
with IMI herbicides, where development of lateral roots 
was reduced in imazapyr-resistant intermediate 
sunflower genotype (Imr1Imr1imr2imr2) at higher 
herbicide concentrations (10 μM) in solid culture (Vega 
et al. 2009). Furthermore, sulfonylureas have proven to 
be a potent root growth inhibitor as they lead to 
thickening of the cell wall and perturbations in the root 
cap (Fayez & Kristen 1996). These authors observed a 
clear correlation between root length, proline content 
and the degree of cell injuries. Opposite to sulfonylureas 
that inhibit cell division, some other herbicides (e.g. 
norflurazon) have proven to affect green plant organs 
due to their mode of action (inhibition of carotenoid 
biosynthesis) (Chamovitz et al. 1990). In general, 
different types of stress can affect complex plant traits 
in diverse manners. Such is nitrogen deficiency that, 
depending on the genotype and species tested, affects 
more severely shoot growth (El Midaouir et al. 1999) or 
root morphology (Eghball et al. 1993). Therefore, when 
evaluating plant resistance toward stress, suitable 

parameter for resistance evaluation should be chosen 
bearing in mind the nature of the stress analysed. In 
addition, the heritability of the trait evaluated can affect 
the level of correspondence between results obtained in 
the controlled environments and field trials - the 
correspondence is higher when the heritability of the 
trait is higher (Comas et al. 2013). However, Watt et al. 
(2013) observed that results obtained from analysing 
root growth in controlled environments can correspond 
to vegetative, but not reproductive plant stages in 
Triticum aestivum L. during crop improvement.  

In our rapid resistance test, fresh mass parameters 
proved to be extremely useful for discrimination 
between homozygous and heterozygous resistant 
genotypes. AGM discriminated between homozygous 
and heterozygous resistant genotypes at higher herbicide 
concentrations - 3.5 μM and 4 μM, at pH 7. At pH 8, 
the same effect was observed at even lower herbicide 
concentration (3.0 μM). This could be explained by 
higher stability of herbicide molecule at higher pH 
values (Janjić 2002). Castro et al. (2004) found that 
higher pH values did not affect sunflower biomass 
production, as was the case in our study with biomass 
production of homozygous resistant genotypes. 
Therefore, all reduction of biomass at pH 8 was caused 
by herbicide treatment. 

All tested herbicide concentrations were found to be 
suitable for discrimination of TBM susceptible 
genotypes, since the growth of tested susceptible 
genotype was halted after 3 days of culture on all TBM 
supplemented media.  
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Figure 5. Effect of tribenuron-methyl treatment on fresh root mass of tribenuron-methyl resistant and susceptible sunflower 
genotypes at pH 7 
*significant difference at α0.05 (values marked with asterisk differ significantly from control at α0.05) 



By direct comparison of differences in AGM of a 
particular treatment, sometimes it can be difficult to 
discriminate between homozygous and heterozygous 
genotype (e.g. at pH 7, 4.0 μM treatment: HtT AGM 
was significantly decreased in comparison to the 
control, but the mean value of HtT AGM was higher 
than mean values of AGM of three homozygous 
resistant genotypes in the same treatment (Figure 3)). 
This is a consequence of differences in genetic 
background of the genotypes which affect plant fitness 
(Paris et al. 2008), as well as the fact that the genotypic 
factor is the sum of the heterozygotic gene effect (the 
additive effect of the allele/s present at the Ahasl1 
locus) (Bulos et al. 2013). 

Reduced growth in plants less tolerant to herbicides, 
after herbicide treatment, is considered to be a 
consequence of poor root growth and consequently 

decreased nutrient uptake (Soltani et al. 2008). When 
testing herbicide tolerance one must consider that both 
environmental factors and the genetic basis of the 
genotypes receiving the resistance genes have large 
influence on the expression of herbicide resistance 
(Jocić et al. 2011), especially bearing in mind that 
genetic background was found to influence the 
expressivities of some mutations in sunflower 
(Demurin et al. 2006). Considering a wide range in 
plant growth response to stress conditions in sunflower 
in respect to different genetic background (Pereyra-
Irujo et al. 2008, Ahmad et al. 2009), we tested several 
genotypes in order to identify universal treatment for 
detection of TBM resistance. In addition, we used a 
nontreated control to properly observe and determine 
plant growth parameters between nonstressed and 
stressed conditions.  
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Figure 6. Effect of tribenuron-methyl treatment on fresh root mass of tribenuron-methyl resistant and susceptible sunflower 
genotypes at pH 8. A) Comparison of root mass by genotype; B) Comparison of root mass by herbicide treatment 
*significant difference at α0.05 (values marked with asterisk differ significantly from control at α0.05) 



Treatment Control 2.0 μM 2.5 μM 3.0 μM 3.5 μM 4.0 μM 

Control - 0.254* 0.271* 0.302* 0.322* 0.433* 

2.0 μM  - 0.017 0.048 0.068 0.179* 

2.5 μM   - 0.031 0.050 0.162* 

3.0 μM    - 0.020 0.130 

3.5 μM     - 0.111 

4.0 μM      - 

The best pH and herbicide concentration 
combination for discrimination between homozygous 
and heterozygous resistant sunflower genotypes was 3 
μM at pH 7, while RM was found to be favourable 
parameter for discrimination between homozygous and 
heterozygous resistant genotypes. As in our work, RM 
was found to be a good resistance parameter by other 
authors, as well, and therefore widely used in herbicide 
resistance tests with different herbicides (Yim & Bayer 
1996, Torres et al. 2003).  

 

 
In this study a new rapid laboratory test for detection 

of tribenuron-methyl resistant sunflower genotypes was 
developed. The test enables visual discrimination 
between resistant and susceptible genotypes in 5 days, 
as well as discrimination between homozygous and 
heterozygous resistant genotypes in 12 days. As it is not 
affected by the environment and could be used for 
screening of a large number of plants in a short period 
of time, the test could facilitate long breeding process 
during conversion of sunflower lines and hybrids into 
herbicide resistant form. Special advantage of this test is 
that it enables discrimination between homozygous 
resistant and heterozygous resistant sunflower 
genotypes, thus further accelerating and facilitating 
breeding for herbicide resistance.  
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Sažetak: Razvijen je brzi laboratorijski test za detekciju genotipova suncokreta otpornih na tribenuron metil. Po 
četiri hibrida suncokreta homozigotno i heterozigotno otporna na tribenuron metil, kao i jedan neotporan hibrid su 
gajeni na MS podlozi sa pH vrednošću ili 7 ili 8 i sa različitim koncentracijama herbicida Express 50X, čija je aktivna 
materija tribenuron-metil (2.0 μM, 2.5 μM, 3.0 μM, 3.5 μM i 4.0 μM). Ispitivan je uticaj pH i koncentracije herbicida 
u podlozi na masu nadzemnog dela i korena klijanaca testiranih hibrida. Vizuelne razlike između otpornih i 
neotpornog hibrida su uočene nakon 5 dana kulture, dok su se razlike između homozigotnih i heterozigotnih 
otpornih hibrida pojavile nakon 12 dana kulture. Sve testirane koncentracije herbicida i testirani morfološki parametri 
su se pokazali kao dobri za identifikaciju neotpornih genotipova. Najbolja kombinacija pH i koncentracije herbicida 
za razlikovanje homozigotnih od heterozigotnih otpornih genotipova je bila 3.0 μM na pH 7, a morfološki parametar 
masa korena. 
Ključne reči: biološka proba, Helianthus annuus L., herbicidi, selekcija, sulfoniluree, tolerantnost 


