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With the aim of enhancing herbicide efficacy researchers have developed herbicide 
tolerant (HT) crops. In Hungary the growers can use the weed control technologies in 
sunflower successfully, which are based on tolerance towards imidazolinone (IMI) and 
tribenuron-methyl (SU). In cycloxydim-tolerant (CT) maize the usage of cycloxydim 
enables super selective chemical control against the monocot species. The development 
of imidazolinone-tolerant (IMI) winter rape targets firstly the enlargement of effective 
post-emergent herbicide choice in rape. The dissertation examines the non-transgenic 
herbicide-tolerant crops in field studies which are cropped in Hungary. 
The new scientific results can be summarized as follows:
1. Our examinations confirm, that the growing of herbicide tolerant sunflowers may result 

effective weed control therefore the risk of crop cultivation reduces to low level (in 
contrast to the non-tolerant sunflowers). Imazamox and tribenuron-methyl kill Amrosia 
artemisiifolia to 4-leaf-stage, but the developed plants at this stage are able to regrow. 
The weed control against Cirsium arvense may be successful in IMI sunflowers, when 
we apply the hoeing in line (BBCH 12) – imazamox (BBCH 14-16) – hoeing in line 
(BBCH 30-32) treatment.

2. According to our examinations the yellow flash and growth depression of plants do not 
evolve on new improved CLHA-Plus and also imidazolinone-tolerant sunflowers from 
Pioneer company after imazamox treatment. As a result of high damage on heterozygote 
tribenuron-methyl tolerant sunflowers, it does not have any possibilities of increasing 
the dosage of tribenuron-methyl, the applied it in tank mix with thifensulfuron-methyl 
and graminicides, respectively. The homozygote tribenuron-methyl tolerant hybrids 
tolerate all of the previous treatments without crop injuries.

3. The precision postemergent weed control of sunflower is not feasible.
4. Our experiment has indicated that sunflower volunteer infests in great quantities in the 

third year after sunflower cropping. It has a reduced dominance in the fourth year and 
its importance becomes even smaller in fifth year after their cropping. 
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5. It is confirmed in the dissertation, that certain types of herbicide-tolerant varieties 
show different level of resistance and/or cross-resistance to the AHAS-inhibitors. 
The application of metsulfuron-methyl, tribenuron-methyl, thifensulfuron-methyl, 
and triflusulfuron-methyl show only a weak weed killer effect against the IMISUN 
volunteers. The CLHA-Plus varietes have prominent susceptibility to sulfonyl-ureas 
(excepted rimsulfuron). The volunteers from tribenuron-methyl tolerant hybrids possess 
reliable cross resistance to metsulfuron-methyl, rimsulfuron + thifensulfuron-methyl, 
thifensulfuron-methyl, triflusulfuron-methyl and imazamox. Lower level of cross-
resistance is showed against triasulfuron and rimsulfuron.

6. Based on our results the best weed control effect on the annual weeds may be achieved, 
when the herbicide against dicotyledons is sprayed at maize BBCH 13 stage and applied 
against the monocotyledons is done at BBCH 15-17 stage of maize. With the usage of 
cycloxydim Cynodon dactylon and Phragmites australis can be killed with high degree. 
Cycloxydim is extremely effective against Johnsongrass with application of shared 
treatment.

7. We have proved that the multiple dosage of cycloxydim does not cause injury on 
cycloxydim-tolerant maize. In contrast, it possesses just moderate cross-resistance to 
other ACCase-inhibitor herbicides, so these results exclude the use of them in CT maize.

8. In accordance with our examinations the extreme weed control effect can be achieved 
by the application of technology which based on imidazolinone-tolerance in winter rape 
hybrids. The effect of imazamox may be convenient during the autumn and the early 
spring applications, without causing crop phytotoxicity.
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Elucidating biochemical and molecular biological mechanisms
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This dissertation intends to clarify the biochemical and molecular biological mechanisms of 

two forms of non-specific plant disease resistance: non-host resistance and a type of resistance 

to necrotic symptoms. In addition, a new case of specific resistance is characterized, where 

silencing of a resistance gene, effective against a given virus, results in resistance but not in 

susceptibility to another unrelated virus. New scientific results of the dissertation: 

1. Based on characterization of twenty one plant/pathogen combinations I found that in case of 

susceptible host/pathogen interactions (with typical disease symptoms) no superoxide (O2
.-) 

accumulation can be detected. In host resistant plants, where symptoms of hypersensitivity 

(HR) develop, O2
.- accumulates 48 hours after inoculation. However, in non-host resistant 

plants, O2
.- accumulates very early (i.e. 24 hours after inoculation). This early accumulation 

of reactive oxygen species (ROS) is linked to the symptomless (HR–) phenotype of non-

host resistance. Early O2
.- accumulation is also related to the enhanced activation of 

NADPH oxidase, an enzyme that plays a pivotal role in superoxide generation during plant 

pathogenesis.

2. Inhibition or suppression of O2
.- generation in resistant plants partially converts resistance 

to susceptibility. This implies that ROS (primarily O2
.- but likely also H2O2 and OH.) are 

important, although not exclusive, determinants of pathogen inhibition or suppression. In 

certain cases of non-host resistance, transient activation of a SOD and a BAX-inhibitor1 

gene is linked to the lack of HR-type symptoms. 

3. Previous research has shown that the interspecific hybrid Nicotiana edwardsonii var. Co-

lumbia displays enhanced resistance to local necrotic symptoms of virus infections caused 

by Tobacco mosaic virus (TMV) and Tobacco necrosis virus (TNV) and contains high 

levels of salicylic acid (SA) both in healthy as well as in diseased states. This means that 

'Columbia' plants are in a genetically activated ”resistant” state, as compared to the control 

hybrid, N. edwardsonii. We have shown that artificial reduction of SA contents results in 

the inhibition or significant suppression of this resistance. 

4. Enhanced resistance in N. edwardsonii var. Columbia plants infected with TNV is effective 

both against virus replication and local necrotic symptoms. However, when 'Columbia' 

plants are infected with TMV, virus replication is only slightly inhibited, while expression 

of localized necrosis is significantly suppressed. The SA-based enhanced resistance of N. 

edwardsonii var. Columbia causes a profound reduction in necrotic symptoms and pathogen 

multiplication during bacterial infections and also suppresses tissue necrosis associated with 

abiotic stresses (exposure to paraquat). 
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5. Silencing of the TMV resistance gene N in Nicotiana edwardsonii impairs resistance 
to TMV by increasing virus spread. Unexpectedly, silencing of the N gene in N. 
edwardsonii does not reduce but, on the contrary, increases resistance to an unrelated 
virus, TNV by dramatically reducing virus titers. In N gene-silenced N. edwardsonii, 
enhanced resistance to TNV is not caused by an enhanced induction of pathogenesis-
related genes, because expression levels of two such genes (NgPR-1 and NtSGT) during 
TNV infection are about the same in both wild type and silenced plants.


