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INTRODUCTION 

 

Pesticides are used throughout the world as mixtures called formulations. They 
contain adjuvants, which are often kept confidential and are called inerts by the 

manufacturing companies, plus a declared active principle, which is usually 

tested alone (Mesnage, 2014). Herbicides of the triazine, phenolic and urea 
families, which bind to the D1 protein, inhibit photosystem II (PSII), and block 

electron transfer to the plastoquinone pool  (Ramel, 2007; Rutherford and 

Krieger-Liszkay, 2001), thus causing the production of triplet chlorophyll and 
singlet oxygen (1O2). In cyanobacterial cells, 1O2 has been shown to cause direct 

photodamage to PSII and D1 protein and to prevent PSII repair by suppressing 

elongation of D1 protein (Nishiyama, 2004). Furthermore, 1O2 may generate 
other reactive oxygen species (ROS), such as hydroxyl radical (HO•) 

(Rinalducci, 2004). 

Polyamines are polycations and thus one of their main features is to interact with 
negatively charged molecules, such as DNA, RNA or proteins. Given their 

promiscuity in binding other molecules, they are involved in many functions, 
mostly linked with cell growth, survival and proliferation. Three polyamines, 

putrescine, spermidine and spermine, are part of the very tightly regulated 

polyamine metabolic pathway. Polyamines are the subject of intensive research 
in order to elucidate their functions and involvement in physiology. Polyamines 

are important players in plant growth, stress and disease resistance (Hussain, 

Ahmad and Siddique, 2011). 
Several studies have shown that polyamine accumulation occurs under abiotic 

stresses including drought, salinity, extreme temperature, paraquat, hypoxia, UV-

B, heavy metals, mechanical wounding and herbicide treatment (Groppa and 

Benavides, 2008; Pang et al., 2007). 

The goal of our experiment was to observe the influence of triazine herbicide and 

its mixtures with polyamine biosynthesis regulators on the yield and grain quality 
of spring barley. 

 

MATERIAL AND METHODS 

 

In pot experiment 6 kg of substrate (soil : sand - 4 : 2) was weighed. Analyses 

done in soil used in experiment are shown in Table 1. It was sown 30 plants 
which were thinned into 20 pieces after post-emergence. At the phase of early 

tillering plants were foliar treated (after 25 days) in the control treatment with the 

water (Table 2), in other variants with triazine herbicide alone (the active 
ingredient is cyanazine with chemical formula 2-(4-chloro-6-ethylamino-1,3,5-

triazin-2-ylamino)-2-methylpropiononitrile), or its mixture with γ-aminobutyric 

acid (GABA) with dose 500 g.ha-1, in another variant with 1,3-propylenediamine 

(PDA) with dose of 59.2 g.ha-1, and in last variant with the PDA in the amount of 

29,6 g.ha-1. The plants were watered with constant volume in all pots.  

Once fully ripened, the plants of spring barley were prepared for biometric 
determination of the production parameters (grain yield, number of productive 

spikes, thousand grain weight, and number of grains in a spike).  

The data were statistically analysed by variance analysis (ANOVA) using the 
statistical programme Statistica. 

 

Table 1  Characteristics of soil used in pot experiment   

(pH/KCl) 

Humus 

content 

(%) 

Nutrients (mg.kg-1) 

Nan P K Mg 

6.07 – 7.03 2.34 8.7 54.3 178.35 407.8 

 

Table 2  Variants of the pot experiment 

VARIANT 

NUMBER 
FOLIAR TREATMENT 

1 
Control: 

9,0 ml water 

2 
Triazine herbicide 0,5 l.ha-1: 

1,0 ml water solution of triazine herbicide + 8,0 ml water 

3 

Triazine herbicide 0,5 l.ha-1 + GABA 500 g.ha-1: 

1,0  ml water solution of triazine herbicide + 4,7 ml 20 mM 

solution GABA  + 3,3 ml water 

4 

Triazine herbicide 0,5 l.ha-1 + PDA 59,2 g.ha-1: 

1,0  ml water solution of triazine herbicide + 3,8 ml 2 mM 

solution PDA + 4,2 ml water 

5 

Triazine herbicide 0,5 l.ha-1 + PDA 29,6 g.ha-1: 

1,0  ml water solution of triazine herbicide + 1,9 ml 2 mM 

solution PDA + 6,1 ml water 

Abbreviations: 

PDA - 1,3-propylene diamine 

GABA - γ-aminobutyric acid 

 

RESULTS AND DISCUSSION 

 

The treatment of plants by triazine herbicide (as the application of herbicide 

alone) reduced grain yield by 1.8 % (Table 3). Mixtures of triazine herbicide with 
the regulators of polyamine biosynthesis compared to the application of herbicide 

alone reduced its yield-forming effect (also in a variant compared with the 

Regulators of polyamine biosynthesis, such as 1,3-propylene diamine and γ-aminobutyric acid, are involved in reducing stress in plants. 

Triazine herbicide application on spring barley plants under conditions of pot experiment reduced grain yield by 1.8 %. After application 

of mixtures with regulators of polyamine biosynthesis a decline of grain yield was obtained (statistically not significant, by 7-15 %), 

when compared to variant with only herbicide applied. Triazine herbicide and mixtures with regulators of polyamine biosynthesis 

reduced one thousand grain weight, slightly increased the number of grains in a spike. Therefore, it would be more efficient to use the 

regulators of polyamine synthesis independently, not together with the herbicide before tillering. 
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control). After application of mentioned mixtures there was obtained statistically 
non-significant lower grain yield (by 7-15 %) when compared to the variant of 

triazine herbicide application (except for variants with PDA, where we observe 

the statistical significance).  It can be concluded that the presence of regulators in 

mixtures with triazine herbicide had not a beneficial effect on grain yield.  

The herbicide induced changes, predominantly in lipid peroxidation  (LPO) 

intensity, superoxide anion O2(-) generation, total antioxidant activity (AOA), 
catalase (CAT) and ascorbate peroxidase (APOX) activity, although the response 

by plants was nonlinear and depended on the herbicide concentration and 

duration of treatment (Lukatkin, 2013).  
 For treatment of cultivated plants are also used so-called ‘safeners’ which are an 

important group of agrochemicals used extensively in cereals to protect crops 
from damage caused by selective herbicides without compromising weed control 

efficacy (Davies and Caseley, 1999; Edwards et al., 2005; Hatzios, 2003; 

Hatzios and Burgos, 2004). The mechanism of safener action most widely 
accepted is that these chemicals enhance crop tolerance by inducing the 

expression of proteins (involved in the metabolism of herbicides, thus 

accelerating their detoxification (Davies and Caseley, 1999; Hatzios and 

Burgos, 2004). Amongst these ‘safened’ enzymes, the best studied are the 

glutathione transferases (GSTs) which catalyze the conjugation of herbicides 

with the endogenous tripeptide glutathione (Cummins et al., 1997; Davies and 

Caseley, 1999; DeRidder and Goldsbrough, 2006). Such conjugation has been 

demonstrated in barley (Scalla and Roulet, 2002). The application itself triazine 

herbicide also decreased (statistically non-significant) number of productive 
spikes (Table 3). Number of productive tillers was in terms of yield-forming 

parameter in the closest relationship with grain yield of spring barley - this 

relationship is understandable, because foliar application is done at the beginning 
of tillering. Differences in the number of tillers were recorded as statistically 

significant only after application of higher doses of PDA in combination with 

herbicide. Triazine herbicide and its mixtures (Table 3) reduced one thousand 
grain weight, slightly increased the number of grains in a spike. Differences in 

the number of grains in a spike and one thousand grain weight are statistically not 

significant in variants except for the variant with GABA.  
The plants of spring barley in a relatively favourable moisture conditions and 

with soil substrate tolerate relatively well short-term stress effects of the 

herbicide. Barley plants together with plants of oat, as well as wheat are tolerant 
to the herbicide chlorsulfuron, which metabolize to polar molecules that are 

inactive (Sweetser et al., 1982). 

Therefore, it would be more efficient use of regulators of polyamine synthesis 
independently, not together with the herbicide before tillering, but in the later 

stages of ripening grain, whereas according to the known effects of polyamines 

are themselves able to inhibit senescence indicated increase protease activity 
(Kaur-Sawhney et al., 1982). 

 

Table 3  Parameters of yield-forming process in barley grain from pot 
experiment 

Variant 
Grain weight 

(g) 

Number of 

productive 

spikes 

One thousand 

grain weight 

(g) 

Number of 

grain in a 

spike 

1 26,2B 34,0B 47,5AB 16,2A 
2 25,7B 33,5B 46,1B 16,7A 

3 23,8ABC 31,8B 44,7A 16,8B 

4 21,7A 26,3A 46,9AB 17,6AB 
5 21,9C 30,4AB 46,1AB 15,8A 

Capital letters in table stand for statistical significance in columns (P<0.01) - their 

conformity means that the values are statistically non-significant and different letters 

characterize statistical significance. 

 

CONCLUSION 

 

The application of triazine herbicide alone contributed to a decline in yield of 

barley grain. Polyamine biosynthesis regulators also did not have the positive 
impact on yield of grain, accurately even more negative when compared to the 

variant where the herbicide was applied alone. The polyamine biosynthesis 

regulators also either reduced or directly did not affect the values of one thousand 
grains weight. But their application positively influenced the number of grains in 

a spike (except for the variant with the herbicide with dose 29,6 g.ha-1 PDA). 
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