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Effects of herbicides and crop years on the quality of winter wheat varieties 
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Summary 
The wet gluten content, gluten spreading, baking value, technological water-absorbing ability 
and falling number of 4 wheat varieties were studied in 1 year with an average rainfall (2001) 
and 2 dry years (2002 and 2(03). The canopies of the wheat varieties were treated with 
different herbicides (Granstar, Duplosan DP, Lintur, Mecaphar and Mustang). 
The effects of variety and crop year and the variety x crop year interaction were significant on 
all the studied characters. The variety x herbicide x crop year interaction was significant too, 
with the exception of the technological water-absorbing ability. 
The 5 herbicide treatments did not give rise to any significant difference in the bread-making 
quality of the 4 tested wheat varieties in any of the 3 years. The variety x herbicide and 
herbicide x crop year interactions either were not significant. 
The characters of the bread-making quality of the varieties differed considerably with the crop 
year and the herbicide Within the bread-making quality of one variety significant differences 
were observed only in some cases as a function of the crop year or the herbicide treatment. 
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Introduction 

Wheat fields are mainly protected from weeds by the use of herbicides, which may influence 
the phenology and bread-making quality of wheat. In the 1950s, it was observed that one of 
the oldest herbicides, 2,4-D, increased the protein content of wheat by 0.5-2.3% (Fajersson, 
1958). In the trial by Szab6 (1973), the herbicides Dikonirt, Dikotex 40 and Dikamin likewise 
increased the protein content. In the long-tenn trials by Pollharneme (1973), Dikonirt, Atrazin 
and Hedonal MCPP generally increased the wet gluten content and the gluten spreading. 
The physical characters of the wheat kernels are not changed greatly by herbicides (Zych, 
1980), but the protein content and the water-absorbing capacity of the flour are influenced by 
them. Peter et al. (1985) observed increases in the protein content and water-absorption 
capacity of the wheat cultivars GK Tiszatiij and GK Szeged in response to double doses of 
Dikonirt, Dikotex 40, Gabonil and Aniten D. 
Matuz et aI. (1993) found that some herbicides exerted different effects on the quality 
characters of two wheat cultivars. Banvel had no effect on the quality, whereas Starane and 
Dikotex influenced the water-absorption capacity and SDS sedimentation value significantly. 
In the experiments of Taniics et al. (1993), the herbicides Dikarnin D and Dikotex 40 
considerably decreased the falling number of the winter wheat cultivars GK Kata and GK 
CsUros. In another trial, Taniics et al. (1999) observed that Protugan, DMA 6-D, 2,4-D ester, 
Optica and Optica Trio significantly increased the wet and dry gluten contents, while only 
Optica increased the gluten spreading. It was reported by Taniics et aI. (2000) that the average 
wet and dry gluten contents of 6 varieties treated with the herbicides Protugan, Banvel-480, 
DMA 6-D, Mecaphar, Optica and Segal 65WG were similar to those for the non-treated 
control. However, for the treatment combination variety x herbicide, it was often observed 
that the herbicides increased or decreased the wet and dry gluten contents of some cultivars. 
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In the case of the gluten spreading, there was an appreciable variety x herbicide interaction, 
because the average for the 6 varieties treated with DMA 6-D differed considerably from that 
for the control. 
In the period 1995-2000, Szentp6tery et al. (2001) studied the interactions between various 
wheat cultivars (Mv-21, Alf6ld 90, Fatima 2, Mv-Magdalena and Mv-Palma) and some 
herbicides (Starane 250 EC, Fluorixipir, Pardner, Bromoxynil, Banvel 480 and Dicamba), 
applying a provocative dose later than usually suggested, at the time of heading. These 
herbicides caused insignificant changes in the quality characters. In 1997 and 1999, Pardner 
and Banvel increased the farinographic value of the varieties Alf61d 90 and Mv-21. 
In the present work, we studied how the different herbicides and crop years influenced the wet 
gluten content, the gluten spreading, the baking quality, the water-absorbing ability and the 
falling number of 4 wheat varieties. 

Materials and Methods 

Four wheat varieties (OK Oaraboly, OK Kalasz, OK Miska and OK Petl1r) were sown in a 3 
factorial, random block plot design in 4 replications at the experimental field of the Cereal 
Research Non-Profit Company, Szeged. The deep soil was saline meadow chemozem which 
ensured a medium nitrogen and a good phosphorus and potassium supply. Pea was used as 
forecrop. 
The sowing dates were 16 October 2000, 15 October 2001 and 17 October 2002; the seeding 
rate was 500 seeds/m2• Herbicides (Table 1) were applied on 20 April 2001, 2 April 2002 and 
25 April 2003 in theIst-2nd node stages of stem development. The harvesting dates were 10 
July 2001, 27 June 2002 and 26 June 2003. 

Table 1 Treatments with herbicides and their doses and active agents (Szeged, 2000-2003) 

Code Commercial 
Active agent Doses 

name 2001. 2002. 2003. 
1 Oranstar Tribunuron - methyl 20 glha 20 glha 20 glha 
2 DuplosanDP Dichlorprop - P 1.6l/ha 2.0 l/ha 2.0 l/ha 
3 Lintur Dicamba + tria-sulfuron 170 glha 150 glha 150 glha 
4 Mecaphar MCPA 2.0 l/ha 2.0 l/ha 2.0 l/ha 
5 Mustang Florasulam 2.0 l/ha 0.6l/ha 0.6l/ha 

In the crop year 2000/2001, the total precipitation was 446 mm, which exceeded the annual 
average (388 mm), but its distribution was disadvantageous, with 200 mm in June at the end 
of the vegetation period, the weather being cooler than usual at that time. In 200112002, the 
total precipitation amounted to only 241 mm, i.e. around half of that in the previous year, but 
it was distributed more advantageously. The temperature in May and June was average. The 
long, cold winter and the early occurrence of very hot days adversely affected the very low 
amount of rainfall (246 mm) in 200212003. 
The wet gluten content, gluten spreading, technological water-absorbing ability, baking value 
(valorigraphic value = farinographic value) and falling number were detennined according to 
the current Hungarian Standards in the Laboratory of the Department of Food Sciences, at the 
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Faculty of Food Industry. Szeged University. The data from the total of 60 treatment 
combinations (4 varieties x 5 herbicides x 3 years) were evaluated by 3-factor variance 
analysis. 

Results and Discussion 

The statistical evaluation of the data (Table 2) revealed the statistically significant effects of 
the variety (factor A). the crop year (factor B) and the variety x crop year interaction on the 5 
characters (wet gluten content. gluten spreading. technological water-absorbing ability, 
baking value and falling number). A similarly statistically significant effect was observed in 
the case of the variety x herbicide x crop year interaction (AxBxC) with the exception of the 
technological water-absorbing ability. 
There were no significant differences between the effects of herbicide treatments (B) for any 
of the characters .. The interactions variety x herbicide (AxB) and herbicide x crop year (BxC) 
did not influence the quality characters appreciably. 

Table 2 ANOV A of quality characters of winter wheat varieties treated with herbicides 
Szeged,2001-2003 

Source of 
Degree 

Wet gluten Gluten 
Water-

Baking Falling 
variance 

of 
content spreading 

absorbing 
value number 

freedom ability 
Replication 2 

Treatment 59 8.85*** 67.91*** 1048.8*** 24.06*** 8339.5*** 
Variety (A) 3 24.03*** 198.74*** 4673.7*** 274.25*** 60224.5*** 

Herbicide (B) 4 2.04ns 3.77 ns 196.Oos 284.00 ns 1112.5 ns 

Crop year (C) 2 77.55*** 1197.22** 18534.0** 16.42* 61866.0*** 
Interaction 12 1.30 ns 3.23 ns 35.9 ns 6.26 ns 1651.0 ns 
Interaction 6 33.76*** 142.07*** 1091.1 *** 39.36*** 19389.0*** 
Interaction 8 0.91 ns 0.68 ns 121.7 ns 5.76 ns 1385.1 ns 
Interaction 24 2.57*** 4.34*** 85.7** 8.14 ns 1497.S*** 

Error 11S 0.14 0.10 46.1 6.13 196.8 
*. **. *** SIgnIficant at P5%. PI % and PO.l % level. respectIvely; nSf non-slgmficant 

As the herbicide treatments had no significant effect on any of the characters, only the effects 
of variety and crop year are shown. 

Wet gluten content (Table 3): 
No significant differences were observed between the means for the crop years and between 
the means for the varieties, because the variety x crop year interaction was very severe. In 
2002, there was a very hot period before harvesting and the wet gluten contents of the 
varieties GK Petur and GK Miska, which ripened later. were significantly lower than in 2003. 
The wet gluten contents of the varieties OK Oaraboly and OK Kahisz varied only slightly in 
the 3 years. 
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Table 3 Effects of the crop years on the wet gluten content of the 4 wheat varieties 
(Szeged, 2001-2003) 

Variety (a) Mean 
Crop year (c) GK GK GK GKPetUr for crop 

Garaboly Kalasz Miska year 
2001 34.21 34.54 34.69 37.37 35.20 
2002 34.87 33.27 31.18 32.81 33.03 
2003 35.40 33.06 33.43 32.31 33.55 

Mean for the variety 34.83 33.62 33.10 34.16 33.93 
LS05%, between any two values, alCI-I4C3 2.71 
LS05%, between variety means, al-14 3.82 
LS05%, between year means Cl-C2 3.82 

Gluten spreading 
In 2001, all 4 varieties exhibited significantly greater (worse) gluten spreading than in the 
other 2 years. Thus, the mean for 2001 was considerably worse than the means for the other 2 
years (Table 4). In the rainy year 2001, the gluten spreading of GK Garaboly was greatly 
increased, and its 3-year average therefore differed significantly from the averages for the 
other varieties. 
In 2002, the high temperatures before harvesting, and in 2003, the extensive drought, 
decreased the gluten spreading to under the Hungarian Standards limit value .(2 mmlhour). 

Table 4 Effects of the crop years on the gluten spreading of the 4 wheat varieties 
(Szeged,2001-2003) 

Variety (a) Mean 
Crop year (c) GK GK GK GKPetur for crop 

Garaboly Kalasz Miska . year 
2001 17.32 6.59 4.93 6.92 8.94 
2002 2.02 1.10 1.25 1.67 1.51 
2003 1.43 0.68 0.85 1.00 0.99 

Mean for the variety 6.92 2.79 2.34 3.20 3.81 
LS05%, between any two values, alCI-l4c3 0.75 
LS05%j between variety means, al-14 1.06 
LS05%, between year means Cl-C2 1.06 

In 2001, the herbicides influenced the gluten spreading of the cultivars in different ways. The 
gluten spreading was higher for GK Garaboly treated with Mecaphar, Ouplosan OP and 
Mustang, for GK Kalasz treated with Mecaphar and Mustang, for GK Miska treated with 
Ouplosan OP, Granstar and Mecaphar, and for GK Petur treated with Granstar and Ouplosan 
OP (Table 5). 
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Table 5 Effects of herbicides on the gluten spreading of four wheat varieties. Szeged, 200 1. 

Herbicide (b) Variety (a) 
OKOaraboly OK Kalasz OK Miska OKPetUr 

Oranstar 16.37 4.50 5.42 8.92 
DuplosanDP 17.25 4.92 7.00 8.92 
Lintur 17.08 4.42 2.50 5.00 
Mecaphar 18.12 9.46 5.29 5.75 
Mustang 17.75 9.67 4.46 6.00 
LSD5%, between any two values, atCt-lI4C3 0.75 

Technological water-absorbing ability (Table 6) 
The water-absorbing ability of the flour of the variety OK Kalasz was significantly higher 
than those of the cultivars OK Oaraboly and OK Petur in each of the 3 years. The average 
water-absorbing abilities in the 3 years for OK Kalasz and OK Miska were considerably 
greater than those for the other 2 varieties. There were no practically differences between the 
means for the crop years. 

Table 6 Effects of the crop years on the water-absorbing ability of the 4 wheat varieties 
(Szeged,2001-2003) 

Variety (a) Mean 
Crop year (c) OK OK OK OKPetur for crop 

Oaraboly Kalasz Miska year 
2001 60.04 65.14 64.56 62.33 63.02 
2002 61.07 66.47 64.00 61.61 63.29 
2003 62.51 69.13 61.43 63.05 64.03 

Mean of the variety 60.55 65.80 64.28 61.97 63.15 
LSD5%, between any two values, atCt-lI4C3 4.0 
LSD5%, between variety means, at-lI4 1.79 
LSD5%, between year means Ct-C2 1.79 

Baking value 
Of the 4 varieties, OK Miska and OK Kalasz had the best quality on the basis of the 3-year 
means. OK Oaraboly had a significantly poorer quality (Table 7). In the crop year 2001, the 
average baking values of each of the 4 varieties were considerably poorer than in the drier 
years 2002 and 2003. This means that, when the year was drier with a tendency to drought, 
the baking quality was better. 
In 2001, the baking quality, similarly to the gluten spreading, was influenced differently by 
some herbicides for each variety (Table 8). The baking quality tended to be poorer for OK 
Oaraboly treated with Duplosan DP, Lintur and Mustang, for OK Kalasz treated with 
Duplosan DP, Mecaphar and Mustang, for OK Miska treated with Duplosan DP, and for OK 
Petur treated with Oranstar and Duplosan DP. 
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Table 7 Effects of the crop years on the baking value of the 4 wheat varieties 
(Szeged,2001-2003) 

Variety (a) Mean 
Crop year (c) GK GK GK GKPetur for crop 

Garaboly Kallisz Miska Lear 
2001 30.42 65.65 73.57 54.74 I 56.10 
2002 74.04 91.98 89.27 82.05 84.34 
2003 81.49 95.71 85.07 91.09 88.34 

Mean for the variety 52.23 78.81 81.42 68.40 70.22 
LSD5%, between any two values, alCI-l4c3 16.14 
LSD5%, between variety means, al-14 22.76 
LSD5%, between year means CI-C2 22.76 

Table 8 Effects of the herbicides on the baking value of the 4 wheat varieties (Szeged, 200 1) 

Herbicide (b) Variety (a) 
GKGaraboly GKKallisz GKMiska GKPetur 

Granstar 36.9 77.4 75.9 51.2 
Duplosan DP 25.7 60.3 64.7 45.2 
Lintur 27.9 71.7 81.6 60.6 
Mecaphar 35.1 63.3 74.6 56.2 
Mustang 26.5 55.6 71.0 60.6 
LSD5%, between any two values, alCI-I4C3 22.76 

Falling number 
The 3-years average for GK Petur was significantly higher than those for other cultivars 
(Table 9). The mean for 2003 excelled with a very high falling number, in excess of 400, 
which was considerably more than the mean for 2001. 
Because of the significant interactions, the falling numbers for the varieties differed 
appreciably in the different years. GK Garaboly had its highest falling number in 2002, 
whereas the other had theirs in 2003. In contrast, GK Miska had its lowest falling number in 
2002, whereas the others had theirs in 2001. 
In 2002 and 2003 the herbicides affected the falling number of cuItivars differently in some 
cases (Table 10). In 2002, for example, GK Garaboly treated with Mecaphar had a 
considerably higher falling number than when it was treated with other herbicides, while GK 
Petur treated with Granstar had a significantly lower falling number than following the other 
herbicide treatments. In 2003, when GK Garaboly was treated with Duplosan DP, Lintur or 
Mustang, its falling number was significantly lower, while in the case of GK Miska treated 
with Mustang its value was higher. 
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Table 9 Effects of the crop years on the falling number of the 4 wheat varieties 
(Szeged,2oo1-2oo3) 

Variety (a) Mean 
Crop year (c) GK GK GK GKPetdr for crop 

Garaboly Kahisz Miska year 
2001 275.33 341.87 343.20 388.73 337.28 
2002 380.87 359.27 322.93 434.40 374.37 
2003 342.07 383.80 440.40 438.67 401.23 

Mean for the variety 328.10 350.57 333.07 411.57 355.83 
LSD5%, between any two values, atCt-14C3 33.37 
LSD5%, between variety means, at-14 47.05 
LSD5%, between year means Ct-C2 47.05 

Table 10 Effects of the herbicides on the falling number of the 4 wheat varieties 
(Szeged,2oo2-2oo3) 

2002 2003 
Herbicide (b) GK GK GK GK GK GK GK GK 

Garaboly Kalasz Miska Petdr Garaboly Kalasz Miska Petdr 
Granstar 367.0 357.0 330.0 358.0 372.3 373.0 430.7 439.7 
DuplosanDP 361.3 362.3 327.7 466.0 313.7 369.3 425.7 458.7 
Lintur 383.7 363.3 312.0 440.3 326.0 395.7 407.0 439.7 
Mecaphar 420.0 370.0 323.3 465.7 359.7 396.3 421.0 436.3 
Mustang 372.3 343.7 321.7 442.0 338.7 384.7 517.7 419.0 
LSD5%, between any two values, atCt-14C3 33.37 

Conclusions 

The wet gluten content, gluten spreading, baking value, technological water-absorbing ability 
and falling number of 4 wheat varieties (GK Garaboly, GK Kalasz, GK Miska and GK Petdr) 
were studied in a year with an average rainfall (2001), a dry year (2002) and a droughty one 
(2003). The canopies of the wheat varieties were treated with different herbicides (Granstar, 
Duplosan DP, Lintur, Mecaphar and Mustang). The results partly agreed, and partly differed 
from the data in earlier publications (Tamics et aI., 1993; Tanacs et ai., 1999; Tanacs et aI., 
2000; Tanacs and Gero 2001; Gero et aI., 2002). 
As concerns the averages for the 4 wheat cultivars during the 3 years none of the quality 
characters displayed significant differences between the treatments with the herbicides. The 
variety x herbicide and the herbicide x crop year interactions were not significant either. The 
effects of variety and crop year and the variety x crop year interaction were statistically 
significant for all characters. The variety x herbicide x crop year interaction was also 
significant for all of the characters with the exception of the water-absorbing ability. 
The bread-making quality of the varieties varied very differently as functions of the crop 
years and the herbicides. Significant differences were observed only in some cases within the 
bread-making quality of one variety because of the crop year of the herbicide treatment. These 
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differences reveal that the quality characters of the wheat varieties can be altered either 
positively or negatively by the crop year or herbicide treatment. The results direct attention to 
the fact that crop protection treatments may exert effects on the technological quality of 
wheat. 
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