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Abstract       In the agricultural year 2015-2016, the diseases attack 
influenced negatively the quality and grains yield of wheat. To quantify these 
relationships between factors, it were conducted one experiment with 25 
varieties in an experimental field at Oradea (Bihor county), in north-west of 
Romania. The diseases manifested with high intensity were: powdery mildew 
(Erisyphe graminis), yellow rust (Puccinia striiformis) and leaf slash 
(Helminthosporium tritici). We studied the relations between yield and 
diseases attack. All diseases affected (with different intensities) the yield and 
quality. However, some news varieties (Otilia, Boema, Ursita and Izvor), 
realized good yields and good resistance to diseases, too. Our new breeding 
line Lovrin 6X has good yielding capacity, resistance to diseases and good 
backing quality, too.   
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Bread wheat is one of the most widely grown 

and most consumed food crops all over the world 

(Tayyar, 2010). The developments of high grain yield 

potential with good bread-making quality and 

resistance to biotic and biotic factors and which 

respond to improved agricultural practices are the main 

achievements for bread wheat breeding programs. In 

breeding activity, the target is to combine in the same 

genotype the genes that controls yield potential, 

resistance or tolerance to diseases and the mains 

quality traits, with a high stability and low interactions 

with the environments. 

The annually production of grain is estimated 

to be 620 million tones, providing 20% of the total 

calorific and protein input of the world population 

(Reynolds et al., 2008). Currently, the world average 

wheat yield is around 3 t/ha, with a considerable 

variation between countries (Hawkesford et al., 2013). 

For example, the average yield in 2010 varied between 

1.64 t/ha (Australia), 5.26 t/ha in European Union and 

8.12 t/ha in New Zeeland. In 2010, the cultivar Einstein 

vas included in World Records Book with a yield of 

1563 kg/ha realized in New Zeeland, too 

(www.agrimedia.ro). 

Yuksel and Mevlut (2014) found a large 

variability among most of the quality attributes 

evaluated. Wider ranges of quality traits were observed 

in the environments than among most of the genotypes. 

The importance of the growing environment effects on 

grain quality objectives should be adapted to the 

targeted environments. Negative association between 

high yield and good quality should be an important 

target for the next breeding efforts. 

Tayyar (2010) show that correlation 

coefficients analyses revealed negative relationships 

between grain yield, gluten and sedimentation and 

positive between grain yield and hectoliter weight. The 

grain protein content is genetically controlled but may 

vary widely depending upon the variety, climatic 

conditions, location, soil fertility and complex 

interactions between these factors. 

The researches of Shewry (2009) demonstrate 

that the protein content depends strongly of genotype, 

technology, grains maturity and climatic conditions. By 

his high content of starch (60-70%) in grain and in 

white floor (65-75%), wheat is often considered to be 

little more than a source of calories, and this is 

certainly true for animal feed production. 

Hectoliter weight, thousand kernel weight 

(TKW) and falling number are little influenced by soil 

fertilization (Tabără and Wagner, 2008), remarkable 

being the Romanian cultivars Alex and Ciprian, with 

high wet gluten content. These two cultivars are very 

resist antes to hydro and thermal stress and have a good 

stability from a year to another (Melucă et al., 2011). 

 Even the climatically and technological 

conditions are different, the quality results of the new 

wheat variety Crisana are comparable and varieties 

reactions is stable. (Bunta et al., 2012). 

Nitrogen and plant density are two factors that 

affect yield and quality in wheat (Yu et al., 2016). 

Nitrogen is the most important fertilizer element, its 

nutrition is known to affect the level of stripe rust 

infection, high level of N increasing disease severity 

((Devadas et al., 2014). 

There are a concern in present that recent 

cultivars of wheat have inferior milling and backing 

quality compared with older cultivars (Cox et al., 

1988). This concern is confirmed by negative 

correlation between grain yield and protein 
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concentration in recent wheat cultivars. But the 

evaluation of 40 genotypes created during the last 70 

years regarding milling and backing quality traits, no 

significant change over time was detected for floor 

yield. There were few significant correlations between 

quality traits and grain yield or volume weight. 

Interclass hybridization between soft and hard 

wheat results in new genetic combinations of potential 

value (Campbell et al., 2000). It is an underexploited 

wheat breeding strategy for improvement of agronomic 

and quality traits in wheat. 

Bread-making quality of wheat flour is largely 

determined by the accumulation, concentration and 

composition of the proteins in the grain, which are 

influenced by genetic and environmental variation and 

their interactions (Malik et al., 2013). The cultivar and 

nitrate amount and timing of application determine 21-

51% of the variation. 

The bread-making quality of wheat is strongly 

influenced by the gluten proteins: monomeric gliadins 

and polymeric glutenins (Wieser, 2007). The gliadins 

contribute mainly to viscosity and extensibility while 

the polymeric glutenins contribute mainly to the 

elasticity of dough. 

High molecular weight (HMW) glutenin 

subunits are known as one of the most important 

components determining functional properties of wheat 

flour (Jurcovic et al., 2000). The bread-making quality 

of wheat is primarily influenced by its protein content 

and protein quality. Gluten proteins consist mainly of 

glutenin and gliadin, as components of the wheat grain 

that is related to bread-making quality. Even the HMW 

glutenin subunits consists in around 10%of the protein 

storage, they play a key role in determining bread-

making quality.   

The present study contribute to understanding 

the complex interractions between factors implicated in 

yield production and quality, especially the diseases 

attack. 

 

Material and Method 

 
During the agricultural year 2015-2016, an 

experiment with 150 genotypes (cultivars and breeding 

lines) was conducted at Oradea (north-west of 

Romania), in order to identify the best genotypes 

regarding the grain yield potential and with very good 

parameters of quality. The climatically conditions 

permitted to apare and also to be evaluated 3 diseases: 

powdery mildew (Erisiphe graminis), leaf slash 

(Helminthosporium tritici) and yellow rust (Puccinia 

striiformis). In consequence, we could evaluated the 

genetically resistance of the winter wheat genotypes 

studied. The last one disease (yellow rust) has a verry 

reduced frequency in north-west of Romania. (Bunta et 

al., 2002), but it appeared consecutively in the last two 

years. 

The sowing time was in optimal period (2 

october), the humidity of soil was good, therefore the 

wheat springed and vegeted well, ap to the end of 

december.  

The fertilization consists in 200 kg/ha 

complex fertilation (N20:P20:K0) applied before 

sowing, in autumn and 200 kg/ha amonium nitrate (67 

kg active substance), applied in in spring time (23 

March). 

The autumn were hot and humid. That 

situation favorized the instalation of yellow rust even 

in november. The winter evoluated  in the same 

manner like autumn and the wheat vegetated almost 

continue. These conditions favorised in spring a wery 

high density, a luxuriant development of plants and an 

explosive infestation of wheat with mentioned 

diseases. 

Every genotype was sown in 3 randomised 

replications, like plots with 5 square meters surface. 

The disease attack was evaluated by notes from 1 to 9, 

in FAO system, in every replication. The yield results 

were statistically processed in conformity with 

balanced square lattice with 25 variants, in 3 

replications, by analise of variance, F test and standard 

deviation. 

The quality analises were done in wheat 

breeding laboratory of Agricultural Research and 

Development Station Lovrin and consists in evaluation 

of protein, wet gluten, hardness, starch, thousand 

kernel weight (TKW) and test weight (kg/hl).  

The interaction between yield, quality 

parameters and diseases atack notes were processed by 

correlation analyse and  trend method for linear, 

quadratic, logaritmic, exponential, polinomial and 

power regression, in order to determine whitch of these 

functions represents the best interactions of factors. 

 
Results 

 
The level of yield (table 1) varied betveen 

5510 kg/ha (the old russian cultivar Bezostaia)and 

more than 9000 kg/ha (2 new breeding lines, Semnal 

and Lovrin 6111, whitches are statistically assured 

superiors to experimental average). The cultivar 

Miranda vere significant superior to experimental 

average, too.  The first three genotypes exceded 

experimental average with more than 1.000 kg/ha 

(113.7%).  

The breeding lines Simnic 119 and Simnic 

1120, created in south Romania in an areal very 

differed from western country, performed poor, being 

unadapted for our zone of influence.  

Some results of quality analises are presented 

in table 2. The total protein content varied between 

10.0% (Miranda) and 13,4% (Simnic 1120). Other 

breeding line (F 11.838 G8, F 11.424 G1 and L. 6113) 

exceded 14.0% total protein. Our new breeding line 

Lovrin 6X has a midle protein content (12,3%) but 

superior to experimental average (11,7%). The line 

Lovrin 6 X vas obtained by hibridization between 

Dropia and Crișana. It recombine the good quality and 
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aluminium tolerance from Crișana with reduced height and resistance to diseases from Dropia.

 

 

Table 1 

Results regarding the yield of some winter wheat genotypes 

Oradea, 2016 

Class. Genotype Yield (kg/ha) Relative 

yield 

(%) 

Difference to 

average 

(kg/ha) 

Significance of 

differences 

1 SEMNAL 9123.8 115.9 +1254.9 ** 

2 LOVRIN 6111 9059.1 115.1 +1190.2 ** 

3 MIRANDA 8946.4 113.7 +1077.5 ** 

4 LOVRIN 6110 8436.5 107.2 +567.6  

5 F. 11.838 G8 8434.1 107.1 +565.2  

6 OTILIA 8343.6 106.0 +474.7  

7 LITERA 8279.7 105.2 +410.8  

8 BOEMA 8272.7 105.1 +403.8  

9 PAJURA 8220.8 104.5 +351.9  

10 LOVRIN 6X 8209.5 104.3 +340.6  

11 LOVRIN 6113 8184.7 104.0 +315.8  

12 FAUR 8169.7 103.8 +300.8  

13 UNITAR 8000.9 101.7 +132.0  

Experimental average 7868.9 100.0 0.0 - 

14 PITAR 7850.3 99.8 -186.0  

15 URSITA 7754.4 98.5 -114.5  

16 GLOSA 7721.8 98.1 -147.1  

17 ALBOTA 38-04 7591.9 96.5 -277.0  

18 ADELINA 7513.2 95.5 -355.7  

19 F 11.424 G1 7502.3 95.3 -366.6  

20 IZVOR 7501.2 95.3 -367.7  

21 LOVRIN 6125 7414.8 94.2 -454.1  

22 ALEX 7406.6 94.1 -462.3  

23 SIMNIC 119 6690.8 85.0 -1178.1 oo 

24 SIMNIC 1120 6583.4 83.7 -1285.5 oo 

25 BEZOSTAIA 5510.3 70.0 -2358.6 ooo 

LSD 5% = 751.3 kg/ha; LSD 1% = 1.018.2 kg/ha: LSD 0.1% = 1.363.3 kg/ha 

 
Wet gluten content varied in the same manner. 

Simnic 1120 realised maximum wet gluten content 

(34.8%), fallowed by Lovrin 6113. The cultivar 

Miranda, a very productive one, unfortunately realised 

only 24.7% wet gluten. Thus is confirmed the 

antagonism between yield and quality. 

The hardness of grains has appropriate limits 

(49 to 35%), with an average of 40.5%. The highest 

values of hardness were in cases of the best protein and 

wet gluten genotypes, confirming the strong correlation 

between these three indicators of quality 

The starch content is very important only for 

variety destined to biscuits production. The breeding 

line Lovrin 6113 that has the list value of starch 

(67.3%) has a high value of the protein and a very good 

hardness. It is a demonstration of the fact that hardness 

of grain is dependent in high measure of starch content.

 

 
 

 

 

 

 

 

 

 

 

 



 17 

Table 2 

Results regarding the yield and quality of some winter wheat genotypes 

Oradea, 2016 

Clas. Genotype  Yield 

(kg/ha) 

Protein 

(%) 

Wet 

gluten 

(%) 

Hard-

ness 

(%) 

Starch 

(%) 

TKW 

(g) 

Test 

weight 

(kg/hl) 

1 SEMNAL 
 

11.0 27.5 39 69.2 50.2 77.0 

2 LOVRIN 6111 
 

11.9 31.1 38 68.4 51.6 76.2 

3 MIRANDA 
 

10.0 24.7 38 69.7 48.5 78.2 

4 LOVRIN 6110 
 

11.0 27.0 37 68.9 46.8 75.8 

5 F. 11.838 G8 
 

13.1 33.6 42 68.5 46.7 74.8 

6 OTILIA 
 

12.3 31.7 42 68.3 47.6 76.8 

7 LITERA 
 

11.0 27.5 35 68.4 43.7 77.8 

8 BOEMA 
 

11.0 28.3 37 69.0 49.2 76.8 

9 PAJURA 
 

10.6 25.9 37 69.3 47.9 76.8 

10 LOVRIN 6X 
 

12.3 31.3 42 67.8 48.4 77.4 

11 LOVRIN 6113 
 

13.0 34.1 39 67.3 46.8 78.2 

12 FAUR 
 

12.0 30.4 39 68.4 48.9 75.6 

13 UNITAR 
 

10.5 25.7 38 69.4 54.2 76.0 

14 PITAR 
 

11.1 27.8 41 69.5 50.8 76.8 

15 URSITA 
 

12.0 30.8 45 69.3 49.1 75.6 

16 GLOSA 
 

10.8 27.9 35 68.5 47.3 75.0 

17 ALBOTA 38-04 
 

12.3 32.1 42 68.5 46.7 77.6 

18 ADELINA 
 

12.1 29.7 41 68.5 43.5 74.6 

19 F 11.424 G1 
 

13.0 33.9 44 68.3 45.5 80.2 

20 IZVOR 
 

12.5 31.6 42 68.2 49.8 76.4 

21 LOVRIN 6125 
 

12.2 31.4 41 68.6 42.9 74.8 

22 ALEX 
 

10.9 26.7 38 68.7 52.2 75.8 

23 SIMNIC 119 
 

10.7 28.1 45 70.1 50.1 75.6 

24 SIMNIC 1120 
 

13.4 34.8 49 68.9 50.9 76.6 

25 BEZOSTAIA 
 

12.7 33.1 47 68.6 50.2 78.4 

Experimental average 7868.9 11.7 29.9 40.5 68.7 48.4 76.6 

 
Thousand kernel weights (TKW) vas in 

normal parameter in this year, causes being the optimal 

climatically conditions for the developing of plants. It 

varied between only 42.9 grams (Lovrin 6125) and 

54.2 grams (Unitar). 

Test weight (kg/hl) vas very good this year, 

with an experimental average 76.6 kg/hl and variations 

limits between 74.8 (Lovrin 6125) and 80.2kg/hl (F 

11.424 G1).  
The first disease that appeared in this year 

(table 3) was powdery mildew (Erysiphe graminis f.sp 

tritici), with high intensity of attack. The intensity of 

attack was evaluated by notes from 1 to 9. The most 

susceptible genotype to powdery mildew attack was 

the breeding line Lovrin 6110 and the cultivar Adelina 

(note 6). The most resistant ones was the productive 

line Unitar. High level of attack means low level of 

grains yield (Adelina), powdery mildew being an 

important limitative factor by reducing the total surface 

of leaves. 
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Table 3 

Results regarding the yield and diseases attack in some winter wheat genotypes 

Oradea, 2016 

Clas. Genotype  Yield (kg/ha) Powdery 

mildew 

(note) 

Yellow rust  

(note) 

Helmintho-

sporium  

(note) 

1 SEMNAL 
 

4 3 6 

2 LOVRIN 6111 
 

4 3 5 

3 MIRANDA 
 

3 4 4 

4 LOVRIN 6110 
 

6 4 5 

5 F. 11.838 G8 
 

5 2 6 

6 OTILIA 
 

3 2 4 

7 LITERA 
 

3 2 6 

8 BOEMA 
 

3 3 4 

9 PAJURA 
 

3 3 5 

10 LOVRIN 6X 
 

5 3 4 

11 LOVRIN 6113 
 

3 3 5 

12 FAUR 
 

4 2 4 

13 UNITAR 
 

2 2 5 

14 PITAR 
 

3 3 6 

15 URSITA 
 

3 2 3 

16 GLOSA 
 

3 2 5 

17 ALBOTA 38-04 
 

5 5 4 

18 ADELINA 
 

6 2 6 

19 F 11.424 G1 
 

3 2 5 

20 IZVOR 
 

4 3 4 

21 LOVRIN 6125 
 

5 3 6 

22 ALEX 
 

4 3 5 

23 SIMNIC 119 
 

4 4 4 

24 SIMNIC 1120 
 

3 2 4 

25 BEZOSTAIA 
 

5 4 4 

Experimental average 7868.9 3.84 2.84 4.76 

 

The yellow rust (Puccinia striiformis f. sp. 

tritici) was the disease with small intensity of attack, 

with notes between 2 (many genotypes) and 5 (Albota 

38-04).  

Helminthosporium (leaf slash) is a disease 

with high incidence in our zone. In this year, its 

intensity vas high, with notes from 3 to 6 and an 

experimental average of 4.76, with an evident negative 

influence on grains yield. 

In the table 4 are presented the correlations 

between yield, diseases, morphological and 

physiological indicators. All significant correlations of 

yield are negative. Falling sensibility and height 

reduced grains yield. This relationship is well 

described in figure 1: when the trend line of the plant 

falling increase, the trend line of the grains yield 

decrease.  

The most productive genotypes have reduced 

numbers of grains and pours values of wet gluten and 

hardness (table 4). The negative relationship between 

yield and quality indicators is suggested also in figure 

2. The genotypes with high hardness values have 

reduced yield values. 
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Fig. 1. Relationship between yield and falling resistance in winter wheat 

 

 
Fig. 2. Relationship between yield and grain hardness in winter wheat 

 

It is known that between yield and wet gluten 

exists a negative corelation. Very important for 

breeding activity is to find genotypes with high yilding 

pottential and good qualities indicators in the same 

time. In figure 3 are presented the negative regresion 

line between grains yield values and wet gluten ones of 

the genotypes studied. Some genotypes like Miranda 

yielded well but with low gluten content, during that 

another genotypes (Lovrin 6013, Lovrin 6111, Lovrin 

6X, F 11838 G8, Otilia and Faur) heve superior yilding 

and quality parameters.  

Frost resistance correlated positive with 

falling resistance (table 4) and negative with ears 

density. 

Heigh of plant is higher in case of genotypes 

tardives, with high density and great number of grains 

in spike.  

The genotypes with precocity are less attacked 

by powdery mildew but they have less hardness. 

The genotypes with a long period of grains 

fillig correlated positive with test weight, protein 

content, wet gluten and hardness. Yellow rust 

influenced strongly negative the test weight, while leaf 

slash influenced negative the hardness. 

All qualitative parameters correlated positive 

one with another: test weight, protein, wet gluten and 

hardness and negative with starch. Hardness is a 

measure of wet gluten content, in conformity to the 

strong correlation between the two parameters. For 

bread macking, is good to have up to 13% protein 

content in grains and no more than 70% starch.
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Fig. 3. Relationship between yield and wet gluten in winter wheat 

 

Conclusions 
 

1. Between yielding potential and quality vas 

demonstrated a negative correlation. However, some of 

our new breeding line (Lovrin 6111, Lovrin 6013 and 

Lovrin 6X) realized in the same time good productivity 

and quality. 

2. Were obtained some breeding lines with more than 

13% protein (Simnic 1120, Fundulea 11.838 G8, 

Fundulea 11.424 G1 and Lovrin 6113). Although they 

are not the most productive, they are sources for 

quality in the futures breeding programs. 

3. The high attack of helminthosporium permitted the 

identification of a breeding line (Ursita) with very good 

resistance to this disease. 

4. All three diseases presents in this year influenced 

strongly negative grain production and quality, too.  

5. The breeding line Lovrin 6X, which is a good 

yielding and a qualitative one has a big chance to 

become the new cultivar created at Research and 

Development Station Lovrin. 
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Table 4 

The correlations between morphological and physiological characters in wheat 

Oradea, 2016 
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Yield  0.02 -0.19 -0.53OO -0.46O -0.28 -0.24 -0.15 0.31 0.27 -0.24 -0.51OO 0.05 -0.37 -0.35 -0.39O -0.67OO -0.05 

Plant density - 0.27 0.01 -0.13 0.05 0.11 -0.11 -0.09 -0.12 -0.03 -0.12 0.16 0.22 0.21 0.25 0.31 0.13 

Frost resistance  - 0.53** -0.30 0.07 -0.10 0.14 0.33 -0.10 -0.53OO -0.34 0.20 -0.34 0.21 0.31 0.22 -0.11 

Falling resistance   - 0.25 0.37 0.03 0.28 0.10 0.20 0.04 0.01 0.04 0.15 0.25 0.28 0.40** 0.06 

Height     - 0.55** 0.37 0.19 0.37 -0.21 0.60** 0.63** -0.01 0.42* 0.31 0.30 0.38 -0.07 

Precocity      - 0.33 0.42* 0.03 -0.24 0.38 -0.01 -0.31 0.34 0.37 0.33 0.46* -0.15 

Maturity       - -0.02 -0.23 -0.29 0.08 0.38 0.16 0.39* 0.39* 0.40* 0.53** -0.18 

Powdery mildew       - 0.31 0.20 0.02 -0.25 -0.16 -0.06 0.42* 0.36 0.25 -0.30 

Yellow rust        - -0.29 -0.30 -0.10 -0.24 -0.55OO -0.25 -0.15 0.10 0.32 

Helminthosporium         - -0.11 -0.31 0.27 -0.12 -0.11 -0.18 -0.41O -0.08 

Ears density          - 0.49* -0.24 0.60** 0.19 0.09 0.23 0.07 

Grains/spike           - 0.19 0.44* 0.13 0.13 0.31 0.09 

TKW             - -0.01 0.23 0.26 -0.13 -0.35 

Test weight             - 0.46* 0.41* 0.47** -0.08 

Protein              - 0.98** 0.65** -0.66OO 

Wet gluten               - 0.67* -0.6200 

Hardness                - 0.05 

N = 25; R5% = 0.39; R1%= 0.51.  

 

 

 

 

 

 


