
Volume 20(1), 97- 104, 2016 
JOURNAL of Horticulture, Forestry and Biotechnology 

www.journal-hfb.usab-tm.ro 

97 

Study regarding the relationship between genotypes, diseases 
attack, yield and quality in winter wheat 

 
Bunta Gh.,1* Bucurean Elena2 , Panda Anca Ofelia1, Toma I.,1 Pîțu S.1 

 
1 Agricultural Research and Development Station Lovrin; 2 University of Oradea, Faculty of Environmental 
Protection 
 
Corresponding author: Email: buntag@rdslink.ro 
 
 

Abstract       In the agricultural year 2014-2015, the yield and quality of wheat 
grains were influenced negatively strong by the diseases attack. To quantify 
these relationships between the studied 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 (Erisiphe graminis), speckled leaf blotch (Septoria tritici), leaf 
rust (Puccinia recondita) and yellow rust (Puccinia striiformis). It was studied 
the relations between diseases attack, yield and quality indicators (protein, 
wet gluten, hardness and starch). All diseases affected with different 
intensities the yield and quality. However, some breeding lines (5X 1633111 
and P14-S135), realized good yields and good quality, too.   
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In breeding activity, the main objective is to 

increase yield potential, the use efficiency of resources 

and to ensure sustainability. This target of breeding 

activity is realist by combining in the same genotype 

the genes that controls yield potential, resistance or 

tolerance to diseases and the mains quality traits. 

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.  

The breeding activity is generally a low cost 

one, nonpolluting technology, highly efficient in 

improving productivity, yield stability and grain 

quality (Nisi and Abbate, 2008). 

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. 

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. 

An group of co-worker (Tabără et al., 2008) 

present the standard values for wheat quality in 

Romania (812- ISO 7970/2001): hectoliter weight 

more than 75 kg/hl, falling number between 180-260 

seconds, wet gluten more than 22%, gluten index 

(which is the expression of protein quality)  between 

65 and 80%. 

Bunta and Bucurean (2010) demonstrate that 

it is possible to create wheat varieties (like the cultivar 

Crisana) that have in the same time, good yielding 

potential and very good qualities, regarding the wet 

gluten, protein, falling number, Zeleny index, etc. 

Crișana cultivar has one of the parents the cultivar 

Atlas 66, recognized for its quality parameters. This 

genotype has different high protein genes, being for 

this extensively used in breeding programs in Nebraska 

University and all over the world, including Romania. 

Even the climatically and technological conditions are 

different, the results 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). 

Bunta (2002) demonstrated that speckled leaf 

blotch (Septoria tritici) has a strong negative influence, 

determinante in the level of grain yield by diminuating 

the number of grains in spike and the weight of theam. 

The yield of susceptible varieties was significantly 

reduced by speckled leaf blotch (Berraies et al., 2014), 
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average yield reduction being high as 384 kg/ha for 

every incresment in disease severity on a 0-9 scale 

(FAO system). 

The present study contribute to understanding 

the complex interractions between factors implicated in 

yield production. 

 

Material and Method 

 
During the agricultural year 2014-2015, 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 4 diseases: 

powdery mildew (Erisiphe graminis), speckled leaf 

blotch (Septoria tritici), leaf rust (Puccinia graminis) 

and yellow rust (Puccinia striiformis). In consequence, 

we could evaluated the genetically resistance of the 

winter wheat genotypes studied. The last one disease 

has a verry reduced frequency in north-west of 

Romania. (Bunta et al., 2002). 

The autumn were hot and humid. That 

situation favorized the instalation of yellow rust and 

speckled leaf blotch 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 diseases. 

The sowing time was in optimal period (6 

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

wheat springed and vegeted well, ap to the end of 

december.  

The fertilization consists in 250 kg/ha 

complex fertilation (N15:P15:K15) applied before 

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

kg active substance), applied in in spring time (20 

april). 

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, Fisher 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 reproduce the best the interactions of factors. 

 
Results 

 
The level of yield (table 1) varied betveen 

6208 kg/ha and more than 8000 kg/ha (6 new breeding 

lines, whitch are statistically assured superiors to 

experimental average). The best one of them (Oradea 

9T 3363) exceded experimental average with 884 

kg/ha (111.8%), being in the same time superior to the 

check variety (Alex). For this reason, these breeding 

line fallow to be  promovated and tested in the network 

of State Institute for Variety Testing and Registration. 

Some results of quality analises are presented 

in table 2. The total protein content varied between 

10.7% and 14.7% (Oradea 6X92525). Other breeding 

line from the same hybrid combination exceded 14.0% 

total protein. 

 The check variety Alex have in the same time 

a midle yielding potential and protein content. Our 

targed is to exceed this precious coultivar, 14 breeding 

lines from 24 have protein content superiores to Alex, 

but unfortunately their yield results are in some cases 

inferiors to experimental average, that confirming the 

dificulty to combine productivity with quality. 

However, many breeding lines have good yielding 

potential and coresponding protein content. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 99 

Table 1 

Results regarding the yield of some breeding lines of winter wheat 

Oradea, 2015 

Class. Genotype  Yield (kg/ha) Relative yield 

(%) 

Difference to 

average 

(kg/ha) 

Significance of 

differences 

1 9 T 3363 8371 111.8 +884 *** 

2 P 14- S 135 8205 109.6 +718 ** 

3 5 X 1633111 8188 109.4 +701 ** 

4 9 T 2551336 8052 107.5 +565 * 

5 23 F-S 15241 8021 107.1 +534 * 

6 9 X 1545 8002 106.9 +515 * 

7 5 X 25347 7960 106.3 +473  

8 43 T 314281 7893 105.4 +406  

9 5 T 8134442 7789 104.0 +302  

10 5 X 13334 7722 103.1 +235  

11 43 T 3142812 7713 103.0 +226  

12 6 X 923154 7690 102.7 +203  

13 6 X 9252 7635 102.0 +148  

14 6 X 92525 7611 101.7 +124  

15 1 T 4154 7604 101.6 +117  

Experimental  average 7487 100.0 0 - 

16 ALEX 7314 97.7 -173  

17 18 I 96151 7271 97.1 -216  

18 5 X 2534 7262 97.0 -225  

19 5 T 4426 7046 94.1 -441  

20 39 T 841121 6982 93.3 -505 o 

21 CRISANA 6853 91.5 -634 o 

22 4 X 83113 6793 90.7 -694 oo 

23 ORADEA 18 I 6578 87.9 -909 ooo 

24 60 T 131222 6412 85.6 -1075 ooo 

25 82 K 102913 6208 82.9 -1279 ooo 

                                                                    LSD5% = 480.2 kg/ha; 

                                                                    LSD1% = 652.7 kg/ha; 

                                                                      LSD0.1% = 874.1 kg/ha. 

 
The breeding lines with very high protein 

content (5X 25347, 6X9252, 6X 92525 and Oradea 18 

I), more than 14.0%, are important sources for quality 

and will be utilized in future breeding programs like 

genitors. 

Wet gluten, the most utilized parameter of 

quality, has the limits of variations between 23.1% (the 

very productive line P14-S135) and 33.9% (line 5X 

25347). It can see again that quality and yield are in 

antagonism. 

The hardness of grains has appropriate limits 

(42 to 50%, in case of the line 5X 1633111, this 

breeding line having high value of protein and wet 

gluten, too).  

The starch content is very important only for 

variety destined to biscuits production. The breeding 

line 6X 92525, that has the list value of starch (67.9%) 

has the highest value of protein too and a very good 

hardness. It is a demonstration of fact that hardness of 

grain is dependent in high measure of starch content.

 

 
 

 

 

 

 

 

 

 

 

 



Table 2 

Results regarding the yield and quality of some breeding lines of winter wheat 

Oradea, 2015 

Class. Genotype  Yield 

(kg/ha) 

Protein 

(%) 

Wet 

gluten 

(%) 

Hard-

ness 

(%) 

Starch 

(%) 

TKW 

(g) 

Test 

weight 

(kg/hl) 

1 9 T 3363 8371 11.4 26.0 45 72.0 41.7 81.0 

2 P 14- S 135 8205 10.7 23.1 43 71.9 41.4 81.4 

3 5 X 1633111 8188 13.0 31.1 50 71.0 34.4 79.9 

4 9 T 2551336 8052 12.0 28.2 46 71.5 41.7 80.5 

5 23 F-S 15241 8021 12.9 31.2 49 70.5 37.7 81.0 

6 9 X 1545 8002 11.2 25.8 46 72.3 42.9 80.0 

7 5 X 25347 7960 14.3 33.9 47 69.9 36.0 81.0 

8 43 T 314281 7893 11.4 26.2 45 72.0 45.0 80.5 

9 5 T 8134442 7789 12.3 27.4 44 71.1 39.1 81.3 

10 5 X 13334 7722 12.5 29.3 48 70.6 34.6 80.5 

11 43 T 3142812 7713 10.7 23.5 44 72.8 43.0 80.0 

12 6 X 923154 7690 13.7 31.7 44 69.3 34.5 84.3 

13 6 X 9252 7635 14.5 33.3 46 68.1 35.0 79.1 

14 6 X 92525 7611 14.7 33.7 44 67.9 36.5 78.8 

15 1 T 4154 7604 12.6 28.3 43 70.5 35.4 82.2 

16 ALEX 7314 12.3 27.6 47 71.6 38.7 81.6 

17 18 I 96151 7271 13.8 32.7 48 70.1 40.1 81.7 

18 5 X 2534 7262 13.1 30.3 48 71.0 40.2 82.1 

19 5 T 4426 7046 12.6 28.4 45 70.8 32.7 80.9 

20 39 T 841121 6982 11.5 24.4 41 70.4 42.2 82.6 

21 CRISANA 6853 13.8 33.4 48 69.8 38.9 80.8 

22 4 X 83113 6793 12.3 29.1 50 71.5 36.4 81.9 

23 ORADEA 18 I 6578 14.2 33.6 47 69.7 35.6 80.1 

24 60 T 131222 6412 11.8 25.8 42 70.9 39.7 81.6 

25 82 K 102913 6208 14.0 32.8 44 69.4 33.3 81.3 

Experimental  average 7487 12.7 29.2 45.8 70.7 38.3 81.0 

 

Thousand kernel weights (TKW) vas smaller 

in this year causes being the very high density of 

plants. It varied between only 33.3 grams and 45.0 

grams (43 T 314281). 

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

with an experimental average 81.0 kg/hl and variations 

limits between 78.8 and 84.3kg/hl (6X 923154).  
The first disease that appeared in this year was 

powdery mildew (Erysiphe graminis f.sp tritici) with 

high intensity of attack (table 3). The intensity of attack 

was evaluated by notes from 1 to 9. The most 

susceptible genotype to powdery mildew attack was 

the breeding line 9T 3363, line with highest level of 

grain production. The most resistant ones were the 

productive lines: 5X 1633111, 5X 25347 and 5X 

13334. These 3 breeding lines have the same 

genealogy, confirming that the resistance to powdery 

mildew is under genetic control. High level of attack 

means low level of grains yield, powdery mildew being 

an important limitative factor that reduce the total 

surface of leaves. 

The speckled leaf blotch (Septoria tritici), 

with a note 4.4 for experimental average, has a bigger 

intensity of attack than powdery mildew. However, 

some variants have an acceptable resistance to this 

disease: lines 9T 3363, 5X 13334 and 4X 83113. All 

the breeding lines with good resistance to speckled leaf 

blotch (except 4X 83113) are more productive than 

experimental average. 
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Table 3 

Results regarding the yield and diseases resistance in some breeding lines 

 of winter wheat, Oradea, 2015 

Class. Genotype  Yield 

(kg/ha) 

Powdery 

mildew 

(note) 

Speckled leaf 

blotch (note) 

Yellow 

rust 

(note) 

Leaf 

rust 

(note) 

1 9 T 3363 8371 5 3 3 6 

2 P 14- S 135 8205 3 4 2 4 

3 5 X 1633111 8188 2 4 2 3 

4 9 T 2551336 8052 3 5 2 3 

5 23 F-S 15241 8021 3 5 3 3 

6 9 X 1545 8002 3 5 2 2 

7 5 X 25347 7960 2 5 2 4 

8 43 T 314281 7893 3 5 3 4 

9 5 T 8134442 7789 4 6 3 2 

10 5 X 13334 7722 2 3 2 3 

11 43 T 3142812 7713 3 5 2 5 

12 6 X 923154 7690 4 4 4 6 

13 6 X 9252 7635 3 4 2 3 

14 6 X 92525 7611 3 4 3 3 

15 1 T 4154 7604 3 5 2 2 

16 ALEX 7314 3 4 3 3 

17 18 I 96151 7271 3 5 3 2 

18 5 X 2534 7262 3 4 2 4 

19 5 T 4426 7046 4 5 3 3 

20 39 T 841121 6982 4 7 2 5 

21 CRISANA 6853 4 5 2 4 

22 4 X 83113 6793 2 3 3 4 

23 ORADEA 18 I 6578 3 6 2 3 

24 60 T 131222 6412 3 4 3 6 

Experimental  average 7487 3.0 4.4 2.4 3.5 

 

The yellow rust (Puccinia striiformis f. sp. 

tritici) was the disease with small intensity of attack, 

with notes between 2 and 4. Only one breeding line 

had the note 4: 6X 923154, which has a middle 

yielding capacity. 

The leaf rust attack vas strong enough this 

year, with an experimental average 3.5. It is interesting 

to see that some productive lines were affected by 

disease (like 9T 3363) but the yield seems to be 

unaffected.  

The frost sensibility was estimate by the 

damages of leaves, at the end of winter. The 

correlations statistically ensured with intensity of 

Septoria tritici and Puccinia striiformis attack 

suggested that the two funguses appeared and installed 

on susceptible genotypes even in autumn (Fig. 1). The 

damaged of leaves were strongly for the genotypes 

susceptible to these diseases. 

 



 
Fig. 1. Relationship between winter resistance and yellow rust attack in winter wheat 

 

In the specifically conditions of the year 2015, 

precocity caused a smaller test weight. The genotypes 

which realize a high density have a good resistance to 

speckled leaf blotch and the genotypes high and with 

small resistance to fallowing were the most attacked.     

It is important to point out that the genotypes 

with high height and susceptible to falling were the 

most attacked by powdery mildew, speckled leaf blotch 

and leaf rust.      

A wery strong, negative correlation exist 

between protein and starch, a logical one, well 

described too by trend line of a polynomial equation 

(R
2
= 0.8004

**
), visible in fig. 2. 

 

 

 
Fig. 2. Relationship between protein and starch content in winter wheat 

 

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. 

A breeding line with good yielding 

performance vas promoted for testing in the network of  

State Institute for Variety Testing in Romania 

(S.I.V.T.R.). The line Lovrin 6 X vas tested in 7 

locations, in east, north and central country (table 4). 

The line Lovrin 6 X vas obtained by 

hibridization between Dropia and Crișana. It 

recombine the good quality and aluminium tolerance 

from Crișana with reduced height and resistance to 

diseases from Dropia. 
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Table 4 

Results regarding the yield capacity of a new breeding line of wheat (Lovrin 6 X) in the network of S.I.V.T.R. 

Bucharest (2015) 

Location Variety Yield  

(kg/ha) % Check av.(kg/ha) 

Targu 

Secuiesc 

Dropia 7527 100  

8025 Glosa 7012 93 

Apullum 9537 127 

Lovrin 6x 6920 92 86.2 % 

Simleu 

Silvaniei 

Dropia 4150 100  

4572 Glosa 4471 108 

Apullum 5096 123 

Lovrin 6x 6249 151 136.7 % 

Sibiu Dropia 6701 100  

6896 Glosa 6922 103 

Apullum 7066 105 

Lovrin 6x 7786 116 112.9 % 

Satu Mare Dropia 4498 100  

5396 Glosa 5241 117 

Apullum 6449 143 

Lovrin 6x 5016 112 93.0 % 

Radauti Dropia 4402 100  

4883 Glosa 5479 125 

Apullum 4767 108 

Lovrin 6x 5367 122 109.9 % 

Negresti Dropia 5312 100  

5917 Glosa 6011 113 

Apullum 6428 121 

Lovrin 6x 7831 147 132.3 % 

Dej Dropia 5252 100  

5750 Glosa 5770 110 

Apullum 6227 119 

Lovrin 6x 6123 117 106.9 % 

Averages Dropia 5406 100  

5920 Glosa 5843 108 

Apullum 6510 120 

Lovrin 6x 6470 120 109.3 % 

 

Even the results are preliminary (only one 

year), the good yelding performance is notable. The 

yield average vas 6470 kg/ha, with variation between 

5016 kg/na (Satu Mare) and 7831 kg/ha ( Negrești-

Vaslui). Becouse of large variation of grain yield level 

between locations, more sugestive are comparation 

with check yield. Lovrin 6 X exceeded checks average 

with 109.3%, with the limits 86.2% (Târgu Secuiesc) 

and 136.7% (Șimleu Silvaniei). 

Comparative to Dropia (one of its parents), 

Lovrin 6 X yielded more with 120%. These results 

offer us the confidence that it will be registered like 

cultivar at the end of testing.   

 

Conclusions 
 

1. Between yielding potential and quality vas 

demonstrated a negative correlation. However, the 

breeding line 5X 25347 realized in the same time good 

productivity and quality. 

2. Were obtained some breeding lines with more than 

14% protein, like sourced for quality in the futures 

breeding programs. 

3. The high attack of yellow rust permitted the 

identification of a breeding line (5 X 13334) 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 has a big chance to 

become the new cultivar created at Research and 

Development Station Lovrin. 
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