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Abstract       In the agricultural year 2014-2015, the diseases attack 
influenced negatively strong the quality and grains yield of wheat. To quantify 
these relationships between factors, it were conducted two experiments with 
50 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), leaf rust (Puccinia recondita), speckled leaf blotch 
(Septoria tritici) and yellow rust (Puccinia striiformis). We studied the relations 
between yield, diseases attack and some quality indicators (protein, wet 
gluten, hardness and starch). All diseases affected (with different intensities) 
the yield and quality. However, some cultivars (like Izvor and Pajura), realized 
good yields and good quality, too.   
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Wheat is cultivated on 217 million hectares all 

over the world. 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 main objective in breeding activity is to 

increase yield potential, efficiency of resources use and 

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. 

Genotype, environment and their interaction 

play an important role in the final expression of grain 

yield and quality attributes (Akcura, 2009). The 

knowledge of factors responsible for high yields has 

been rendered difficult as yield is a complex character. 

Grain yield is a complex trait and highly influenced by 

many genetic factors and environmental fluctuations 

(Sokoto et al., 2012). For example, nitrogen and plant 

density are two crucial factors that affect winter yield 

and quality (Yu et al., 2016). Correlations studies 

provide a better understanding of the association of 

different characters with grain yield. 

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. 

Some authors (Aydin et al., 2010) founded 

that grain yield was significantly positive correlated 

with plant height and test weight, while negative 

correlation coefficients were found for protein content, 

Zeleny sedimentation value, TKW and test weight.  

In USDA world wheat collection, the 

variation in protein content is from 7-22% (Shewry, 

2009). Wet gluten, which is formed by different protein 

fractions, has an essential contribution to structure 

formation of bread pith. Together with starch, gluten 

confers to dough some very important attributes: 

elasticity, extensibility and tenacity. Of the 20 amino 

acids usually presents in proteins, 10 of than can be 

considered essential because they cannot be 

synthesized by animals and must be provided in the 

diet (Shewry, 2009). 

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

possibility to create varieties (like the cultivar Crisana) 

that have in the same time, good yielding potential and 

very good qualities parameters (like 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. Even the 
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climatically and technological conditions are different, 

the results are comparable and varieties reactions 

stable. (Bunta et al., 2012). 

Disease epidemics result from the 

combination of inoculums, favorable environment and 

host susceptibility. Yield losses might depend on the 

genetically determined resistance and tolerance of the 

wheat cultivars to specific diseases, the diversity and 

level of the pathogen inoculums present and the 

environmental conditions (Wafaa, 2013). 

There exists a direct linkage between the 

disease level and the yield loss in the most common 

commercially wheat cultivars (Afzal et al., 2007). The 

yield is significantly negatively correlated with the 

proportion of leaf area affected by stripe rust, but exist 

a warring resistance level among different wheat 

varieties. In the same time, Sajid et al. (2012) 

demonstrated that diseases attack reduced grain 

protein, gluten, test weight and TKW (thousand kernel 

weights). 

 The wheat genotypes with the best resistance 

to stripe rust were Boema, G K Othalom and Expres. 

The intensity attack of yellow attack depends of 

genotype, high, precocity and ears density (Bunta, 

2005). 

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). 

In 2002, Bunta 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), average yield reduction being high as 384 

kg/ha for every incresment in disease severity on a 0-9 

scale. 

This study intend to enrich the qnowllidges 

regarding the factors that concure to yield and their 

interractions. 

 

Material and Method 

 
During the agricultural year 2014-2015, an 

experiment with 150 cultivars and breeding lines was 

conducted at Oradea 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 

four diseases: powdery mildew (Erisiphe graminis), 

speckled leaf blotch (Septoria tritici), leaf rust 

(Puccinia graminis) and yellow rust (Puccinia 

striiformis). The last one has a verry reduced frequency 

in north-west of Romania. The recent significant attack 

of stripe rust were in 2001 (Bunta et al., 2002). In 

consequence, we could evaluated the genetically 

resistance of the winter wheat genotypes studied.  

In the autumn, the weather were hot and 

humid, the situation that favorized the instalation of 

diseases (yellow rust and speckled leaf blotch) even in 

november. Becouse the winter evoluated in the same 

manner, the wheat vegetated almost continue. These 

conditions favorised in spring a wery high density of 

wheat, a luxuriant development of plants and an 

explosive infestation 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, F test and standard 

deviation. 

The quality analises were done in wheat 

breeding laboratory 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 

trend method for linear, quadratic, exponential, 

logaritmic, polinomial and power regression and 

correlation analyse,  in order to determine whitch of 

these functions reproduce the best the interactions of 

factors. 

 

Results 

 
The level of yield (table 1) varied betveen 

4694 kg/ha (the old russian variety Bezostaia) and 

more than 7800 kg/ha (the new genotypes Otilia, 

Miranda and Izvor, whitches are statistically assured 

superiors to experimental average (7197 kg/ha). It must 

be underlined that the variety Otilia exceded the 

experimental average with 119.3%, the eqivalent to 

1390 kg/ha. In the previous year (2014), the sames 

three varieties were placed on the first three places of 

the classification (Bunta et al., 2015).
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Table 1 

Results regarding the yield of some winter wheat genotypes  

Oradea, 2015 

Class. Genotype  Yield (kg/ha) Relative yield 

(%) 

Difference to 

average 

(kg/ha) 

Significance of 

differences 

1 OTILIA 8587 119.3 +1390 *** 

2 MIRANDA FDL 7935 110.2 +738 ** 

3 IZVOR 7843 109.0 +646 * 

4 LITERA 7658 106.4 +461  

5 GLOSA 7638 106.1 +441  

6 Lovrin  6125/12 7583 105.4 +386  

7 Lovrin 6110/12 7556 105.0 +359  

8 PAJURA 7540 104.8 +343  

9  Lovrin 6113/12 7532 104.6 +335  

10 PITAR 7500 104.2 +303  

11 RETEZAT 7434 103.3 +237  

12 FAUR F 7412 103.0 +215  

13 DELABRAD 2 7394 102.7 +197  

14 Alex 7321 101.7 +124  

15 Lovrin 6111/12 7320 101.7 +123  

Experimental average 7197 100.0 0 - 

16 SEMNAL 7026 97.6 -171  

17 Simnic 119 6969 96.8 -228  

18 RODITOR 6917 96.1 -280  

19 ORADEA 18 I 6916 96.1 -281  

20 BOEMA 1 6800 94.5 -397  

21 SPORNIC 6660 92.5 -537 o 

22 Simnic 1118 6637 92.2 -560 o 

23 Adelina 6601 91.7 -596 o 

24 Albota 38-04 6462 89.8 -735 oo 

25 Bezostaia 4694 65.2 -2503 ooo 

                                                                      LSD5% = 498.5 kg/ha; 

                                                                      LSD1% = 677.5 kg/ha; 

                                                                        LSD0.1% = 907.4 kg/ha. 

 

It can see that two breeding lines created in 

Agricultural Research and Development Station Lovrin 

(Lv. 6125/12 and Lv. 6113/12) were well placed, two 

consecutive yiers. In the same time, the majority of 

genotypes placed below the experimental average are 

originated from south Romania. That means that 

regional conditions must be considered in breeding 

activity. 

Some results of quality analises are presented 

in table 2. The total protein content varied between 

11.3% (the breeding line Simnic119) and 14.4% 

(Pajura). The experimental average was a good one, 

13.2%. The owner breeding line Oradea 18 I has 

(together with Pajura) the best protein content, but its 

yild potential is only midle one, that confirming the 

dificulty to combine productivity with quality. 

However, some varieties have good yielding potential 

and coresponding protein content.

  

 

 

 

 

 

 

 

 

 

 

 



Table 2 

Results regarding the yield and quality of some winter wheat genotypes 

Oradea, 2015 

Clas

s. 

Genotype  Yield 

(kg/ha) 

Protein 

(%) 

Wet 

gluten 

(%) 

Hard-

ness 

(%) 

Starch 

(%) 

TKW 

(g) 

Test 

weight 

(kg/hl) 

1 OTILIA 8587 13.0 29.8 46 70.2 39.1 83.8 

2 MIRANDA FDL 7935 13.2 31.0 49 71.0 38.4 79.1 

3 IZVOR 7843 12.7 28.3 46 70.9 38.3 84.5 

4 LITERA 7658 12.9 30.2 48 70.9 34.4 81.5 

5 GLOSA 7638 13.8 32.6 48 70.2 38.8 82.6 

6 Lovrin 6125/12 7583 12.9 29.8 48 71.7 39.0 82.6 

7 Lovrin 6110/12 7556 13.0 29.7 46 70.8 42.2 81.8 

8 PAJURA 7540 14.4 33.1 47 69.6 25.4 83.3 

9  Lovrin 6113/12 7532 12.1 27.9 46 71.7 38.7 83.2 

10 PITAR 7500 14.0 33.1 47 70.1 39.1 83.0 

11 RETEZAT 7434 14.0 32.8 45 69.1 39.6 84.8 

12 FAUR F 7412 13.2 30.3 45 70.4 35.9 83.2 

13 DELABRAD 2 7394 13.8 32.2 46 69.8 37.3 83.2 

14 Alex 7321 12.3 27.6 47 71.6 38.7 81.6 

15 Lovrin 6111/12 7320 12.8 30.1 47 71.1 41.4 82.5 

16 SEMNAL 7026 13.6 31.8 47 70.3 35.8 81.5 

17 Simnic 119 6969 11.3 26.5 50 72.5 33.1 81.7 

18 RODITOR 6917 13.9 32.2 48 70.5 35.6 81.2 

19 ORADEA 18 I 6916 14.3 33.9 47 69.7 34.3 79.4 

20 BOEMA 1 6800 13.8 31.9 46 69.9 39.3 82.9 

21 SPORNIC 6660 14.3 33.6 48 69.5 41.6 82.8 

22 Simnic 1118 6637 11.4 26.3 50 72.5 33.1 81.7 

23 Adelina 6601 12.2 26.5 45 71.0 42.0 84.3 

24 Albota 38-04 6462 12.6 29.8 48 71.3 35.4 81.8 

25 Bezostaia 4694 13.4 32.1 48 70.2 39.3 83.7 

Experimental average 7197 13.2 30.5 47.1 70.7 37.4 82.5 

 

Regarding the wet gluten, Oradea 18 I has the 

highest value (33.9%), falowed by Spornic (33.6%) 

and Pitar (33.1%). The last two breeding lines are 

created at National Institute for Agricultural Research 

and Development Fundulea, recognised for its cultivars 

with wery quality. 

The hardness and starch of grains varied, for 

all variants, in normal parameters. The thousand kernel 

weight (TKW, the weight of 1000 grains, in grams) 

was smaller than normal, becouse of grates densityes 

of ears (800 to 1000 ears/square meter).  

The test weight (kg/hl) was very good for all 

genotypes (with two exceptions). The explication for 

this situation consist in the absence of drought, 

scorching heat or Fusarium attack. 

The first disease that apeared was powdery 

mildew (Erysiphe graminis f.sp tritici), with high 

intensity of attack (table 3). The yield was affected by 

this disease, well described by trend line of a 

polynomial equation. High attack means loss of grain 

yield (fig. 1).  Some genotypes were resistant (Otilia, 

Lovrin 6125/12 and Spornic), the majority was middle 

resistant and only Oradea 18 I was susceptible.
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Table 3 

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

Oradea, 2015 
Class. Genotype  Yield 

(kg/ha) 

Powdery 

mildew 

(note) 

Speckled leaf 

blotch (note) 

Yellow 

rust 

(note) 

Leaf 

rust 

(note) 

1 OTILIA 8587 2 4 3 2 

2 MIRANDA FDL 7935 3 3 5 5 

3 IZVOR 7843 3 3 2 2 

4 LITERA 7658 3 5 5 2 

5 GLOSA 7638 3 4 4 2 

6 Lovrin 6125/12 7583 2 6 4 4 

7 Lovrin 6110/12 7556 3 4 3 3 

8 PAJURA 7540 3 3 3 2 

9  Lovrin 6113/12 7532 5 3 3 6 

10 PITAR 7500 3 4 5 2 

11 RETEZAT 7434 3 4 4 2 

12 FAUR F 7412 3 4 2 2 

13 DELABRAD 2 7394 3 3 3 3 

14 Alex 7321 3 4 2 3 

15 Lovrin 6111/12 7320 3 5 3 6 

16 SEMNAL 7026 3 5 2 2 

17 Simnic 119 6969 3 5 7 5 

18 RODITOR 6917 3 4 2 2 

19 ORADEA 18 I 6916 4 6 2 6 

20 BOEMA 1 6800 3 4 2 3 

21 SPORNIC 6660 2 4 5 3 

22 Simnic 1118 6637 3 5 8 4 

23 Adelina 6601 3 4 3 3 

24 Albota 38-04 6462 5 5 6 7 

25 Bezostaia 4694 4 4 3 3 

Experimental average 7197 3.1 4.2 3.6 3.4 

 

Regarding the speckled leaf blotch (Septoria 

tritici), with a note 4.2 for experimental average, has a 

bigger intensity of attack than powdery mildew. 

However, some variants have an acceptable resistance 

to this disease: Miranda FDL, Izvor, Pajura, Lovrin 

6113/12, and Delabrad 2. All the genotypes with 

acceptable resistance to speckled leaf blotch realized 

yields superiors to experimental average. 

The yellow rust (Puccinia striiformis f. sp. 

tritici) was the disease with greatest amplitude of 

attack, with notes between 2 and 8. However, some 

genotypes presented small attack symptoms: Izvor, 

Faur F, Alex, Semnal, Roditor, Oradea 18 I and 

Boema. On the other hand, Simnic 119 and Simnic 

1118 were the most susceptible. The yields of lines 

with highest level of attack were the list ones. 

A disease with a rare apparition in north-west 

of Romania is leaf rust (Puccinia recondita). Many 

genotypes are a good or very good resistance to this 

disease. Only some variants were affected with high 

intensity: Albota 38-04, Lovrin 6111/12, Lovrin 

6113/12 and Oradea 18 I. 

In table 4 are presented the correlations for 50 

genotypes regarding the interactions between the 

morphological and physiological characters observed. 

Because of like optimal climatically conditions, only a 

few number of correlations were significant.  

In this year, yield correlated negative, with 

statistical insurance, with height of plants and falling 

susceptibility. This interaction is the best described by 

the trend line of a polynomial equation degree two 

(Fig. 2). The optimal height of wheat in our region 

seems to be around 90 cm. 

 

 



 
Fig. 1. Relationship between yield and powdery mildew attack in winter wheat. 

 

 

 
Fig. 2. Relationship between yield and height of plants 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.      

Thousand kernel weight (TKW) correlated 

negative with protein, wet gluten and hardness, but 

positive with starch. A wery strong, negative 

correlation exist between protein and starch.  

Hardness is a measure of wet gluten content, 

in conformity to the strong correlation between the two 

parameters (table 4). For bread macking, is good to 

have up to 13% protein content in grains and no more 

than 70% starch. 
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Table 4 

The correlations between morphological and physiological characters in wheat 

Oradea, 2015 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

N= 50; R5%= 0.28; R1%= 0.36. 
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Yield  -0.27 -0.09 -0.07 -0.40 -0.13 -0.09 -0.47OO -0.34O +0.06 -0.19 +0.15 -0.21 -0.20 -0.13 +0.16 

Frost  
- -0.03 +0.45** +0.14 +0.32* +0.27 +0.01 -0.19 -0.28O -0.21 -0.24 -0.13 -0.08 +0.16 +0.09 

Precocity   - +0.04 +0.02 -0.50 +0.15 +0.06 +0.07 +0.24 -0.44OO +0.01 -0.10 -0.12 -0.18 +0.01 

Speckled leaf blotch 
  - +0.32* -0.08 +0.26 +0.19 +0.16 -0.46OO -0.24 +0.13 -0.21 -0.19 -0.20 +0.18 

Powdery mildew 
   - +0.15 +0.37** +0.47** +0.44** -0.06 +0.07 -0.01 -0.06 -0.10 -0.27 -0.05 

Yellow rust 
    - +0.12 +0.05 -0.12 -0.31O +0.24 -0.19 -0.18 -0.08 +0.42** +0.28* 

Leaf rust 
     - +0.28* +0.27 +0.01 -0.16 +0.15 -0.27 -0.25 -0.18 +0.19 

Falling resistance 
      - +0.48** -0.03 +0.07 -0.13 +0.29* +0.31* +0.10 -0.18 

Height  
       - +0.09 +0.07 +0.18 +0.23 +0.20 -0.09 -0.16 

Density  
        - +0.11 +0.08 +0.16 +0.08 -0.08 -0.22 

Test weight          - +0.19 +0.07 +0.01 -0.13 -0.06 

TKW           - -0.40OO -0.43OO -0.35O +0.31* 

Protein  
           - +0.97** +0.19 -0.88** 

Wet  gluten 
            - +0.36** -0.78OO 

Hardness 
             - +0.16 



Conclusions 
 

1. Otillia, Miranda and Izvor are three new varieties 

that perform the best in the north-west of Romania.  

2. Even the breeding line Oradea 18 I don’t perform 

very well regarding the yield, its superior quality make 

it an important source for the next breeding programs.   

3. When the weather is warm and humid, yellow rust 

and speckled leaf blotch installs even in autumn and in 

springtime their attack will be strong. 

4. The optimal height for wheat in our zone is from 85 

to 95 cm. 

5. All four diseases presents in this year influenced 

strongly negative grain production and quality, too.  
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