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Abstract       In 2015, the disease attack affected strongly the yield and 
quality of wheat. To determine the relationship between these factors, it was 
conducted an experiment with many varieties in a breeding field at Oradea. 
The diseases manifested with high intensity were: powdery mildew (Erisiphe 
graminis), speckled leaf blotch (Septoria tritici) and yellow rust (Puccinia 
striiformis). It was studied the relations between diseases attack, yield and 
quality indicators (protein, wet gluten, hardness and starch). All three 
diseases affected strongly the yield and quality, too. However, some cultivars 
(like Alex) or breeding lines (5X 13334), being resistant to this spectrum of 
diseases, realized good yields and good quality.   
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The main objective in agricultural activity is 

to realize high yield, with a good quality and stable in 

time. 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. 

Genetic improvement is a low cost, 

nonpolluting technology, highly efficient to improve 

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 (Yuksel and Mevlut, 2014). 

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 (Aydin et al., 2010). 

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. 

(Shewry, 2009). 

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 that 

it is possible to create wheat varieties (like the new 

cultivar Crisana) that have in the same time, good 

yielding potential and very good qualities, like wet 

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

Crișana cultivar has one of the parents the cultivar 

Atlas 66, recognized for its quality parameters. The 

cultivars Atlas 50 and Atlas 66 derived from the South 

American line Frandoso and variety Nap Hal, from 

India (Shewry, 2009). These genotypes have different 

high protein genes, both were 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 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 
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level of the pathogen inoculums present and the 

environmental conditions (Wafaa, 2013). 

Sajid et al. ((2012) demonstrated that diseases 

attack reduced grain protein, gluten, test weight and 

TKW (thousand kernel weight). 

Gutteridge et al., (2003) utilized regression 

analyses to determine the relationship between disease 

intensity and grain yield and quality. 

2002; Bunta, 2005). 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. 

Nitrogen is the most important fertilizer 

element determining the productivity of wheat. N 

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. 

 

Material and Method 

 
During the agricultural year 2013-2014, 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 evaluate the genetically 

resistance of wheat genotypes to three diseases: The 

last one has a verry reduced frequency in north-west of 

Romania. The last significant attack of stripe rust were 

in 2001 (Bunta et al., 2002). The autumn were hot and 

humid, the situation that favorized the instalation of 

yellow rust and speckled leaf blotch even in november. 

The winter evoluated in the same manner, the wheat 

vegetated almost continue. These conditions favorised 

in spring a high density, a luxuriant development of 

plants and an explosive infestation of wheat with 

diseases.  

The fertilization consists in 120 kg/ha nitrate 

(active substance), applied in two rates, in spring time. 

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 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 and starch.  

The interaction between yield, quality 

parameters and diseases atack were processed by 

correlation analyse and  regression method for linear, 

quadratic, logaritmic, exponential, polinomial and 

power regression, to determine whitch of these 

functions reproduce the best the trend of interactions. 

 

Results  

 
The level of yield (table 1) varied betveen 

4286 kg/ha (the old variety Bezostaia) and more than 

6800 kg/ha (the new genotypes Faur, Miranda and 

Otilia, whitch are statistically assured superiors to 

experimental average. In the second experiment that 

consist in testing of own breeding lines (table 2), one 

of them (Oradea 6X92525) exceded experimental 

average with 949 kg/ha (118.3%), being in the same 

time superior to the check variety (Alex). For this 

reason, these breeding line vas promovated to be tested 

in the network of State Institute for Testing and 

Registering of Varietyes. 

Some results of quality analises are presented 

in table 3. The total protein content varied between 

13.5% and 16.3%. The check variety Alex have in the 

same time a good yielding potential and high protein 

content. Six breeding lines have protein content 

superiores to Alex, but unfortunately their yield results 

are 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.  

The breeding lines with very high protein 

content (15J 1121 and 60T 13122), more than 16.0%, 

are important sources for quality and will be utilized in 

future breeding programs like genitors. 

The negative trend between yield and protein 

content in grains is demonstrated by exponential 

regression trend (fig. 1). If we calculate the production 

of protein/ha., the variety Partener realized 978.7 kg/ha 

fallowed by 15J 1121, with 809.5 kg/ha protein. But in 

agricultural practice is fallowed high yield associated 

with an acceptable level of protein (like variety 

Partener).   

Wet gluten, the most utilized parameters of 

quality, have the limits of variations between 32.0% 

(the very productive line 6X 92525) and 41.8% (15J 

1121). It can see again that quality and yield are in 

antagonism. 

The hardness of grains has appropriate limits 

(51 to 58%), the breeding line P14-S135 having the 

highest value of starch, too. This parameter is good for 

all the variety. 

The starch content is very important only for 

variety destined to biscuits production. The breeding 

line 60T 13122, that have the list value of starch 

(66.6%) has the list value of hardness, too. It is a 

demonstration of fact that hardness of grain is 

dependent in high measure of starch content. 

The first disease that appeared in this year was 

powdery mildew (Erysiphe graminis f.sp tritici) with 

high intensity of attack (table 4). The intensity of attack 

was evaluated by notes from 1 to 9. The most 

susceptible genotypes to powdery mildew attack were: 
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21J 33115 and 42T 631266, lines with low level of 

grain production, and the most resistant ones were 

productive lines: 6X 92525, 5X 13334, 6X 9252 and 

5X 9534. These 4 breeding lines have the same 

genealogy, confirming that the resistance to powdery 

mildew is under genetic control. 

  

Table 1               

Results regarding the yield potential of some winter wheat genotypes 

(Oradea, 2014) 

Class. Genotype Yield 

 (kg/ha) 

 Relative yield 

(%) 

Difference to 

average 

 (kg/ha) 

Semnificance of 

difference 

1 Faur 6845 112,2 +744 * 

2 Miranda 6824 111,9 +723 * 

3 Otilia 6804 111,5 +703 * 

4 Semnal 6647 108,9 +546  

5 Glosa 6588 108,0 +487  

6 Partener 6525 106,9 +424  

7 Litera 6464 105,9 +363  

8 Lovrin 6125 6430 105,4 +329  

9 Lovrin 6113 6421 105,2 +320  

10 Delabrad 6325 103,7 +224  

11 Boema 6289 103,1 +188  

12 Spornic 6173 101,2 +72  

13 Retezat 6129 100,5 +28  

 Experimental average 6101 100,0 0,0 - 

14 Izvor 99,4 99,4 -38  

15 Pitar 99,1 99,1 -54  

16 Roditor 97,5 97,5 -150  

17 Șimnic 119 97,2 97,2 -172  

18 Albota 38-04 5876 96,3 -225  

19 Adelina 5827 95,5 -274  

20 Șimnic 1118 5819 95,4 -282  

21 Lovrin 6111 5803 95,1 -298  

22 Alex 5651 92,6 -450  

23 Lovrin 6110 5445 89,2 -656 0 

24 Rovine 5371 88,0 -730 0 

25 Bezostaia  4286 70,2 -1815 000 

                                                                                                                     LSD 5% = 587,4 kg/ha; 

                                                                                                                     LSD 1% = 798,4 kg/ha; 

                                                                                                                     LSD 0,1% = 1069,1 kg/ha. 
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Table 2               

Results regarding the yield potential of some breeding lines of winter wheat 

(Oradea, 2014) 

 

Class. Genotype Yield 

 (kg/ha) 

 Relative yield 

 (%) 

Difference to 

average 

 (kg/ha) 

Semnificance of 

difference 

1 6X 92525* 6141 118.3 +949 ** 

2 Alex 5894 113.5 +702 * 

3 5X 13334 5836 112.4 +644 * 

4 9T 2551336 5753 110.8 +561  

5 39T 841121 5701 109.8 +509  

6 P14-S135 5633 108.5 +441  

7 6X 9252 5554 106.9 +362  

8 80T 4321 5528 106.5 +336  

9 5X 2534 5516 106.2 +324  

10 4X 83113 5460 105.2 +268  

11 Oradea 18 I 5330 102.7 +138  

12 80T 42131 5305 102.2 +113  

13 7X 31431 5221 100.6 +32  

 Experimental average 5192 100.0 0 - 

14 21J 33115 5058 97.4 -134  

15 Crisana 5007 96.4 -185  

16 15J 1121 4966 95.6 -226  

17 33B 411444 4907 94.5 -285  

18 60T 13122 4848 93.4 -344  

19 21J 33111 4834 93.1 -358  

20 4X 831131 4822 92.9 -370  

21 5X 101331 4795 92.3 -397  

22 21L 24210423 4656 89.6 -536  

23 75T 13544 4592 88.4 -600  

24 42T 631266 4253 81.9 -939 00 

25 75T 11353 4201 80.9 -991 00 

                                                                                                                          LSD5% = 601 kg/ha; 

                                                                                                                          LSD1% = 818 kg/ha; 

                                                                                                                          LSD0,1% = 1095 kg/ha. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 28 

Table 3 

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

(Oradea, 2014) 

Nr. Genotype  Yield  

(kg/ha) 

Protein 

(%) 

Wet gluten 

(%) 

Hardness 

 (%) 

Starch 

 (%) 

1 6X 92525* 6141 13,8 32,0 55 69,6 

2 Alex 5894 14,8 36,4 56 68,9 

3 5X 13334 5836 14,2 34,2 57 69,8 

4 9T 2551336 5753 13,5 33,0 57 70,7 

5 39T 841121 5701 13,9 33,5 52 68,6 

6 P14-S135 5633 13,8 32,7 58 71,0 

7 6X 9252 5554 13,9 32,2 54 69,0 

8 80T 4321 5528 14,6 34,6 54 68,9 

9 5X 2534 5516 13,9 33,1 56 70,9 

10 4X 83113 5460 14,4 35,0 56 69,2 

11 Oradea 18 I 5330 14,3 34,7 53 69,3 

12 80T 42131 5305 14,7 34,7 52 68,7 

13 7X 31431 5221 14,9 35,3 55 68,3 

 Experimental average 5192 14.5 33,7 54,3 68.9 

14 21J 33115 5058 15,1 36,7 52 67,6 

15 Crișana 5007 13,6 33,8 55 70,0 

16 15J 1121 4966 16,3 41,8 54 67,3 

17 33B 411444 4907 13,7 32,3 51 68,9 

18 60T 13122 4848 16,1 39,3 51 66,6 

19 21J 33111 4834 15,1 36,7 52 67,6 

20 4X 831131 4822 14,4 35,0 56 69,2 

21 5X 101331 4795 14,6 35,6 54 68,8 

22 21L 24210423 4656 15,4 37,3 55 68,2 

23 75T 13544 4592 15,3 37,9 53 67,8 

24 42T 631266 4253 14,6 36,1 54 68,5 

25 75T 11353 4201 14,8 36,3 54 68,7 

 

 

 
Fig. 1 Relationship between yield and protein content in winter wheat. 

 

The trend line between powdery mildew and 

yield is a power function (fig. 2). High level of attack 

means low level of yield, powdery mildew being an 

important limitative factor. 

The speckled leaf blotch (Septoria tritici ), 

with a note 5.5 for experimental average, has a bigger 

intensity of attack than powdery mildew. However, 

some variants have an acceptable resistance to this  

disease: Alex, 5X 13334 and 4X 83113. All the lines 

with good resistance to speckled leaf blotch are more 

productive than experimental average. 

The regression between yield and speckled 

leaf blotch is one polynomial (quadratic regression); 
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high attack was associated with low yield of grains 

(fig. 3).  

The yellow rust (Puccinia striiformis f. sp. 

tritici) was the disease with greatest intensity of attack 

with notes between 3 and 8. Only one breeding line had 

note 3: 5X 13334, one of the most productive line. The 

yields of lines with high level of attack are the list 

ones.

 

     

Table 4 

Results regarding the yield and diseases resistance in some breeding lines of winter wheat 

(Oradea, 2014) 

Nr. Genotype  Yield  

 (kg/ha) 

Powdery 

mildew 

 (note) 

Speckled leaf 

blotch 

(note) 

Yellow rust 

(note) 

1 6X 92525* 6141 3 5 5 

2 Alex 5894 4 4 6 

3 5X 13334 5836 3 4 3 

4 9T 2551336 5753 4 6 5 

5 39T 841121 5701 5 6 4 

6 P14-S135 5633 4 5 6 

7 6X 9252 5554 3 6 4 

8 80T 4321 5528 4 5 4 

9 5X 2534 5516 3 6 4 

10 4X 83113 5460 5 4 4 

11 Oradea 18 I 5330 4 7 4 

12 80T 42131 5305 3 5 7 

13 7X 31431 5221 3 6 8 

 Experimental average 5192 4,1 5,5 5,1 

14 21J 33115 5058 6 7 4 

15 Crișana 5007 5 6 4 

16 15J 1121 4966 4 5 5 

17 33B 411444 4907 4 5 8 

18 60T 13122 4848 4 6 4 

19 21J 33111 4834 4 6 5 

20 4X 831131 4822 3 6 6 

21 5X 101331 4795 4 5 6 

22 21L 24210423 4656 4 6 4 

23 75T 13544 4592 5 6 8 

24 42T 631266 4253 6 6 4 

25 75T 11353 4201 5 5 6 

 

        
                       Fig. 2 Relationship between yield and powdery mildew in winter wheat 
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Fig. 3 Relationship between yield and speckled leaf blotch in winter wheat 

 

 
Fig. 4 Relationship between yield and yellow rust in winter wheat 

 

The regression between yield and yellow rust 

is presented in figure 4. Like in cases of the other two 

diseases, yellow rust reduce strongly the grain 

productivity of varieties. 

In table 5 are presented correlations between 

yield, morphological and physiological characters of 50 

varieties of wheat during the year 2014. The diseases 

attack correlate negative with yield, but the correlation 

with yellow rust is not statisticaly ensured. The 

correlation of yield with density is positive but 

negative with precocity. The yield was positive 

influenced by test weight and thousand kernel weight 

(TKW). Protein content and wet gluten correlate 

negative with yield, that means that varieties with high 

productive pottential have bad quality indicators. 

Powdery mildew vas high  in case of varieties 

very developed at the finish of winter (28 february, 

high 1) and vas influenced negative by density. 

Speckled leaf blotch attack correlate negative 

with final hight (hight 2) and positive with precocity. It 

influence negative test weight and TKW, hardness and 

starch content of grains. 

The yellow rust influence vas not statisticaly 

ensured because this disease attack in areas. When vere 

included all three replications in correlations study 

(table 6), the significance of correlations values is 

ensured. In this case (N = 150 values), all three 

diseases influenced negative and significant the yield.
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Table 6 

The correlations between some morphological and physiological characters in wheat 

(Oradea, 2014) 

 Height 2 Powdery 

mildew 
Speckled leaf 

blotch 
Yellow rust Yield  

Height 1 +0.033 +0.390
** 

+0.038
 

-0.193
0 

+0.040 
Height 2 - +0.042 -0.215

00 
-0.126 +0.212

** 

Powdery mildew  - +0.066 +0.0121 -0.267
00 

Speckled leaf blotch   - -0.126 -0.335
00 

Yellow rust    - -0.145
0 

N = 150; R5%= 0.16; R1%= 0.21. 

 

 

 

 

 

 

 

 



 32 

 

Table 5  

 The correlations between morphological and physiological characters in wheat 

(Oradea, 2014) 
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Yield  +0.129 +0.241 -0.3230 -0.52300 -0.088 +0.127 -0.58500 +0.677** +0.544** +0.130 -0.56600 -0.52600 +0.272 +0.695** 

Height 1 - +0.021 +0.362** +0.024 -0.2600 -0.3440 -0.228 +0.045 +0.290* +0.129 -0.165 -0.059 +0.011 +0.132 

Height 2  - -0.028 -0.2880 -0.146 +0.063 -0.264 +0.381** -0.49900 -0.121 +0.051 +0.118 +0.135 +0.102 

Powdery mildew   - +0.065 +0.104 -0.3190 -0.086 -0.086 -0.004 -0.049 -0.203 -0.060 +0.005 +0.058 

Speckled leaf blotch    - -0.112 -0.277 +0.604** -0.58800 -0.3530 -0.050 +0.259 +0.196 -0.36000 -0.45300 

Yellow rust     - +0.030 -0.144 -0.035 -0.198 +0.104 -0.057 -0.025 +0.238 +0.039 

Density      - -0.016 +0.123 -0.040 +0.067 +0.090 +0.026 -0.054 -0.018 

Precocity       - -0.60900 -0.47200 -0.2960 +0.485** +0.379** -0.3190 -0.64300 

Test weight        - +0.727** -0.062 -0.51400 -0.41700 +0.237 +0.664** 

TKW         - -0.115 -0.2920 -0.134 +0.156 +0.474** 

Germination          - -0.041 -0.036 +0.299* +0.178 

Protein           - +0.952** -0.145 -0.86400 

Wet gluten            - -0.046 -0.75900 

Hardness             - +0.294* 

N=50; R5%=0.28; R1%=0.36. 
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Conclusions 
 

1. Between yielding potential and quality vas 

demonstrated a negative correlation. However, the 

variety Alex realized in the same time good 

productivity and quality. 

2. Were obtained some breeding lines with more than 

16% protein, like sourced for quality in 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.  
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