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Abstract       The wheat varieties were studied using a randomized block 
design (RBD) with four replications, during 2014-2016, at ADRS Lovrin on 
chernozem soil. From each plot samples of 300 g were selected for quality 
analysis. The test weight (Tw) was determined using Inframatic , the protein 
content  (Pc) was determined with Inframatic, the falling number (Fn) Falling 
Number ML-FFN, the wet gluten content (Wg),  the gluten deformation index 
(Gdi).Means were compared using least significant difference test (Ciulca, 
2006). The significance of differences was expressed based on letters, being 
considered as significant the differences between variants marked with 
different letters. The similarity between varieties was determined based on 
Euclidian distances. The distance matrix was used for cluster analysis using 
the unweighted pair-group method with arithmetic averages (UPGMA), with 
the Neighbor program of the Phylip package, version 3.5c. To display in a 
graph the performance of each variety for the five quality traits, the basic 
principle of the biplot technique developed by Gabriel K.R(1971) was used.   
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In agricultural activity the main objective is to 

realize high yield  with a good quality. This target of 

breeding activity is realist by combining in the same 

genotype the genes that controls yield potential  and the 

mains quality traits. 

The main way of influencing the wheat 

quality is improving, this trait is genetically controlled.  

Genetic improvement is a low cost, 

nonpolluting technology, highly efficient to improve 

productivity, yield stability and grain quality (Nisi and 

Abbate, 2008). 

A large variability among most of the quality 

attributes evaluated  was  found by Yuksel and Mevlut 

(2014) . 

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). 

Plant height and test weight was significantly 

positive correlated with grain yield, 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). 

Research by Johnson et al. 12,000 forms of 

wheat analyzing the collection of the world have 

shown that the protein content of the grain varies 

between 7-22% with a mean of 12.9% 

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. 

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%. 

 

Material and Methods 

 
The wheat varieties were studied using a 

randomized block design (RBD) with four replications, 

during 2014-2016, at ADRS Lovrin on chernozem soil. 

The plot was 7  x  1 m,  with 8 rows. From each plot 

samples of 200 g were selected for quality analysis. 

The test weight (Tw) was determined using Inframatic 

, the protein content  (Pc) was determined with 

Inframatic, the falling number (Fn) Falling Number 

ML-FFN, the wet gluten content (Wg),  the gluten 

deformation index (Gdi). 
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Means were compared using least significant 

difference test (Ciulca, 2006). The significance of 

differences was expressed based on letters, being 

considered as significant the differences between 

variants marked with different letters.  

The similarity between varieties was 

determined based on Euclidian distances. The distance 

matrix was used for cluster analysis using the 

unweighted pair-group method with arithmetic 

averages (UPGMA), with the Neighbor program of the 

Phylip package, version 3.5c. To display in a graph the 

performance of each variety for the five quality traits, 

the basic principle of the biplot technique developed by 

Gabriel K.R. (1971) was used. 
 

Results and Discussions 

 
The varieties included in the study for test 

weight were recorded values between 72.26 kg / hl 

variety Altigo and 83.59 kg / hl variety Glosa 

amplitude variation of 11.33 kg / hl, due to a variability 

reduced between varieties (3.20 %). The largest share 

(65%) presents varieties with test weight under 80 kg / 

hl. 
 

Table 1 

Test weight of Romanian wheat varieties studied in Lovrin during 2014-2016 

No. Varieties Test Weight Relative Difference / 

   (kg) value (%) Significance 

1 Crişana 75.27 ef 95.09 -3.89 

2 Lovrin 6154 77.45 cde 97.84 -1.71 

3 Lovrin 6157 79.01 bcde 99.81 -0.15 

4 Lovrin 34 79.73 abcd 100.72 0.57 

5 Otilia 79.99 abcd 101.05 0.83 

6 Altigo 72.26 f 91.28 -6.90
00

 

7 Litera 80.09 abcd 101.17 0.93 

8 Apache 78.37 bcde 99.00 -0.79 

9 Alex 77.66 cde 98.11 -1.50 

10 Exotic 81.18 abc 102.55 2.02 

11 Miranda 76.77 de 96.98 -2.39 

12 Izvor 82.12 ab 103.74 2.96 

13 Glosa 83.59 a 105.60 4.43* 

14 Boema 80.97 abc 102.29 1.81 

15 Pitar 80.31 abcd 101.45 1.15 

16 Delabrad 79.40 abcd 100.30 0.24 

17 Pajura 81.95 ab 103.52 2.79 

18 Faur 79.02 bcde 99.82 -0.14 

19 Roditor 79.48 abcd 100.40 0.32 

20 Ciprian 78.53 bcde 99.20 -0.63 

 Exper. Mean 79.16 100 Control 

LSD5%=  4.07      LSD1%=5.45     LSD0.1%= 7.19 

 

Compared to the average experience of 

around 55% of registered varieties values close to or 

slightly higher, without differences to be statistically 

except Glosa variety which showed a significant 

increase of 5.60%.The Altigo variety, test weight was 

significantly reduced by approximately 8.7% (Table 1). 

Based on multiple comparisons observed that 

presented a Glosa variety hectoliter test weight was 

significantly superior to 47% of varietes, with relative 

increases between 5.78 and 15.67%. Also, Izvor and 

Pajura varieties this character showed values 

significantly higher than Alex, Lovrin 6154, Miranda, 

Crisana, Altigo varietes. The variety Altigo test weight 

was significantly lower than most varieties except 

Crisana variety. 

In terms of the Falling number assortment 

studied showed values between 312 at Lovrin 6157 

variety and 451 at Izvor variety  with an amplitude 

variation  139 and medium interpopulation variability 

(9.93%). Values of this index  at varieties included in 

the study had a fairly balanced distribution as follows: 

20% of the realized values below 350 varieties; 25% of 

varietes  had values between 350 and 400; 35% of 

varietes had values betwen 400-430 and varieties 

exceeded 430 was 20% . (Table 2). 

Compared to the average experience about 

55% of varieties have achieved a higher index fall by 

5-13% increases, but only the variety Izvor difference 

reached significance. Cultivars Lovrin 6157, Faur and 

Crisana is a significant reduction of this index by 15-

22%. The variety Izvor showed a Falling number value 

significantly higher than 9 varieties of relative 

increases between 14 and 44%. Also Pitar and Miranda 

varieties falling number values were significantly 

superior to varieties: Delabrad, Crisana, Faur, Exotic 

and Lovrin 6157. 
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Table 2 

Falling number of Romanian wheat varieties studied in Lovrin during 2014-2016 

No. Varieties Falling Relative Difference / 

  Number value (%) Significance 

1 Crişana 339 def 85.18 -59.0
0
 

2 Lovrin 6154 390 bcd 97.99 -8.0 

3 Lovrin 6157 312 f 78.39 -86.0
00

 

4 Lovrin 34 417 abc 104.77 19.0 

5 Otilia 418 abc 105.03 20.0 

6 Altigo 419 abc 105.28 21.0 

7 Litera 389 bcd 97.74 -9.0 

8 Apache 392 bc 98.49 -6.0 

9 Alex 415 abc 104.27 17.0 

10 Exotic 331 ef 83.17 -67.0
0
 

11 Miranda 435 b 109.30 37.0 

12 Izvor 451 a 113.32 53.0* 

13 Glosa 423 abc 106.28 25.0 

14 Boema 395 bc 99.25 -3.0 

15 Pitar 436 ab 109.55 38.0 

16 Delabrad 381 cde 95.73 -17.0 

17 Pajura 431 abc 108.29 33.0 

18 Faur 338 def 84.92 -60.0
0
 

19 Roditor 418 abc 105.03 20.0 

20 Ciprian 430 abc 108.04 32.0 

 Exper. Mean 398 100 Control 
                                                                  LSD5%=  52.16     LSD1%=69.98    LSD0.1%= 92.19    

 
Table 3 

Protein content of Romanian wheat varieties studied in Lovrin during 2014-2016 

No. Varieties Protein Relative Difference / 

  Content value (%) Significance 

1 Crişana 15.14 a 113,32 1,78 

2 Lovrin 6154 13.78 abcd 103,14 0,42 

3 Lovrin 6157 13.57 abcd 101,57 0,21 

4 Lovrin 34 12.74 cde 95,36 -0,62 

5 Otilia 10.56 f 79,04 -2,80
0
 

6 Altigo 14.94 ab 111,83 1,58 

7 Litera 13.62 abcd 101,95 0,26 

8 Apache 10.75 ef 80,46 -2,61
0
 

9 Alex 13.95 abcd 104,42 0,59 

10 Exotic 15.07 a 112,80 1,71 

11 Miranda 13.19 abcd 98,73 -0,17 

12 Izvor 12.17 def 91,09 -1,19 

13 Glosa 12.45 def 93,19 -0,91 

14 Boema 12.84 cde 96,11 -0,52 

15 Pitar 12.97 bcd 97,08 -0,39 

16 Delabrad 14.64 abc 109,58 1,28 

17 Pajura 13.26 abcd 99,25 -0,10 

18 Faur 13.86 abcd 103,74 0,50 

19 Roditor 12.91 bcd 96,63 -0,45 

20 Ciprian 14.73 abc 110,25 1,37 

 Exper. Mean 13.36 100 Control 

                                                                   LSD5%=  2.10     LSD1%=2.82    LSD0.1%= 3.72   
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In terms of protein content (Table 3) varieties 

tested had values between 10.56 at Otilia variety and 

15.14at Crisana variety with variation amplitude of 

4.58, amid variability interpopulation of 9.55%. 

The varieties showed a slight asymmetry of 

distribution right is grouped into four classes. Thus, the 

two varieties have achieved a protein content of less 

than 11, six varieties have values between 12 and 13, 

the other seven varieties were classified between 13 

and 14, while the five varieties protein content was 

over 14 . 

 Compared to the average experience, 50% of 

the varieties included in the study had a higher content, 

without such deviation 2-12% to be significant. Otilia 

and Apache varieties,  protein content was significantly 

reduced by about 20%. 

 Given the multiple comparisons between the 

20 varieties are found Crisana and Exotic varieties 

have accumulated a protein of over 15%, significantly 

higher compared to 44% of other varieties. And the 

variety Altigo protein content (14.94%) was 

significantly superior to the other six varieties. Apache 

and Otilia varieties this character recorded significantly 

lower values compared to 78% of the remaining 

varieties.

 

Table 4 

Wet gluten content of Romanian wheat varieties studied in Lovrin during 2014-2016 

No. Varieties Wet Gluten Relative Difference / 

  Content value (%) Significance 

1 Crişana 32.80 ab 117.27 4.83 

2 Lovrin 6154 28.89 abcdef 103.29 0.92 

3 Lovrin 6157 28.39 bcdef 101.50 0.42 

4 Lovrin 34 26.13 efg 93.42 -1.84 

5 Otilia 20.01 h 71.54 -7.96
00

 

6 Altigo 32.11 abc 114.80 4.14 

7 Litera 28.65 abcdef 102.43 0.68 

8 Apache 20.92 gh 74.79 -7.05 

9 Alex 29.34 abcdef 104.90 1.37 

10 Exotic 33.72 a 120.56 5.75* 

11 Miranda 27.42 cdef 98.03 -0.55 

12 Izvor 24.75 fgh 88.49 -3.22 

13 Glosa 26.48 def 94.67 -1.49 

14 Boema 26.63 def 95.21 -1.34 

15 Pitar 26.83 def 95.92 -1.14 

16 Delabrad 31.09 abcde 111.15 3.12 

17 Pajura 27.91 bcdef 99.79 -0.06 

18 Faur 29.16 abcdef 104.25 1.19 

19 Roditor 26.57 def 94.99 -1.40 

20 Ciprian 31.69 abcd 113.30 3.72 

 Exper. Mean 27.97 100 Control 

                                                                      LSD5%=  5.23     LSD1%=7.02    LSD0.1%= 9.25 

 

Collection varieties studied wet gluten content 

(Table 4) recorded values between 20.01 Otilia variety  and 

33.72 at  Exotic variety, amplitude variation of 13.71, amid 

a medium variability between varieties (12 , 51%). The 

largest share (60%) presents varieties with a gluten content 

of 25-30% while the five varieties values exceeded 30% 

and the other three wet gluten content was below 25. 

Compared to the average experience, five 

varieties showed a significantly higher content of wet 

gluten from 11.15 to 20.6%, but only Exotic variety 

was recorded a significant increase of 5.75%. Otilia 

variety achieved a significantly lower protein content 

of about 8%. 

 

Based on multiple comparisons observed 

variety Exotic presented a wet gluten content 

significantly higher than 11 varieties. The variety 

Crisana wet gluten content was significantly superior 

to 50% of the remaining varieties.  At Otilia and 

Apache varieties wet gluten content was significantly 

lower than in most other varieties except Lovrin 34 and 

Izvor.
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Table 5 

Gluten deformation index of Romanian wheat varieties studied in Lovrin during 2014-2016 

No. Varieties Gluten Deformation Relative Difference / 

  Index value (%) Significance 

1 Crişana 2.5 bcd 80.65 -0.6 

2 Lovrin 6154 1.0 d 32.26 -2.1
0
 

3 Lovrin 6157 4.0 abc 129.03 0.9 

4 Lovrin 34 2.0 cd 64.52 -1.1 

5 Otilia 4.5 ab 145.16 1.4 

6 Altigo 2.5 bcd 80.65 -0.6 

7 Litera 5.5 a 177.42 2.4* 

8 Apache 2.0 cd 64.52 -1.1 

9 Alex 3.0 bcd 96.77 -0.1 

10 Exotic 4.0 abc 129.03 0.9 

11 Miranda 4.0 abc 129.03 0.9 

12 Izvor 2.0 cd 64.52 -1.1 

13 Glosa 3.0 bcd 96.77 -0.1 

14 Boema 3.0 bcd 96.77 -0.1 

15 Pitar 3.0 bcd 96.77 -0.1 

16 Delabrad 4.0 abc 129.03 0.9 

17 Pajura 5.5 a 177.42 2.4* 

18 Faur 1.5 d 48.39 -1.6 

19 Roditor 2.0 cd 64.52 -1.1 

20 Ciprian 3.0 bcd 96.77 -0.1 

 Exper.Mean 3.1 100 Control 

                                                     LSD5%=  2.05     LSD1%=2.75    LSD0.1%= 3.62 

 

Regarding gluten deformation index (Table 5) 

assortment studied recorded values  between 1 at 

Lovrin 6154 variety and 5.5 at Pajura and Litera 

varieties, with an amplitude of variation of a high 

variability (40.06%) . The value of this index from the 

cultivars included in the study had a distribution with a 

high degree of symmetry, since the two varieties index 

was lower than 2 or in two varieties more than 4.5, 

while the other varieties were divided into three classes 

with very close frequencies: 30%, ranging between 2 

and 2.5; 25%, with values of 3 and 25% of values of 4-

4.5.
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Fig. 1. Biplot of first two principal components for quality traits of Romanian wheat varieties  
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Compared to the average experience of seven 

varieties, achieved higher values of this index, but of 

these only for Pajura and Litera varieties increase was 

statistically assured. Based on multiple comparisons 

between varieties studied it can be noted  that varietes 

Pajura and Litera The Letter showed a value of this 

trait was significantly superior to 72% of varietes. 

Also, the Otilia variety showed significant gains 

against five varieties. 

Two-dimensional diagram (Biplot) based on 

the first two principal components express 99.58% of 

the variability of the five characters quality at wheat 

varieties studied in 2014-2016. Given the performance 

genotypes expressed based on their position to various 

vectors traits, it is noted that varieties Crisana, Altigo 

and Exotic presents the highest values of protein 

content and gluten wet in combination with very low 

values of the index fall. Of these varieties,  at the 

Exotic is  observed test weight and  a deformation 

index above the average, while the Crisana and Altigo 

values of these two characters are very low. 

At Litera and Pajura varieties  high levels of 

deformation index and test weight are associated with 

values close to the average for other properties. In the 

case of varieties Otilia Apache and Izvor, recorded the 

lowest values of protein content  and  wet gluten ,amid 

lower values and deformation index or high Falling 

number values . 

At Lovrin 6157 and Delabrad varieties, 

observed a high content of protein and wet gluten in 

correlation with an high index of deformation, and 

average values for test weight and  Falling number 

below the average. 
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Fig. 2. Clustering of wheat varieties for quality traits using UPGMA 

 

In the dendogram of FIG. 2, the twenty 

varieties that were divided into four clusters, 

between which there is a diversity of about 24% on 

average. The first cluster consists of five varieties 

(Crisana, Lovrin 6154, Faur, Lovrin6157 and 

Exotic) located in two subclusters  that there is a 

similarity between the average of about 88%. In the 

second cluster were included six varieties 

(Lovrin34,Roditor, Pitar, Boema,Izvor, Glosa) 

which have a high similarity of approximately 

97%, with a special mention for Lovrin34 and 

Roditor varieties (99.94 similar %) who show very 

similar values of five characters. 

The third cluster is composed of six 

varieties grouped into two subclusters:  Litera and 

Pajura (similar 97,45%), along with Alex, Ciprian, 

Delabrad and Miranda, among which there is a 

averaged diversity about 8%. Last cluster consists 

of Otilia and Apache varieties similar to an extent 

of 92.60% 

Based on the five characters of the quality 

highest phenotypic diversity, it was recorded between 

varieties: Crisana and Otilia (51.28%); Otilia and Exotic 

(47.69%); Otilia and Altigo (47.13); Apache and Exotic 

(44.26%). Combining these varieties phenotypic 

differentiated allows to obtain hybrids have useful 

combinations of genes for the various quality 

characteristics. 
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Conclusions 
 

1.The biggest differences between varieties were 

observed for deformation index and wet gluten content, 

while in terms of test weight was reduced variability 

between varieties. 

2. In the case of varieties Litera and Pajura high levels 

of deformity index and test weight are associated with 

values close to the average for other properties. 

3. The varieties Crisana, Altigo and Exotic presents the 

highest values of protein content and wet gluten in 

combination with very low values of the Falling 

number. 

4.At Lovrin 6157 and Delabrad varieties,we can 

observe a high content of protein and gluten wet in 

correlation with an index of high deformation, and 

average values for test weight and Falling number 

below the average. 

5.Using in hybridization programs of  some pairs of 

differentiated phenotype varieties such as: Crisana and 

Otilia; Otilia and Exotic; Otilia and Altigo; Apache and 

Exotic provides the opportunity to obtain useful 

combinations that possess various useful genes for 

various quality features that can be extracted from 

recombinant potentially higher quality lines. 
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