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In the general framework of a program to improve the local production of common wheat by the Lebanese State, we have characterized the rheology of different bread wheat cultivars selected for their adaptation to semi-arid weather conditions. After a biochemical characterization [i.e. synthesis and accumulation of the major constituents of the grains (mainly storage proteins and starch)] of the plant material selected in a previous work, the main technological behavior of the flour that resulted from these grains and associated with bread-making properties was evaluated in the present study. Despite the selection of the plant material used in this study, the results demonstrate that environmental conditions inducing limitations in reserve accumulation [i.e. high gliadin content, very high level of polymerization/aggregation of polymeric prolamins, significant increase in the amylopectin/amylose ratio, modifications in the distribution of starch granules (A-type vs. Btype)] during grain filling affected the rheological behavior. The studied flours showed high wet and dry gluten contents, high Zeleny values, and a low gluten index value. They also showed high extensibility on the alveograph and extensograph and elevated dough strength on the farinograph, as well as great water absorption. Furthermore, flours of the studied cultivars did not express their optimal rheological potential in spite of their favorable glutenin subunit composition.

Introduction

As presented in a previous publication [START_REF] Sakr | Characterization of Lebanese bread wheat genotypes: I-Molecular properties of storage proteins and starch constituents in mature grains[END_REF], for several years, the Lebanese state has supported the introduction of local varieties of common wheat in order to limit the volume of its imports. In this context, a general improvement program has been put in place to select plant material adapted to environmental conditions (i.e., good productivity under semi-arid conditions) that can lead to national production of a high-quality product [i.e., respecting the needs expressed by Lebanese processors (i.e., millers and bakers)]. To this end, a specific panel of local varieties of common wheat was selected by the Grain and Vegetable

Research Department of Lebanese Agricultural Research Institute Grain (LARI) with ICARDA and ACSAD, because of their agronomic behavior in the face of environmental constraints.

Within the general framework of a characterization of the plant material selected, an earlier study [START_REF] Sakr | Characterization of Lebanese bread wheat genotypes: I-Molecular properties of storage proteins and starch constituents in mature grains[END_REF]) focused specifically on the synthesis and accumulation of the major constituents of the grains harvested at the end of different cropping years (i.e., 2016 and 2017). Under the environmental conditions of this study (semi-arid environments) and despite the genotypic selection of the plant material used, the different important phases of grain development (i.e., cell division, cell enlargement, and grain maturation) are affected. These physiological modifications, which are reflected in particular by a very significant limitation of the thousand kernel weight (TKW) in all of the genotypes studied, mainly result from a limitation of the grain filling time. Given these "physiologically limiting" conditions, and in total agreement with previously published results [START_REF] Graybosch | Environmental modification of hard red winter wheat flour protein composition[END_REF], the synthesis and accumulation of major grain constituents (i.e., storage proteins and starch) has been affected.

First, in this agronomic context, the accumulated storage proteins are characterized by a relatively high gliadin content [greater than 54% of the total protein content, approximately 10% to 15% greater than the protein content commonly encountered in soft wheat varieties [START_REF] Aussenac | Storage proteins accumulation and aggregation in developing wheat grains[END_REF]] and a very high level of polymerization/aggregation of polymeric prolamins [i.e., a high unextractable glutenin protein (UPP) content and a very high average molecular weight/average radius of gyration].

At the same time, a reduction in the amounts of synthesized and accumulated starch polysaccharides is accompanied by a significant change in the amylopectin/amylose ratio, the amylose content being greater than normal (i.e., >34%). Finally, the different genotypes studied are characterized by significantly different distributions of starch granules; the percentage of the volume occupied by A-type and B-type starch granules varied between genotypes for the two cropping years, confirming that the specific thermal regime during the synthesis and accumulation phases of prolamins and starch can explain the polymerization/aggregation changes in prolamins but also the modifications in the distribution of starch granules (A-type vs. B-type) [START_REF] Park | Starch granule size distribution of hard red winter and hard red spring wheat: Its effects on mixing and breadmaking quality[END_REF].

All of these results which, for the first time to our knowledge, make it possible to characterize the cumulative metabolism of prolamins and starch in the grains of local varieties (Lebanese) of common wheat selected for their agronomic performance, are essential in the measurement where it largely influences the aptitudes for the transformation of the corresponding flours. Indeed, as the literature shows, the different protein balances (i.e., gliadins/glutenins, UPP content, molecular weight distribution of glutenins) [START_REF] Aussenac | Storage proteins accumulation and aggregation in developing wheat grains[END_REF] and/or starch balances (i.e., amylose/amylopectin, molecular weight distribution, granule starch distribution…) [START_REF] Park | Effects of varying weight ratios of large and small wheat starch granules on experimental straight-dough bread[END_REF] are responsible for the majority of the physical, physicochemical, and rheological properties essential during the stages of transformation of grain into flour and then flour into dough.

Following the first part (part I) devoted to the characterization of Lebanese bread wheat genotypes by studying the molecular properties of their storage proteins and their starch constituents in mature grains, the second part of this study (part II) is devoted to a characterization of the rheological properties of the corresponding flours and doughs. The relationship between the molecular and rheological properties of the different wheat bread genotypes were investigated.

Material and methods

Plant material

The plant material consisted of four different bread wheat genotypes selected by two different agricultural research centers in dry areas ICARDA and ACSAD and tested as a substance for trials in the LARI field. The cultivars showed potential adaptation to semi-arid areas, characterized by low precipitation and high temperatures (Figure 1). The pedigrees of these cultivars were previously described [START_REF] Sakr | Characterization of Lebanese bread wheat genotypes: I-Molecular properties of storage proteins and starch constituents in mature grains[END_REF].

Wheat flour quality traits

Sieved grains from each of the three field blocks [START_REF] Sakr | Characterization of Lebanese bread wheat genotypes: I-Molecular properties of storage proteins and starch constituents in mature grains[END_REF] were divided into homogeneous samples. Then, samples were milled according to the AACC method (AACC 26-21.02) using a Bühler laboratory miller (MLU-202, Germany). White flours were characterized through different analysis methods with at least three replicates.

Ash content was determined using the ICC standard method (104/1), by incineration of 5 g of flour for 1 h at 900 °C. The gluten index test was run according to the ICC standardized method (137/1) using Perten's Glutomatic machine (GM 2200; Sweden). The Zeleny sedimentation test was performed according to the ICC standard method (116/1).

Hagberg falling number determination was carried out using the ICC approved method (107/1).

Rheological property determination

The alveograph test was applied using the AACC (54-30.1999) 

Results

Wheat flour quality traits

Some significant differences were observed between cultivars regarding the extraction rates, ash content, gluten index, sedimentation test (Zeleny) and Hagberg number, while all genotypes presented similar wet and dry gluten contents (Table 1).

Regarding the extraction rates, values ranged between 60.1% and 67.6%, whereas the ash content varied between 0.61% and 0.72%. Despite the environmental constraints that limited the grain filling period, resulting in a decrease in both starch accumulation and specific grain weight, the extraction rate and the ash content were very similar to those found in the literature.

For wet gluten, significant differences were observed among the genotypes studied, where values ranged from 39.2% to 43.2%. Whereas for dry gluten, values did not vary significantly between cultivars and ranged from 13.3% to 13.9%. These values were higher than those mentioned in the literature by some authors (Surma et al., 2012) but still supported by others [START_REF] Mutwali | Quality of wheat cultivars grown in different locations of Sudan for bread making[END_REF]. In this latter study, the author reported wet gluten contents ranging from 26.63% to 46.94% after investigating 20 Sudanese bread wheat cultivars.

Significant variations between cultivars were observed regarding the gluten index.

Values ranged from 55% to 68% for SHAM 8 and TAL AMARA 2, respectively, with a mean of 59%. Since the values were between 30% and 80%, the quality of the gluten obtained was considered normal [START_REF] Cubadda | Suitability of the gluten index method for assessing gluten strength in durum wheat and semolina[END_REF]). All of these observations are consistent with the results obtained by [START_REF] Barutcular | Quality traits performance of bread wheat genotypes under drought and heat stress conditions[END_REF], who studied the behavior of 16 different bread wheat genotypes under limiting environmental conditions (i.e., high temperature and low precipitation during grain filling) in Turkey. The gluten index values were lower under warm conditions and greater in a rainfed regime, whereas dry gluten was greater under warm conditions than in a rainfed regime.

For Zeleny sedimentation, values ranged from 41.0 mL to 56.9 mL, with an average of 45.9 mL. TAL AMARA 2 differed statistically from other genotypes, presenting the highest value (56.9 ml). This could be explained by the fact that this genotype exhibited the highest content of glutenin. Hagberg numbers differed significantly between cultivars and ranged from 394.08 to 462.42 sec, exhibiting significantly lower alpha amylase activity (>400 sec) (Madeira et.al, 2015). These values above 250 or 300 s. show that our genotypes can be classified as high-quality seeds [START_REF] Mares | Genetic variation for quality traits in synthetic wheat germplasm[END_REF].

Moreover, for all parameters the source of variation was mainly due to the environment, rather than the genotype [Environmental coefficient of variation (CVE) > Genetic coefficient of variation (CVG)], the exception being extraction. In fact, these results are in accordance with those obtained by Surma et al. ( 2012), who revealed a higher environmental effect on Zeleny sedimentation and wet gluten in 24 genotypes of winter wheat, although these characteristics are influenced by genotype. Other studies also showed a greater impact of the environment on the Zeleny sedimentation value [START_REF] Mikhaylenko | Environmental Influences on Flour Composition, Dough Rheology, and Baking Quality of Spring Wheat[END_REF] and on the gluten index [START_REF] Oikonomou | Gluten index for wheat products: Main variables in affecting the value and nonlinear regression model[END_REF].

Rheological quality measured by the alveograph

The four genotypes differed with respect to all alveograph parameters (Table 2). In fact, the dough strength varied from 178.25 to 262.67 × 10 -4 joules, where Sham8 seemed to be the weakest (178.25 × 10 -4 joules) and KATILA the strongest (262.67 × 10 -4 joules).

Tenacity levels (P) ranged between 55.00 (TAL AMARA 2) and 93.50 mm (KATILA), whereas those of extensibility (L) were between 68.67 and 138.25 mm (TAL AMARA 2).

The extensibility index fluctuated from 42.55% to 55.33% and the swelling index (G) between 19.37% and 26.75%. However, P/L (tenacity/extensibility ratio) ranged between 0.41 (TAL AMARA 2) and 1.23 (SHAM 8), with a mean ratio of 0.86. Also, genotype was the main source of variation for all alveograph parameters [Genetic coefficient of variation (CVG)

> Environmental coefficient of variation (CVE)]. This shows a dominance of the varietal effect for this rheological test that may be involved in varietal breeding programs, revealing the possibility of predicting the value of a batch of grains from knowledge of its genetic makeup alone. These results are parallel to those obtained by [START_REF] Rousset | Influence du génotype et du milieu sur les tests d'appréciation de la valeur d'utilisation du blé tendre (Triticum aestivum em. Thell.) dans les industries de cuisson[END_REF]; however, they are not in accordance with those of Surma et al. (2012), who demonstrated that the response of genotypes to different environments is unpredictable.

Rheological quality measured by the farinograph

Cultivars differed regarding all studied parameters on the farinograph ( [START_REF] Makawi | Grains quality characteristics of local wheat (Triticum aestivum) cultivars grown at Khartoum State, Sudan[END_REF]. Hence, the studied cultivars might be suitable for bread making, with the exception of SHAM 8, which seemed to express weakness. Also, variations in all parameters were mainly due to the genotype factor 

Discussion

The main components of a wheat grain, mainly proteins, are responsible for most of the physical, physico-chemical, and rheological properties during grain processing. It is therefore important to understand and discuss the effect of environmental constraints on these components, which control all technological parameters. The environmental conditions during the two crop seasons that the lines underwent were characterized by a drastic lack of rainfall and high temperatures, particularly during the wheat grain filling phases. Although the lines were selected for their adaptation to these environments, the consequences of these particularly severe conditions were that the phases of accumulation of wheat grain reserves were considerably shortened, resulting in a very low specific weight. In addition, the TKW for all genotypes was significantly affected, reflecting a reduction in the accumulation of the major components of a wheat kernel (i.e., proteins and starch). Hence, environmental conditions prevailing during both seasons of culture in our study (i.e., high temperature and negligible precipitation) during grain development reduced the grain filling length and led to modification of grain composition. In fact, high protein levels were observed, accompanied by low starch content in the grain. Also, proteins were rich in gliadins (more than 54% of total protein content), whereas a very high level of polymerization/aggregation of glutenins was revealed. At the same time, low amounts of starch were accompanied by a greater content of amylose (i.e., >34%) and a significant change in the amylopectin/amylose ratio. In addition, a significant modification of the starch granule distribution was recorded (A-type vs. B-type).

It is well known that temperature, rainfall, and their distribution during the growing season have a significant impact on protein quantity and distribution. [START_REF] Denčić | Effects of genotype and environment on breadmaking quality in wheat[END_REF] noted that the impact of the environment on the quality and quantity of proteins is determined by climate factors. Thus, the protein content of wheat rises in a semi-arid environment when the temperature intensity is more or less high for a long time. In addition, the combination of water scarcity and high temperatures during the grain filling phase results in an increase in protein content. Furthermore, a high temperature during the grain filling phase increases the overall amount of glutenin sub-units, whereas a water deficit increases the high molecular weight glutenin subunits/low molecular weight glutenin subunits (SG-HMW/SG-LMW) ratio [START_REF] Flagella | Influence of water deficit on durum wheat storage protein composition and technological quality[END_REF]. Gliadin synthesis is also affected, since it has been shown that heat and water stresses cause a high accumulation of this protein fraction.

In addition, environmental factors control the biosynthesis and accumulation of starch in the wheat grain. Thus, water stress reduces wheat productivity by accelerating the accumulation of starch in the grain. Also, water deficit causes an alteration of the activities of the enzymes involved in the synthesis of starch, which include ADP-glucose pyrophosphorylase (catalyzes the transformation of glucose-1-P into ADP-glucose) and starch synthase as well as the branching enzyme (responsible for the conversion of ADP-glucose into amylose and amylopectin) [START_REF] Ahmadi | The effect of water stress on grain filling processes in wheat[END_REF]. In addition, water stress alters certain characteristics of starch, such as thermal properties, bonding properties, and the number of granules produced. It causes a decrease in the accumulation of small starch granules (type B) and an increase in large granules (type A). Water stress is considered an inhibitory factor when it occurs in the second phase of starch granule development, which affects B-type granules; however, type-A granules, which develop in the first phase, are not affected by this stress [START_REF] Liu | Effects of high temperature after anthesis on starch granules in grains of wheat (Triticum aestivum L.)[END_REF]. Also, heat stress causes morphological and physicochemical changes in wheat starch, depending on the stage of development of the plant when it occurs. It also has an effect on starch synthesis. A temperature above 35 °C during the grain filling phase causes a decrease in starch biosynthesis due to alterations in synthetic enzymes (Thitisaksakul et al., 2012). Studies have shown that high temperatures applied after anthesis reduce the starch content of the grain and alter its composition by favoring the formation of type A granules and reducing the number of type B granules. Others have reported that temperatures above 30 °C occurring before anthesis cause a decrease in the number of A granules compared with B granules with the appearance of certain morphological deformities [START_REF] Liu | Effects of high temperature after anthesis on starch granules in grains of wheat (Triticum aestivum L.)[END_REF]. Thus, water and heat stress affect the accumulation and composition of protein and starch in wheat grains.

In order to understand and interpret all of these rheological properties, which are the results of wheat grain composition being affected by the environmental constraints during both seasons of culture, a principal component analysis (PCA) comparison between these genotypes taking into consideration their rheology and composition parameters was performed (Figure 2). It showed large differences between the studied cultivars. In fact, flour resulting from the obtained grains exhibited high wet and dry gluten content and Zeleny sedimentation, a low gluten index, a great extensibility on the alveograph and extensograph, and high dough strength on the farinograph. Despite the rheological modifications that occurred to the flour of cropped grains, KATILA and ACSAD 1133 seemed to be the closest in quality (Figure 2a), whereas SHAM 8 and TAL AMARA 2 differed the most from each other and from the other two genotypes in rheology as well as in composition. Thus, physiological parameters influenced the distribution of genotypes upon these two principal components (PC).

In fact, TAL AMARA 2 showed the highest extensibility, L, G, peak time, Zeleny sedimentation, and dry gluten. These parameters are generally associated with a high gliadin content and/or high protein content. Extensibility is generally explained by a high gliadin content and is also associated with the presence of the Gli-A1, Gli-B2, and Gli-D2 alleles [START_REF] Branlard | Some Gli alleles related to common wheat dough quality. Gliadin and Glutenin. The unique balance of wheat quality[END_REF]. Recently, a very robust relationship was established between extensibility and Gli A2 [START_REF] Noma | Contribution of αgliadin alleles to the extensibility of flour dough in Japanese wheat cultivars[END_REF]. TAL AMARA 2 is characterized by the highest value of extensibility and has the lowest gliadin content. Therefore, its high extensibility could be explained by the quality of the glutenin aggregates obtained. The aggregates had the lowest molecular weight and the lowest polymerization index (UPP), which led to weak associations. These chemical parameters would be due to the lowest SG-HMW/SG-LMW ratio recorded among the varieties studied. A high quantity of low molecular weight glutenin subunits (SG-LMW) could be responsible for small aggregated polymers, leading to a serious modification of gluten properties, mostly those controlling the rheological characteristics of wheat grains. Regarding the Zeleny sedimentation value, which is known to be positively correlated with the protein content [START_REF] Denčić | Effects of genotype and environment on breadmaking quality in wheat[END_REF], TAL AMARA 2 showed a relatively high protein content, but still much lower than the other genotypes. However, its Zeleny value was the highest. It may be that the low protein content was compensated by its high glutenin content. Therefore, the combination of a low total protein content with a high proportion of glutenins could result in a high sedimentation value.

Diagonally opposite, KATILA and ACSAD had biochemical characteristics that could have allowed these two varieties a very high extensibility and a very high Zeleny value because they have accumulated a lot of proteins, especially gliadins, resulting in very high gliadines/glutenins (Gli/Glu) ratios. However, their rheological characteristics were among the lowest. This could be explained by the fact that these parameters would be influenced by the presence of a strong glutenin aggregation represented by high UPP% and that the molar mass of the polymeric aggregates is very high compared with those of TAL AMARA 2.

Therefore, UPP and the molecular distribution of the polymeric aggregates would be responsible for the correction of some rheological defects. In addition, ACSAD 1133 and KATILA have been classified as PCAs based on absorption, dough strength, P, P/L, and

Hagberg. These results, especially the alveograph data, can logically be explained by the high molecular weight of the polymer aggregates (Singh & MacRitchie, 2001). In addition, these rheological characteristics were due to their higher protein and gliadin content and a higher Gli/Glu ratio, as confirmed by Igbal et al. (2015). Therefore, the composition of these genotypes might favor dough extensibility counterbalanced by polymers of high molar mass and a high index of polymerization, resulting in high levels of non-extractible polymers.

In addition, SHAM 8 revealed higher dough weakness and a higher wet gluten content. Its wet gluten content may be attributed not only to its richness in UPP but also to the higher molar mass of its highly dispersed glutenins. The molar mass of the polymer aggregates is the highest among the studied varieties, whereas its dough weakness could be explained by the lower protein content compared to other cultivars, which is supported by [START_REF] Branlard | Diversity of grain proteins and bread wheat quality: I. Correlation between gliadin bands and flour quality characteristics[END_REF], revealing a positive correlation between dough strength and protein content. Also, this weakness may be attributed to the very high molecular weight of its polymer aggregates.

The granular distribution of starch and molecular distribution of amylose and amylopectin could be involved in explaining certain rheological behaviors, since certain starchy molecular parameters have been strongly involved in the description of genotypes using PCA. Thus, B granules were associated with dough weakness, while C granules were linked to dry gluten as well as amylopectin content. The molar mass of amylopectin showed associations with the gluten index, extensibility, L, and G.

The observed results translated to a drastic effect of weather conditions on the synthesis, accumulation, polymerization, and aggregation of wheat grain reserves. This modified the grain biochemical composition and, consequently, grain dough rheological behavior, despite the potential of the studied varieties to give a yield product of high technological quality, since they contain HMW-GS 5+10 and HMW-GS 7+9.

Conclusions

Within a framework of the introduction of new varieties of bread wheat by the Lebanese State, reducing importations and locally producing grains of a suitable rheological quality in order to meet the technological requirements of preparing Lebanese bread, we have characterized the plant material selected for its adaptation to semi-arid conditions by studying its rheological behavior.

Although the plant material was selected, our results demonstrated that wheat grains of the studied cultivars did not express their optimal rheological potential despite technological suitability defined by their HMW-GS content (5+10), due to limitations in environmental conditions that affected the accumulation of grain components (i.e., proteins and starch) by reducing the grain filling time length. Accordingly, flour resulting from the obtained grains exhibited high wet and dry gluten content and Zeleny values, a low gluten index, a great extensibility on the alveograph and extensograph, and high dough strength on the farinograph.

These modifications of rheological behavior of the studied grains can be explained by the grain biochemical composition, which was high in protein and low in starch content. In fact, high protein levels associated with a high gliadin content and the Gli/Glu ratio were supposedly responsible for the revealed extensibility. In addition, the high molar mass of glutenin polymers, highly aggregates, and great amounts of UPP translated to a dough of great strength. On the other hand, the rheological behavior could also be explained by low starch accumulation in the grain, which was related to elevated levels of amylose and a reduced amylopectin/amylose ratio and resulted in significant modifications in starch granule distribution, specifically a higher molecular weight of amylopectin and a higher concentration of type A vs. type B granules.

Thus, a comparison between flour of studied varieties cultivated during two successive years of drought revealed non-comparable rheological characteristics between the studied cultivars. Multiple mean comparisons were performed using a Tukey test (HSD) (p = 0.05).

(2) Mean values of two consecutive cultivation years and three blocks. Genetic coefficient of variation (CVG) and Environmental coefficient of variation (CVE). (1) Multiple mean comparisons were performed using a Tukey test (HSD) (p = 0.05).

(2) Mean values of two consecutive cultivation years and three blocks. Genetic coefficient of variation (CVG) and Environmental coefficient of variation (CVE). (1) Multiple mean comparisons were performed using a Tukey test (HSD) (p = 0.05).

(2) Mean values of two consecutive cultivation years and three blocks. Genetic coefficient of variation (CVG) and Environmental coefficient of variation (CVE). (1) Multiple mean comparisons were performed using a Tukey test (HSD) (p = 0.05).

(2) Mean values of two consecutive cultivation years and three blocks. Genetic coefficient of variation (CVG) and Environmental coefficient of variation (CVE). 
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  Genetic coefficient of variation (CVG) > Environmental coefficient of variation (CVE)]. This shows the influence of the heredity of the traits of the different cultivars on the extensograph, which is of special importance for varietal breeding programs. These results are not in accordance with those found by Denčić et al. (2012), while they agree with those of Solomon et al. (2012).

Figure 1 .

 1 Figure 1. Temperatures (a, b) and precipitations (c) for the two cropping seasons [2015/2016 (balck bars); 2016/2017 (white bars)]. (a) monthly minimum temperatures, (b) monthly maximum temperatures. Historical averages (1954-2010) (dotted lines).

Figure 2 .

 2 Figure 2. Principal component analysis (PCA) of the rheological properties and of the biochemical composition of flours of the studied cultivars.

Table 3

 3 Şahin et al., 2019). The peak time for the four genotypes presented a mean level of 11.40 min, where Tal Amara showed the highest level (13.03 min).Cultivars acted differently regarding the extensograph test (Table4). Hence, levels of maximal resistance ranged between 203.75 and 405.25 BU for SHAM 8 and KATILA, respectively, whereas resistance to extension varied from 185.25 (SHAM 8) to 324.75 BU (KATILA). Also, SHAM 8 seem to present the weaker dough and KATILA, the strongest. TAL AMARA 2 showed a higher extensibility of 200.17 mm, whereas other cultivars expressed lower values (146.50-165.42 mm). High extensibility, the weakness of SHAM 8, and the highest extensibility of TAL AMARA 2 of cultivars were revealed previously by the alveograph. Coefficient levels were between 1.13 and 2.23, but the energy values ranged from 44.00 (SHAM 8) to 90.75cm 2 (TAL AMARA 2), confirming the weakness of SHAM 8.Under semi-dry conditions, bread wheat tended to express lower resistance to extension (160-246 BU) and energy, such as SHAM 8 (44.00 cm 2 )

	). The

[START_REF] Al-Saleh | Bread wheat quality: some physical, chemical and rheological characteristics of Syrian and English bread wheat samples[END_REF][START_REF] Şahin | Evaluation of grain yield, some quality traits and farinograph parameters in bread wheat genotypes grown in irrigated and rainfed[END_REF]

. Stability and dough weakness (12') varied, respectively, from 9.00 (SHAM 8) to 15.39 (TAL AMARA 2) min and from 42.50 (KATILA) to 98.25 BU (SHAM 8). Compared with the results of

Şahin et al., (2019)

, stability was in range for only SHAM 8 (5.85-8.41 min), where other genotypes were higher. In addition, TAL AMARA 2 and KATILA showed a higher dough strength. Moreover, variations were mostly due to genotype factor [Genetic coefficient of variation (CVG) > Environmental coefficient of variation (CVE)], with the exception of peak time. These results are not in accordance with those obtained by

[START_REF] Panozzo | Cultivar and environmental effects on quality characters in wheat. II. Protein[END_REF]

, who proved a superior effect of environment on the peak time, while Solomon et al. (

2012

) demonstrated a higher environmental effect on the farinogram of 23 genotypes grown in 12 different environments. Also,

Denčić et al. 

Table 1 .

 1 Wheat flour quality traits

	Genotype	Extraction rate (%)	Ash (%) (dry base)	Wet Gluten (%)	Dry Gluten (%)	Gluten Index (%)	Zeleny (mL)	Hagberg (sec)
	SHAM 8	67.3b (1)	0.72c	42.78 c	13.56 a	55.00 a	41.08 a	429.17 b
	TAL AMARA 2	60.1a	0.61a	40.69 b	13.92 a	68.00 c	56.92 b	421.25 b
	KATILA	67.6b	0.73c	38.98 a	13.30 a	60.33 b	41.92 a	462.42 c
	ACSAD 1133	67.1b	0.65b	43.98 c	13.71 a	54.00 a	43.75 a	394.08 a
	Mean (2)	65.5	0.68	41.64	13.62	59.33	45.92	426.73
	CVG (%)	5.51	8.73	5.33	1.92	10.81	16.15	6.59
	CVE (%)	2.20	10.48	26.82	22.01	16.59	12.96	11.32
	(1)							

Table 2 .

 2 Behavior of doughs after mixing (Alveograph results)

	Genotype	W × 10 -4 joules	P (mm)	L (mm)	P/L	Ie (%)	G (%)
	SHAM 8	178.25a (1)	84.50 c	68.67 a	1.23 d	42.55 a 19.37 a
	TAL AMARA 2	230.25 b	55.00 a	138.25 d	0.41 a	55.33 c 26.75 c
	KATILA	262.67 c	93.50 d	88.25 b	1.05 c	49.58 b 21.18 b
	ACSAD 1133	222.75 b	75.92 b	99.75 c	0.77 b	51.72 b 21.82 b
	Mean (2)	223.48	77.23	98.73	0.86	49.79	22.28
	CVG (%)	12.37	21.32	29.68	41.83	10.81	14.17
	CVE (%)	10.19	2.71	3.55	11.46	3.14	3.94

Table 3 .

 3 Behavior of flours during mixing (farinograph results)

	Genotype	Absorption (%)	Peak time (min)	Stability (min)	Dough weakness 12' (UB)
	SHAM 8	65.26c (1)	10.77 a	9.00 a	98.25 d
	TAL AMARA 2	58.17 a	13.03 b	15.39 c	56.50 b
	KATILA	65.07 c	11.10 a	15.00 c	42.50 a
	ACSAD 1133	62.70 b	10.70 a	9.70 b	85.00 c
	Mean (2)	62.80	11.40	12.27	70.56
	CVG (%)	5.25	9.94	27.63	36.23
	CVE (%)	7.33	28.12	7.89	12.15

Table 4 .

 4 Behavior of flours during mixing (extensograph results)

	Genotype	Maximal resistance (UB)	Resistance to extension (UB)	Extensibility (mm)	Coefficient	Energy (cm 2 )
	SHAM 8	203.75 a (1)	185.25 a	146.50 a	1.28 a	44.00 a
	TAL AMARA 2	322.75 b	222.00 b	200.17 c	1.13 a	90.75 c
	KATILA	405.25 d	324.75 d	147.42 a	2.23 c	90.25 c
	ACSAD 1133	375.50 c	284.50 c	165.42 b	1.68 b	81.83 b
	Mean (2)	326.81	254.13	164.88	1.57	76.71
	CVG (%)	27.19	24.56	15.22	31.21	28.92
	CVE (%)	8.03	7.58	1.97	7.85	17.59
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