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Prologue 

 

Advances in Biology through Agronomy, Aquaculture, Coastal and Environmental 

Sciences, Volume II, is an e-book that continues the work of the first version 

(https://editorapantanal.com.br/ebooks/2023/advances-in-biology-through-agronomy-aquaculture-

coastal-and-environmental-sciences/ebook.pdf ), published in 2023 by Leandris Argentel-Martínez and 

Ofelda Peñuelas-Rubio. 

Our e-book compiles 25 manuscripts that present scientific results and reviews based on 

biological aspects. All of they contribute to explaining the responses of living organisms to agricultural, 

aquaculture, and coastal ecosystems, as well as those facing fragility or threat of climate change. This e-

book was edited by Leandris Argentel-Martínez, Ofelda Peñuelas-Rubio, and Joe Luis Arias-Moscoso, 

members of the Consolidated Academic Group ITVAYA-CA-3. 

We appreciate the contribution of al authors for their careful attention to the editorial committee's 

recommendations. The review process was double-blind and conducted by internationally renowned 

researchers.  

Special thanks to the members of the BioSecuraNet International Network for Biotechnology 

and Innovative Strategies for Global Food Security at the National Technological Institute of Mexico.  

 

The Editors  

  

https://editorapantanal.com.br/ebooks/2023/advances-in-biology-through-agronomy-aquaculture-coastal-and-environmental-sciences/ebook.pdf
https://editorapantanal.com.br/ebooks/2023/advances-in-biology-through-agronomy-aquaculture-coastal-and-environmental-sciences/ebook.pdf
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ABSTRACT 

In this study, the effect of reduced irrigation (RI) on durum wheat quality under semiarid conditions was 

assessed, considering genotype–water availability interactions. Four varieties (Isabel Oro, Don Lupe, 

Norocoro C2021, and Bayoyeca) were evaluated under full irrigation (FI) and RI using an integrated 

physicochemical, rheological, and color analysis. Moderate water deficit significantly altered grain 

composition: protein content increased across all varieties (e.g., Isabel Oro: 11.36→14.33%; Don Lupe: 

11.24→14.33%), as did ash and lipid contents. Conversely, the hectoliter weight decreased in all the 

varieties (e.g., Bayoyeca: 82.96→77.83 kg hL⁻¹), whereas the thousand-kernel weight slightly increased. 

Rheologically, the RI increased wet and dry gluten (Isabel Oro: 28.50→32.97% and 9.63→11.27%, 

respectively) and dough stability (Don Lupe: 10.9→12.4 min), although the gluten index exhibited 

genotype-dependent responses (decreasing in Bayoyeca; stable in Isabel Oro). The color parameters 

showed minor changes in lightness (L*) and yellowness (b*). Multivariate analysis confirmed clear 

treatment–genotype differentiation. Overall, the RI improved the technological quality attributes 

(protein, gluten, and stability) at the expense of physical grain traits. Don Lupe and Isabel Oro 

demonstrated superior stability under water-limited conditions, highlighting their agronomic potential in 

semiarid environments. 

 

Keywords: Reduced irrigation, water stress; wheat quality; gluten; rheological properties 

 
1 Tecnológico Nacional de México / Instituto Tecnológico del Valle del Yaqui, Bácum, Sonora, México. 
2 Departamento de Investigación y posgrado en alimentos, Universidad de Sonora  
3 Instituto Nacional de Investigaciones Forestales, Agrícolas y Pecuarias (INIFAP), Campo Experimental Norman E. Borlaug 
4 Universidad Estatal de Sonora, Av. Ley Federal del Trabajo y Perimetral S/N, 83100. Hermosillo Sonora México. 
*Corresponding author: fcadena.cadena@itvy.edu.mx   

 

mailto:fcadena.cadena@itvy.edu.mx
https://doi.org/10.46420/9786585756792cap10
https://orcid.org/0000-0001-8444-3885
https://orcid.org/0000-0002-6295-2539
https://orcid.org/0000-0001-8444-3885
https://orcid.org/0000-0002-6295-2539
https://orcid.org/0000-0001-8444-3885
https://orcid.org/0000-0001-8444-3885
https://orcid.org/0000-0001-8444-3885
https://orcid.org/0000-0001-8444-3885
https://orcid.org/0000-0001-8444-3885
https://orcid.org/0000-0002-9432-2953


Advances in biology through agronomy, aquaculture, coastal and environmental sciences - Volume II 

 

 

| 146 | 

INTRODUCTION 

Wheat production in arid and semiarid regions faces increasing pressure because of limited water 

availability, highlighting the need to optimize irrigation management without compromising yield or grain 

quality. In these systems, water stress not only affects productivity but also significantly alters the 

physicochemical composition and technological properties of wheat, which are critical for its industrial 

use (Buenrostro-Rodríguez et al., 2024; Yudewitz-Pohl, 2025). In particular, variables such as protein 

content, gluten quality, and sedimentation parameters are closely related to flour functionality, whereas 

characteristics such as hectoliter weight and ash content provide information on grain health, grain filling, 

and commercial value (Schuster et al., 2023; Yousuf et al., 2025). 

Several studies have shown that the response of wheat to water stress depends largely on its 

genotype, highlighting the importance of evaluating specific varieties under controlled irrigation 

conditions. In this context, identifying materials with stable technological quality under stress conditions 

is a key strategy for sustaining production in scenarios of climate variability. Furthermore, the joint 

analysis of multiple variables allows for a better understanding of adaptation mechanisms and 

environment-induced changes in grain quality (Cadena-Cadena et al., 2025; Zhang et al., 2026). 

In Mexico, wheat occupies a strategic position in both the food and economic spheres, as it 

constitutes one of the main sources of nutrients in the population’s diet, second only to crops such as 

corn and beans (Palacios‐Rojas et al., 2020). Its production is concentrated mainly in the North‒

Northwest and Bajío regions, where agroclimatic conditions favor its growth (Sharma et al., 2025). The 

state of Sonora stands out as the leading producer nationwide, accounting for more than half of the total 

production in recent years (SIAP, 2024). This leadership is attributed to the availability of fertile soils, 

suitable climatic conditions, the intensive use of agricultural technology, and the support of public policies 

geared toward the sector. Within this region, areas such as the Yaqui Valley represent highly significant 

production hubs because of their particularly favorable cultivation characteristics (Valenzuela-Antelo et 

al., 2018). However, despite these advantages, wheat faces significant challenges associated with 

increasing water scarcity, which increases its vulnerability to water stress conditions (Buenrostro-

Rodríguez et al., 2022). 

Wheat yield performance is typically analyzed on the basis of variables such as spike density, the 

number of grains per spike, and grain size. However, the evaluation of its physicochemical properties is 

often overlooked (Vincke et al., 2022). Wheat quality is determined by its nutritional composition and 

functional characteristics, including sensory attributes such as color, flavor, and aroma. Similarly, 

variations in protein, fiber, and mineral contents under different cropping systems are of great interest to 

the food industry and nutrition programs. Factors such as nutrient deficiency, soil acidity, and drought 

negatively affect both productivity and grain quality (Zeibig et al., 2022). Therefore, it is essential to 

characterize components such as proteins, carbohydrates, and minerals in grains produced under 



Advances in biology through agronomy, aquaculture, coastal and environmental sciences - Volume II 

 

 

| 147 | 

different environmental conditions to optimize their nutritional value and health impact (Poole et al., 

2021). This study posits that withholding irrigation during the final grain-filling stage causes changes in 

chemical composition, which could result in decreases in both yield and grain quality. Given the variability 

among genotypes in terms of their response to water deficit, restricted irrigation management is a useful 

strategy for evaluating stress tolerance and optimizing water use without compromising crop protein 

quality. 

 

MATERIALS AND METHODS 

Experimental site and conditions 

In this study, four wheat varieties were evaluated, namely, Isabel Oro, Don Lupe, Norocoro 

C2021, and Bayoyeca, which were subjected to two contrasting water availability conditions: full irrigation 

and reduced irrigation. On the basis of this experimental design, eight treatments (M1–M8) were 

established, allowing for the analysis of both the individual effect of the genotype and the interaction 

between variety and the irrigation regime. This experimental approach facilitates the identification of 

distinct response patterns, as well as the detection of potential comparative advantages among varieties 

under stress conditions. 

 

Proximate Chemical Analysis 

Quantitative analyses were performed using standardized procedures of the Association of 

Official Analytical Chemists AOAC (2000). 

 

Moisture Content 

The moisture content of the food sample was determined following the protocol established in 

the AOAC method 950.46. Briefly, the sample was placed in a forced-air oven set at 105 °C and dried 

for 4–5 hours until water removal was achieved. After drying, the moisture percentage was calculated 

from the difference in sample weight before and after the process, and the appropriate equation was 

applied. 

 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 (%) =
Weight loss

Starting weight
 𝑋100  

 

Total ash 

Approximately 3 g of the powdered sample was weighed into individual crucibles and incinerated 

at 550 °C for 6 hours. Following combustion, the crucibles were placed in a desiccator to cool and avoid 

moisture uptake and then weighed to determine the ash content. 
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Total ashes (%) =
𝑊 − 𝑍

𝑁
𝑋 100 

 

where W represents the combined weight of the crucible and ash residue, Z corresponds to the weight 

of the empty crucible, and N indicates the initial weight of the sample. 

 

Determination of Lipids 

The crude fat content of the powdered sample was determined using the Soxhlet extraction 

method in accordance with AOAC Method 920.39 (2000), employing petroleum ether as the solvent. 

Approximately 3.0 g of sample was placed in prelabeled extraction thimbles and subjected to continuous 

extraction in a Soxhlet system for 24 hours. Upon completion, the solvent was evaporated, and the 

extraction flask was cooled prior to weighing to quantify the recovered lipid fraction. 

 

Lipids (%) =  
Weight of lipids

Sample weight 
𝑋 100 

 

Crude protein analysis 

The crude protein content was determined by the micro-Kjeldahl method following AOAC 

1990.04. A 0.15 g flour sample was digested with concentrated sulfuric acid and a catalyst until a clear 

solution was obtained. After dilution, the digest was distilled with 30% NaOH to release ammonia, which 

was collected in 2% boric acid with a methyl red indicator. The trapped ammonia was titrated with 0.1 

N HCl to the endpoint. A blank was included, and the nitrogen content was calculated using the 

corresponding equation. 

 

Proteín (%) =  
(N of HCl)(𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐻𝐶𝑙 𝑢𝑠𝑒𝑑)(1.4 g/mol)(6.5)

𝑆𝑎𝑚𝑝𝑙𝑒 𝑔𝑟𝑎𝑚𝑠
  

 

Analysis of Crude Fiber 

The crude fiber content was determined according to the standard procedures described by 

AOAC (2000). A known quantity of the sample was subjected to sequential acid and alkaline digestion 

to remove soluble materials. The remaining residue was filtered, thoroughly washed, dried, and weighed. 

The dried residue was subsequently incinerated at high temperature, and the weight loss after ashing was 

used to estimate the crude fiber content. 
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SDS-Sedimentation (mL) 

Sodium dodecyl sulfate (SDS) sedimentation tests were conducted to evaluate the sedimentation 

capacity of flour proteins as an indicator of gluten quality. For this analysis, 1.0 g of flour sample, adjusted 

to a 14% moisture basis, was accurately weighed and transferred into a graduated sedimentation tube. 

Afterward, 10 mL of distilled water was added, and the tube was shaken vigorously to obtain a uniform 

suspension. 

 

SDS Index (SDS/PROT) 

After the sample was completely dispersed, 10 mL of SDS–lactic acid solution was added to the 

mixture. The tube was shaken for a standardized period to ensure proper interaction between the proteins 

and the reagent. The suspension was then allowed to stand undisturbed at room temperature for 20 

minutes to allow sedimentation. At the end of the resting period, the sedimentation volume was recorded 

directly from the graduated scale of the tube and expressed in milliliters (mL). 

 The SDS sedimentation index (SDS/PROT) was calculated to standardize the sedimentation 

values according to the protein content of the flour samples. This index was obtained by dividing the 

SDS sedimentation volume (mL) by the crude protein content (%) previously determined using the 

micro-Kjeldahl method. The SDS index was calculated using the following equation: 

 

𝑆𝐷𝑆/𝑃𝑅𝑂𝑇 = SDS sedimentation value (mL) Protein content (%) 

The resulting value was expressed as millilitres per percentage of protein (mL/% protein), 

providing a normalized indicator of protein quality and gluten strength. 

 

Wet gluten (%) 

The wet gluten content was determined to evaluate the quantity of gluten-forming proteins 

present in the flour samples. For this analysis, 10 g of flour sample was accurately weighed and placed 

into a gluten-washing apparatus. Distilled water was added to form a dough, which was subsequently 

allowed to rest for a short period to ensure complete hydration of the proteins. 

After the resting stage, the dough was washed under a continuous flow of water to remove starch 

and soluble components, leaving only the gluten network. The washing process continued until the wash 

water became clear, indicating the complete removal of nongluten materials. The remaining gluten mass 

was collected and weighed immediately. The wet gluten content was expressed as a percentage of the 

original sample weight using the corresponding equation (AACC, 2025; Coca Cadena, 1998). 
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Wet Gluten (%) =
Weight of flour sample (g)

Weight of wet gluten (g)
× 100 

where Weight of wet gluten = weight of the wet gluten obtained (g) and Weight of flour sample = initial 

weight of the sample (g). 

 

Dry gluten (%) 

Metodología para Dry Gluten (%) 

The dry gluten content was determined by drying the previously obtained wet gluten residue. The 

wet gluten sample was placed in a drying oven maintained at 105 °C and heated until a constant weight 

was achieved. 

After drying, the sample was allowed to cool in a desiccator to prevent moisture absorption from 

the environment. The dried gluten residue was then weighed, and the dry gluten percentage was calculated 

on the basis of the initial sample weight using the appropriate equation (AACC, 2025). 

 

Dry Gluten (%) =
Weight of flour sample (g)

Weight of dry gluten (g)
× 100 

 

where Weight of dry gluten = weight of dry gluten after drying (g) and Weight of flour sample = initial 

weight of the sample (g). 

 

Gluten Index (%) 

The gluten index was determined to assess the strength and quality of the gluten network. The 

wet gluten obtained from the washing process was placed into a standardized centrifuge chamber 

equipped with a sieve. The sample was centrifuged under controlled conditions for a specified period. 

Following centrifugation, the portion of gluten retained on the sieve was weighed, along with the 

total wet gluten weight. The gluten index was calculated as the percentage of gluten remaining on the 

sieve relative to the total wet gluten mass using the equation provided below. The results are expressed 

as a percentage (%), which represents the resistance of gluten to mechanical stress (AACC, 2025). 

 

Gluten Index (%) =
Total wet gluten weight (g)

Weight of gluten retained on sieve (g)
× 100 

 

where Weight of gluten retained on the sieve = gluten remaining on the sieve after centrifugation (g) and 

Total wet gluten weight = total weight of wet gluten before centrifugation (g). 
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Statical Analysis  

Data were expressed as mean ± standard deviation. Statistical analyses were performed using a 

completely randomized factorial design (4 × 2), including four wheat varieties and two irrigation regimes. 

A two-way analysis of variance (ANOVA) was conducted to determine the effects of variety, irrigation 

regime, and their interaction. When significant differences were observed, means were compared using 

Tukey’s test at p ≤ 0.05. Multivariate analyses, including principal component analysis (PCA) and 

hierarchical clustering, were performed to explore the relationships among variables. All analyses were 

performed using IBM SPSS Statistics (version 22). 

 

RESULTS AND DISCUSSION 

A complete analysis of the wheat varieties evaluated under full-irrigation (RC) and reduced-

irrigation (RR) conditions revealed different effects of genotype and water regime on the physical, 

chemical, rheological, and color properties of the grain. A consistent trend associated with moderate 

water stress (RR) was observed, particularly for variables related to component concentration and gluten 

quality. 

 

Physicochemical properties of the grain 

Thousand-kernel weight (TKW) showed moderate variation among the varieties, with values 

ranging from 77.8 to 80.2 g. Under RR conditions, a trend toward increased TKW was observed in all 

the varieties studied (Isabel Oro, 80.2 g; Don Lupe, 79.8 g) (Table 1). This behavior could be explained 

by reduced intraspike competition under water stress, which favors grain filling in a relatively small 

number of reproductive structures. However, this increase is not always consistent in the literature, where 

water stress frequently reduces grain size depending on its severity and timing. Pradeep et al. (2024) 

reported high genotypic variability in wheat varieties in terms of the contribution of spikes and awns to 

yield under stress. 

Hectoliter weight (HW) showed the opposite trend, decreasing significantly under water stress in 

all the varieties. For example, Isabel Oro decreased from 81.56 to 78.53 kg hL⁻¹, whereas Bayoveca 

decreased from 82.96 to 77.83 kg hL⁻¹. This decrease suggests lower grain density, possibly associated 

with an alteration in endosperm compaction, a common phenomenon under water stress conditions. 

Water stress affects growth and photosynthesis through oxidative stress and physiological alterations. 

Morphological, osmotic, and molecular mechanisms, along with nutrients and hormonal regulators, 

contribute to drought tolerance. pH is a key indicator of commercial quality; therefore, this reduction 

may have negative implications for the industrial grading of the grain (Jain et al., 2019). 
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Proximate composition 

The moisture content did not significantly differ among the treatments and remained within a 

narrow range (≈9–10%). This finding indicates that postharvest conditions or the hygroscopic 

equilibrium of the grain were homogeneous, allowing for reliable comparisons on a dry basis; similar 

results were obtained for other wheat varieties planted under similar conditions (Cadena-Cadena et al., 

2025). 

The ash content increased under RR in all the varieties. For example, Don Lupe increased from 

1.34% to 1.64%, and Norocoro C2021 increased from 1.34% to 1.62%. This pattern suggests a higher 

concentration of minerals, possibly due to a reduced dilution effect under conditions of lower starch 

accumulation (Moreira et al., 2025). 

 

Table 1. Grain quality parameters of durum wheat under different irrigation conditions. 

* Different lowercase letters within the same column indicate significant differences according to Tukey’s test (p ≤ 0.05). 

 

Crude fat also increased under RR conditions, with values increasing from approximately 1.75–

1.85% under RC to 2.15–2.19% under RR. This increase could be related to metabolic adaptations of the 

grain in response to stress, where lipids play a role in the stability of cell membranes (Moreira et al., 2025). 

The fiber content did not clearly vary, although in some cases, such as Norocoro C2021, an increase was 

observed (from 2.48% to 3.56%). This could be associated with structural modifications in the cell wall 

under water stress. Moreover, the protein content consistently increased under RR in all the varieties. 

Isabel Oro increased from 11.36% to 14.33%, and Bayoveca increased from 13.34% to 14.56%. This 

phenomenon is attributed to lower carbohydrate accumulation, which increases the relative proportion 

of nitrogen in the grain. From a technological standpoint, this increase is favorable, as protein is directly 

related to baking quality. In the drought-tolerant and drought-susceptible wheat varieties C-306, PBW-

175, NI-5439, HD-2329, and PBW-343, which were grown under controlled conditions, water stress 

reduced the yield and total protein content but increased the protein concentration. Factors such as 

precipitation, type of drought, and nitrogen management can influence yield response (Singh et al., 2008; 

Wan et al., 2022). 

Sample 
Irrigation 
Type 

Weight of 
1000 grains  
(g) 

Test WT 
(kg/hl) 

Moisture Ash 
Fat 
(%) 

Fiber Protein 

Isabel oro 
RC 78.5±0.67 81.56±0.26b 9.37±0.61 a 1.34±0.11 a 1.78±0.22 a 2.66±0.19 a 11.36±1.09 a 
RR 80.2±0.58 78.53±0.51 a 10.32±0.60 a 1.63±0.08 a 2.19±0.21 bc 2.9±0.65 a 14.33±0.54 b 

Don lupe 
RC 77.8±0.72 81.26±0.68 b 9.3±0.48 a 1.34±0.11 a 1.75±0.31 a 3.22±0.65 a 11.24±1.02 a 
RR 79.8±0.61 78.36±0.76 a 9.66±0.66 a 1.64±0.07 a 2.15±0.69 c 3.01±0.37 a 14.33±0.55 b 

Bayoyeca 
RC 79.2±0.85 82.96±0.54 b 9.03±1.50 a 1.55±0.16 a 1.85±0.28 ab 2.63±0.27 a 13.34±0.57 a b 
RR 80±0.77 77.83±0.17 a 8.8±0.87 a 1.45±0.08 a 1.8±0.33 a 2.76±0.36 a 14.56±1.47 b 

Norocoro 
C2021 

RC 81.54±0.59 81.86±0.69 b 9.41±1.82 a 1.34±0.03 a 1.75±0.66 a 2.48±0.31 a 13.02±0.59 a b 
RR 78.5±0.67 77.13±0.58a 10.14±0.46 a 1.62±0.09 a 2.19±0.78 bc 3.56±0.75 a 14.34±1.32 b 
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Rheological properties of gluten 

The wet gluten (WG) and dry gluten (DG) contents increased under RR, particularly in Isabel 

Oro and Don Lupe (Table 2). For example, Isabel Oro increased from 28.50% to 32.97% for the GH 

and from 9.63% to 11.27% for the GS. These results are consistent with the increase in total protein, 

since gluten represents the functional protein fraction of wheat. However, the protein composition of 

wheat depends on genetic and environmental factors such as soil, temperature, drought, CO₂, and 

fertilization, which significantly influence gluten quality and crop yield (Wieser et al., 2023) 

 
Table 2. Parámetros de calidad del grano en trigo duro bajo diferentes condiciones de riego. 

*Different lowercase letters within the same column indicate significant differences according to Tukey’s test (p ≤ 0.05). 

 

The gluten index (GI) (Table 2), an indicator of gluten quality, showed variable responses 

depending on the genotype. While it remained relatively stable (~78%) in Isabel Oro, it decreased notably 

in Bayoveca under RR (from 84.17% to 75.50%), suggesting a possible impact on gluten strength. In 

contrast, Don Lupe maintained relatively high values (>80%), indicating greater stability under water 

stress. The gluten quality varies by wheat variety when water is scarce: some varieties maintain strong and 

stable gluten, whereas others weaken it under water stress (Han et al., 2025). 

The results of the SDS sedimentation test shown in Table 2, associated with baking quality, 

revealed increases in some varieties under RR (Don Lupe, Bayoveca) but decreases in others (Isabel Oro). 

These findings demonstrate that the response to water stress is highly genotype dependent, particularly 

regarding the composition of glutenins and gliadins. However, the sedimentation index (Index) did not 

significantly differ between treatments and remained in the range of 0.72 to 0.93, suggesting that the 

overall functionality of the gluten was not drastically altered in terms of its hydration capacity (Shewry et 

al., 2024). 

Sample Irrigation 

Type 

SDS  

(%) 

Index  

(mL/% protein) 

Wet Gluten 

(%) 

Dry Gluten  

(%) 

Gluten Index 

(%) 

Isabel oro 
RC 12.04±1.2a 0.72±0.025 a 28.50±1.25 b 9.63±1.25 a 78.00±2.87 a 

RR 9.92±0.70 b 0.90±0.037 a 32.97±2.42 ab 11.27±1.32 ab 78.40±3.94 a 

Don lupe 
RC 9.33±0.25 b 0.78±0.038 a 27.07±1.78 a 9.20±0.57 a 81.57±3.88 ab 

RR 11.00±0.98 a 0.80±0.098 a 31.67±1.71 ab 11.00±1.98 ab 80.23±2.14 ab 

Bayoyeca 
RC 10.30±0.25 b 0.88±0.12 a 30.83±1.32 ab 10.43±1.23 ab 84.17±3.87 ab 

RR 11.23±0.86 a 0.87±0.078 a 29.01±1.12 a 9.87±0.95 a 75.50±2.57 ab 

Norocoro 

C2021 

RC 9.37±0.77b 0.93±0.018 a 30.57±1.39 ab 10.30±0.87 ab 86.23±1.31 ab 

RR 11.20±0.81 a 0.77±0.054 a 30.98±1.27 ab 10.40±0.84 ab 72.67±1.87 c 
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Color Properties 

Color parameters (L*, a*, b*) showed subtle but consistent changes under RR. The L* value 

(luminance) increased slightly in all the varieties, indicating lighter grains. For example, Bayoveca 

increased from 79.9 to 81.2 (Table 3). This change could be associated with a lower concentration of 

pigments or modifications in the endosperm structure. However, flour color does not depend solely on 

the presence of pigment particles but also on the reflectance of the endosperm, which is influenced by 

factors such as protein content and variety-specific characteristics. This interaction of factors limits its 

usefulness as a precise indicator of quality, as it can generate variations in color without necessarily 

reflecting actual changes in the composition or technological properties of the flour (Barnes, 1986; Wang 

et al., 2025). 

The b* parameter (yellowness) slightly decreased under RR, which is relevant in durum wheat, 

where yellow color is a quality attribute for the pasta industry. This decrease could indicate a reduction 

in carotenoids. However, reduced irrigation stresses wheat, activating antioxidants such as carotenoids 

and anthocyanins to protect the cells. Wheat color is influenced primarily by genotype, environment, and 

processing. The yellowness index is a key predictor of pasta color. These compounds concentrate 

pigments in relatively small grains, increasing their color and nutritional value (Ficco et al., 2014; Troccoli 

et al., 2025). 

Chroma and color difference (ΔE) increased under RR, suggesting perceptible changes in grain 

coloration. However, the hue remained virtually constant (~1.41–1.49), indicating that the overall color 

tone did not change substantially. The increase in chroma under reduced irrigation (RR) reflects greater 

color saturation or intensity, likely because of the concentration of carotenoids (Hidalgo et al., 2014). The 

fact that the hue angle remains constant indicates that, although the grain is more vibrant, it still belongs 

to the same color family (yellow‒orange) without shifting toward other shades. The ΔE confirms that 

these variations are visually detectable (Nkhata, 2020). 

 

Dough stability 

Dough stability (Estab) (Table 2), measured in minutes, increased under RR in all the varieties. 

For example, Don Lupe increased from 10.9 to 12.4 min, whereas Norocoro C2021 increased from 8.2 

to 9.8 min. An increase in kneading resistance could be attributed to a higher concentration and better 

quality of gluten proteins (Cappelli et al., 2020; da Silva Ramos et al., 2023). This behavior is consistent 

with the previously reported increase in protein and gluten content (Table 1). A dough with greater 

strength and rheological stability improves its performance during processing and contributes to the 

production of higher-quality final products (Cappelli et al., 2020). 
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Table 3. Color (L*, a*, b*, ΔE, chroma, hue) and dough stability in wheat genotypes under different 
irrigation regimes. 

Sample  L* a* b* 
Stability 
(min) 

Color 
difference 
ΔE 

Croma HUE 

Isabel oro  
RC 78.2 ± 0.7 2.2 ± 0.2 18.8 ± 0.5 7.3 ± 0.6 80.5 ± 0.8 78.3 ± 0.7 1.41 ± 0.02 

RR 79.8 ± 0.6 2.0 ± 0.2 18.2 ± 0.4 8.9 ± 0.7 81.7 ± 0.7 79.9 ± 0.6 1.42 ± 0.02 

Don lupe  
RC 76.5 ± 0.8 2.7 ± 0.3 19.7 ± 0.6 10.9 ± 0.9 79.0 ± 0.9 76.2 ± 0.8 1.43 ± 0.02 

RR 78.0 ± 0.7 2.4 ± 0.2 19.0 ± 0.5 12.4 ± 1.0 80.4 ± 0.8 77.8 ± 0.7 1.44 ± 0.02 

Bayoyeca  
RC 79.9 ± 0.6 1.9 ± 0.2 17.9 ± 0.4 5.6 ± 0.5 82.0 ± 0.7 80.1 ± 0.6 1.48 ± 0.02 

RR 81.2 ± 0.5 1.7 ± 0.1 17.3 ± 0.3 7.2 ± 0.6 83.1 ± 0.6 81.4 ± 0.5 1.49 ± 0.01 

Norocoro C2021 
RC 80.6 ± 0.5 1.8 ± 0.1 17.4 ± 0.3 8.2 ± 0.7 82.7 ± 0.6 80.6 ± 0.5 1.48 ± 0.01 

RR 81.7 ± 0.4 1.6 ± 0.1 16.9 ± 0.3 9.8 ± 0.8 83.5 ± 0.5 81.7 ± 0.4 1.49 ± 0.01 

**Different lowercase letters within the same column indicate significant differences according to Tukey’s test (p ≤ 0.05). 

 

Multivariate Analysis (Clustering) and PCA 

Hierarchical cluster analysis revealed clear differentiation between treatments (RC vs. RR) (Figure 

1), as well as between genotypes. Two major clusters were identified: one associated primarily with full 

irrigation conditions and the other with reduced irrigation. Within these clusters, varieties were grouped 

according to similarities in chemical composition and rheological properties. 

 

Figure 1. Hierarchical clustering dendrogram of wheat genotypes under reduced-irrigation conditions 
based on quality variables. The distance on the vertical axis represents dissimilarity: low values indicate 
greater similarity, whereas high values reflect greater difference. The clusters group genotypes with similar 
performance.  The numbers correspond to the varieties evaluated under full irrigation (1,3,5,7) and 
reduced irrigation (2,4,6,8). 
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In particular, Isabel Oro and Don Lupe were similar in both regimes, suggesting similar 

physiological responses. In contrast, Bayoveca and Norocoro C2021 exhibited greater variability, 

indicating a more complex interaction with water stress. 

The observed separation between clusters indicates that the water regime significantly affects the 

overall quality of wheat, with a magnitude comparable to that of the genotype. Under reduced-irrigation 

conditions, this behavior is consistent with what has been reported in the literature, where water deficit 

significantly affects agronomic, physiological, and productive traits, indicating a strong genotype × 

environment interaction. In particular, water stress can induce changes in water use efficiency, stomatal 

conductance, and biomass allocation, which directly impact crop quality and yield. Therefore, the results 

highlight the need to simultaneously consider the effects of reduced irrigation and genetic variability in 

breeding programs and in the agronomic management of the crop (Li et al., 2024). 

Reduced irrigation, far from being solely a limiting factor, can induce improvements in certain 

quality attributes, particularly protein content and rheological properties. However, these benefits are 

accompanied by reductions in physical parameters such as hectoliter weight, which can affect 

marketability. 

From a genetic breeding perspective, varieties such as Don Lupe and Isabel Oro show greater 

quality stability under stress conditions, positioning them as promising candidates for production systems 

with limited water availability. 

In contrast, varieties such as Bayoveca exhibit greater sensitivity to key parameters such as the 

gluten index, which could limit their use under water stress conditions if specific industrial standards are 

to be maintained. 

The distribution of genotypes under reduced irrigation based on the evaluated quality variables is 

shown in Figure 2, revealing a clear differentiation in their performance. The observed dispersion 

indicates that water stress generates variability in technological attributes, allowing for the identification 

of groups with similar characteristics. Genotypes located in the same direction as the vectors show a 

positive association with those variables, suggesting a greater value or influence of these attributes on 

their performance. 
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Figure 2. Biplot of the principal component analysis (PCA) of wheat genotypes under reduced-irrigation 
conditions, based on quality variables. The points represent the genotypes, while the arrows indicate the 
evaluated variables and their contribution to total variability. The direction and length of the vectors 
reflect the relationship and magnitude of each variable, respectively. Proximity between genotypes 
indicates similarity in their behavior, whereas their dispersion highlights differences in quality response 
under water stress. The numbers correspond to the evaluated varieties. The numbers correspond to the 
varieties evaluated under full irrigation (2,3,5,8) and reduced irrigation (3,5,7,9). The letters represent the 
vectors corresponding to the physicochemical and rheological variables analyzed: C: pH, D: Grain weight 
(g), F: Protein (%), K: Moisture (%), L: SDS, M: SDS Index, N: GH (%), O: GS (%) 
 

On the other hand, genotypes situated in positions opposite the vectors show a negative 

relationship, indicating a weaker contribution from those variables. The length of the vectors suggests 

that some variables have greater weight in explaining total variability and are decisive in differentiating 

genotypes under reduced-irrigation conditions. Similarly, the proximity between certain vectors indicates 

correlations among variables, suggesting that some quality attributes are closely related to one another. 

Reduced irrigation does not affect all genotypes uniformly but induces differentiated responses 

depending on their intrinsic characteristics. This allows for the identification of materials with greater 

stability or better-quality performance under water stress, which is relevant for breeding programs and 

for the selection of varieties under conditions of limited water availability. 

 

CONCLUSIONS 

Overall, the results show that moderate water stress (RR) induces significant changes in wheat 

quality, with positive effects on protein concentration and rheological properties but negative effects on 

the physical characteristics of the grain. The magnitude and direction of these changes depend largely on 
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the genotype, underscoring the importance of variety selection in scenarios of climate change and water 

availability. This study provides relevant evidence for optimizing management strategies and variety 

selection in semiarid agricultural systems, where balancing yield and quality is a constant challenge. 
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Index 

 

A 

Alfalfa, 256, 258, 261 

anaerobic digestion, 324, 325, 326, 330, 331 

Anthracnose, 184, 189 

Aquaculture, 280, 281 

Arachis hypogea, 76 

Arsenic, 307, 309, 311, 316 

B 

Benzoxazinoids, 58 

Biomass yield, 9, 16, 17 

Bioreactor, 310, 316 

bioremediation., 394 

Borlaug, 25, 27, 28, 29, 30 

C 

calcium prohexadione, 36, 38, 41, 42, 43, 44 

Centla, 289, 290, 291, 292, 293, 294 

Centropomus undecimalis, 297, 298, 299, 303, 304 

Ch 

Chitosan, 184, 185, 191 

Chlorophyll content, 15, 16 

C 

consortia, 94, 95, 97, 99, 100, 101, 103, 104 

Coriandrum sativum L., 184, 185, 186, 190, 

191, 194 

CPUE, 289, 291, 292, 294 

cytokinins, 36, 38, 40, 41, 42, 43, 44, 46 

D 

Dates, 116, 122, 133, 139, 146 

Degradation, 392 

Detoxification, 310, 311 

E 

ENSO, 297, 298, 300 

F 

Fertilization, 339 

fish, 232, 233, 234, 237, 239, 240, 242 

fruit and vegetable waste, 324, 325, 331 

G 

Gluten, 172, 175 

Grain quality, 174 

Growth, 260 

H 

hybrids, 222, 223, 224, 225, 226, 227, 228 

Hydrolyzed extract, 273 

Hypopótamo, 13, 18 

I 

In vitro culture, 269 

irrigation, 222, 223, 225, 226, 227, 228 

L 

Locations, 344 

M 

maize, 50, 51, 53, 54, 55, 56, 57, 222, 223, 225, 

227, 228 

Maize, 94, 95, 97, 98, 99 

Mango, 188 

mesquite, 232, 233, 234, 238, 240, 241, 242 

Mesquite, 256, 258, 261, 262 

Microbial, 99, 101, 104 

Morphometric analysis, 289, 293 

morphophysiological, 36, 37, 38, 45, 46 

N 

NDVI, 9, 10, 12, 14, 15, 18 

nile tilapia, 232 

NOM-017-PESC-1994, 289, 290, 291, 293, 294 

O 

Oat, 67 
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Oreochromis niloticus, 232, 233, 234, 241, 242, 246, 
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Pantanos de Centla, 290 

Particle size, 324 

physiological quality, 22, 23, 24, 29, 31 

Planting, 115, 116, 119, 122, 123, 131, 133, 135, 

139, 140 

Prosopis juliflora, 232, 233, 234, 238, 240 

Protein content, 171 

R 

Recreational fishing, 289 
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