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Abstract 

Thirty eight advanced bread wheat lines and commercial cultivar Borlaug 100 F2014, were evaluated for grain yield 
field performance in the Yaqui Valley, Sonora, Mexico, during the crop season 2024-2025. The sowing date was 
December 6, 2024, with a seed density of 100 kg ha-1 in 2 beds 2 m long with two rows and 0.80 m apart, with three 
replications. Average daily temperature (°C), maximum, minimum, relative humidity, rainfall, heat and cold units were 
recorded from December 15, 2024 to May 15, 2025. The variables evaluated were: plant height (cm), a thousand grain 
weight (g), and grain yield (g) per plot. The average plant height of the group was 76.7 cm with a range of 68.3 to 86.6; 
the tallest lines were MEX94.27.1.20/3/SOKOLL//ATTILA/3*BCN/4/PUB94.15.1.12/WBLL1/5/MUCUY with 86.6 cm, 
and SOKOLL/WBLL1/4/MUTUS//KIRITATI/2*TRCH/3/WHEAR/KRONSTADF2004/5/WBLL1*2/SHAMA//BAJ#1*2 
/3/BORL14 with 85 cm, while the shortest one was the sister line UP2338*2/VIVITSI/3/FRET2/TUKURU//FRET2/4/ 
MISR1/5/TUKURU//BAV92/RAYON*2/3/PVN/6/MUCUY (PTHW20Y 00007S-0Y-099Y-0B-8Y-0B) with 68.3 cm. The 
average a thousand grain weight of the group was 50.8 g, with a range of 44.0 to 58.4 g; the line QUAIU*2/KINDE/6/ 
PREMIO/4/CROC_1/AE.SQUARROSA(205)//KAUZ/3/PIFED/5/2*BORL14 showed the highest weight with 58.4 g. The 
average grain weight per plot of the group was 497.7 g, with a range of 410.7 to 575.3; lines with the highest grain 
weight were PUB94.15.1.12/WBLL1/4/ MEX94.27.1.20/3/SOKOLL//ATTILA/3*BCN/7/VEE/MJI//2*TUI/3/PASTOR 
/4/BERKUT/5/BAVIS/6/BORL14 with 575.3 g,  and sister line WBLL1//YANGLINGSHAANXI/ESDA/3/ROLF07 
/6/SUP152/BAJ#1/4/BAJ#1/3/KIRITATI//ATTILA*2/PASTOR/5/SUP152/BAJ#1 (PTSS20Y00351S-0B-099Y-099M-
1Y-0B) with 572 g, which correspond to 7.19, and 7.15 t ha-1, respectively.  The average temperature was 18.7 °C with 
a maximum of 40.2 °C and a minimum of 2.8 °C; the average relative humidity was 49.5 %; there were 0.1 mm of 
precipitation, and the number of heat and cold units was 413 and 643, respectively. 
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1. Introduction

Maize (Zea mays L.) ranks as the most important cereal worldwide, followed by wheat (Triticum spp.) and rice (Oryza 
sativa L.) [1]. Wheat is notable for its adaptability, high grain yield potential, broad range of uses, and nutritional value, 
contributing to approximately 21 % of the global food supply [2]. It holds the largest share of cultivated land among 
crops, covering 222 million hectares worldwide, including 50 million hectares in developing countries. Notably, about 
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half of this area is cultivated under rainfed conditions, often characterized by erratic rainfall, poor soil fertility, and 
extreme temperatures. Under such circumstances, drought remains one of the primary constraints to wheat production 
[3]. In Mexico, wheat ranks among the top five most important crops. It is primarily cultivated during the fall-winter 
season in the northern and northwestern regions, while in the central region, it is sown during the spring-summer 
season. The majority of wheat production is concentrated in five states -Sonora, Baja California, Sinaloa, Guanajuato, 
and Chihuahua- which together account for approximately 92 % of the country’s total output [4]; over 90 % of this 
production takes place under irrigated conditions. In Sonora, most wheat production occurs in the southern region, 
primarily in the Yaqui Valley and, to a lesser extent, the Mayo Valley. Both valleys have arid climates with low humidity 
throughout most of the year and are recognized globally as key reference points for wheat production [5]. However, 
southern Sonora faces significant challenges due to limited water availability [6], and agriculture in the region relies 
heavily on dam-supplied irrigation systems [7]. This scarcity of natural water resources is also a critical issue in other 
major wheat-producing regions, such as the Bajío. As a result, both areas are classified within hydrological regions 
experiencing high water stress [8], and projections indicate the need to consider future scenarios of even greater 
scarcity [9]. At the national level, wheat production in Mexico is categorized by wheat type. Sonora and Baja California 
are primarily known for producing durum wheat, while states like Guanajuato and Jalisco focus more on bread wheat, 
characterized by medium to strong gluten content [10]. In Sonora, only about 20 % of the wheat-growing area is planted 
with bread wheat cultivars [11], largely because durum wheat has historically demonstrated higher yield potential in 
the region [12] and greater resistance to Karnal bunt [13,14]. Given this context, the development of new bread wheat 
cultivars with improved yield potential, industrial quality, and disease resistance is essential. Such efforts could expand 
the area dedicated to bread wheat cultivation and help reduce Mexico’s dependence on imports, which exceeded 5 
million tons in 2023 [15]. The bread wheat yield consortium (WYCYT) is a network of field trials designed to enhance 
the yield potential of spring wheat by strategically combining physiological traits related to both source and sink 
capacity [16]. These trials have been phenotyped across key wheat-producing mega-environments through the 
International Wheat Improvement Network (IWIN) and the Cereal Systems Initiative for South Asia (CSISA). In total, 
the trials have been conducted across 136 environments (site-year combinations) in major spring wheat-growing 
countries, including Bangladesh, China, Egypt, India, Iran, Mexico, Nepal, and Pakistan. The objective of this work was 
to evaluate the field performance of a set of 38 advanced bread wheat lines during the crop season fall-winter 2024-
2025. 

2. Materials and methods 

Thirty eight advanced bread wheat lines that comprised the 12th bread wheat yield consortium (WYCYT), which 
included eight groups of sister lines (lines 2, 17, and 38; 3 and 33; 4 and 20; 5 and 31; 6 and 34; 8 and 14; 26, 27 and 32; 
23 and 29) (Table 1) selected at the International Maize and Wheat Improvement Center (CIMMYT), based on their yield 
potential, were evaluated at the Norman E. Borlaug Experimental Station (CENEB) which belongs to the National 
Institute for Forestry, Agriculture, and Livestock Research (INIFAP). This experimental station is located in block 910 
of the Yaqui Valley at 27°22´04.64´´ latitude north and 109°55´28.26´´ longitude west, 37 masl, in a clay soil with pH 7.8. 
The climate is warm [BW (h)] and extreme warm and dry [BS (h)], according to Köppen classification modified by García 
[17].  Commercial bread wheat cultivar Borlaug 100 F2014 [18] was used as check. This cultivar is the bread wheat 
most used by farmers in southern Sonora; during the 2019-2020 wheat season, 94,865.61 ha of bread wheat were 
planted, with 88.9 % of the area covered by this cultivar [19]. In 2020-2021, 42,694.86 ha were established, of which 
86.38 % was planted with Borlaug 100 F2014 cultivar [20]. In the 2021-2022 season, 40,376.46 ha were planted with 
bread wheat, and 91.7 % of this used the same cultivar [21]. In 2022-2023, 59,232.56 ha were established, with 99.7 % 
covered by Borlaug 100 F2014 [22]. Finally, in 2023-2024, 52,534.276 ha were planted, with 70.6 % of the area using 
this cultivar [23]. Borlaug 100 F2014 has demonstrated stable yields. It is moderately susceptible to partial bunt (Tilletia 
indica Mitra), but shows resistance to both leaf rust (Puccinia triticina Eriks.) and to yellow or stripe rust (Puccinia 
striiformis Westend. f. sp. tritici Eriks.). Although bread wheat cultivar CIANO M2018 was released in 2018 and 
outperformed Borlaug 100 F2014 in experimental trials between the 2017-2018 and 2019-2020 seasons, yielding 1.58 
and 6.27 % more grain under two and four complementary irrigations, respectively [24], it was grown on only 3,798 ha 
in southern Sonora during the 2022-2023 season [22]. However, by 2023-2024, its cultivation area had expanded 
significantly to 15,157 ha [23]. 
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Table 1 Advanced bread wheat lines of the 12th bread wheat yield consortium and commercial cultivar Borlaug 100 
F2014, sown on December 6, 2024, at the Norman E. Borlaug Experimental Station, in the Yaqui Valley, Sonora, Mexico  

No.         Pedigree and selection history  

1 CMH79A.955/4/AGA/3/4*SN64/CNO67//INIA66/5/NAC/6/RIALTO/7/SOKOLL/WBLL1/8/VEE/MJI//2*TU
I/3/ PASTOR/4/BERKUT/5/BAVIS/6/BORL14 

 PTSS21Y00266S-0M-099Y-0B-4Y-0B 
2 UP2338*2/VIVITSI/3/FRET2/TUKURU//FRET2/4/MISR 

1/5/TUKURU//BAV92/RAYON*2/3/PVN/6/MUCUY 
 PTHW20Y00007S-0Y-099Y-0B-8Y-0B 
3 MEX94.27.1.20/3/SOKOLL//ATTILA/3*BCN/4/PUB94.15.1.12/WBLL1/5/MUCUY/6/FR 

ET2*2/BRAMBLING//BECARD/3/WBLL1*2/BRAMBLING 
 PTSS21Y00295S-0B-099Y-0B-5Y-0B 
4 WBLL1//YANGLING SHAANXI/ESDA/3/ROLF07/6/SUP152/BAJ#1/4/BAJ#1/3/KIRITATI//ATTILA*2/ 

PASTOR/5/SUP152/BAJ #1 
 PTSS20Y00351S-0B-099Y-099M-1Y-0B 
5 FRET2/KUKUNA//FRET2/3/TAM200/TUI/4/FRET2*2/SHAMA/5/WBLL1/KUKUNA//TACUPETOF2001/3/ 

UP2338*2/VIVITSI/6/PREMIO/4/CROC_1/AE.SQUARROSA (205)//KAUZ/3/PIFED/5/2*BORL14 
 PTSS21Y00055S-0B-099Y-0B-7Y-0B 
6 68.111/RGB-U//WARD RESEL/3/STIL/4/AE.SQUARROSA(630)/5/BORL14/6/COPIO/7/KANCHAN*2/ 

JUCHI//2*BORL14 
 PTSS21Y00210S-0M-099Y-099M-3Y-0B 
7 SOKOLL/3/PASTOR//HXL7573/2*BAU/4/WBLL4//OAX93.24.35/WBLL1/5/MUTUS*2/CHONTE/6/ 

SUP152/BAJ#1//TRCH/HUIRIVIS #1/3/SUP152/BAJ #1 
 PTSS20Y00323S-0B-099Y-099M-4Y-0B 
8 SOKOLL/3/PASTOR//HXL7573/2*BAU/4/SOKOLL/WBLL1/5/PIHA//WORRAKATTA/2*P 

ASTOR/3/PRL/2*PASTOR/6/SNTL/3/KACHU//WBLL1*2/BRAMBLING 
PTSS21Y00235S-0M-099Y-099M-9Y-0B  

9 NINGA #1 
 CMSA11Y00507S-099Y-099M-099NJ-099NJ-19WGY-0B 
10 NADI #1 
 CMSS06B00734T-099TOPY-099ZTM-099Y-099M-5WGY-0B 
11 PASTOR//HXL7573/2*BAU/3/WBLL1/4/BORL14/5/CHIPAK 
 PTSS21Y00142S-0M-099Y-099M-2Y-0B 
12 BORLAUG100 F2014 
 CMSS06Y00605T-099TOPM-099Y-099ZTM-099Y-099M-11WGY-0B-0MEX 
13 JNRB.5/PIFED/5/BJY/COC//PRL/BOW/3/SARA/THB//VEE/4/PIFED/6/BORL14 
 PTSS19Y00239S-0M-0Y-099B-34Y-0B 
14 SOKOLL/3/PASTOR//HXL7573/2*BAU/4/SOKOLL/WBLL1/5/PIHA//WORRAKATTA/2*P 

ASTOR/3/PRL/2*PASTOR/6/SNTL/3/KACHU//WBLL1*2/BRAMBLING 
 PTSS21Y00235S-0M-099Y-099M-4Y-0B 
15 SOKOLL/WBLL1/4/MUTUS//KIRITATI/2*TRCH/3/WHEAR/KRONSTAD F2004/5/WBLL1*2/SHAMA//BAJ  

#1*2/3/BORL14 
 PTSS20Y00390S-0B-099Y-099M-2Y-0Y-0B 
16 SOKOLL/3/PASTOR//HXL7573/2*BAU/5/CROC_1/AE.SQUARROSA (205)//BORL95/3/PRL/SARA// 

TSI/VEE#5/4/FRET2/6/BORL14*2//BECARD/QUAIU #1 
PTSS21Y00223S-0M-099Y-099M-3Y-0B 

17 UP2338*2/VIVITSI/3/FRET2/TUKURU//FRET2/4/MISR 
1/5/TUKURU//BAV92/RAYON*2/3/PVN/6/MUCUY 

 PTHW20Y00007S-0Y-099Y-0B-3Y-0B 
18 QUAIU*2/KINDE/4/FRET2*2/BRAMBLING//BECARD/3/WBLL1*2/BRAMBLING 
 PTSS17Y00171S-0B-099Y-099B-24Y-0B-0Y 
19 MEX94.27.1.20/3/SOKOLL//ATTILA/3*BCN/4/PUB94.15.1.12/WBLL1/6/KACHU/SAUAL/4/VARIS/MISR 

2/3/FRET2/KUKUNA//FRET2/5/KACHU/SAUAL 
PTSS19Y00213S-0M-0Y-099M-24Y-0B 

20 WBLL1//YANGLING SHAANXI/ESDA/3/ROLF07/6/SUP152/BAJ #1/4/BAJ #1/3/KIRITATI//ATTILA*2 
/PASTOR/5/SUP152/BAJ #1 
PTSS20Y00351S-0B-099Y-099M-3Y-0B 

21 MEX94.27.1.20/3/SOKOLL//ATTILA/3*BCN/4/PUB94.15.1.12/WBLL1/5/MUCUY 
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PTSS14Y00328S-0B-099Y-099B-19Y-020Y 
22 QUAIU*2/KINDE/6/PREMIO/4/CROC_1/AE.SQUARROSA (205)//KAUZ/3/PIFED/5/2*BORL14  

PTSS21Y00240S-0M-099Y-0B-6Y-0B 
23 CROC_1/AE.SQUARROSA(205)//BORL95/3/PRL/SARA//TSI/VEE#5/4/FRET2/5/CIRO16/6/CROC_ 

1/AE.SQUARROSA (224)//OPATA/3/PUB94.15.1.12/WBLL1 
PTHW20Y00051S-0Y-099Y-0B-6Y-0B 

24 SOKOLL 
CMSS97M00316S-0P20M-0P20Y-43M-010Y 

25 68.111/RGB-U//WARD/3/FGO/4/RABI/5/AE.SQUARROSA (878)/6/ATTILA*2/PBW65//MURGA/7/ 
BORL14/8/NADI#1*2/3/MUTUS/AKURI #1//MUTUS 
PTSS21Y00114S-0M-099Y-099M-3Y-0B 

26 PASTOR//HXL7573/2*BAU/3/WBLL1/4/BORL14/6/PREMIO/4/CROC_1/AE.SQUARROSA 
(205)//KAUZ/3/PIFED 

  /5/2*BORL14  
PTSS21Y00166S-0M-099Y-0B-7Y-0B 

27 PASTOR//HXL7573/2*BAU/3/WBLL1/4/BORL14/6/PREMIO/4/CROC_1/ AE.SQUARROSA(205)//KAUZ/3/ 
PIFED /5/2*BORL14 
PTSS21Y00166S-0M-099Y-0B-2Y-0B 

28 PUB94.15.1.12/WBLL1/4/MEX94.27.1.20/3/SOKOLL//ATTILA/3*BCN/7/VEE/MJI//2*TUI/3/PASTOR/4/ 
BERKUT/5/BAVIS/6/BORL14 

 PTSS21Y00162S-0M-099Y-099M-6Y-0B 
29 CROC_1/AE.SQUARROSA(205)//BORL95/3/PRL/SARA//TSI/VEE#5/4/FRET2/5/CIRO16/6/CROC1/ 

AE.SQUARROSA (224)//OPATA/3/PUB94.15.1.12/WBLL1 
PTHW20Y00051S-0Y-099Y-0B-1Y-0B 

30 NAINA #1 
CMSS11B00910T-099TOPY-099M-099NJ-099NJ-37WGY-0B 

31 FRET2/KUKUNA//FRET2/3/TAM200/TUI/4/FRET2*2/SHAMA/5/WBLL1/KUKUNA//TACUPETO F2001 
/3/UP2338*2/VIVITSI/6/PREMIO/4/CROC_1/AE.SQUARROSA (205)//KAUZ/3/PIFED/5/2*BORL14 
PTSS21Y00055S-0B-099Y-0B-10Y-0B 

32 PASTOR//HXL7573/2*BAU/3/WBLL1/4/BORL14/6/PREMIO/4/CROC_1/AE.SQUARROSA(205)//KAUZ/3/ 
PIFED/5/2*BORL14  
PTSS21Y00166S-0M-099Y-0B-9Y-0B 

33 MEX94.27.1.20/3/SOKOLL//ATTILA/3*BCN/4/PUB94.15.1.12/WBLL1/5/MUCUY6/FRET2*2/BRAMBLING 
//BECARD/3/WBLL1*2/BRAMBLING 
PTSS21Y00295S-0B-099Y-0B-3Y-0B 

34 68.111/RGB-U//WARDRESEL/3/STIL/4/AE.SQUARROSA (630)/5/BORL14/6/COPIO/7/KANCHAN*2/JUCHI 
//2*BORL14 

 PTSS21Y00210S-0M-099Y-099M-2Y-0B 
35 KS940935.7.1.2/2*PASTOR/4/FRAME//MILAN/KAUZ/3/PASTOR/5/KUTZ 
 PTSS17Y00001S-0B-099Y-099M-6Y-0Y 
36 SHORTENEDSR26TRANSLOCATION//2*WBLL1*2/KKTS/3/BECARD/6/PREMIO/4/CROC_1/ 

AE.SQUARROSA(205)//KAUZ/3/PIFED/5/2*BORL14 
 PTSS21Y00054S-0B-099Y-0B-2Y-0B 
37 SUP152//PUB94.15.1.12/WBLL1/3/MUCUY/4/KABILU #1 

PTSS21Y00258S-0M-099Y-0B-7Y-0B 
38 UP2338*2/VIVITSI/3/FRET2/TUKURU//FRET2/4/MISR 1/5/TUKURU//BAV92/RAYON*2/3/PVN/6/ 

MUCUY 
PTHW20Y00007S-0Y-099Y-0B-7Y-0B 

39 CROC_1/AE.SQUARROSA(224)//OPATA/3/PUB94.15.1.12/WBLL1/7/C80.1/3*BATAVIA//2*WBLL1/5/ 
REH/HARE//2*BCN/3/CROC_1/AE.SQUARROSA (213)//PGO/4/HUITES/6/FRANCOLIN#1/BLOUK #1 
PTHW20Y00180S-0Y-099Y-0B-4Y-0B 

The sowing date was December 6, 2023, with a density of 100 kg ha-1. Plots consisted of 2 beds 2 m long, with two rows 
and 0.80 m apart, with three replications. Fertilization consisted of 150 kg ha-1 of urea before sowing. An irrigation was 
applied for seed germination and three complementary irrigation were applied during the season; before the first 
complementary irrigation, 100 kg ha-1 of urea were applied, and other 100 kg ha-1 of urea were applied before the second 
complementary irrigation. During crop development, broad leaf weeds were controlled with herbicides, Full-mina 4 
(Dimethylamine salt of 2,4-Dichlorophenoxyacetic acid) [25] and Starane Ultra (Fluroxypyr methyl) (300 mL ha-1) [26] 
during the tillering stage (stage 24, Zadoks et al.[27], and for narrow leaf weeds, Axial XL (Pinoxaden + Cloquintocet-
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mexyl) (400 mL ha-1) [28] during stem elongation (stage 35, Zadoks). For control of the green aphid (Schizaphis 
graminum Rondani), the fabric conditioner Suavitel (1 mL L-1) was applied during the flowering (stage 65, Zadoks). The 
daily average temperature (°C), the maximum and minimum, relative humidity, the number of cold and heat units, and 
precipitation were recorded from December 15, 2024 to May 15, 2025 by the weather station CIANO-910, located in 
block 910 in the Yaqui Valley [29]; this station belongs to the automated weather station network of Sonora [30]. Cold 
units were calculated as the temperature > 0.1 °C to < 10 °C that occurs in a given hour, and the heat units as the number 
of hours with temperature above 30 °C [31]. The variables evaluated were: plant height (cm), a thousand grain weight 
(g), and grain yield (g) per plot, after harvesting 0.8 m2 from each plot with a sickle, and threshing was carried out with 
a Pullman stationary thresher. 

3. Results and discussion 

The range of the average temperature during the period of evaluation was 14.9-23.9 °C (Figure 1), while for the 
maximum temperature it was 30.9-40.2 °C and 2.8-9.8 °C for the minimum temperature. The occurrence of 
temperatures above 30 °C were more consistent from March 16 (Figure 2) to May 15, where 80.1 % of the accumulated 
heat units (413) was recorded during that period of the evaluation, although there were some days when the 
temperature reached 30 °C for 1 or several hours, like December 18 (1 hour), 19 (3), 20 (4), 21 (2), 22 (3), 23 (1), 24 
(2), 29 (1), 30 (2), January 2 (1), 3 (3), February 2 (4), 3 (5), 5 (4), 6 (4), 7 (5), 8 (4), 10 (2), 14 (2), 19 (3), 22 (2), 23 (3), 
24 (5), 25 (5), 27 (2), 28 (5), March 2 (1), 5 (2), and 9 (1). This condition hindered proper plant development. Unlike 
the 2023-2024 crop season, when maximum grain yield reached 8.4 t ha-1 and the group average exceeded 7 t ha-1 [32], 
the current evaluation recorded a maximum yield of 7.57 t ha-1 (in one replicate of line No. 22), with a group average of 
6.22 t ha-1. Likewise, during the 2023-2024 crop season, the group's average plant height was 101 cm, ranging from 95 
to 106 cm; in contrast, for the 2024-2025 season, the average height decreased to 76.7 cm, with a range between 68.3 
and 86.6 cm. Heat stress triggers significant physiological and morphological changes in plants, including reduced seed 
germination and seedling growth, decreased cell turgidity, and lower water-use efficiency [33]. During the period of 
evaluation, the accumulation of cold units (CU) was detected from December 15, 2024 to even May 1, 2025, with a total 
of 613, being more prevalent up to March 22; therefore, 93.7 % of the total accumulated CU (613) was recorded during 
that period of the evaluation. The accumulation of CU per week was as following: during the week of December 15-21 
there were 58 CU, 48 in December 22-28, 49 in December 29-January 4, 48 in January 5-11, 50 in January 12-18, 56 in 
January 19-25, 61 in January 26-February 1, 49 in February 2-8, 26 in February 9-15, 54 in February 16-22, 16 in 
February 23-March 1, 24 in March 2-8, 39 in March 9-15, and 25 in March 16-22 (Figure 2). All stages of wheat plant 
phenology are sensitive to temperature fluctuations, where elevated temperatures enhance the plant's metabolic 
activity and accelerate physiological processes that drive its growth and development [34]. 

 

Figure 1 Average temperatures from December 15, 2024 to May 15, 2025, recorded from the weather station CIANO-
910, at the Norman E. Borlaug Experimental Station in the Yaqui Valley, Sonora, Mexico, during the crop season 2024-

2025 



World Journal of Advanced Research and Reviews, 2025, 27(02), 1676-1687 

1681 

 

Figure 2 Number of cold and heat units accumulated from December 15, 2024 to May 15, 2025, recorded from the 
weather station CIANO-910, at the Norman E. Borlaug Experimental Station in the Yaqui Valley, Sonora, Mexico, 

during the crop season 2024-2025 

The wheat plant also needs the accumulation of CU to extend its biological cycle, which typically results in higher grain 
yield [31]. In Southern Sonora, the recommended wheat sowing date is from November 15 to December 15. Sowing 
after this window often leads to poor tillering and increased exposure to heat stress [35]. The average height of the 
group was 76.7 cm with a range of 68.3 to 86.7 cm (Figure 3). The tallest lines were MEX94.27.1.20/3/SOKOLL// 
ATTILA/3*BCN/4/PUB94.15.1.12/WBLL1/5/MUCUY (line No. 21) with 86.6 cm, and SOKOLL/WBLL1/4/MUTUS// 
KIRITATI/2*TRCH/3/WHEAR/KRONSTADF2004/5/WBLL1*2/SHAMA//BAJ#1*2/3/BORL14 (No. 15) with 85 cm, 
while the shortest one was the sister line UP2338*2/VIVITSI/3/FRET2/TUKURU//FRET2/4/MISR1/5/TUKURU// 
BAV92/RAYON*2/3/PVN/6/MUCUY (PTHW20Y00007S-0Y-099Y-0B-8Y-0B, No. 2) with 68.3 cm. Cultivar Borlaug 100 
F2014 (No. 12) showed a height of 71.7 cm, slightly below the group average. Plant height in wheat can influence 
susceptibility to lodging, as taller plants are generally more prone to this issue. Lodging refers to the irreversible 
bending or collapse of plant stems from their upright position, typically caused by wind pressure on the shoots and soil 
weakening from rain or irrigation, which diminishes root anchorage [36]. 

 

Figure 3 Average plant height of bread wheat cultivar Borlaug 100 F2014 (12), and 38 advanced bread wheat lines, at 
the Norman E. Borlaug Experimental Station in the Yaqui Valley, Sonora, Mexico, during the crop season 2024-2025 
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Yield losses in wheat due to lodging can range between 7 and 80 % [37], often accompanied by a decline in bread-
making quality [36]. In the context of efforts to boost grain yield to meet growing global food demands [38], and with 
initiatives like the International Wheat Yield Partnership investing in this goal, preserving lodging resistance will be 
crucial to safeguard increased productivity. The average thousand grain weight (TGW) of the group was 50.8 g; the line 
QUAIU*2/KINDE/6/PREMIO/4/CROC_1/AE.SQUARROSA(205)//KAUZ/3/PIFED/5/2*BORL14 (No. 22) showed the 
highest weight with 58.3 g, a 7.5 g difference above the average, followed by SOKOLL/3/PASTOR//HXL7573/2*BAU/5/ 
CROC_1/AE.SQUARROSA(205)//BORL95/3/PRL/SARA//TSI/VEE#5/4/FRET2/6/ BORL14*2//BECARD/QUAIU #1 
(No. 16), and NAINA #1 (No. 30), both with 56. 8 g (Figure 4). Lines with the lowest a TGW were SUP152// 
PUB94.15.1.12/WBLL1/3/MUCUY/4/KABILU #1 (No. 37) and SOKOLL/WBLL1/4/MUTUS//KIRITATI/2*TRCH/3/ 
WHEAR/KRONSTADF2004/5/WBLL1*2/SHAMA//BAJ#1*2/3/BORL14 (No. 15) with 45.3 and 44.0 g, respectively, 
while cultivar Borlaug 100 F2014 (No. 12) was below the average value with 50.2 g.  

 

Figure 4 Average a thousand grain weight of bread wheat cultivar Borlaug 100 F2014 (12), and 38 advanced bread 
wheat lines, at the Norman E. Borlaug Experimental Station in the Yaqui Valley, Sonora, Mexico, during the crop 

season 2024-2025 

According to Baillot et al. [39], the TGW is one of the components that determine the grain yield in wheat; it represents 
the average value of the individual grain weight, which depends on its position within the ear and its position within 
the spikelet. It measures the mass of the wheat kernel and is an essential parameter for the selection of cultivars with 
the best physical and physiological seed quality. Generally, higher TGW values are positively related to potential flour 
extraction or yield [40], because this property is closely related to grain size and proportion of endosperm to germ and 
pericarp tissues [41]. Wheat breeders and flour millers employ this method as a complement to test weight to better 
describe wheat kernel composition and potential flour extraction [42]. TGW is a key trait in wheat breeding due to its 
phenotypic stability and moderately high heritability, typically ranging from 0.6 to 0.8; this makes TGW a reliable and 
practical target for selection aimed at increasing grain yield [43,44,45]. For instance, a linear regression analysis of over 
1,850 Chinese wheat cultivars released since the 1920s showed that the average TGW rose from 30.16 g in the 1920s to 
38.43 g in the 2010s. During the same period, average grain yield increased from 2.01 to 6.58 t ha⁻¹, highlighting the 
substantial role of TGW improvement in boosting overall yield [46]. For grain yield per plot, the average yield of the 
group was 497.7 g with a range of 410.7 to 575.3 (Figure 5).  

https://www.intechopen.com/chapters/53879?utm_source=chatgpt.com#B46
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Figure 5 Average grain weight per plot of bread wheat cultivar Borlaug 100 F2014 (12), and 38 advanced bread 
wheat lines, at the Norman E. Borlaug Experimental Station in the Yaqui Valley, Sonora, Mexico, during the crop 

season 2024-2025 

Cultivar Borlaug 100 F2014 showed an average grain yield above the group average with 524 g, while line 
PUB94.15.1.12/WBLL1/4/MEX94.27.1.20/3/SOKOLL//ATTILA/3*BCN/7/VEE/MJI//2*TUI/3/PASTOR/4/BERKUT/
5/BAVIS/6/BORL14 (No. 28) showed the highest yield with 575.3 g, followed by sister line WBLL1// 
YANGLINGSHAANXI/ESDA/3/ROLF07/6/SUP152/BAJ#1/4/BAJ#1/3/KIRITATI//ATTILA*2/PASTOR/5/SUP152/ 
BAJ#1 (PTSS20Y00351S-0B-099Y-099M-1Y-0B, No. 4) with 572 g, which correspond to 6.55, 7.19, and 7.15 t ha-1, 
respectively. The TGW of Borlaug 100 F2014 and the two lines was below the average value of the group. Other high-
yielding lines were NINGA #1 (No. 9), SOKOLL/WBLL1/4/MUTUS//KIRITATI/2*TRCH/3/WHEAR/KRONSTADF2004 
/5/WBLL1*2/SHAMA//BAJ#1*2/3/BORL14 (No. 15), and sister line PASTOR//HXL7573/2*BAU/3/WBLL1/4/ 
BORL14/6/PREMIO/4/CROC_1/AE.SQUARROSA(205)//KAUZ/3/PIFED/5/2*BORL14 (PTSS21Y00166S-0M-099Y-
0B-2Y-0B, No. 27) with 7.12, 7.08, and 7.02 t ha-1, respectively. There were 11 lines with higher grain yield than Borlaug 
100 F2024, and although it was reported that this cultivar produced a grain yield of 8.79 t ha-1 under full irrigation (four 
complementary irrigations) [47], in our evaluation it was short by 2.24 t ha-1. According to García [48], wheat yield is 
primarily determined by the number of grains per unit area and their individual weight. While the number of grains has 
a strongly correlation with total yield and is largely influenced by agronomic practices, grain weight is more affected by 
climatic conditions during the grain-filling stage. In contrast, Estrada-Campuzano et al. [49] emphasize that grain weight 
– defined during the period from flowering to physiological maturity – is one of the numerical components of yield and 
is susceptible to both biotic and abiotic stresses. However, Peltonen-Sainio et al. [50] reported that grain weight is not 
directly correlated with yield. Despite this, some germplasm combinations developed by the International Maize and 
Wheat Improvement Center express high yields with high grain weight [51]. 

4. Conclusion 

The average plant height of the group was 76.7 cm with a range of 68.3 to 86.6; the tallest lines were 
MEX94.27.1.20/3/SOKOLL//ATTILA/3*BCN/4/PUB94.15.1.12/WBLL1/5/MUCUY with 86.6 cm, and SOKOLL/WBLL1 
/4/MUTUS//KIRITATI/2*TRCH/3/WHEAR/KRONSTADF2004/5/WBLL1*2/SHAMA//BAJ#1*2/3/BORL14 with 85 
cm, while the shortest one was the sister line UP2338*2/VIVITSI/3/FRET2/TUKURU//FRET2/4/MISR1/5/TUKURU// 
BAV92/RAYON*2/3/PVN/6/MUCUY (PTHW20Y 00007S-0Y-099Y-0B-8Y-0B) with 68.3 cm. 

The average a thousand grain weight of the group was 50.8 g, with a range of 44.0 to 58.4 g; the line 
QUAIU*2/KINDE/6/PREMIO/4/CROC_1/AE.SQUARROSA(205)//KAUZ/3/PIFED/5/2*BORL14 showed the highest 
weight with 58.4 g. 

The average grain weight per plot of the group was 497.7 g, with a range of 410.7 to 575.3; lines with the highest grain 
weight were PUB94.15.1.12/WBLL1/4/MEX94.27.1.20/3/SOKOLL//ATTILA/3*BCN/7/VEE/MJI//2*TUI/3/PASTOR 
/4/BERKUT/5/BAVIS/6/BORL14 with 575.3 g,  and sister line WBLL1//YANGLINGSHAANXI/ESDA/3/ROLF07/6/ 
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SUP152/BAJ#1/4/BAJ#1/3/KIRITATI//ATTILA*2/PASTOR/5/SUP152/BAJ#1 (PTSS20Y 00351S-0B-099Y-099M-1Y-
0B) with 572 g, which correspond to 7.19, and 7.15 t ha-1, respectively. 

The average temperature was 18.7 °C with a maximum of 40.2 °C and a minimum of 2.8 °C; the average relative humidity 
was 49.5 %; there were 0.1 mm of precipitation, and the number of heat and cold units was 413 and 643, respectively. 
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