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Determination of physico-chemical grain quality characters,
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(Triticum aestivum L.) varieties under lowland at Arba Minch,

Southern Ethiopia
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Abstract

A set of 27 bread wheat varieties from Ethiopia was assessed for physico-chemical quality characteristics of grain under lowland. Varieties
differed significantly for all the studied quality traits. Grain weight, diameter and hardness of the grain were positively associated with
starch content and grain yield but negatively associated with protein content. D and principal component analysis grouped 27 genotypes
in to four diverse genotypic clusters accounting for 89.17% of the total variation. The PC1 accounted for 46.41% of the variation with
major contribution by total wet gluten, dry gluten, kernel diameter and red kernel, while PC2 accounted for 25.06% of the variation
with major contribution by gluten index, kernel weight, water bound wet gluten, Zeleny index and grain yield. Based on the genetic
diversity for physico- chemical characters and correlations, the appropriate varieties can be used for different food products and utilized

as parents in breeding programme for improving quality.
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Wheat (Triticum aestivum L.) is the third important food
crop of Ethiopia grown in 1.69 mha producing 46.42 mt
with the productivity of 2.73t/ha during 2017-18. It is not
sufficient to meet the countries’ demand. Consequently,
Ethiopia is importing one million tons wheat annually since
2008 (Gebre et al. 2017) but recently increased to 1.7 million
tonnes of wheat imported in the country (EIAR 2020). Wheat
is consumed in different form of end products in the country
for which the quality wheat is required. The physical (kernel
hardness, weight, diameter and moisture) and chemical
(protein, starch, Zeleny index and wet and dry gluten
content, water bound wet gluten and gluten index) are
important grain (kernel) quality characters for preparation
of different food products (Boz et al. 2011). Physical traits
are used for classifying varieties for hardness and softness,
and the colour differences for food products and the
marketability (Ponce-Garcia 2017) while chemical traits are
important for baking, swelling or expansion of dough, loaf
volume and the viscosity in flour slurry (Baslar and Ertugay
2011). Several wheat varieties have been developed for
cultivation in low land areas in Ethiopia from germplasm
received from ICARDA and CIMMYT (Gebre et al. 2017).
However, the information on the quality characteristics

of these varieties is lacking. Knowledge of grain quality is
important for selection of suitable varieties for preparation
of different food products. The present study was therefore
aimed to assess the physico-chemical characters, characters
interrelationship and the genetic diversity using 27 varieties
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to identify their suitability for different food products,
marketability, and future use.

A set of 27 bread wheat varieties (Table 1) were grown
in a replicated field experiment under irrigated lowland
conditions at Amibara Farm, Arba Minch (6°3'37 N, 37°33’
E and 1202 m above mean sea level) during March-June
2020. The grains of the varieties were used for determining
physico-chemical characteristics at the Food Science and
Nutrition Laboratory, Agricultural Research Centre of the
Ethiopian Institute of Agriculture Research (EIAR) at Kulumsa
during May-June, 2021. Kernel weight (KW), hardness (KH),
diameter (KD) and moisture (KM) were determined using
single kernel characterization system (SKCS 4100) of Perten
Instruments (AACC 2000; Osborn and Anderson 2003). KW
was determined by load cell in mg, KH by pressure force (%),

KM (%) and the KD (mm) by electrical current. The kernel
colour (KC) was measured as per Commission Internationale
de I'Eclairage (CIE) standards for L*(whiteness — black),
a*(redness - greenness) and b*(yellowness - blueness) in
per cent (Oliver et al. 1992) using dual-beam non-contact
reflectance spectrophotometer of Hunter Lab, Aeros (USA)
as per AACC (2000).

Assessment of quality characters

The chemical characters, grain protein (GP), moisture,
starch content (SC), Zeleny index (ZI) were determined by
near infrared spectroscopy through FOSS Infratec 1241
grain analyser as per method No. 39-11 of AACC (2000).
Gluten protein was determined using Perten Glutomatic
instrument following standard method 38-12 of AACC

Table 1. Mean performance of 27 varieties for Physical Grain characters and grain yield

Varieties KW (mg) KH (%) KM (%) KD (mm) CL* Ca* Cb* Grain yield
(9)/ 5.4 m?plot
Amibara-1  29.2ghi 81.15bc 10.84abcdef  2.61defg 50.44abcdef  8.17efg 24.9def 1240.33f
Amibara-2  28.29hij 78.08bcd 11.17abc 2.65de 51.43abcde 8.66bcdef  26.37abcd 1460.77c
Fentale-1 29.27efgh 82.83b 11.35a 2.60defg 50.22abcdef ~ 8.25efg 24.79defg 1657.72b
Fentale2 30.43defg 80.57bcd 10.51defghi 2.63def 57abcdef 8.42defg 25.53bcde 1334.49de
Ga'ambo 34.4ab 75.98cde 10.94abcde 2.84ab 51.2abcde 8.78abcdef  26.08abcd 1326.38e
Lucy 33.74bc 81.34bc 11.22ab 2.83ab 45.3ij 8.2efg 21.97gh 2073.22a
Werer-2 26.34kim 80.97bc 11.33ab 2.50ghij 50.65abcdef  8.25efg 25.41cde 1230.82f
Alidoro 31.33def 66.49gh 11.10abcd 2.67cde 46.65ghi 7.8fg 21.53h 1459.01c
Biga 27.06jkl 79.24bcd 10.57cdefgh  2.53fghij 50.78abcdef  9.08abcde  27.19abcd 1069.59g
Daka 32.24bc 69.659 10.55cdefgh  2.78bc 50.76abcdef  8.57bcdef  25.75bcde 1353.6de
Dashen 29.5fghi 88.46a 10.41efghi 2.69cd 47 Afghi 9.54abc 26.35abcd 1135.81¢g
Dereselign ~ 26.22klm 65.90gh 9.80jkI 2.42jk 51.44abcde 8.87abcdef  25.37cde 1125.68g
Enkoy 25.96kImn 41.87j 9.96hijkl 2.43ijk 42.7j 9.25abcde  21.6%h 616.86n
ET-13A2 27.57ijkl 56.56i 9.07m 2.46hijk 49.32cdefgh 9.39abcd 25.42cde 353.630
Hawi 27.22jkl 70.45fg 10.03hijk 2.66de 52.46abcd 9.1abcde 28.35ab 957.3hi
Hidase 31.64de 61.65hi 10.69bcdefg  2.57efg 50.4abcdef 8.29%fg 25.23cde 1138.98¢g
Hoggana 27.6ijk 82.93b 10.39%efghijk  2.51ghij 48.48efghi 7.83fg 22.94efgh 428.580
Hongolo 26.98jkI 78.81bcd 9.97hijkl 2.51ghij 49.11defgh 8.44defg 25.27cde 969.05h
Kakaba 26.36jkI 77.90bcd 9.76kI 2.57efgh 49.38cdefgh  9.65ab 26.44abcd 707.48m
Kingbird 24.41mn 70.80efg 10.57cdefgh  2.44ijk 52.6abc 9.01abcde  27.72abc 877.78ij
Kubsa 26.77jkl 67.88g 9.87ijkl 2.52fghij 53.4ab 8.93abcde  28.76a 815.03jk
KBG-01 22310 82.06b 9.35Im 2.28l 49.88cdefg 9.85a 26.5abcd 543.38n
Millenium  27.64ijkl 39.55 9.98hijkl 2.54fghi 46.34hi 854cdefg  22.28fgh 792.46kl
Ogolcho 36.21a 75.91cdef  10.44efghij 2.89a 51.86abcd 8.65bcdef  24.83def 1413.03cd
Pavone-76  25.81Imn 90.67a 10.19fghijk 2.45ijk 50.13bcdef 8.64bcdef  25.47cde 939.02hi
Shorima 27.63ijkim 78.05bcd 10.81abcdef  2.54fghi 53.28ab 8.71bcdef  24.75defg 720.71m
Wane 24.25n0 75.14def 10.14ghijk 2.37kl 53.55a 7.529 21.24h 782.43kIm
G .Mean 28.42 73.36 10.41 2.57 50.04 8.6 25.11 1056.41
SE(£) 0.67 1.88 0.22 0.03 1.15 0.37 0.97 29.04

Values in a column with same letter in superscript are not significantly different at 5% probability level
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(2000). The residue retained after washing was the wet
gluten (Anonymous 2004). It was removed from the
washing chamber and centrifuged at 6000 rpm for 1-minute
stopping, automatically. The wet gluten passed through the
sieve was weighed. The weight percentage of wet gluten
remaining on the sieve to the total weight of wet gluten
was defined as the gluten index. The residue retained inside
the screen was weighed and dried in Glutrok 2020 heater at
15°C for 4.0 minutes to measure dry gluten. The difference
between weight of total wet gluten and total dry gluten
was the water bound wet gluten. Gluten constituents of
grain were expressed in weight per cent on 14% moisture
basis. Data were subjected to analysis of variance for the
characters following SAS-Version 9.00 (2004). Phenotypic
and genotypic correlations among the characters were
processed by Windostat Version 9.2 from Indostat services.
Multivariate genetic diversity analyses were performed as
per method of Mahalanobis (1936) and elaborated by Rao
(1952).

The analysis of results showed that wheat varieties
differed significantly (p <0.01) for all the characters under
study suggesting sufficient genetic variability. Mean
values of the physical kernel characters for 27 varieties are
presented in Table 1. The values for KW ranged widely and
variety Ogolocho (36.21mg) followed by Ga’ambo (34.4
mgq) formed the first non- significant group High KW is an
important trait associated with higher flour recovery. Thus,
these varieties appeared better for higher flour recovery.
Ten varieties had KW around general mean (28.42 mg).
Differences among varieties for KW have been reported
earlier by several researchers (Kasahun 2018; Khan et al.
2020) and the present results agree with their findings.
KH is an important parameter to differentiate hard and
soft wheat to decide end use product quality (Pomernaz
and Williams 1990). The KH ranged from 39.55 to 90.67
with a general mean 73.36. Significantly superior KH was
recorded in Pavone-76 (90.67) and Dashen (88.46). The KH
values in next non-significant seven varieties ranged from
79.24 to 82.93. Hard kernels had better filled endosperm
without spaces among its constituents, starch granules and
storage proteins (Kasahun 2018) and required more force to
crush, having high water absorption capacity suitable for
bread and chapati. Varieties, Alidoro, Dereselign, Hongolo,
ET-13A2, Enkoy and Millenium with lower KH values can be
grouped into soft wheat, which fracture easily producing
finer textured flours with less damage to starch granules and
hence were suitable for cookies, cakes, pastries, and some
types of noodles (Morris and Rose 1996; Anonymous 2004).

The KM is affected by genotypic differences for days to
maturity, drying and storage and the method of moisture
determination (Bean et al. 2006; Khan et al. 2020). The
highest value was recorded in Fentale-1 (11.35%) followed by
Werer-2 (11.33%), Lucy and Amibara-2 (11.17%) while lowest

in ET-13A2 (9.07%). The KD was highest in Ogolcho (2.89
mm) and lowest in KBG-01 (2.28 mm). Other varieties with
higher KD were Amibara-2, Ga'ambo, Lucy, Daka, Dashen and
Alidoro. Kasahun (2018) found that these varieties produced
plump grains with better filled endosperm, the major source
of starch and protein with potential for good flour recovery
from bold and plump kernel is a desired trait that fetches
high price in the market. The KH, KM and KD together had
effect on the milling properties such as tempering, roll gap
settings, and flour starch damage content (Anonymous
2004).

Wheat kernel colour generally results from the bran
portion which makes up 14% of grain weight (Anonymous
2004). The higher kernel whiteness (L*) was recorded in nine
varieties, (Wane, Kubsa, Shorima, Kingbird, Hawi, Dereselign,
Amibara-2, Ga'ambo and Ogolcho) which will yield white
flour which is suitable for baking white bread, chapati, naan
and other food products. Colour character b* denoting
kernel yellowness was found in Kubsa, Hawi, Kingbird, Biga,
Dashen, Kakaba, Amibara-2, Ga'ambo and KBG-01, which
are suitable for preparation of pasta and noodles preferred
in Asian market (Kasahun 2018). The genetic differences
among varieties with respect to colour were reported
earlier by other researchers also (Bean et al. 2006; Onipe et
al. 2015). The mean values for GP, GM, SC and ZI of varieties
are presented in Supplementary Table S1. Kasahun (2018)
and Gebre et al. (2017) have earlier studied all the above-
mentioned traits and reported results akin to the findings
of present study. Highest GP and Zl were recorded in variety,
Enkoy followed by Kakaba, Dereselign, KBG-01, Wane, ET-13
A2, Alidoro, Biga, Amibara-1, Fentale-1, Daka and Millenium,
whereas low GP and Zl were in Ga'ambo, Ogolcho and Lucy.
Varieties with high GP and ZI were suitable for bread and
other food products at household and the food industry
(Kumar et al. 2018). A few varieties also differed significantly
for gluten protein constituents, such as, WG, DG, water
bound wet gluten (WBWG) and Gl (Supplementary Table
S1). Gluten, the water insoluble protein component confers
elasticity, adhesiveness and extensibility to dough making it
suitable for preparation of bread and other products. WG, DG
and WBWG were significantly higher in Enkoy and Dereselign
while remaining varieties were at par with general mean
value. Varieties, Honqolo, KBG-01, Hoggana, Kingbird, Biga,
Pavone-76, Wane, Daka, Millenium, Kakaba, Shorima and
Alidoro exhibited more Gl values indicating better gluten
strength. Gl was affected by the stickiness in water bounded
flour caused by the starch and the protein.

Correlations and principal component analysis

Genotypic and phenotypic correlations among physico-
chemical kernel characters and grain yield are presented
in Supplementary Table S2. KW, KH, KM and KD showed
highly significant negative correlations (phenotypic) with
GP suggesting that more values for these traits were
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associated with lower protein content (Khattak et al.
2005). Significant positive correlations of KW, KH, KM and
KD with SC and GY showed that the higher the values of
the physical kernel characters, the higher the SC and GY.
Starch, being the major component (83%) of wheat grain
(Anonymous, 2004), positive association of it with GY is
very logical. Thus, these physical kernel characters may be
used as selection parameter for improving GY and SC in
wheat. GP had significant negative correlation with starch
content. Similar relationship was reported by Ma et al.
(2021). Grain colour characters CL* for whiteness and Cb* for
yellowness had highly significant positive correlation with
SC which indicated that the grain colour can also be used
as selection parameter for starch content. Starch in grain
was reported to cause chalkiness/whiteness to wheat/flour
colour (Anonymous 2004). GP had highly significant positive
correlations with gluten-based characteristics, viz., Zeleny
index, WG, DW and WBWG. This showed that the higher the
GP, the higher the gluten protein and gluten constituents
for the baking and cooking quality of bread wheat (Khattak
et al. 2005).

Multivariate analysis grouped 27 genotypes into 4
clusters. The cluster | included 12 genotypes (44.4%)
followed by cluster Il with 9 genotypes (33.3%), cluster Il
consisted of 5 genotypes and cluster IV represented only
one genotype (Supplementary Table S3). Maximum diversity
was contributed by gluten index (62.96%) followed by grain
yield (26.78%), WBWG (2.85%), Zeleny index (2.56%) and
starch (1.71%), while other characters contributed in a lesser
magnitude. Wide variation in cluster means (Supplementary
Table S4) was observed for grain yield/plot (5.4 m?) from
cluster IV (792.48q) to cluster Il (1199.26 g), and KH from
cluster IV (39.26%) to cluster | (77.05%). KW was highest
in cluster Ill (31.02 mg) and lowest in cluster | (26.84 mg).
Highest value for KD was found in cluster Il (10.63 mm)
and lowest in cluster | (10.23 mm). Cluster Il had exhibited
maximum values (51.03%) and cluster IV minimum (46.25%)
for CL* trait for kernel whiteness. Ca*for kernel redness
and Cb*for kernel yellowness recorded maximum values
in cluster | (8.95% and 26.40%) and minimum in cluster Il
(8.35%) and cluster IV (22.28%), respectively. PC varied from
12.66% in clusters | to 13.00% in cluster Il. DG ranged from
16.75% in cluster | to 20.55% in cluster IV. Cluster Il showed
maximum value for ZI (52.78%) and TWG (54.41%), while
cluster 1l (48.61%) and cluster | (47.20%) had the minimum
value for these traits. Cluster Il showed maximum value
(35.37%) for WBWG and minimum for Gl (67.08%). On the
contrary, cluster IV showed the reverse trend and exhibited
minimum value for WBWG (67.08) and maximum value for
Gl (76.84). These results suggested that selection of parental
line for breeding should be based on individual trait or a
combination of traits as well as inter cluster differences
to get the high level of genetic variability for the further
improvement (Singh and Panwar 2005).

The result of PCA analysis, which is complementary to
D? statistic, formed four principal components (PCs). The
eigen values of PC1, PC2, PC3 and PC4 were 7.43, 4.01, 1.70
and 1.13, respectively. PC1 accounted for 46.41% of the
total phenotypic variation with major contribution with
positive factor by TWG (0.343), DG (0.313), KD (0.309) and
KM (0.305) and negative factor by Ca* for KH(-0.339). The
PC 2 was responsible for 25.06% of the total variation with
major contribution with positive factor by Gl (0.391) and KW
(0.327) and negative factor by WBWG (-0.457), ZI (-0.359)
and GY (-0.344). The principal components, PC 3 and PC 4
accounted for 10.62% and 7.08% of the total phenotypic
variation, respectively. PC 3 was mainly contributed with
positive factor by Cb* for kernel yellowness (0.573), CL* for
kernel whiteness (0.395), PC (0.364) and KW (0.349). PC4
was mainly caused with positive factor by KM (0.593), grain
yield (0.251) and kernel weight (0.212) with negative factor
by PC (-0.530) and CL* for kernel whiteness (-0.218). These
results suggested that KD, KW, kernel colours, PC, gluten
constituents and Zl were important wheat quality characters
and hence should be given more weightage for making
selection for wheat quality. The varieties with higher values
of the quality traits identified through the present study
may be suitable for using flour for food products and can
also be used in breeding as parents for combining grain
protein with yield.

Authors’ contribution

Conceptualization of research (AQK, BL, AG); Designing of
the experiments (AQK, BL, AG); Contribution of experimental
materials (AQK, BL, AG); Execution of field/lab experiments
and data collection (AQK, BL, AG, CK); Analysis of data and
interpretation of results (AQK, BL, AG, CK), Preparation of
the manuscript (AQK, BL, AG, CK).

Supplementary materials

Supplementary Tables S1 to S4 having analysed data are
provided.

Acknowledgements

The authors are thankful to the Research Directorate Office
of Arba MinchUniversity for the grant of funds to the
research project, GOV/AMU/TH2/COA/PISc/01/12, College of
Agricultural Sciences, Research Coordination Office of the
College and the Department of Plant Science for facilitating
theresearch. Authors thank to the authorities of Agricultural
Research Centre of Ethiopian Institute of Agricultural
Research, Kulumsa for providing facility for quality analysis
in Food Science and Nutrition Laboratory.

References

Annonymous. 2004. Wheat and flour testing methods: A guide to
understanding wheat and flour quality, Wheat Marketing
Center, Inc. Portland, Oregon USA, pp: 1-73.



May, 2022]

Determination of physico-chemical grain quality characters in bread wheat 231

AACC. 2000. Approved Methods of the American Association
of Cereal Chemists. 10"Edn, American Association of
Cereal Chemists International Press, St. Paul, Minnisota,
USA.

Bagslar M. and Ertugay M. F. 2011. Determination of protein and
gluten quality related parameters of wheat flour using near-
infrared reflectance spectroscopy (NIRS).Turk J. Agric. For.,
35(2011): 139-14 ¢ TUBITAKdo0i:10.3906/tar-0912-507.

Bean S.R.,Chung O.K., Tuinstral. M.R., Pedersen J.F.and Erpelding
J. 2006. Evaluation of the Single Kernel Characterization
System (SKCS) for Measurement of Sorghum Grain Attributes.
Cereal Chem., 83(1): 108-113.

Boz H. I, Gergekaslan K. E., Karaoglu and Kotancilar H. G. 2012.
Differences in some physical and chemical properties of wheat
grains from different parts within the spike. Turk J. Agric. For.,
36(2012): 309-316 © TUBITAK doi:10.3906/tar-1102-41

Ethiopian Institute of Agricultural Research (EIAR). 2020. Irrigation
Based Wheat Production: A transformation from Import to
Export. P.O. Box2003, Addis Ababa.Web:www.eiar.gov.et.

FAO. 2014. Agricultural Production Statistics, FAOSTAT, Rome, Italy.

Gebre D., Amanuel M., Debele T., Mengistu H. and Bayisa T. 2017.
Enhancing sustainable wheat productivity and production
through development of wheat varieties best adapted to
irrigated lowland areas of Ethiopia. Int. J. Agri. Innov. Res.,
6(2): 2319-1473.

Kasahun C. 2018. Nutritional and Baking Quality of Newly
Released Bread Wheat Varieties. Food Science and Nutrition
Completed Research 2018, Edit. S. Tesfaye, A. Bilatu, A.
Workneh, H. Girum, S. Legesse, Y. Solomon, Ethiopian Instt.
Agri. Res., pp: 105-112.

Khan A. Q., Robe B. L. and Girma A. 2020. Evaluation of wheat
genotypes (Triticum aestivum L.) for yield and yield
characteristics under low land area at Arba Minch, Southern
Ethiopia. Afr. J. Plant Sci., 14(12): 461-469. DOI:10.5897/
AJPS2020.2072.

Khattak A. B., Jabbar A., Khan M., Bibi N., Khan M., Chaudhry M. A.
and Khattak M. S. 2005. Evaluation of physical and chemical
characteristics of newly evolved wheat cultivars. J. Sci. Food
Agri.: https: // doi.org/10.1002/jsfa.2067.

Kumar A., Jain S., Elias E. M., Ibrahim M. and Sharma L. K. 2018.
An Overview of QTL Identification and marker- assisted
selection for grain Protein content in Wheat. In Eco-Friendly
Agro-Biological Techniques of Enhancing Crop Productivity;
Springer: Singapore, 2018.

Ma J., Xiao Y., Hou L. and He Y. 2021. Combining protein content
and grain yield by genetic dissection in bread wheat under
low- input management. Foods 2021. m 10,1058, pp: 1-21.
https://do. .org/10.3390/foods 10051058.

Mahalanobis P. C. 1936. On the generalized distance in statistics.
Proc. Nat. Inst. Sci. (India), 2: 49-55.

Morris C. F. and Rosss S. P. 1996. Wheat In: Cereal Grain Quality,
(eds.) R.J. Henery and P. S. Kettelwell, Chapman & Hall, New
York, pp: 3-54.

Oliver J. R., Blakeney A. B. and Allen H. M. 1992. Measurement of
flour color in color space parameters. Cereal Chem., 69(5):
546-551.

Onipe O. O., Jideani A. I. and Beswa D. 2015.Composition and
functionality of wheat bran and its application in some cereal
food products. Int. J. Food Sci.Technol., 50(12): 2509-2518.

Osborne B. G. and Anderssen R. S. 2003.Single kernel
characterization principles and applications. Cereal Chem.,
80:613-622.

PomeranzY.and Williams P. C. 1990.Wheat hardness, its genetics,
structural and biochemical background, measurement and
significance. In: Adv. Cereal Sci.and Tech., AACC, St. Paul,
pp: 471-544.

Ponce-Garcia N., Ramirez-Wong B., Escalante - Aburto A., Torres-
Chavez P. I. and Serna-Saldivar S. O. 2017. Grading factors
of wheat kernels based on their physical properties, Wheat
Improvement, Management and Utilization, Ruth Wanyera
and James Owuoche, Intech. Open, DOI: 10.5772/67246.
https://www.intechopen.com/books

Singh S. and Pawar I. S. 2005. Biological Diversity. In: Theory and
Application of Biometrical Genetics. CBS Publishers and
Distributors Pvt. Ltd., New Delhi.

SAS (Statistical Analysis System). 2004. SAS/STAT Users’ Guide,
Proprietary Software, 9.00.

Windowstat Version 9.2 from Indostat services, Hyderabad
Licensed to Central Seed Research Station for Jute and
Allied Fibres.


http://www.eiar.gov.et
https://do
https://www.intechopen.com/books

) Abdul Qayyum Khan et al. [Vol. 82, No. 2

Supplementary Table S1. Mean performance of 27 varieties for chemical grain characters
Varieties GP (%) GM (%) SC(%) Zl TWG DG WBWG Gl
Amibara-1 13.3defgh 12.9a 64.95defgh 53.8bcdef 50.65bcdef  17.5defg 33.15bcde  57.21gh
Amibara-2 11.95ijkl 12.95a 66.55abc 46.05hij 47.6cdef 16.8defg 30.8bcde 65.48cdefgh
Fentale-1 13.25defgh 11.75ab 64.5fghi 52.4cdefgh 51.95bcdef  18.45cdefg  33.5bcde 59.51fgh
Fentale2 12.6ghijk 11.25bcd 66.3abcd 51.2defgh 55.45bcde 19.7cde 35.75bcd 57.18gh
Ga'ambo 11.55kIm 11.4bcd 65.8abcdefg 44.15ij 51.95bcdef  15.15fg 36.8bc 56.07gh
Lucy 10.5m 11.55bcd 64.45fghi 35.3k 44 45def 15.1fg 29.35cde 65.34cdefgh
Werer-2 12.15hijkl 11.6bc 67.3a 48.45efghi 45 4def 15.65efg 29.75cde 65.8cdefgh
Alidoro 13.95bcdef 11.4bcd 62.8jkl 54.8abcde 49.85bcdef  18.3cdefg 31.55bcde  74.69abcde
Biga 13.40cdefg 11bcd 64.3ghij 54.7abcde 45.6def 16.55defg 29.05cde 79.35abc
Daka 12.95efghij 11.1bcd 64.85fgh 51.5defgh 44.7def 16.95defg 27.75cde 77.63abcd
Dashen 11.7kl 11bcd 65.45bcdefg 47 3fghij 45.75def 16.15efg 29.6cde 73.4bcdef
Dereselign 14.7ab 10.7bcd 62.35klm 58.85abc 74.95a 25.2ab 49.75a 60.97efgh
Enkoy 15.85a 10.95bcd 60.15n 60.6a 76.5a 27.1a 49.75a 57.56gh
ET-13A2 14.1bcde 10.3d 63.5hijk 57abcd 60.6b 20.6cd 40b 52.97h
Hawi 12.2hijkl 11.05bcd 65.55bcdefg 48.15fghij 49bcdef 17.55defg 31.45bcde  70.16cdefg
Hidase 12.9fghij 11.1bcd 65.2bcdefg 52.85bcdefg  52.95bcdef  18.95cdef 34bcde 72.54bcdef
Hoggana 13.1defghi 10.bcd 63.1ijkl 50.5defghi 43.1f 15.6fg 27.5cde 85.85ab
Hongolo 12.25ghijkl 10.8bcd 65.95abcdefg  47.75fghij 41.25f 15.15fg 26.7e 88.89a
Kakaba 14.8ab 10.7bcd 61.85Im 58.45abc 58.85bc 21.9bc 36.95bc 76.41abcd
Kingbird 12.3ghijk 11.1bcd 65.05cdefg 49.05efghi 42.9f 14.89 28.1cde 85.54ab
Kubsa 11.85jkl 10.85bcd 66.1abcde 46.65ghij 47.35cdef 16.55defg 30.8bcde 64.72defgh
KBG-01 14.5bc 10.4cd 62.5klm 59.35ab 47.2cdef 17.2defg 30cde 86.30ab
Millenium 13gfhij 11.1bcd 61.2mn 50.35efghi 49bcdef 20.55cd 28.45cde 76.84abcd
Ogolcho 11.25Im 11.1bcd 66.4abcd 41.85j 42.15f 15.45fg 26.7de 69.18defgh
Pavone-76 11.95ijkl 11.05bcd 66.65ab 48.55efghi 43.55ef 15.65efg 27.9cde 78.52abcd
Shorima 12.9fghij 11.45bcd 65.4bcdefg 53.35bcdef 42.35f 15.45fg 26.9de 75.46abcd
Wane 14.25bcd 10.7bcd 61.85Im 57abcd 56.1bcd 20.5cd 35.6bcde 77.86abcd
Mean 12.93 11.18 64.44 51.1 52.45 17.94 32.48 70.79
SE(£) 0.41 0.43 0.53 2.24 4.21 1.4 3.19 4.95

Values in a column with same letter in superscript are not significantly different at 5% probability level



(i)

pIRIA UleID =AD ‘X3pul USIN|D =|D ‘USIN|H 39M puNOq J33eA\ = DAGM ‘UIN|b A1 =D ‘UaIN|b 1M |e30] = DL

XapulAua|az=

| AUB|9Z'SSAUMO||DA INOJ0D [BUIRY =, 0D ‘SSAUPSI INOJOD [DUIDY = ,BD ‘SSAUIUYM JN0|0D [DUIDY = , 1D I912WRIP [dUIDY= Y ‘2INISIOW [SUIDY = |A Y ‘SSaUpIeY [DUIdY = HY WYDBIam [auay= M M
- LLSE0- 6681°0- GELEO- €EECO- y90- SLEVO 81,50~ SOLLO- GCLS0- €€S00- €CELO LLESO £SOE0 +10L0 AD
%« 04LT0- - cEL90- 9010~ 9L¥S0- #8500 9180°0- 9810°0- 0L0- ££50°0 88100 LEVED- 991°0- 8L¥TO ¥v0- 15
€LELO- 89090~ - L1660 6660 ¥Zl9'0 €808°0- ¢9S/L°0 L¢sTo- 98C°0 €90€£°0- €EEE0- 88/€°0- S995°0- €10C0- OMEM
66SC°0-  xx889E0-  xxx GL080 - 59660 S6CL°0 €808°0- 9€58°0 S6C7°0- €C0C°0 S96€°0- 7€0%°0- 6v7/¥'0- LLCL0- 16C0- od
9G8L°0- xxx C6VS'0-  xxx EOLE'0  xxx EOLEO - 7590 €50£°0- 9160 SVLE0- €/5C0 €8EE0- ¥85€°0- €LY'0- 6CC9°0- 6CECO- SML
wmmmw% LSL00  wex LVLG0  xxxOLL90  xxx €16S0 - 61790~ 1960 85600~ 9€97°0  ¥¢0°0- 9L¥L0- 899G9°0- ¢8SE0- £SS9°0- 1z
*x LCOV'0 716070~  swxx EBEV O xxx GCLI 0~ %% 9BEG'0~  xxx CVSG90- - 1080~ 5590 ¢S0°0-  ¥9¥S0 89¢¥'0 967’0 9650 967E0 B
omo%% LZLOO-  #xx SLLS'0 #x%8LSL°0 %% 99990  xx% 9956'0 xxx V5670~ - €¢0€°0- S6LC°0 S9€C0- 18590~ ¢SPS0- SE9Y'0- L19S0- 2d
5/80°0- 9610°0- S9EL0- ¥8SC°0- S¥8L°0- LLL0- «xx €997°0 €55C°0- - 61870 16€6°0 £000°0 vvTo-  €59¢€°0 S/91°0- *4D
% CECE0- €050°0- 9TLL0 L10 96/1°0 L¥¢T0 697 1°0- 8L6L'0 xxx CEVIO - 8ETCO0 LL¥T0- 97/8'0- ¢CL600 188E0- )
9€S0°0- ¥060°0 6¥8L°0-  «PSLED- L8EC0- 7790°0-  xxx €680 V0€T0-  x« L69E0 SC61°0- - 5/80°0- 75500 LOCy'0  €€ELO- *1J
*x% 66690 68€C°0- €E6L°0- % 9SCE0- SLVT0- %%x 6€09°0- %% E90F'0 xxx €995°0- #9500~ 770T°0- €6¥0°0- - 71290 ¥SCL'0 €046°0 ax
%% 9£0£°0 LyyL0- % LCLTO- %% €90F'0- % GOEE'0-  xx0GLY'0-  «x980Y'0 xx6LLY°0- PYCLl’0- xx60L¥'0-  8C00'0 xxx8L05°0 - €88E0 €0¥S0 WX
% 070€°0 L7610 xx EVOE'Q- xxx 0€9G°0~ wxx LOLV'O- %« 086C°0-  xxx SOVS'0  xx 6E0¥0- S8¥C°0 8801°0- mmmm.w 78EL'0 % 9¢CE0 - %900 HA
*#x €999°0 % 91TE0- €CLLO- ¥¥ST0- C991L°0-  «xx 9PCS0- %« CCEE'0  «xx COBY'O- ¥oL0- €G9C°0- £L60°0- xxx76V6'0 «xx EEBYO 61700 B MM

AD 19 SMAM 5d SML 1Z oS 2d «dD «€D 1D a M HM MM

Determination of physico-chemical grain quality characters in bread wheat
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Supplementary Table S3. Clustering of wheat genotypes based D2 values using physico-chemical kernel quality characters and grain yield

Cluster  Genotypes Genotypes

| 12 Kingbird, Kubsa, Shorima, Hawi, ET-13 A2, Dashen, KBG-01, Biga, Werer-2, Honqolo, Fentale-2, Pavone-76
Il 9 Dereselign, Wane, Ga'ambo, Fenale-1, Daka, Kakaba, Amibara-1, Amibara-2 Hidase,

11l 5 Hoggana, Ogolcho, Alidoro, Lucy, Enkoy

I\ 1 Millenium

Supplementary Table S4. Character means of the wheat genotypes grouped in different clusters.

Character Cluster | Cluster I Cluster Ill Cluster IV
KW(mg) 26.84 29.17 31.02 27.64
KD(%) 77.05 74.25 69.71 39.56
KM (%) 10.23 10.58 10.63 9.99
KD (mm) 2.51 2.62 2.67 2.54
CL*- whiteness(%) 50.87 51.03 47.02 46.25
Ca*-redness(%) 8.95 8.53 835 8.54
Cb*-yellowness(%) 26.40 25.13 22.60 22.28
GP (%) 12.66 13.29 12.93 13.00
GM (%) 10.99 11.48 11.16 11.10
SC (%) 65.34 64.21 63.38 61.20
Z| (%) 50.96 52.78 48.61 50.35
WG(%) 47.20 54.41 51.28 49.00
DG (%) 16.75 19.04 18.31 20.55
WBWG (%) 3045 35.37 3297 28.45
Gl (%) 73.19 67.08 70.52 76.84

GY(g9)/5.4 m?plot 912.22 1199.26 1198.14 792.46




