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Extended abstract

Introduction

Wheat (Triticum aestivum L.) is among the most significant cereals and serves a a staple food worldwide. In
2022, the global area dedicated to wheat cultivation reached 219 million hectares, yielding a total production
of 808 million tons. Wheat is primarily valued for its protein content, followed by starch, lipids, and a few
minerals. Over 35% of the world's population relies on wheat as a staple food crop. To ensure food security
and cope with the rising demand from an increasing global population, wheat production must grow by
approximately 70% by 2050. Bread is the main product made from wheat, and its quality is crucial for taste,
shelf life, and minimizing waste. The versatile characteristics of wheat grain establish it as a crucial crop
with diverse applications in food production worldwide. Enhancing wheat quality has become a key objective
for breeders to meet the growing market demand. Numerous studies have focused on understanding the
genetic basis of wheat's end-use quality.

Materials and methods

This study assessed the genetic parameters associated with the grain quality characteristics of 131 F6 lines, derived
from a cross between Marvdasht and Nurstar cultivars, along with their parent lines. The research was conducted
during the 2019-2020 cropping season at the Research Farm of Razi University. During this period, the total
rainfall was 521 mm. The experiment was conducted using an alpha lattice design with two replicates. Seeds were
manually sown in plots comprising three rows, each one meter in length, with a row spacing of 0.22 meters and a
planting density of 400 seeds per square meter. No chemical fertilizers, herbicides, or pesticides were used. At full
physiological maturity, ten plants from each plot were harvested by hand to assess the studied traits. The traits
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measured included grain protein content, moisture, starch content, and neutral detergent fibers, all determined on
a whole grain dry weight basis using a Near Infrared Reflectance (NIR) spectrometer (Perten Instruments DA-
720000). Additionally, the falling number was measured using the Falling Number set (1500-Perten Instruments,
Huddinge, Sweden). Total gluten, strong gluten, weak gluten, and dry gluten content were also assessed with the
Glutomatic Gluten Washer (Perten—GM 2200, Sweden).

Results and discussion

The results of the present study indicated that there were highly significant differences among the lines in terms
of grain protein content and Falling Number. Some lines exhibited higher values for important traits, such as grain
protein content, compared to their parent varieties. Cluster analysis performed on both the parents and the lines
confirmed the diversity among the studied lines. Group five, which included 31 lines, demonstrated the highest
average for grain protein content. Furthermore, grain protein content showed a significantly positive correlation
with gluten-related traits. Wheat varieties with high grain protein content are generally preferred for bread-making,
as they produce bread with improved volume, texture, and crumb structure. The coefficients of phenotypic,
genotypic, and environmental variation varied, with the lowest and highest values observed for starch percentage
and Falling Number, respectively. The Falling Number is an indicator of amylase activity and reflects the
fermentation process occurring in the wheat flour dough. Alpha-amylase, the specific enzyme measured in this
test, determines the enzyme's ability to liquefy starch. Excessive amylase content leads to increased fermentation
of sugars in the dough, whereas insufficient amylase content results in inadequate gassing power. The significant
differences between the coefficients of genotypic and phenotypic variation for traits such as grain starch and gluten
suggest that environmental factors have a considerable impact on these traits. Notably, grain protein content and
Falling Numbers exhibited high heritability and potential for genetic advancement.

Conclusions

Maintaining consistently high protein and gluten contents in grain is a valuable breeding target. Based on the
results obtained, grain protein content and falling number can be used to select superior lines (28, 35, 81, and 100)
within this population due to their high diversity and minimal environmental influence. The positive association
between grain protein content, falling number, and baking quality is crucial for producing high-quality flour and
baked products. Therefore, further genetic diversity studies are needed to shed light on our understanding of how
to improve protein content. Grain protein content is also an important breeding objective because grain is
categorized according to its technological uses based on protein content, which influences both global and local
grain trade. Additionally, selecting varieties with higher grain protein content has been recognized as a key priority
among breeders.
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Table 4. Analysis of variance for qualitative traits in the beard wheat Fg lines whit parental (Marvdasht x Nurstar)

Sl e Sk
v ol PR Mean squares
o ool Sl yoe o de LU 34 S G G G el S A IS A
Variations Df. T Rt T ST S I S5 s S o <sb S
Protein  Vloisture  Starch Neutral Falling Total Strong Weak Dry Gluten  Wet Gluten Dry Gluten
content detergent fiber number gluten gluten gluten gluten index Percent Percent
)1_;;_ 1 62.56%* 1.61 0.11 87.92** 4419.64%* 3.33% 0.90* 0.74 0.44** 3.46 333.36* 44.61%*
Replication
(J';EI)R“gﬁlf 8 3.16 1.61 0.03 3.99 587.35 0.51 0.04 0.11 0.03 22.25 51.82 3.44
55 132 290 0.42 0.04 3.52 1919.42% 0.54 0.24 0.25 0.04 62.04 54.18 4.02
Genotype
Eurar;o.r 124 1.37 0.46 0.03 2.79 393.60 0.60 0.20 0.20 0.03 53.34 60.79 3.41
o NV
Coefficient of - 7.60 10.64 6.20 11.88 5.36 9.87 13.45 15.14 9.27 17.14 9.87 9.27

Variation (/.)

Loy “‘<l K] c..l JL«.:;-‘ Cj.]an..z BE ledzm v.:.‘v'j;iv S j;;,
*and ™: Significant at 5 and 1% probability levels, respectively.

Table 5. The mean, maximum, minimum and least significant difference test for qualitative traits in the beard wheat Fg lines (Marvdasht x Nurstar)

S e P Joa LSUE e S S 5 5 el S e S e
2ol L o — e s Z. 10 . . e
i OI9R Moisture Starch S S e & ol e S oA b S
Parameter Protein (%) (%) Neutral Detergent  Falling Total Stron Weak Dry _Gluten Wet Gluten  Dry Gluten
(%) (%) Fiber number (s) gluten (g) gluten %g) Gluten (g) gluten (g) index (%) Percent (%)  Percent (%)
ol Sles 15.06 6.55  3.00 14.32 371.12 7.42 3.48 2.86 2.02 47.12 74.27 20.27
Mean parents
LAQJ”Y V’&Ju 15.43 6.37 2.98 14.07 369.55 7.90 3.33 2.95 1.99 42.54 79.08 19.92
mean lines
S 1829 740  3.36 17.03 400 9.27 4.43 3.70 2.33 63.88 92.70 23.30
Maximum
Minimum&\b 12.82 5.24 2.64 11.01 256.50 6.55 2.28 1.82 1.61 28.63 65.50 16.14
CJ}UJ JBU;—
s e 2.32 1.34 0.36 3.31 39.22 1.54 0.88 0.87 0.36 14.45 15.36 3.65
LSD 5%

\R23
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5 Cuis Soewes 3o (Kasahun and Alemu, 2022)
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Ssbay kS 06 W5 U5l ol Sl B3|
S Slyme b e 53 5 3,0 (5, g b it
S IS S s i s iS4 § o s
Sy 5 O 5 Shas (o ot Siocan bl ol 1
(Shewry, 2019) .l St ¢J¢.§ oS5 4 e
S G e ol S 5 ete Sian
S s s S 5 W dalie S 5 cins
O o b solsgne S 5 St (Sooan 50 S
O P kS 3 i 5 (58 5 o Dol i
ol Sy die gl OF 3l oslizal Coa oS puns &S el
S VU S Slgee b glails .ol e gl |
el 65 (6 5V iy L Bl sl 558
Slio o ege 3 (S 85 By OF L 5 o

{(Shchukina et al, 2022) .l r,\;f el s
b s Jaome (S5 by slke 1 (S5 gl el
sde 5 oS w5 SEs S e 6 i
DA 3 S (A ) Ad el o pln 6
Sl St a5 o 58 ((S55 Dk g 2 M

ol ezt Kb sde 5wl Loy

Slio slagSile 3l eslin b 4o o) rslad s 420
Faars b dsir) dd el (50 2,8 Slio) ool
55 kg 5 g e My 93 5 YWY el syl 3K
Joli 503 S5 L dsles 50 I a8 513 e S
L35 Kb sde (gl o Sle e 1 i yls Y YY
035 35 3058 sl 53 (100 1) s g e (s psle Mg
Sl sue Olge a8 5 Sushy oy i b 2
e b Y YU s 0 8 o Y s Lol
A ol | s oy g 53 Jomel GUI 5wl A s
il g es S el 53 (V0N 18) ks gk My &S
Sz 5 558 IS 58 a5 oYY Gl esler 05 S
Shls Y TV Ly 058 5 il [y e o iy
pllly O3p S e s by S Ol 0
g5 S 5 plly 5l ke (slaes S 53 &S slagy
Ol 55 Gul 3hkisls Ol eas S5 lis () 5 s
35 el als CwiS oy ol Y Ol s
Dilmurodovich et al., 2021; Kasahun and Alemu, )

.(2022; Fradgley et al., 2023
oy 4 ol (Siesen Jl fol il 1 oS 5 Shen
Lo s el ol o3l QLS Y Jgdr 53 Slio g Oy
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sosll 5 O5aLIS 313 DL 1 s e st 5 oo Siron
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Figure 1. Cluster dendrogram of the beard wheat Fg lines (Marvdasht x Nurstar) based on the recorded traits
using Ward method
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Table 6. Mean value of the traits in the 5 clusters
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iy s oSsn sl Susby Sl s s s g U O S e S5 B G s P S 6
Protein Moisture Starch Neutral Det t Fiber (% Falling Total Strong Weak Dry
Cluster ~ Number (%) (%) (%) eutral Detergent Fiber (%) number (s) gluten (g) gluten(g)  Gluten(g)  gluten (g)
1 23 1457 6.29 2.82 13.73 382.76 7.58 3.01 2.89 187
2 7 1457 6.65 2.88 14.04 292.34 8.02 3.04 292 1.90
3 36 1471 6.48 3.08 14.80 369.32 7.50 3.55 257 1.90
4 36 16.00 6.52 3.07 14.62 373.13 8.29 343 3.15 2.09
5 31 16.40 6.08 293 12.86 373.39 8.01 3.26 321 207
(N=133) Gl 9 x Cun g ,0) QU v.,\;fFe slacgy js als 48 Olio Gl O o s M—V Jsd
Table 7. Pearson's phenotypic correlation for qualitative characteristics of grain in the beard wheat Fs lines (Marvdasht x Nurstar)
lis 5 e U S 34 S S, S 5
Traits oS Sl s sk el S e 4 Ko Js <8 Cins -
Protein Moisture Starch Neutral Falling Total Strong Weak Dry
detergent fiber number gluten gluten gluten gluten
s Sy 1
Protein
b -0.14 1
Moisture
ol 0.00 0.12 1
Starch
(_5:";. b"\“‘i}“;' )> J b L QL?H _0.29** 0.22** 0.33** 1
Neutral Detergent Fiber
Sl s 0.05 -0.07 -0.00 -0.04 1
Falling Number
& Nl 0.50** -0.12 0.16 0.00 -0.08 1
Total Gluten
B B 0.12 -0.08 0.35%* 0.11 0.17* -0.01 1
Strong Gluten
b SIS 0.52** -0.09 -0.01 -0.17* 0.07 0.71** -0.39** 1
Weak Gluten
= S 0.59** -0.12 0.19* -0.11 0.17* 0.66** 0.32** 0.63** 1
Dry Gluten

[ DOI: 10.22034/PGR.11.1.9]

*

.).b&&ﬂk}“):u&i}@ JL«:&-' C}h“');)b;éu g_,»:?jjd.: :ns}w‘
* " and ": Significant at the probability levels of five and one percent and non-significant, respectively.
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Table 8. Estimated genetic parameters for qualitative characteristics in the beard wheat Fs lines (Marvdasht x Nurstar)

Q'M;ﬁfa . - . . . . IR E
bl bl bl Ol s o b O pds o 2 6)1?\4_.@3‘)3 R B ;wwvﬁr“
ol L & . L. é;‘ﬂ) . s . ,/~L‘
uu.“p e = o = Genetic uj“'"‘ | hﬁy- s S J&d
Traits Means Genetic  Environmental  Phenotypic  coefficientof ~ Chnvironmenta Phenotypic Broad-sense  Genetic ~ Ccnetic advance
(02) variance  (02) variance (o) variance variation coefficient of coefficient of (h2) heritability advance (GA) over mean
9 e P (Gev) (ECV) Variation (PCV) Variation ‘b (GAM)
Lo [ o
IR G 15.42 2.22 1.37 3.59 37.90 29.81 48.22 61.79 2.41 15.63
Protein
b 6.37 0.19 0.46 0.65 17.27 26.87 31.94 29.23 0.49 7.62
Moisture
Lz
e 2.98 0.03 0.03 0.06 9.16 10.03 13.59 45.45 0.22 7.37
Starch
J e b U
S ey 5 14.07 2.13 2.79 4.92 38.86 44,53 59.10 43.23 1.98 14.03
Neutral detergent fiber
KB sas
=22 369.57 1721.54 392.80 2114.34 215.83 103.09 239.19 81.42 77.13 20.87
Falling number
S s 7.90 0.25 0.60 0.84 17.43 27.56 32.61 28.57 0.54 6.83
Total gluten
S 3.33 0.14 0.20 0.34 2050 2451 31.95 41.18 0.49 14.85
Strong gluten
b S 2.95 0.15 0.20 0.35 22.55 26.04 34.14 42.86 0.52 17.71
Weak gluten
§ e L |
oM 1.99 0.03 0.03 0.06 11.21 12.28 16.62 45.45 0.21 11.04
Dry gluten
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Abstract
Wheat is regarded as one of the most important cereal crops and a fundamental food staple worldwide.
Bread is the primary and the main product of wheat, and its optimal quality is crucial for enhancing
taste, extending shelf life, and reducing waste. In this study, some genetic parameters associated with
the grain quality characteristics of 131 F6 lines resulting from the cross of Marvdasht x Nurstar cultivars
(along with parents) were evaluated by measuring traits including grain protein content, moisture, starch,
neutral detergent fibers (NDF), falling number, total gluten, strong gluten, weak gluten and dry gluten.
The results of this study showed that the lines had highly significant differences only for grain protein
content and Falling number. Results indicated that some lines had higher values than parents for
important traits such as grain protein content. The results of the cluster analysis confirmed the diversity
between the lines. Group five with 31 lines showed the highest mean for grain protein content. Protein
content showed a significantly positive correlation with gluten-related traits. The lowest and highest
values of phenotypic, genetic, and environmental variation coefficients were obtained for starch
percentage and falling's number, respectively. The significant difference between the coefficient of
genetic and phenotypic changes in traits such as grain starch and gluten indicate the greater influence of
the environment on the traits. Protein and falling numbers had high heritability and genetic advancement.
According to the results of this study, due to their high diversity and minimal environmental influence,
the grain protein content and falling number traits can be used as selection criteria for superior lines (28,
35, 81, and 100).
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