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Wheat is the most important food source, providing up to 50% of
the daily calories of the population in developing countries. Zinc
and iron deficiencies are the most common micronutrient
deficiencies worldwide. Biofortification of wheat with increased
zinc and iron concentrations in the grain is a promising strategy for
reducing micronutrient malnutrition in humans. A field experiment
was conducted during the 2021-2022 cropping season at Razi
University, Kermanshah, to evaluate 63 F8 bread wheat lines
derived from three distinct populations. These lines, alongside their
parents (winter backcross Roshan X Gascogene, Marvdasht,
Shahpasand, and MV17) and the Krichauff cultivar as a control,
were assessed for grain yield, iron and zinc concentrations, and
other agronomic traits using a randomized complete block design
with three replications. According to the results obtained, the
average grain zinc and iron concentrations in the first population
were 63.74 and 29.99 mg/kg, respectively, in the second population
the grain iron concentration was 28.95 mg/kg, and in the third
population the grain zinc and iron concentrations were 57.43 and 39.34
mg/kg, respectively. Based on the MGIDI selection index, Genotypes
96, 34, winter backcross Roshan, and 88 from the first population;
Genotypes 347, 226, 233, 245, 214, the control cultivar Krichauff, and
321 from the second population; and Genotypes 579, 400, 421, and
407 from the third population were identified as superior genotypes.
The superior genotypes identified in this study can be introduced after
further evaluations in different environments as valuable parents in
future crosses or directly as new cultivars. This research could be
considered as an effective step towards improving food security and
reducing micronutrient malnutrition.
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Introduction

Globally, two billion people are affected by severe micronutrient deficiencies, a condition
commonly referred to as hidden hunger. Because the grains of cereal (graminaceous crops) are
a primary source of micronutrients for human consumption, insufficient consumption of
essential micronutrients, especially iron and zinc, poses a critical public health challenge.
Agricultural systems can help combat micronutrient undernourishment, but the focus on grain
yield has led to deficiencies of essential micronutrients in crops. Industrial enrichment, food
diversification, supplementation and biofortification are the most widely used strategies to
address micronutrient deficiencies. The processes of micronutrient uptake, transport and
accumulation in grains are under genetic control. Therefore, identifying genotypes with a higher
ability to absorb micronutrients from the soil and selecting genotypes with high iron and zinc
concentrations in grains, obtained through breeding in a compatible genetic background, can
facilitate biofortification strategies in developing countries. In this regard, the aim of this study
was to obtain recombinant inbred lines with high yield and iron and zinc concentrations,
investigate changes in grain iron and zinc content and agronomic traits, and evaluate the
relationships between agronomic traits and micronutrients in bread wheat grain.

Material and Methods

This study was conducted to evaluate grain yield, yield components, and iron and zinc
concentrations in 63 bread wheat genotypes (including Fs lines and their parents along with the
cultivar Krichauff as a control) in three different populations during the 2021-2022 crop year.
The experiment was conducted at the Research Farm of the Campus of Agriculture and Natural
Resources, Razi University, Kermanshah. The measured traits included phenological traits
(days to booting, days to heading, days to anthesis, days to physiological maturity, grain-filling
duration and rate), agronomic traits (grain yield per plant, 1000-grain weight, biological yield
per plant, straw yield, number of grains per spike, spike weigh per plant, harvest index and plant
height), and nutritional quality (grain Fe and Zn concentrations). The experiment was conducted
in a randomized complete block design with three replications for each population separately.
Each experimental plot consisted of five two-meter rows with a 25 cm spacing. Planting was
done manually at a density of 400 plants per m’ Before planting, 100 kg of triple
superphosphate, 50 kg of urea, and 50 kg of potassium sulfate were applied per hectare.
Irrigation was done by sprinkler method based on the water requirement of the plant. Weed
control was done mechanically and manually. Data analysis was performed using several
statistical software packages, including SAS, SPSS, and R.

Results and Discussion

The results of analysis of variance (ANOVA) showed that in the first population (winter
backcross Roshan x Gascogene) there were significant differences between genotypes in terms
of all traits except some agronomic and nutritional quality traits, while in the second population
(Marvdasht x MV 17) these significant differences were observed for all traits except biological
yield per plant and number of grains per spike. Within the third population (Marvdasht X
Shahpasand), genotypes showed significant variation across all measured traits, with the
exception of the number of grains per spike, days to physiological maturity, and grain zinc and
iron concentrations. Correlation analysis showed that in the first and third populations, the grain
yield per plant had a positive and highly significant correlation with the grain Zn and Fe yield
per plant. In the second population, a positive and highly significant correlation was observed
between the grain yield per plant with grain Fe yield per plant and some agronomic traits.
Cluster analysis grouped the genotypes of the first population into three clusters, the second
population into two clusters, and the third population into four clusters. The genotypes of the
first cluster from the first population, the second cluster from the second and third populations
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could be introduced for breeding programs due to their high grain yield per plant and Fe and
Zn concentrations. Based on the results of the MGIDI selection index, Genotypes 96, 34, the
winter backcross Roshan and 88 from the first population, Genotypes 347, 226, 233, 245, 214,
control cultivar Krichauff and 321 from the second population, and Genotypes 579, 400, 421
and 407 from the third population were introduced as superior genotypes.

Conclusions

Wheat biofortification is an important goal to address micronutrient malnutrition on a large
scale. This study demonstrates the progress made in a breeding program to provide improved
wheat lines with high yield potential and increased Zn and Fe concentrations.
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Table 4. Analysis of variance of studied traits in the three populations

(Mean Square) &l o S0ke

Lo a3 - _
. C 63‘).1 s Ses SKhd s s Ses 3% sl Cu.bl Shey b3, cble S > SNkes chle albs pals Shas
T e 2 . . . . . . . . . . . . 7 .
Population Sources of Degree of gy als G gy THESIET o s &ls < g S5 ) g9 500 &ls g &g 5 alls als pal Sy 0
variation freedom  Grain yield per Biological yield 1000-grain Number of grains ~ Plant Days to GrainZn GrainZnyield GrainFe  Grain Feyield
plant per plant weight per spike height maturity concentration  perplant  concentration  per plant
]_j}i 2 0.223ns 11.232ms 53.561" 31.473ms 283.388" 0.166™ 113.923 0.015™ 111.620" 0.010™
oc
T )L:J . 17 7.445" 76.625" 50.325"" 134.459 s 426.610"" 1.029™ 76.512m 0.026™ 40.454m 0.010™
Jsl reatmen
The First EU:> 34 3.737 44.655 10.684 90.243 72.192 0.107 61.032 0.024 24.075 0.006
rror
Syt 2
Coefficient - 18.564 20.572 8.553 24.038 10.274 0.163 12.257 23421 16.363 26.081
Variation (%)
Sk 2 14.220m 141.976™ 4,987 47.302m 153.517ms 0.373m - - 268295 0.021*
Block
e 32 8.810" 147.619m 35.163*" 251.396™ 254.762 ™" 3771 - - 41.091" 0.012™
¢35 Treatment
The Second EUa> 64 5.031 108.836 9.672 165.540 49.598 1.852 - - 25.190 0.004
rror
Syt 2
Coefficient - 27.387 30.080 10.080 29.753 8.972 0.676 - - 17.336 28.924
Variation (%)
;’i 2 18.184" 1143.522™ 11.400"s 165.384 ™ 7.662 18 2.816™ 247.891" 0.051™ 81.650™ 0.020m
oc
e 19 12.231" 89.598 " 29.157" 100.471m 257.800 " 1.490™ 42.670"™ 0.051™ 113.237™ 0.033"
s Treatment
The Tired EUD- 38 5.121 43.535 6.330 139.397 64.386 1.658 34.962 0.017 72.157 0.017
rror
S dS e 2
Coefficient - 21.928 17.859 7.839 29.630 9.043 0.641 10.297 22.169 21.593 32412

Variation (%)

* %

\FA

Sagme b 5 Aoy S dos gy dlanl gl 53 s e S0
,” and ™: Significant at the 5 and 1 percent probability levels and non-significant, respectively

CT
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Table 5- Mean comparisons of the genotypes

_ ; s Ses
<l cal clale b ol s

als s Sas “g’*')-’j-’?';«'g'“& U559 A t@)\ QSJMU 43;6” —Bls 34l gy /(JS)‘“)U"
Somax Ak (9655 URE22 (st N2 (L) gy &ws,u,» <¢;,153/¢;w (iglp S5y (525102
Population Parameter Grain vield blological 1000-grai Umoer o Plant Days t G Z Yield Grain Fe
yietd per 1d lant / 1 T Plan ays lo Concentration  Crain Zn Yield per Concentratlon Gram Fe Yleld
yield per p grains pel
plant (gr Fgr) weight (gr) spike height (cm) 1}{111'[}’ (mg/ke) plant (gplantg’ ) }()er ]flant
sl (gl - Sl
MeaniSE 10414126 32484422 38224288 39524583 82694803 20083036  63.74+4.76 0.66+0.09 20994329 0312005
(n=18)
S S e s7sslle  ST2Towinker pieqp  TRROSS Krichauff-88-34
. (s < -Winter QK- - -17/- -winter . . chaull-36-54-
s ‘. 0+ Sk backcross Gascogen-34 bﬁ%ksclzlrgnss Krichauff ~_ backcrogs  Krichauff-17  Krichauff 87-34-88 1-Gascogen 34-88-116-87
Genotypess T\X{)l%l\l}/lean*‘()ﬁ Roshan Roshan-83-87
—obe b glacs 55
| o - 884-1- winter backcross 52- winter
Thgéirst Sere Sl vjo 96-14Kidchaull 17 4.107.96.1 13- 0ascosen4- 58341 Gascogen-107-  34-83  Roshan-96-52-  4-14-963 backcross __4-15-27-1-17-14
Genotypes with Mean-0.5 Krichauff 116 Roshan-17-14-27
STDEV
ol 725 19.84 26.65 2753 59.00 199.00 52.49 048 25.18 022
Minimum
AW 12.59 39.60 4403 53.67 97.17 201.67 77.03 0.82 36.64 043
Maximum
Saggme Il Jola 320 11.08 542 1576 1409 0.54 12.96 025 8.14 0.13
LSD (5%)
sl (glasat - Sl
MeantSE 8.10+1.46 34684633 30854244 43244806 7849+629  201.14+0.90 - - 28954343 0.24+0.04
(n=33
7ot e S s 55 184-207-329-
SNBSS o s 37332903 %3% %ﬁ? 332 182 %3% %g%_ 195- 373093.300.  373-232325-
)l:’“ ‘—elj’”‘ 325-321- 241-165-322- 189-371-322- 185- 32 245- _ Marvdasht- - - 189-234-325-145 189-226-329-
Genotypes with Mean+0.5 Krichauft-223 189 391 MVITS 341-373- Krichauff-241
STDEV 17
TS el s 55 195-371-244-
0 “”i’l:u . 6‘ 7Y 36T34TMVIT- 371044347 341Krichauff 1 20b o Krichaufi-184- 351332370 326233-184- 145341
The Second Sere il o/ 214-145-345- 341367345 367-145-386- | Krichaufl 3567347 391-14>-21% - - 322-Marvdasht-  MV17-347-
Genotypes with Mean-0.5 386 145386 MV17-320245 145414 MV17:325- 23323418 341-185214  345-214-386
it 145-320
Jole- 404 17.99 2135 2433 62.67 199.33 - - 24 0.1
Minimum
S~ 1146 45.68 38.03 56.60 96.67 204.33 - - 3838 0.44
Maximum
o sme SO Bl 365 1701 507 2098 1148 22 - - 8.18 0.1
LSD (5%)

VY
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Table 5 continued

s Sos . .. 5 ool s Ses
. . sl gLl G s by gy cble - Gl el chls
Gl 5> Sas 5 S5 U5 ] B Qb g9y 5 Shas Sy 4l
. . _ R _ K ‘| “ g D) ¢ ¢ P ¢ ¢ '
ey J"‘bl'i ((aJS) 43_5.1)3 (;)o\j (CIJS) 44.‘3)‘}& : 03 w0 i (r;%/ﬁﬁw)(ﬁf/r;> ﬁsz(f;%/fisdb‘“) (45 /Jf)
Population Parameter o f > . Number of (e ile) G585 508 Grain Zn . . Grain Fe »1¢
Grain yield per i 10001 1000-grain . . Grain Zn Yield . Grain Fe
lant (gr) ) g weight (gr) grains per Plant Days to Concentration per plant (g/plant) Concentration _
p yield per plant spike . . (mg/kg) (mg/kg) Yield per
height (cm)  maturity
(gr) plant (g/plant)
Sl gllastt - Sl
Mean-SE 10.3241.61  36.94+5.64  32.09+2.14 39.85+6.52 88.72+6.44 200.68+0.74  57.43+3.85 0.60+0.09 39.34+5.31 0.41+0.08
(n=33)
S slavs 55 Marvdasht- 484-491
s Sl /04 Ke 484-545-491  484-400-483 491"281‘;'545 ; 483-400-640481'8534_2'14378' 482;%?9' 400- Iir(;gha“ff' 484491  Krichauff-478  Krichauff-
Genotypes with Krichauff 478-613-545
Mean+0.5 STDEV
- SKle gyls slacs 55
- e G slai S 420-481-452- 407-640-
Lxo bl =il +/0 403-394-420- Krichauff-478- 484-560-  Krichauff-  491-403- 452-420-579- 420-452-403-
. o B - - - - - -
The Third . 579.477 04471579 394- 478-491-403  477- 640-42] S94-452-545-477 394-477 477-394 579-477-394
Genotypes with Mean-0.5 Marvdasht Marvdasht
STDEV
8l
& 7.13 27.76 27.80 31.73 75.50 199.00 49.80 0.35 29.08 0.23
Minimum
Sl
~ 14.32 50.64 37.81 53.00 106.83 201.67 63.26 0.87 59.58 0.59
Maximum
5 sxn D] Jlu—
o A B 3.74 10.90 415 19.51 13.26 2.12 9.77 0.21 14.04 0.21
LSD (5%)

.Jisjf.lél;JJSﬂL;Lm%,.;ijﬁ»JS\Jﬁv@}" - 5lkl gl YE szjl?uo\:ﬁ);aib;,ﬂ.«cw' L;\J.gz';‘”'E

**:For the Grain yield per plant, mean+2 SD was considered to find superior genotypes.
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Figure 2. Heatmap of the correlation analysis between the traits of the population
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DMT: Days to maturity; PLH: Plant height; NGPS: Number of grains per spike; BIO: Biological yield per plant;

GPY': Grain yield per plant; TGW: 1000- Grain weight; GZnC: Grain Zn concentration; GFeC: Grain Fe
concentration; ZnY: Grain Zn yield per plant; FeY: Grain Fe yield per plant
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Table 6. Means comparisons of the clusters for measured traits in genotypes of three bread wheat populations
along with their parents and the control genotype
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