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Moroccan oat breeding has traditionally targeted forage yield, yet the wild tetraploid oat species Avena murphyi Ladiz. pos-
sesses protein- and f-glucan-enhancing alleles largely absent from cultivated germplasm.

The two decades of research, exploiting the wild tetraploid oat species A. murphyi through backcross introgression led to the re-
lease of the first Moroccan improved hexaploid oats cultivars, ‘Al Fawze’ and ‘Abtah’, developed for human consumption.
Peer-reviewed papers, institutional reports and breeder datasets were screened for local Avena L. diversity and conservation,
interspecific hybridization procedures, multi-environment performance under rainfed Mediterranean conditions, and nutri-
tional and techno-functional traits relevant to food, feed and industrial use.

Introgressed lines achieved 17% groat protein content, 5% groat -glucan content and 38 g thousand-kernel weight while sus-
taining 34-43 q ha™* grain yield in addition to broad resistance to crown rust, powdery mildew, and BYDV. A 20% substitution
of bread-wheat flour with ‘Al Fawze’ flour increased loaf protein by 14% without altering dough rheology, signaling immediate
value for bakery and cereal products.

Leveraging endemic wild germplasm fast-tracked the creation of climate-adapted, nutrient-dense oats for human consumption.
Next steps include certified-seed scale-up, processor partnerships, and consumer-focused validation of sensory quality, sus-
tainability, and health benefits.
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Co3JaHue JBYX reKcanJIouJHbIX COPpTOB oBca (Avena sativa L.)
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CesieK1Msi MApOKKaHCKOI0 OBCa TPAAHUIIMOHHO HallesleHa Ha YPOXKalHOCTb KOPMOBOTO 3epHa, 0JHAKO JJUKUH TeTPaIIOnJHbIHA
BUJ oBca Avena murphyi Ladiz. o61afjaeT aJiiesisiMy, MOBBIIAKIIUMUI COZlepkaHue GeJiKa U 3-TJIIOKAaHOB B 3epHe, KOTOPOe 3Ha-
YUTEJIbHO MPEBOCXOAUT ITOKa3aTeJIu BO3/JieJibIBaeMbIX COPTOB.

ﬂBa AECATHUIeTUA U3YYEHUA UHTPOTPEeCCUU BO3BPATHOI'O CKPpEIIMBAHHWA C UCITOJIb30OBAHUEM HOHyJIHLIPIfI AWKOI'O TeTpalJionua-
HOTO BH/ja 0Bca A. murphyi IpUBeJIY K CO3JaHUI0 IIePBbIX MAPOKKAHCKHUX YIy4llleHHbIX FeKCcalJouHbIX COPTOB oBca ‘Al Fawze’
1 ‘Abtah’ nuieBoro Ha3Ha4YeHUsI.

PerieH3upyeMble cTaTbH, HAyYHble OTYETHI U 6a3bl JAHHBIX CeJIeKIHOHEPOB POAHAJIU3UPOBAJIN Ha IIpeMET MeCTHOI0 pas-
HOOODa3us U COXpaHeHUsI reHeTHYeCKUX pecypcoB poza Avena L. [IpoBesin MeXBH/I0BbIe CKPEIMBAHUSA U [T0JIeBbIe UCTIBITA-
HUsI THOPU/I0B B HECKOJIbKUX ITOYBEHHO-KJINMaTHYeCKUX 30HaxX CpeiN3eMHOMODBsI C 60TapHbIM 3eMJIe/ie/IeM, U3yYnIn GHo-
XMUMUYECKHEe U TEXHOJIOTHYEeCKH e TIPU3HAKH, 3HAYHMMble [JId ITUIEeBOro, KOPpMOBOI'o U TEXHUYECKOTr 0 HaHpaBJIeHPIfI HCII0JIb30-
BaHUA KYJIbTYPHI.

Kpyna HHTporpeccuBHBIX IMHUH 0Bca cofieprkasa o 17% 6enka u 1o 5% B-riokaHoB, Macca 1000 sepHOBOK gocTHrana 38,
YPOXXaMHOCTh 3epHa COXpaHsJach Ha YpoBHe 34-43 11/Ta, BbIsBJIeHA KOMIJIEKCHAS! YCTOMYUBOCTb K KOPOHYATOH PrKaBYHHE,
MY4YHUCTOH poce U BUPYCY KeJITOU KapJMKOBOCTU A4uMeHs. [Ipu 3amewmenun 20% MyKy MATKOH NILIEHULbI MyKOH copTa 0Bca
‘Al Fawze’ copepkaHue 6esKa B OJy4eHHOM XJiebe cocTaBisiio 14% 6e3 n3MeHeHUs Pe0JIOTHH TeCTa, YTO CBUAETENbCTBYET
0 MOBBIIIEHUH KauecTBa X/1e6006yJI0YHBIX U APYTHUX MHUILEBBIX U3 eJTUN U3 3TOU MyKH.

HMcnosib3oBaHMe 3H/AEMUYHOM AUKOH 3apO/bILIeBOH MJ1a3Mbl YCKOPUJIO CO3/IaHUE XOPOLIO aZlalTHPOBAHHbIX, 60TaThIX MUTa-
TeJIbHBIMU Bell[eCTBAMU HOBBIX COPTOB OBCa AJid IMUIIEBOTr0 UCITIOJIb30BAHUA. Cne;(y}oumMn maraMy CTaHyT MacuTabHoe yBe-
JIM4eHre MPOU3BOJCTBA CepTUPUIIMPOBAHHBIX CEMSH, 3aKJ/II0UeHHEe MAaPTHEPCKUX COTVIALIEHUH C epepaboTYMKaMH, Ipo-
Be€pKa BKYCOBBIX Ka4eCTB IIPOAYKIHWH, ee 3KO0JIOTHUYECKON YUCTOTHI U MOJIb3bI AJIA 3J0POBbA YeJIOBEKa.

Kamoueaswle caos8a: kopMoBasi KyabTypa, Avena murphyi, rubpuaunsanus, 6M0aKTUBHBIE BELECTBA, 3-IJIIOKAHbI, COJlep>KaHue
0eJiKa, MECTHbIE F'eHeTUYeCKHEe PECYPCHI, IUKUE BUJbI

BbaazodapHocmu: paboTta yaocToeHa IJlaBHOU npeMuu XacaHa I, mpucy»x1aeMol 3a 1300peTeHUs U UCCIeJOBaHHUs B 06J1aCTH
CeJIbCKOT0 X035IMCTBa B KJlacce Mepe/oBbIX HAYK U TEXHOJIOTUH, B 12-11 pegakuuu 2021 r. UccieoBaHMe 4acTUYHO NPOodu-
HaHcupoBaHo AreHTcTBoM CIIIA no mMexayHapoaHoMy pasButuio (USAID) B pamkax mpoekta Ne TAMOU 97-053 mog pyko-
BO/ICTBOM IJIaBHOI'0 MCCJIe[joBaTe s mpoekTa npod. 'naeoHa JlagusuHCKoOTO.

JI-p Hexxa Canu xoTes1a 6bl BIPa3UTh MPU3HATENBHOCTD BCEM KOJIJIeraM, KOTOPbIe BHEC/IM CBOU BKJIAa/J| B BBINIOJTHEHHE 3TOU
pa6oTel, a uMeHHO A. Cyuxke, A. Canuxy Uapuccu, M. Kcube, M. Amepe, nokoitHomy A. A6Taxy, X. Benapau, A. bBaammu, M. He-
Xayy, a TaKXKe CTyZileHTaM 6aKaJaBpuaTa ¥ MarucTpaTyphl.

ABTOpBI 6/1ar0AAPAT PelleH3eHTOB 3a UX BKJIA/| B 9KCIIEPTHYIO OLIEHKY 3TOH paboThlI.

Aas yumupoeanusa: Caupau H., llaiimu H.,, Tarytu M., Benasau A, Mansanu P, Tyuan C., lyauk A., l'abyHn @., Bykcaum M.,
Anp ®aus 1., Jlagusunckuii . Co3paHue BYX reKCcalioOuAHbBIX COPTOB 0Bca (Avena sativa L.) nuieBoro Ha3HaueHUs C BbICO-
KOU MUTaTeJbHOHU LIeHHOCTbIO KPYIbl: HAllMOHA/IbHAsA MHHOBALKMSA Mapokko. Tpydsl no npuk/a1adHoli 60maHuke, 2eHemuke u ce-
sekyuu. 2025;186(3):245-259. DOI: 10.30901/2227-8834-2025-3-245-259
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Introduction

Global and national production context

Agriculture remains central to livelihoods and develop-
ment in many regions, and cereals underpin human and an-
imal nutrition because of their energy density and versatil-
ity. Within this group, oats have attracted renewed atten-
tion for both resilience and food-grade value. According to
FAOSTAT, oat ranks as the seventh most economically im-
portant cereal worldwide, after maize, rice, wheat, barley,
sorghum, and millet. In 2023, global oat production was
projected to decline markedly to ~23.1 million tons, the low-
est in 11 years, mainly due to reduced planted areas and
yields in Canada, the European Union, and the United States.
Over the same horizon, total coarse grains were expected at
~1,511 million tons, with maize at arecord ~1,215 million
tons; total cereals near ~2,815 million tons (https://www.
fao.org/worldfoodsituation/csdb/en).

In Morocco, FAOSTAT time series also show fluctuations:
~15,009 ha and ~5,551t in 2020; 17,845 ha and 6,390t in
2021; 13,040 haand 3,740 tin 2022, reflecting the rainfall de-
pendence of rainfed systems (https://www.fao.org/faostat/
en/#data/QCL).

Importance and utilization of oats

Oats have long been important as livestock feed (grain,
green fodder, silage, and hay) and are valued for their high
fodder nutritional value and dry matter digestibility exceed-
ing 75%. Oat straw also exhibits more digestible organic mat-
ter than other cereal straws, which is appreciated by livestock
(Stevens etal., 2004). In parallel, oats remain an important
grain for populations in marginal areas in emerging coun-
tries. Oat seeds combine proteins of high nutritional value,
oils, and health-promoting constituents such as avenanthra-
mides and tocols (Peterson, Mannerstedt Fogelfors, 2004; Al-
rahmany, Tsopmo, 2012). Classic work highlighted that oat
groat proteins have a favorable amino acid balance that re-
mains stable even when total protein increases through ge-
netic progress (Clamot, 1979; Welch etal, 2000). Higher
groat oil (unsaturated fatty acids) increases energy density
and has potential for industrial extraction (e.g., biofuel).
(1—3),(1—4)-p-D-glucans are amajor component impli-
cated in lowering plasma cholesterol; groat protein and oil re-
main key grain quality traits (Zhu et al., 2004). Medical stud-
ies favoring whole-grain fiber intake to reduce blood choles-
terol and intestinal/colon cancer risk underpinned the 1990s
resurgence of interest in oats for human health (Harlan,
1992). Bran and caryopsis residues also enable furfural pro-
duction for solvent and pharmaceutical applications (Harlan,
1992; Saidi, 2015).

Oat cultivation in Morocco

Oats are grown as a winter crop in favorable and interme-
diate rainfed regions, either as a pure stand or mixed with
vetch (notably in the Sais), for hay, green fodder, and grain.
Oats contribute significantly to dairy systems in northwest-
ern Morocco, while barley dominates in the middle and lower
semi-arid zones; fodder yield depends on the cutting stage
and cutting x genotype x environment interactions (Al Faiz
etal, 1997). Cultivated area has often exceeded 100,000 ha
(70,000 ha pure, and 50,000 ha vetch-oat), making oats the
third fodder crop after alfalfa and barley and contributing
~36% of total fodder production (Al Faiz et al., 2004; Saidi,
Al Faiz, 2008). The 2020-2022 FAOSTAT figures cited above
confirm the recent volatility in area and output (https://
www.fao.org/faostat/en/#data/QCL).

Oat genetic resources in Morocco

Morocco is a center of diversification for Avena, with
~30 wild species (Saidi, Ladizinsky, 2005). Endemic taxa in-
cludeA. atlantica B.R. Baum. & Fedak. (2n = 2x = 14),A. agadir-
iana B.R.Baum. & Fedak. and A. magna Murphy & Terrell
(2n = 4x = 28), while A. murphyi Ladiz. (2n=4x=28) and
A. prostrata Ladiz. (2n = 2x = 14) are found in limited north-
ern regions (Leggett, 1992). Although hexaploid cultivated
oat (4. sativa L.) is important for feed and food, limited efforts
have historically targeted conservation and use of wild rela-
tives to enrich the cultivated gene pool narrowed by selection
(Leggett, 1992). From the mid-1960s, breeders undertook in-
trogression from wild oats to improve groat nutritive value,
leading to protein-rich cultivars (Moser, Frey, 1994). Founda-
tional cytogenetic studies clarified affinities among wild and
cultivated Avena, suggesting tetraploids (e.g., A. murphyi) un-
derpinned hexaploid evolution (Ladizinsky, 1969; Thomas,
Bhatti, 1975). Tetraploids with AADD genomes share mor-
phological traits with AACCDD hexaploids, facilitating hybrid-
ization owing to chromosome similarity (Rajhathy, Sadasiva-
iah, 1969; Thomas et al., 1980). This rationale supported in-
terspecific crosses to transfer desirable alleles from wild to
cultivated backgrounds (Ladizinsky, Johnson, 1972; Ladizin-
sky, Fainstein, 1977a; Loskutov, 2001b; Loskutov, Rines,
2011; Manzali et al,, 2023, 2025).

Why broadening the genetic base of A. sativa matters
now?

Modern hexaploid oats have a relatively narrow genetic
base, constraining progress in agronomic performance (yield
stability, disease resistance) and techno-functional quality
(kernel geometry, groat recovery, protein, oil, f-glucans) un-
der rainfed Mediterranean conditions. In contrast, the te-
traploids A. magna and A. murphyi endemic and edapho-cli-
matically adapted to Morocco carry very high groat protein
(up to ~30%), elevated oil, large kernels (1000-kernel weight
~ 35 g), strong tillering, and resistance to powdery mildew
and crown rust (Ladizinsky, Fainstein, 1977a; Leggett, 1992;
Loskutov, 2001a). Their strong meiotic affinity with culti-
vated oats (AADD < AACCDD) enables efficient allele trans-
fer; the homoeology of major loci for groat protein further fa-
vors backcrossing (Rajhathy, Sadasivaiah, 1969; Thomas,
Bhati, 1975; Marshall et al.,, 1992; Welch etal,, 2000; Zhu
etal, 2004).

Moroccan breeding program redirected toward food-
grade oats

Since the early 1980s, INRA-Morocco has released hexa-
ploid cultivars adapted to contrasting agroclimates (Al Faiz,
1990). The first-wave 21 hulled and two naked oats, derived
from temperate North-American introductions, focused on
forage biomass and rust tolerance. However, shared pedi-
grees eroded resistance durability (crown rust, BYDV, smut)
and limited physiological plasticity under recurrent drought.
Anticipated climate-change pressures in North Africa rein-
force the need for novel alleles to stabilize yield while raising
grain quality endpoints. Morocco’s secondary diversification
center provides such variability, notably tetraploids A. mur-
phyi and A. magna (Leggett, 1992; Saidi, Ladizinsky, 2005).
Building on this evidence, INRA redirected its program in the
2000s toward food-grade oats. One pipeline implemented in-
terspecific introgression via repeated backcrosses between
the Moroccan hexaploid cultivar ‘Amlal’ and a wild A. murphyi
accession from northern Morocco, followed by pedigree se-
lection to genetic stability (Saidi etal., 2016). Subsequent
multilocation trials under rainfed and irrigated conditions
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have evaluated advanced lines for agronomy and food-rele-
vant grain quality (Saidi et al.,, 2020, 2025).

Study gap, hypothesis, and objectives

Despite strong biological and historical reasons to lever-
age Moroccan tetraploids for broadening A. sativa, there is
still a shortage of integrated evidence linking introgression to
the combined response of (i) agronomic performance (yield,
disease resistance) and (ii) techno-functional grain traits
(thousand-kernel weight, groat recovery, groat protein, S-glu-
cans) under rainfed Mediterranean conditions. This study re-
ports the development and multi-environment testing of two
hexaploid oat lines derived from repeated backcrosses be-
tween ‘Amlal’ and A. murphyi, documents ploidy stabilization
and phenotypic segregation through eight generations of pe-
digree selection, and evaluates agronomic performance and
grain quality gains relative to commercial checks, with an em-
phasis on food-grade applications. We hypothesized that in-
trogression from A. murphyi would increase the mean and
variance for targeted quality and processing traits while
maintaining or improving yield and disease resistance,
thereby broadening the effective genetic base of A. sativa for
Mediterranean breeding programs (Ladizinsky, Fainstein,
1977a; Loskutov, 2001a; Welch et al., 2000; Zhu et al., 2004;
Saidi etal., 2016, 2020, 2025).

Material and methods

Plant material

The study used two parental materials. The wild te-
traploid donor was Avena murphyi accession P45-55 (2n =
4x =28) collected in the Tangier region, described with
23.7 g 100 g~* DM of groat protein and tolerance to BYDV. The
recurrent parent was A. sativa cv. Amlal’ (2n = 6x = 42), regis-
tered in 1996 in the Moroccan national catalogue; semi-early,
adapted to rainfed zones of northwestern Morocco, with typi-
cal yield/quality traits as stated in the original manuscript.
Program descendants used as benchmarks in advanced trials:
‘Amlal’ (conventional control) and the released introgression
descendants ‘Al Fawze’ and ‘Abtah’ from the same pipeline.

Methods

Interspecific crosses and backcrossing

The first crossing cycle was realized under greenhouse
conditions in the early 2000s. The hexaploid parent A. sativa
cv. Amlal’ (2n = 6x = 42), used as a female parent after manual
emasculation, was manually pollinated by the pollen collected
from the tetraploid parent plants of A. murphyi (P45-55)
(Fig. 1). Collected hybrid seeds were backcrossed to their
hexaploid parent in the field, at the INRA-Morocco Experi-
ment Station in Marchouch, located 65 km southeast of Rabat
(longitude 6°71 600 W, latitude 33°60 499 N, 410 masl).

(A. sativa (6x) X
(2Zn=6x=42) l

F1 (2n=5x=35) «x

Ploidy determination

Ploidy of the hybrid seeds derivative from the undertaken
crosses was determined using the conventional method in or-
der to select hybrids having the hexaploid ploidy level
(2n = 6x = 42). The determination of chromosome number
was checked in root tips of the pregerminated hybrid seeds in
Petri dishes after being treated according to R. ]. Singh’s meth-
odology (2016). Chromosomes were visualized and counted
using an optical microscope.

Morphological characterization

In order to analyze the segregation of the spikelet pheno-
typic characters of the hexaploid hybrid seeds, the progeny
was characterized for wild morphological characters such as
absence/presence of awns, awn vigor, seed color, and lemma
hairiness.

Pedigree selection

F, progenies were grown at INRA-Marchouch (33° 47'N,
06° 71’ W) and advanced to F, by pedigree selection to reach
genetic stability prior to quantitative evaluation.

Crop establishment and site conditions

At the Marchouch Experiment Station, average annual
precipitation during the seed-increase period was = 374 mm
(mean of 571, 296 and 255 mm reported by the station), with
a mean annual temperature ~23.79°C; soils are described as
rich black, crumbling and well-drained. Plots at the station
were managed in RCBD, 4 rows x 1 m (4 m?), 3 replications,
with manual weeding and no chemical herbicides or N fertil-
izer applied.

Field establishment for the performance trials followed
the national guidance for oats: late October to late November
sowing, row spacing 15-20 cm, depth 2-5 cm, and post-sow-
ing rolling when needed (rate adjusted to thousand-kernel
weight), with trials conducted under rainfed conditions.

Assessment of agronomic performance

Preyield (behavior) trials

Location and design. Eighth-generation, true-breeding
progenies were grown for two consecutive seasons (2020/21
and 2021/22) at the INRA-Marchouch Experiment Station
(33°47" N, 06°71" W, 410 masl) in a randomized complete-
block design (RCBD) with four replications, following the
layout principles of K. A. Gomez and A. A. Gomez (1984).
Each plot contained six 5m rows spaced 0.20 m apart
(6 m?).

Traits recorded. Days to heading and physiological matu-
rity were noted when 50 % of spikes reached the target stage;
early vigor was rated 1-9 at tillering (Oelke et al., 1992). Plant
height and lodging (%) were measured at the milk stage.
Grain yield was obtained by combine-harvesting the central
four rows, cleaning, and adjusting to 120 g kg™! seed moisture
(International Seed Testing Association, 2018). Aboveground
biomass was cut at the milk stage, oven-dried (65°C, 48 h),
and expressed as dry-matter yield (t ha™).

A. murphyi (4x))

(2n=4x=28)

A, sativa (6x)
l (2n=6x=42)

BC1

Fig. 1. Crossing pattern

Puc. 2. Cxema cKpelmyuBaHHus
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Advanced multilocation trials

Sites and seasons. The three best preyield performers plus
two commercial checks (‘Amlal’ and ‘Al Fawze’) were evalu-
ated for three seasons (2022/23-2024/25) at five rainfed
sites: Marchouch, Meknes, Tassaout, Tangier, and Sidi Allal
Tazi (300-650 mm of annual rainfall) representing Morocco’s
principal oat zones (Al Faiz et al., 1997).

Experimental layout. Trials followed an RCBD with four
replications; plot size and management matched the preyield
stage. Basal fertilizer (60 kg N + 60 kg P,05 ha™!) was applied
according to the national oat guidelines (ONSSA, 2020);
weeds were hoed manually to avoid herbicide x genotype in-
teractions.

Disease and pest assessment.

Crown rust (Puccinia coronata f. sp. avenae P. Syd. & Syd.)
and powdery mildew (Blumeria graminis (DC) Speer) were
rated twice (booting and soft-dough) on the modified Saari-
Prescott 0-100 severity scale; on each date, severity (%) was
estimated on 20 tillers per plot taken from the central rows
(edge rows excluded) to avoid border effects. No foliar fungi-
cides or insecticides were applied, and infection relied on nat-
ural field pressure (Saari, Prescott, 1975).

Barley yellow dwarf virus (BYDV) symptoms were scored
atlate tillering on a 0-5 ordinal scale where 0 = no reddening,
and 5 = severe stunting with leaf reddening; scores were
recorded on 20 tillers per plot from central rows (Comeau,
Haber, 1986).

Insect pests. Natural infestations of oat aphid (Rhopalosi-
phum padi L.) and armyworm (Mythimna unipuncta Haworth)
were monitored weekly from stem elongation to early grain
fill on 10 randomly selected tillers per plot (central rows). Re-
sistance was indexed as the area under the pest progress
curve (AUPPC), computed by the trapezoidal method from
consecutive weekly counts as described by M.].]Jeger and
S.L. H. Viljanen-Rollinson (2001); higher AUPPC indicates
greater pest pressure. (Jeger, Viljanen-Rollinson, 2001)

Assessment of grain quality parameters

Weight of one thousand seeds (WTS)

The weight of one thousand seeds was determined ac-
cording to the ISTA rules (International Seed Testing Associa-
tion, 1985). A sample of 1000 seeds per line in three replica-
tions was weighted. The WTS is the average of the weights of
the three samples expressed in grams.

Determination of groat and husk proportions

Groat and husk proportions were calculated according to
the methodology described by (Doehlert et al., 1999) and (Hall
etal, 2003). This method consists of counting and weighing
100 grains in three replications per line and carrying out the
husking and weighing of groat and husks separately. Propor-
tions (%) are calculated by:

(Groat or husk weight / 100-seed weight) / 100

Determination of groat protein content

Whole oat groats were first ground in an IKA MF-10 basic
impact mill equipped with a 0.5 mm stainless-steel screen to
obtain a uniform flour. Crude protein was then measured by
the Kjeldahl procedure (AOAC 979.09): after digestion, distil-
lation and capture of the liberated ammonia in boric acid, the
distillate was back-titrated with 0.1 N HCl. Protein content on
a dry-matter basis was calculated as:

. (V-V0)X1000XNX14XFx100
Protein (%DM) = x
PXDM%

where V and Vj are the titrant volumes for sample and
blank (mL); N is acid normality (0.1); 14 is the atomic mass of

nitrogen; F is the nitrogen-to-protein factor (6.25 for oat flour,
or 5.7 for wheat flour); P is the test portion (g); DM % is the
sample dry-matter content.

Determination of groat f3-glucan content

The content of soluble f3-glucans in groat was measured
through an enzymatic method according to AACC (32-23),
AOAC (995-16), and ICC (168), using a kit of mixed f3-glucans
(Megazyme International Ltd., Wicklow, Ireland) suggested
by B. V. McCleary et al. (2006).

Analysis of the nutritional quality and preliminary tests
of flour mixtures’ rheological behavior

Mixtures of flours were made from bread wheat cv. ‘Kenz’
and different proportions of hexaploid oat flour from
cv. ‘Al Fawze’, selected from the hybrid lines resulting from the
interspecific crosses realized between hexaploid oat cv. Am-
lal’ and the wild tetraploid oat accession of A. murphyi P45-55,
selected for its high groat nutritional value, registered in the
INRA-Morocco official catalogue, and used here as an initia-
tive test for industrial uses. All flour mixtures were analyzed
for the ability to form bread with good technological and nu-
tritional characteristics. Mixtures with different oat incorpo-
ration proportions of flour in wheat flour at the rates of 10%,
15%, 20%, 25% and 30% were baked and subjected to gas-
tronomic tests.

Dough formulation (baker’s % on total flour): 1% of salt,
1.5% of baker’s yeast, and 53% of water.

The sedimentation index of wheat-oat composite flours
was measured using the Zeleny sedimentation test following
AACCI Method 56-61.02 and ICC Standard 116/1; results
were expressed in milliliters, with readings corrected for
flour moisture as specified in the method. Triplicate determi-
nations were performed per formulation.

Loaf volume was determined within 30 min of baking by
the rapeseed displacement method (AACCI 10-05.01); each
value is the mean of at least three loaves per treatment. Spe-
cific volume was calculated as loaf volume divided by loaf
weight (cm® g™), and crumb density as loaf weight divided by
loaf volume (g cm™3).

Registration in the Moroccan official catalogue

The registration in the INRA—Morocco official catalogue of
the selected lines as new cultivars was done according to
UPOV standards of distinction, homogeneity and stability
(DHS), and agronomic and technological value tests (ATV).

Chemicals and reagents

All chemicals and reagents (acids, bases, salts, buffers,
and organic solvents used for sample preparation, Kjeldahl
digestion/distillation, and f-glucan extraction) were analyti-
cal grade and purchased from Sigma-Aldrich/Merck (Merck
KGaA, Darmstadt, Germany; distributed by Sigma-Aldrich,
St. Louis, MO, USA). The mixed-linkage f-glucan assay kit was
obtained from Megazyme (Wicklow, Ireland).

Statistical analysis

The obtained results were statistically processed with
SAS 9.3 (SAS Institute, Cary NC), using ANOVA analysis of vari-
ance (Proc Glmprocedure) and a posteriori multiple compa-
rison of means by Duncan’s test. P < 0.05 values were consid-
ered as significant.

Results and discussion

Interspecific crosses

The first crossing cycle generated pentaploid hybrids
(2n = 5x = 35) with a very low fertility rate. In order to re-
store their fertility, pentaploid hybrids were backcrossed
to their hexaploid parent and 30 hybrids were thus ob-
tained.

TPY/IbI 110 TPUKJIA/THOM BOTAHUKE, TEHETUKE U CEJIEKLIWH /

249

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(3):245-259



. 186 (3),2025 o

Caupgu H., lllaiimu H., Tarytu M., Benasu A., Man3auu P, Tyun C., lyauk A., Fa6yH ®., Bykcaum M.,

Ploidy analysis of hybrid seeds

Ploidy examination of the backcrossed hybrid seeds re-
vealed that their chromosome number varied from 34 to 45;
with 72% of the hybrids having a hexaploid ploidy level. This
confirms that most fertile female gametes of the first hybrid-
ization cycle had 20 to 21 chromosomes. In addition, analysis
of pollen fertility showed that 28% hybrid plants had pollen
fertility above 50%. We noticed that even plants with an ane-
uploid chromosome number had good fertility, which trans-
lated into good grain yield (Fig. 2). The study of the correlation
of pollen fertility to the other parameters, using the Pearson co-
efficient, showed that the correlation of pollen fertility with
chromosome number was not significant (r = 0.19, P < 0.05),
but on the other hand it was highly significant with grain yield
(r=0.61***P<0.001).According to G. Ladizinsky and R. Fain-
stein (1977a), the number of chromosomes does not have
a very influencing effect on the viability of the gametes, and it
is rather their constitution and their compatibility that are
the most important.

Aub ®aus III., JTagusuHckuii I

other and this correlation is influenced by the effect of the ge-
notype. Thus, each morphological character is controlled by
a single gene, but these genes are closely linked to each other
(Ladizinsky, Fainstein, 1977a).

Selection

Derivative hybrids from the interspecific cross (A. sativa x
A. murphyi) x A. sativa were subjected to field pedigree selec-
tion during eight years, starting from the F, generation to the
F, generation. Among the thirty tested lines, ten achieved ge-
netic stability and showed good resistance/tolerance to dis-
eases, such as powdery mildew, Helminthosporium, crown
rust, and barley yellow dwarf virus.

Assessment of agronomic performance

The ten selected lines were tested for agronomic perfor-
mance during two years in the field (Fig. 4). The annual rain-
fall for the two growing seasons was 530 and 570 mm, respec-
tively. Plant vigor of the assessed lines was similar or even su-
perior to that of the hexaploid parent ‘Amlal’. The height of hy-
brid plants exceeded that of their parent ‘Amlal’ (145 cm) by
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Fig. 2. Distribution of BC, plants from [A. sativa (cv. Amlal’) x A. murphyi P45-55] x A. sativa by chromosome number
and by classes of pollen fertility and seed yield per plant
Puc. 2. Pacnpepesienue pactennii BC, ot [A. sativa (cv. Amlal’) x A. murphyi P45-55] x A. sativa no 4yucjiy XpoMocom
M 110 KJ1accaM G epTUILHOCTH NbLIBLbI U YPOXKAWHOCTU CEMSIH Ha pacTeHue

Morphological characterization of hybrid seeds

Morphological characterization of the backcrossed seeds
showed the existence of great morphological variability
within the hybrid seeds, due to the segregation of their mor-
phological characters (Fig. 3). Analysis of the resulting quan-
titative variables using the independence x? test highlighted
the existence of a highly significant effect of the genotype on
lemma hairiness (x* = 73.75**) and awn vigor (x*=92.01**).
As for the number of awns per spikelet, the genotype had
a non-significant effect on this character (x*=12.55ns). In
general, morphological characters are correlated with each

<

':"\': v
“

2 to 6 cm. The average grain yields of the hybrid lines over the
two years were 34.8 g ha™ and 35.10 q ha™, respectively. On
average, the lines’ grain yield by 3 to 12 q ha™ exceeded that
of the hexaploid parent ‘Amlal’ (31 q ha™). Therefore, the hy-
bridization work allowed the derivative lines to have a grain
yield gain of 9.68% to 38.7% (see Fig.5). The average dry
matter yields of the hybrid lines were 9.8tDM/ha and
10.2tDM/ha respectively, exceeding that of cv. Amlal’
(10 t DM/ha) (Fig. 6). According to the obtained results, four
hybrid lines, F09-01 (genotype A07-13), F09-02 (genotype
A07-20), F09-03 (genotype A07-32), and F09-04 (genotype

4 =

Fig. 3. Morphological characterization of hybrid seeds’ spikelets

Puc. 3. Mopdosioruyeckasi XapaKTepUCTHKA KOJIOCKOB FrHGPUAHBIX 3epeH
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Fig. 4. Assessment of agronomic performance of derivative hybrid lines in the field
Puc. 4. OneHKa arpoHOMHY€ECKHX NOKa3aTe/1eil THGPHUAHBIX IMHUI B N0JIEBBIX YCJAOBUAX

50
as B Year1 [ Year2
40
35
30
25
20
15
10

Grain yield (Qx/ha)

S FEF TS F L

Lines / parent

Fig. 5. Hybrid line grain yield assessed over two years at the Marchouch Experiment Station
Puc. 5. YpoxkaiiHOCTb 3epHa ri6pUAHBIX IMHUH, OLleHEeHHas 3a JiBa roJa Ha MapiymcKoi onbITHOM CTAaHIMU
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Fig. 6. Hybrid line dry matter yield assessed over two years at the Marchouch Experiment Station
Puc. 6. YpoxxaliHOCTb CyX0i MacChbl TMGPUAHBIX JIMHUM, OLleHEHHAs 3a JBa roja Ha MapiyncKoi onbITHOM CTAaHLIUU
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A07-36), were selected for further assessment for nutritional
and technological quality traits.

Assessment of the hybrid lines’ technological quality

Weight of one thousand seeds (WTS) of hybrid lines

The hybrid lines varied in WTS from 36 to 39 g, exceeding
their hexaploid parent A. sativa cv. Amlal’ (33.33 g)by2to5 g.
Thus, this trait was improved through interspecific crosses to
the tetraploid parent A. murphyi (P45-55).

Groat and husk proportions in hybrid lines

Analysis of groat proportions for the hybrid lines re-
vealed that it ranged from 68% to 74%, higher than that of
both the tetraploid parent A. murphyi P45-55 (58%) and the
hexaploid parent ‘Amlal’ (66%) (see Fig. 7). Husk propor-
tions of the derived lines varied between 26% and 32%,
lower than in both the tetraploid parent A. murphyi P45-55
(42%) and the hexaploid parent A. sativa cv. ‘Amlal’ (34%)

(Fig. 7).

Aub ®aus III., JTagusuHckuii I

Line A07-13 delivered the most compelling improvement,
raising groat recovery to 74%, about 12 percentage points
above the cultivated parent ‘Amlal’ and 16 points above the
wild donor A. murphyi P45-55, while A07-36 (70%) and A07-
20 (68%) also outperformed the check at P < 0.05. Because
groat percentage is a reliable proxy for milling yield (Doehlert
etal, 1999; Hall etal., 2003), these gains translate directly
into higher flour output and lower dehulling waste, showing
that the backcross strategy retained the high-protein alleles
of A. murphyi, yet eliminated its thick-hull penalty. The PPSD
results show a clear milling-quality gain after one backcross:
all BC, lines carry < 33% husk, while A07-13 combines the
lowest husk (25.96%) with the highest groat (74.04%), out-
performing both the donor P45-55 (42.39% husk; 57.61%
groat) and the recurrent parent ‘Amlal’ (33.75%; 66.25%),
with differences supported by P=0.0001, CV <5.24 %, and
LSD =3.177 (Table 1). Higher groat percentage is a direct

proportions (%)
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Fig. 7. Groat and husk proportions in the derivative lines of
[A. sativa (‘Amlal’) x A. murphyi (P45-55)] x A. sativa (‘Amlal’)

Puc. 7. CooTHOILIEeHMe 3epHA U IJIEHOK JIMHUI [A. sativa (‘Amlal’) x A. murphyi (P45-55)] x A. sativa (‘Amlal’)

Table 1. PPSD analysis for groat and husk proportions in the progeny of the cross
[A. sativa (‘Amlal’) x A. murphyi (P45-55)] x A. sativa (‘Amlal’)

Ta6una 1. AHau3 PPSD /151 COOTHOIIEHHUS 3€PHA U IVIEHOK Y MOTOMCTBA CKpeIMBaHUS
[A. sativa (‘Amlal’) x A. murphyi (P45-55)] x A. sativa (‘Amlal’)

Lines/parents Groat % Husk % /
A07-13 74.04 a 25.96d
A07-20 67.80 bc 32.20 bc
A07-32 67.50 bc 32.50 bc
A07-36 70.08 b 2992 c
Amlal 66.25 c 33.75b
P45-55 57.61d 42.39a
ns 0.0001** 0.0001**
C.V (%) 2.71 5.24
LSD 3.177 3.177

Note: the means in a column sharing the same letter do not differ at P < 0.05 (Fisher’s protected LSD); ** indicates significance at P < 0.01; CV is

the coefficient of variation of the ANOVA residual

[IpuMedaHue: cpeiHYEe 3HAUEHUS B CTOJIOIE, IMEIOIIME O/IHY U TY »Ke 6YKBY, He pa3inyatorcs npu P < 0,05 (HCP no kpurteputo ®umepa); **
yKasbIBaeT Ha 3HaYUMOCTb 1pH P < 0,01; CV - koadpduIpieHT Bapuanuu octaTka
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proxy for milling/dehulling yield and an explicit breeding tar-
get in modern oat programs: recent work using multitrait ge-
nomic selection treats groat % as a core quality trait, because
it predicts recoverable edible kernel and lowers processing
losses (Ardayfio et al.,, 2025).

In parallel, genome-scale studies now map the loci for
kernel and nutritional traits underpinning food-grade oats,
supporting the feasibility of decoupling hull burden from
end-use composition — consistent with the pattern observed
here (Dhakal et al., 2024).

Groat protein content in hybrid lines

Groat protein content for the selected lines exceeded that
of the hexaploid parent Amlal’ (10.46%) by 1 to 7%. The high-
est protein content of 17.29% was recorded for line (F09-01)
A07-13 (Fig. 8). Multiple comparison of PPSD means revealed
the existence of a highly significant difference between the
studied lines and their parents (0.0001**, P < 0.05). Thus, the
hybridization work made possible a genetic gain from 12% to
65% in the progeny for this trait.

. 186 (3),2025 o

Combining all the above results, line A07-13 was selected
for its good agronomic performance in addition to its nutri-
tional features. This line was registered in the INRA-Morocco
national catalogue under the name of cv. ‘Al Fawze’. This culti-
var was subjected to further nutritional quality tests and pre-
liminary tests of rheological behavior. Adding different pro-
portions of ‘Al Fawze’ flour to that of the widely used Moroc-
can cultivar of bread wheat ‘Kenz’ improved the nutritional
quality of the produced bread. Protein content in the mixture
of 30% of oat and 70% of bread wheat flours was increased
by 14% and the dry matter content by 16.02%, compared to
that of bread wheat flour from cv. ‘Kenz'.

Incorporation of 30% of oat flour into 70% of bread wheat
flour improved the f-glucan content of the mixture by up to
1.20%. On the other hand, both color and rheological behavior
of the flour mixture were affected, acting particularly on the
water absorption rate and paste stability (Fig. 10). Across
wheat-oat blends with the use of ‘Al Fawze’, protein rose
steadily with substitution (14.20% at 0% to 16.02% at
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Fig. 8. Groat protein content in the derivative lines of [A. sativa (‘Amlal’) x A. murphyi (P45-55)] x A. sativa (‘Amlal’)

Puc. 8. CogepxaHue GeJiKa B Kpyne JUHUM OT CKpeLBaHUA
[A. sativa (‘Amlal’) x A. murphyi (P45-55)] x A. sativa (‘Amlal’)

Groat f3-glucan content in hybrid lines

Analysis of the f-glucan content in the groat of the se-
lected lines showed that it ranged from 2.94 to 4.29%, realiz-
ing an improvement of this trait by 0.18 to 1.53% in compari-
son to the hexaploid parent Amlal’ (2.76%). The highest rates
were scored for lines A07-13 and A07-32: 4.29% and 4.1%,
respectively (Fig. 9). Hence, through hybridization work, we
were able to achieve a genetic gain of 2.44 to 54.28% in the
derivative lines for groat f3-glucan content.

Nutritional quality and preliminary rheological behavior
tests of flour mixtures
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30% — 17.14% at 100%), and fS-glucans increased sharply
from 15 to 30% of the oat share (0.18 to 1.20 g/100 g), as ex-
pected for oat fortification. Gluten dilution lowered the sedi-
mentation index with higher oat levels (34.00 at 0% to 17.67
at 30%), a well-documented effect in wheat-oat composites.
Technologically, the best balance occurred at 20% of oat,
where specific volume peaked (13.36 cm®g!) and crumb
density was minimal (0.075 g cm-%); at 25-30%, nutritional
gains continued but loaf structure started to decline. This pat-
tern agrees with recent studies showing that moderate oat in-
clusion (= 10-20%), with proper water/yeast optimization,

4.10

Lines/parent

Fig. 9. Groat f-glucan content in the derivative lines of [A. sativa (‘Amlal’) x A. murphyi (P45-55)] x A. sativa (‘Amlal’)

Puc. 9. CogepxaHue 3-IJIIOKaHOB B KpyIie JIMHUI OT CKpeluBaHUsI
[A. sativa (‘Amlal’) x A. murphyi (P45-55)] x A. sativa (‘Amlal’)
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C

Fig. 10. Bread samples: A - baked from 100% ‘Kenz’ bread wheat flour; B - baked from 100% ‘Al Fawze’ oat flour;
C - baked from a mixture of ‘Kenz’ (80%) and ‘Al Fawze’ (20%) flours
Puc. 10. O6pa3nml x/1e6a, U3roTOBJIEHHOT0 u3: A - 100% nmeHu4yHoM MykH copTta ‘Kenz’; B -100% 0oBcAHOM MyKH
copra ‘Al Fawze’; C - my4Hoii cmecu copToB ‘Kenz’ (80%) u ‘Al Fawze’ (20%)

can retain or maximize loaf volume while boosting fiber,
whereas higher levels typically reduce volume and increase
firmness due to gluten dilution and f-glucan viscosity effects
(Rashed etal.,, 2024). It markedly improved the nutritional
quality without influencing too much the technological qual-
ity required by the bakery industries and recommended
bread bakeries (Table 2).

(Fig. 11), meaning more saleable flour per ton of grain. Even
more striking are the compositional gains: protein rises from
10% to 17% and 13%, while -glucan content increases from
3% to 5% and 4%. These levels meet or exceed the thresholds
associated with cholesterol-lowering and low-glycemic prop-
erties in human diets (Welch et al., 2000; Zhu et al.,, 2004) (see
Table 3, 4).

Table 2. Physicochemical composition and bread-quality attributes of wheat breads
incorporating different levels of ‘Al Fawze’ oat flour

Ta6mua 2. PU3UKO-XUMHUYECKHI COCTaB U KayeCTBEHHbIE N0Ka3aTe I MIeHUYHOro XJj1e6a
C pa3/IMYHBIM cOJepKaHHeM OBCAHOU MykH copTa ‘Al Fawze’

‘Al Fawze’ oat | Wheat flour, Protein, B-glucans, Sedimentation Specific Density,
flour, % % % g/100 g index volume, cm?/g g/cm3
0 100 14.20d 0.12d 34.002 = =
10 90 14.85¢ 0.10¢ 20.67¢ - -
15 85 15.19¢ 0.18¢ 22.33b 11.04d 0.0902b
20 80 15.27¢ 0.99¢b 20.67¢ 13.36b 0.075d
25 75 15.93b 1.19b 19.33¢ - -
30 70 16.02b 1.200 17.674 11.72dc 0.085abc
100 0 17.14a 4.042 12.33e 12.08bed 0.082bcd

Note: the means with different letters a, b, ¢, etc. indicate significant differences according to Duncan’s test, P < 0.05

[IprMeyaHue: cpe/jHIe 3HAUYEHUSA C Pa3HbIMHU OYKBaMH a, b, ¢ ¥ Ap. yKa3bIBalOT HAa 3HAUYUMBble Pa3/IM4YMs CorJlacHO TecTy JlyHkaHa, P < 0,05

Cultivar registration in the official national register

‘Al Fawze’ and ‘Abtah’ outperform their parent ‘Amlal’ in
every key trait shown in Tables 3 and 4. Grain yield rises by
~10% in ‘Al Fawze’ and by > 35% in ‘Abtah’, confirming that
the introgressed germplasm confers a genuine productivity
advantage rather than a mere quality trade-off. Both retain
full field resistance to crown rust and powdery mildew and
show only moderate barley-yellow-dwarf symptoms, a dis-
ease-control profile that typically safeguards 15-20% of yield
otherwise lost to infection (Saari, Prescott, 1975).

Technologically, thousand-kernel weight climbs from 32 g
in ‘Amlal’ to 38 g and 34 g, a range associated with superior
milling efficiency and reduced broken groats during dehulling
(Doehlert etal.,, 1999; Hall et al,, 2003). Groat recovery itself
improves from 66% to 74% (‘Al Fawze’) and 68% (‘Abtah’)

Conclusion

Interspecific introgression from the endemic tetraploid
Avena murphyi (P45-55) into hexaploid A. sativa (‘Amlal’) pro-
duced fertile backcross derivatives (72% hexaploid), in which
pollen fertility correlated with grain yield (P < 0.001). After
F,-F, pedigree selection, ten stable lines combined higher
field performance (mean 34.8-35.1 qha™ vs. 31 qha™ for
‘Amlal’) with robust disease profiles. Milling traits improved
markedly: < 33% of husk and 68-74% of groat in all BC, lines,
with A07-13 at 74.04% of groat / 25.96% of husk and TKW
36-39 g. Composition also advanced (groat protein up to
17.29%, B-glucans up to 4.29%). In bread prototypes, 20% of
‘Al Fawze’ flour maximized the specific volume (13.36 cm3 g™%)
and minimized the crumb density (0.075 g cm™), while in-
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Fig. 11. Kernels of new released hexaploid Avena sativa cvs. ‘Al Fawze’ and ‘Abtah’

Puc. 11. 3epHOBKHU HOBBIX BbIB€J€HHBIX reKCallJIOUAHBIX COPTOB Avena sativa ‘Al Fawze’ u ‘Abtah’

Table 3. Agronomic traits of the registered cvs. ‘Al Fawze’ and ‘Abtah’ compared to their hexaploid parent ‘Amlal’

Ta6una 3. X03siCTBEeHHO IleHHbIe IPU3HAKH 3aperucTpupoBaHHbIX copToB ‘Al Fawze’ u ‘Abtah’ B cpaBHeHUM ¢ Ux
reKcamJougHbIM poguTesaeM - copToM ‘Amlal’

Disease resistance assessment
Cultivars Plant cycle Powdery Helmintho. | Barleyyellow | Graimyield,
Crown rust mildew sporium dwarf virus qha
p (BYDV)
‘Amlal’ Semi-early Resistant Mod.eljately Resistant Mod.eljately 31
sensitive sensitive
‘Al Fawze’ Semi-early Resistant Resistant MoFlerately Resistant 34
resistant
‘Abtah’ Semi-early Resistant Resistant MOfierately Resistant 43
resistant

Table 4. Selected technological parameters of the registered cvs. ‘Al Fawze’ and ‘Abtah’ compared
to their hexaploid parent ‘Amlal’

Ta6suna 4. OTAeIbHbIE TEXHOJIOTUYECKUEe MapaMeTphl 3aperucTPUPOBaHHBIX copToB ‘Al Fawze’ u ‘Abtah’
B CpPaBHEHHH C UX reKCalIOUAHbIM poguTesaeM - copToM ‘Amlal’

Selected technological parameters
Cultivars Weight of 1000 seeds, Husk proportion, Groat protein content, Groat f3-glucan
g % % content, %
‘Amlal’ 32.33£1.35¢ 66.25 + 1.04°¢ 10.46 + 0.03°¢ 2.76 £3.03¢
‘Al Fawze’ 38.20+1.522 74.03 £0.152 17.29+0.292 4.29 £0.032
‘Abtah’ 34.40 £ 0.03" 67.80 £ 0.96" 13.09 £ 0.40° 3.50 +1.04°

Note: the means with different letters a, b, ¢, etc. indicate significant differences according to Duncan’s test, P < 0.05

anMe‘{aHHEZ CcpefHre 3Ha4Y€HUdA C pa3HbIMU 6yKBaMH a, b, CH p. YKa3bIBAOT Ha 3HAYUMbI€ Pa3JIN4HA COIVIACHO TECTY ,ﬂyHKaHa,

P <0,05

creasing protein and p-glucans. On this basis, A07-13
(‘Al Fawze") and A07-36 (‘Abtah’) were registered, delivering
higher yield, groat recovery and nutritional value than ‘Amlal’.
The results broaden the genetic base of Moroccan oats and
provide a practical route to food-grade, climate-adapted culti-
vars. Industrial scale-up of milling and baking trials is the
next step.

Recommended fields of application

Oats have a rich and diverse composition of proteins, un-
saturated fatty acids, fibers and antioxidants, such as polyphe-
nols and tocopherols. This particular composition supplies
this crop with beneficial properties that could be converted
into antioxidant effects, preventing against diabetes, obesity,
cancer, and cardiovascular diseases. In Morocco, however, oat
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cultivation for human consumption has not yet been devel-
oped compared to that for animal feed. This research sup-
ported the release of new and original cultivars from Moroc-
can wild oat germplasm. The exploitation of new cultivars as
beneficial food for human health opens up new prospects for
both farmers and industrials (flourmills, biscuit factories,
breakfast cereals, etc.).

High levels of quality parameters of these cultivars, de-
rived from interspecific crosses, provide an optimistic tool
for improving groat nutritional value, especially in regions
of the world where deficiency of minerals and other major
nutritional compounds affects populations. The existence of
essential nutrients in the grain of the newly released culti-
vars can remedy the problems of malnutrition by acting as
supplements in the daily diet, thus making it possible to
cover our daily needs in proteins, soluble fibers, essential
minerals, etc.

The results of this research showed for the first time the
relevance and usefulness of combining both breeding work
and technological assessment. It should be noted in this re-
gard that the evaluation of essentially nutritional parameters,
namely proteins and f-glucans in groat, was carried out for
the first time in Morocco. The obtained results made it possi-
ble not only to distinguish oats from other cereals, but also to
differentiate the new hexalpoid cultivars from those com-
monly produced in the world, as reported in the literature.

Furthermore, the results of this research could further en-
courage the use of oats in industrial preparations, where
wheat holds exclusive rights. Moreover, the flour from the se-
lected lines could be a source of valuable nutrients for human
consumption and can therefore be used in the formulation of
typical foods, nutritious and beneficial to health, of those com-
monly elaborated with wheat flour.

Thus, the development of new cultivars with high nutri-
tional value, conceived for human consumption, can contrib-
ute to increasing the socio-economic impact of oat cultivation,
mainly in North Africa where oats are still mainly used as fod-
der.

Estimation of socio-economic benefits

The demand for healthy and multifunctional products is
increasing day after day with the societies’ evolution and the
awareness of everyone’s well-being. In this context, we offer
two new oat cultivars, already recognized for their beneficial
effects on health, which also have even higher nutritional
qualities. All oat trade value chain branches would benefit
from this new developed material. Farmers could ensure
good commercialization of their production due to the good
grain yield and the excellent performance of the cultivars. The
manufacturer could add value to its products by including
oats in the recommended proportions. The consumer would
gain from a quality product beneficial for his health, espe-
cially that the number of diabetics requiring a healthy and
safe diet is rapidly increasing worldwide.

The adoption of these cultivars with good productivity
and excellent agronomic, technological and nutritional per-
formance by farmers will certainly ensure a good margin of
profitability. Seed growers will also benefit from these culti-
vars, due to their grain quality and the guaranteed good yield
levels, which will make up for the lack of certified seeds pro-
duced by the formal sector.

Morocco could even consider exporting seeds of these
two cultivars to major oat consumer countries, because of
their exceptionally good groat protein content, compared to
that of other cultivars grown elsewhere and released without
using wild germplasm available in our rich flora.
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