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Abstract

Wheat landraces are often utilized in breeding programs for their potential to improve the grain
quality of new varieties. Our goal is to evaluate thousand kernel weights (TKW), percentages of the
yellowberry kernels (PYK), B, Ca, Cu, Fe, K, Mg, Mn, Na, Ni, P, S and Zn contents of 25 landraces derived
durum wheat pure lines collected from the fauna of Turkey to identify promising candidates. Field trials
were conducted in Canakkale in 2015-2016 and 2016-2017 growing seasons and element contents of
pure lines were determined by using ICP-OES. Differences between durum wheat landraces were found
statistically significant by all traits (p<0.01). Correlation analysis demonstrated that Ca, Cu and Mg
contents of pure lines were positively correlated to each other. Results suggested a valuable variability
among durum wheat genotypes in terms of their element contents. Promising candidates were selected
for future breeding programs.
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Canakkale Kosullarinda Yerel Makarnalik Bugday Hatlarinin Cesitli Element
iceriklerinin Degerlendirilmesi

Ozet

Bugday islahinda tane kalitesinin gelistirilmesi amcaiyla yerel bugdaylardan yaygin olarak
yararlaniimaktadir. Bu g¢alismada Tiirkiye faunasindan toplanmis yerel makarnalik bugdaylardan elde
edilen 25 adet yerel hat arasindan bu potansiyele sahip hatlari belirlemek amaciyla bin tan agirligi (BTA),
doénmeli tane orani (DTO) ile B, Ca, Cu, Fe, K, Mg, Mn, Na, Ni, P, S ve Zn igerikleri incelenmistir. Arastirma
Canakkale’de 2015-2016 ve 2016-2017 yetistirme mevsimlerinde ylritilmus, parsellerden elde edilen
tane orneklerinin element igerikleri ICP-OES ydntemi ile belirlenmistir. incelenen tiim &zellikler
bakimindan makarnalik bugday hatlari arasinda gozlemlenen farkliliklar istatistiksel olarak 6nemli
bulunmustur (p<0.01). Korelasyon analizi sonucunda hatlarin Ca, Cu ve Mg igeriklerinin birbirleri ile
olumlu ve 6nemli bir iligki icerisinde bulunduklari belirlenmistir. Arastirma bulgularindan yola gikilarak
makarnalik bugday yerel hatlarinin element icerikleri bakimindan dikkate deger bir cesitlilik gosterdigi
sonucuna ulasiimistir. Belirli elementler bakimindan tmitvar hatlar segilmistir.

Anahtar Kelimeler: Makarnalik bugday, element, Canakkale, biyofortifikasyon, yerel gesitler

Introduction end, breeders and agronomists often study

Obtaining new genotypes with the landraces and distant relatives of wheat with
prospect of higher performance and quality is a hopes to discover useful genotypes to associate
constant challenge in plant breeding. To this in breeding programs. Due to its exceptional
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location where the Mediterranean and Middle
east meet, significant genetic variation was
reported among wheat landraces obtained
from Turkey’s flora (Karag6z and Zencirci, 2005;
Altintas et al.,, 2008; Ates Sonmezoglu et al.,
2012; Kabbaj et al., 2017).

In addition of their earlier use as
breeding materials to improve grain yield
disease and resistances in wheat, landraces
derived pure lines are reported to have a
particular potential for the enhancement of
grain quality when compared to the cultivars
(Gokgol, 1939; Akgura, 2011; Nazco et al., 2012;
Hocaoglu and Akgura, 2014). A possible
explanation for this phenomenon is “the
bottleneck effect”, which stands for a decrease
of diversity among current breeding materials
caused by the constant pressure of selecting for
high-yielding genotypes. Continuous selection
for grain yield causes a restriction in genotypic
variability which resembles a bottleneck:
genotypes that don’t come forward by their
high yields but may excel at different attributes
are eliminated during the selection process.
Losing genotypic variation limits the success of
later breeding programs particularly by traits
other than grain yield, such as grain quality and
mineral content (Reif et al., 2005). Researches
comparing wheat landraces to varieties often
found that landraces populations or landrace
derived plant materials had higher genetic
diversity (Figliuolo et al., 2007) and higher
contents of some microelements and protein in
their grain (Konvalina et al., 2008; Zhao et al.,
2009; Hocaoglu and Akgura, 2014). Increasing
the microelement content of wheat would lead
to a significant contribution to human nutrition,
because even though fruits and vegetables are
considered as the essential sources of minerals
in human diet (Martinez-Ballesta et al., 2010),
mineral malnutrition is an important health
problem today, which is often linked with
carbonhydrate-rich unbalanced diets. This is
especially common in the developing countries
where severe health problems due to this type
of malnutrition is caused by the lack of diversity
of food substances (Welch, 2002). Although a
permanent solution for this problem calls for a
more comprehensive effort including social,
economic and legal aspects of the situation,
increasing mineral contents of staple foods may
have an immediate effect and provide to be a
short-term solution (White and Broadley,
2005). Mineral fertilization, increasing
bioavailability of nutrients or breeding new
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varieties with increased capacity of mineral
accumulation towards their edible organs are
considered as valid solutions to reduce dietary
malnutrition (White and Broadley, 2005).
Therefore, monitoring landraces for quality
related traits allows the identification of
valuable germplasm to complement nutritional
aspects of breeding programs.

This research aims to compare 25
landraces derived pure lines by their B, Ca, Cu,
Fe, K, Mg, Mn, Na, Ni, P, S and Zn contents. In
addition to the element contents and thousand
kernel weights (TKW), percentages of
yellowberry kernels of pure lines were also
investigated to reveal insights about the
current condition of growing landraces pure
lines Canakkale conditions. Yellowberry kernels
in durum wheat is a physiological disorder
where soft yellow stains occur on the grain due
to the disruption of vitreous protein matrix by
excessive starch accumulation. Therefore,
presence of the yellowberry kernels decreases
overall vitreousness and by doing so negatively
effects the grain quality. Yellowberry kernels
can be caused by climatic factors such as high
air humidity/precipitation during the seed
development or prolonged duration of seed
development (Glle¢ et al.,, 2010). Therefore,
identifying suitable durum wheat varieties for
the climate of the growing are is important to
reduce the percentages of yellowberry kernels
(Pehlivan and ikincikarakaya, 2017).

Materials and Methods

Pedigree information and the
registration codes of durum wheat genoptypes
are given in Table 1. Field trials are designed
according to the randomized complete block

design with four replications and were
conducted in 2015-2016 and 2016-2017
growing seasons in Canakkale. Plots were

arranged to be 0.8 m wide and 2 m long with 4
rows each. Sowing density was 500 seeds m2.8
kg da? P,0s and 15 kgda™ N fertilizer applied in
total. Total dose of N fertilizer is divided into
two doses for a better match with plant
growth: first dose (10 kg da?) is applied during
the sowing when the rest is applied by the
beginning of stem erection. Weeds were
controlled with commercial herbicide
containing  the active substance of
chlorosulphuron.
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Table 1. List of landrace-derived durum wheat
pure lines

No Landraces code and pedigree Origin

1 YG-35 (Koca bugday MB-2005b-7-01)  Konya

2 YG-30 (Bulgurluk MB-2005-28-24) Konya

3 YG-36 (Koca bugday MB-2005-43-11)  Konya

4 YC-47 (iri bugday MB-2005-72-03) Konya

5 YG-33 (Ari bugdayr MB-2005-12-16) Konya

6 YG- 29 (Koca bugday MB-2008-17- Konya

16)

7 YG-37 (Koca bugday MB-2008-01-20) Konya

8 YC-28 (Koca bugday MB-2008-06-16)  Konya

9 YC-41 (Koca bugday MB-2008-05-23)  Konya
10  YC-1 (Bulgurluk MB-2009-13-08) Eskisehir
11  YG-2 (Bulgurluk MB-2009-06-04) Eskisehir
12 YG-3 (Bulgurluk MB-2009-03-19) Eskisehir
13  YG-4 (Bulgurluk MB-2009-08-21) Eskisehir
14  YG-5 (Bolavadin MB-2006-12-03) Eskisehir
15  YG-7 (Sari bas MB-2006-09-09) Eskisehir
16  YC-8 (iri bugday MB-2006-05-09) Eskisehir
17  YG-9 (Koca bugday MB-2006-08-24) Eskisehir
18  YG-10 (Bulgurluk MB-2006-06-11) Eskisehir
19  YG-12 (Bolavadin MB-2010-20-04) Eskisehir
20  YC-13 (Sari bugday MB-2010-17-16) Eskisehir
21 YC-15 (Ak bugday MB-2010-11-22) Eskisehir
22 YG-16 (Koca bugday MB-2010-10-14)  Eskisehir
23 DMB-63 (Bolavadin MB-2010-01-01) Ankara
24  Yabani-67 (Bugday MB-2012-03-07) Kayseri
25  YG-44 (Sari bugday MB-2012-05-15)  Konya

Table 2. Variance analysis results of landraces genotypes

All field applications are made by hand.

Harvested plants were threshed with a
stationary  thresher. Seed counts and
measurements for the assessments of the
thousand kernel weights and percentages of
yellowberry kernels were made in the
laboratory. A set of grain samples were
grinded. B, Ca, Cu, Fe, K, Mg, Mn, Na, Ni, P, S
and Zn contents of 54 durum wheat genotypes
are determined by ICP-OES (inductively coupled
plasma - optical emission spectrometry).
Sample preparations and ICP-OES readings are
held in accordance with Akgura et al. (2019)
and Mertens (2005).
Results are evaluated with ANOVA and the
correlation  analysis. Averages of both
experiment years are represented as a
heatmap for an easier evaluation (Table 3).

Results and Discussion

Combined ANOVA of two years results
showed that genotype effects were significant
for all traits at p<0.01 level (Table 2). Least
significant difference (LSD) values, mean,
minimum, and maximum of each trait are
presented in the bottom of the heatmap given
in Table 2.

Sources of variation

Year Rep Gn Year*Gn Error Total cv R?

oF 1 4 24 24 96 149
B 110.36 9.22 77.59** 11.50** 1.97 16.61 17.61 0.92
Ca 6336.55 1703.9  49222.40** 25229.14** 483.78  12392.16 5.34 0.97
Cu 9.78 0.62 10.10** 10.19** 0.26 3.52 8.69 0.95
Fe 389.4 27.77 217.30** 191.93** 2.49 70.88 3.25 0.98
K 9407317 164851 1443406** 900601** 12315 453055 2.87 0.98
g Mg 2329.40 8070.74 101904** 16181.02**  1250.59 20058.56 4.85 0.96
g Mn 13.56 46.12 201.38** 143.30** 3.14 58.87 6.64 0.97
g Na 1022.19 216.35  14155.27** 7677.66** 108.89  3599.54  6.67 0.98
& N 4.41 0.63 7.56%* 1.38** 0.18 1.6 23 0.93
P 593802 138812 971332** 818263** 17318 307126 3.57 0.96
S 1188 99946 319982** 220133** 6554 93912 4.57 0.96
Zn 884 15 148** 186** 3 62 3.73 0.97
TKW 3852 263 89** 60** 5 60 5.63 0.95
PYK 10.94 3.93 13.72%* 18.15** 2.01 6.61 22 0.80

**: P<0.01, DF: Degree of Freedom, Gn: Genotype, CV: Coefficient of variation (%), R%R squared, B:
Boron, Ca: Calcium, Cu: Copper, Fe: Iron, K: Potassium, Mg: Magnesium, Mn: Manganese, Na: Sodium,
Ni: Nickel, P: Phosporus, S: Sulfur, Zn: Zinc, TKW: Thosand kernel weight (g), PYK: Percentage of

yellowberry kernels (%).

370



Tiirk Tarim ve Doga Bilimleri Dergisi 7(2): 368-374, 2020

Table 3. Heatmap of the averages of micro element contents (ppm), TKW (g) and PYK (%) of durum

wheat genotypes

Genotype B Ca Cu Fe K Mg Mn Na Ni P S Zn TKW PYK

1 533 | 307 | 48 517 | 326 |[WMS2MN 313 120 095 | 3310 |NAHESN 473 44 6.5
2 12 454 658 538 | 4aaes 785 | 207 |26BNN [AS3N se2 1678 488 | 429 55
3 673 353 516 | 552 4057 843 221 (NGB 145 ams 2078 43 399 | 7.75
4 138" 376 514 521 4084 717 301 | 116 153 3924 1683 | 401 = 371 | 7.75
5 108 [USEVIJEEEN 4s6 3779 80 219 152 2 [3396 1882 439 | 423 525
6 age | 337 o7 [JBBN 3s77 679 229 | 208 [N 3516 1814 468 404 65
7 sea 432 | 74 [JEOBN 370 714 308 155 [089) 3738 1566 (516 409 | 75
8 707 6O sos 411 3s7s 775 [[3581 18a 078 3642 1865  [NESHN VAT s
9 834 35 598 444 3779 679 253 105 [OBEN 3sa3 a2 472 | a2 BB
10 933 [EBN s38 538 3545 687 206 [NG2OWIMOHEN 3as2 151 422 397 6
11 141|[0Be8| (814 461 | ass2 [EGEAN WEGEN 142 141 4297 2030 a6 | 349 [135
12 726 441 621 488 4144 654 198 157 [5520BHE 1500 BN s0s 5
13 675 S8 62 53 [MBSIN| e3 252 154 200 3014 1888 479 371 5
14 SN R s2s RS o5 s 132 (302 BB w20 451 414 625
15 85 374 a7 | a4 AN 759 228 | 112 198 4008 1842 458 | 338 8
16 109 364 |aea [0 3965 81 345 170 151 | 4093 1911 476 384 675
17 379 | 373 47562 306 IS 333 156 175 [8287 1583 46 373 [N
18 584 [1307 | sas 438 asso 703 [QEGBN 196 034 3844 1502 [514 33 775
19 B8 a0 so1 503 3402 668 20 178 [0kt | JBHEN 1762 48 352 7
20 643 | 339 539 | 55 4018 707 289 170 [JOMBN 4068 1682 485 367 675
21 109 300 [ s (35500 WS 223 SN 162 (3297 1382 18520 ;e | 75
22 550 | 470 682 468 3872 | 838 268 185 197 3726 1952 436 [ceen N85
23 BBl so0 662 | 419 3648 859 232 168 276 3921 | 2075 | 514 415 725
24 434 48 629 488 3880 | 882 | 313 [1673 1co [JEGS0N EEGSN x5 SN sos
25 926 437 683 49 ['3095 es8 246 147 197 | 3314 | 1743 4495 409 | 475
Mean 7.96 41178 584 4834 3861 72817 26.66 14952 158 3685 1768 4544 389772 639
Max 1586 577.98 865 60.29 4831 10435 4033 26815 453 4650 22047 5339 4488 9
Min 201 27057 322 3554 2862 4917 1631 5709 013 3097 11851 3141 2855  2.75

SD(0.01) 212 3337 077 24 1684 5364 268 1518 064 199 122 257 334 215

GN: Genotype number, TKW

: Thosand kernel weight (g), PYK: Percentage of yellowberry kernels (%).

Since durum wheat landraces genotypes with the higher element contents and lower PYK are
considered to be more promising, better candidates for any given trait are indicated with the darker
shades of green when darker shades of red indicates the opposite.

In Table 3, genotype performances can
be compared against each other by using the
cell color as an indicator: darker shade of green
represent the preferability of a genotype which
is associated with the higher microelement
contents, higher TKW and lower percentages of
yellowberry kernels. According to the heatmap,
almost every durum wheat pure line had a
unique element composition where selecting
for a perfect genotype were not possible. Thus,
choosing several genotypes as possible
candidates for the biofortification of different
microelements rather than selecting any pure
line being prominent by all would be more
accurate. Genotype 24 had highest P and S with
a high TKW when genotype 2 had the highest
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averages of Na and Ni contents. Moreover,
genotype 13 had the highest K and Ca contents
when genotypes 14, 7 and 8 were prominent by
B, Fe and Zn contents, respectively.

Highest average TKW were obtained
from the genotypes 24, 9 and 1, all of which
had a PYK (between %5.5 and 5.75) lower than
the mean PYK of all genotypes (%6.39, Table 2).
However, their element compositions varied
greatly. Both genotypes 11 and 2 had
reasonably high element compositions when
genotype 2 would be preferable in terms of
combining high TKW with lower PYK. (Table 3).

PYK averages of durum pure lines were
found to be promising. According to the rate
card declared from the Turkish Grain Board,
27% PYK is the upper limit for Group | durum
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wheat (Anonymous, 2019), meaning that the
higher percentages of yellowberry kernels than
this ratio causes financial loses for the farmers.
Our results suggest that PYK of landrace
derived pure lines differed between 2.75% - 9%

=

L

m iz = 5 5 @2
=

Figure 1. Color map of the correlation analysis

2

<
o

(Table 3). Since genotype averages falls under
27% we conclude that durum wheat cultivation
in Canakkale province may be feasible in terms
of meeting the quality requirements of the
market.

(o]

%‘3 e
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Table 4. Correlation coefficients between investigated parameters of pure lines

B Ca Cu Fe K Mg Mn Na Ni P S Zn TKW
Ca -0.15
Cu 0.04 0.22
Fe 0.10 -0.04  -0.03
K 0.0 0.07 0.12 0.22
Mg 0.10 0.42*%*  0.45** -0.06 0.42**
Mn  0.23 0.01 023  -004 -0.16 0.02
Na 0.02 -0.02 017 -0.18 0.3 -0.16  -0.05
Ni  0.20 0.34**  0.03 0.14  0.03 0.10 -0.06  0.09
013 -001 024 0.28* 0.58** 045** 001 -0.25 -0.20
S -019 028* 028* -021 0.20 0.55** -019 -0.12 022 030
Zn  -0.01 -001 -0.07 027* 0.4**  0.09 0.09 0.38** -0.08 0.41** -0.18
TKW -0.07  0.04 0.04 004 -027 -002 -001 -0.11 0.14 0.04 023 -0.16
PYK -0.10 0.02 023 010 -019 -036  0.04 -0.05 014 0.11 -0.21 0.43** -0.04
* significant at p<0.05, ** significant at p<0.01.
representation of the correlation table (Figure
Results of the correlation analysis 1), where two bulks of positive and significant
revealed several significant relationships relationships can be observed. First bulk

between various element contents (Table 4).
Most significant relationships were observed
between P and K (0.58) and Mg and S (0.55).
Mg, Ca and Cu were also positively correlated
with one other with varying correlation
coefficients between 0.42 and 0.45. These
relationships are more visible in the colored

372

included Ca, Cu and Mg when a second bulk can
be observed near the first, including Mg, S, P
and K (Figure 1). Similar positive correlations
among Mg, Ca and Cu contents were reported
before on a set of old and modern durum
wheat varieties (Ficco et al., 2009). Hakki et al.
(2014) confirmed positive correlations between
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Mg, P an S but reported non-significant
correlations among Mg, Ca and Cu contents of
several Turkish durum wheat genotypes.

Correlation analysis did not reveal any
significant relationships between TKW and
other traits. Similarly, non-significant negative
associations can be seen between many
elements with PYK except for Zn, which were
found to be positively and significantly
correlated to PYK (0.43). TKW and PYK were
negatively correlated but this relation was not
statistically significant (Table 4).

In conclusion, given the importance of
durum wheat products in Turkey,
biofortification of durum grain by element
contents would contribute to our nutrition.
There are many studies underlining this issue,
especially by Fe and Zn contents. Reports
indicate that human diet often lacks sufficient
amounts of Fe and Zn in the developing
countries (Welch and Graham 2002). Element
contents of crops can be increased through
increasing the amount of mineral fertilization
but depending on this alone will bring
additional costs to the farmers and bring about
the risk of pollution in both soil and
groundwaters (Xu et al.,, 2011). Thus, plant
breeding is considered as the foremost
measure for biofortification which relies to the
discovery of new genotypes with higher
capability of metabolizing and storing elements
(Cakmak et al., 2010). In our study, pure lines
24 and 2 can be recommended for cultivation
in Canakkale ecological conditions when all
traits were considered. Additionally, genotypes
2, 7, 8, 11, 13, 14 and 24 were found to be
promising candidates to increase element
contents of durum wheat. Landrace derived
pure lines were confirmed to contain a great
variability, proving to be valuable assets to the
future quality breeding programs.
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