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ABSTRACT

Wheat (Triticum aestivum L.) landraces are traditional adapted varieties developed and used by farmers but not usually
improved by breeders. The objective of our study was to compare the efficiency of three different methods (arrangements)
of homogeneity blocks to produce high-yield progenies during the breeding procedure of a local bread wheat landrace.
This original genetic material underwent a mass selection scheme in F, individual plants in three different experimental
designs to reduce soil heterogeneity (honeycomb, gridding, double rows); selection was based on individual plant grain
weight. In F; lines, bulk density was the selection criterion in a specific arrangement that divided the experimental field
into three plots for 12 subplots to reduce soil heterogeneity. The F, lines were evaluated in randomized complete block
trials for 2 yr based on grain yield, 1000-kernel weight, and bulk density. Progenies from the three different experimental
designs were compared. The gridding method seemed more efficient for evaluating sister lines because it maximized
yields, provided a greater number of promising lines, and F;/F, correlations were high and significant. Wheat plants did
not perform well under the double row system (mean bulk density 756 g L'). Heritability was high for all studied traits
(0.93) and bulk density was a reliable criterion for selecting promising genetic materials (90.1% genotype contribution in
variability) and revealed differences between methods. The local landrace was unstable and exhibited specific adaptability
to the cultivated environment. Selected lines (from the most efficient method) improved yield performance by 11% on the
average compared with the original population.

Key words: Evaluation, gridding, heterogeneity, honeycomb, Triticum aestivum.
INTRODUCTION

A successful breeding program must always develop cultivars with high and stable performance. Shebeski (1967) first
described selection for high yield performance based on early generation evaluation of individual plants. This concept
was later proven as not promising because of its low effectiveness (McGinnis and Shebeski, 1968; DePauw and Shebeski,
1973). Fasoulas (1988) recognized the single plant as the selection unit to improve yield potential. In plant genome, a
contrasting balance exists between genes that improve yield and performance stability and deleterious genes that lead to
deterioration (Fasoulas, 1993). This author also stated that soil heterogeneity and plant-to-plant competition might reduce
selection effectiveness. Fasoulas (1988) explained that, despite the type of heritability effects, the soil heterogeneity
parameter negatively affects selection efficiency by inducing non-uniform comparison conditions and reducing the
heritability of superior phenotypes. He also separated the Genotype x Environment interactions as a different negative
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efficiency factor. The author therefore proposed the honeycomb methodology and field designs suitable for evaluating
individual plants and reducing the masking effects of competition and soil heterogeneity. Vafias et al. (2007) also found
that inputs and intra-field soil heterogeneity are the major negative efficiency factors.

Early stage evaluation and pedigree selection of segregating genetic materials is a common practice in bread wheat
(Triticum aestivum L.) in organizations such as the International Maize and Wheat Improvement Center (CIMMYT) and
other institutions (Stratilakis and Goulas, 2003). These researchers have also depicted the problems of soil heterogeneity
and competition and concluded that proper plant allocation is needed to safely select the best individuals without the
masking effects of competition and soil heterogeneity. The honeycomb designs described by Fasoulas (1988) certainly
provide a plant allocation scheme in a hexagonal field arrangement with equal and adequate plant spacing and a type of
blocking with similar soil characteristics to reduce soil heterogeneity and improve individual plant comparisons. Gardner
(1961) was the first to suggest homogeneity blocks (grids) to compare plants safely within blocks. His grid mass selection
arrangement is a method to reduce soil heterogeneity within grids and increase selection efficiency. Shebeski (1967) used
a specific row arrangement and compared it to the adjacent check (control) rows to obtain more comparable results that
were free of soil heterogeneity within a block of rows. McGinnis and Shebeski (1968) later used double rows and early
generation evaluation but reported no progress.

Landraces are mixtures of sibling plants that are usually sown by local traditional farmers; they have great variability,
are not easily described, and have good potential to cope with abiotic stresses (Dwivedi et al. 2016). Camacho Villa et
al. (2005) described local populations as traditionally and historically sown materials with certain relative characteristics
that are collections with no official breeding. Jaradat (2011; 2013) reported that landraces were the main type of genetic
materials used by farmers. These local populations exhibit specific adaptability to the environments where they are
cultivated for many years (Almekinders et al., 1994). The improvement of local populations, old varieties, or landraces
is important because it can provide breeders with valuable genetic materials to develop cultivars by specifically adapting
to certain environmental conditions and novel genetic diversity (Dotlacil et al., 2010; Lopes et al., 2015). Landraces can
also increase biomass and 1000-kernel weight, which are important traits for adapting to drought and high heat (Lopes et
al., 2015). The evaluation of wheat landraces with beneficial diversity and certain stress adaptation stored in gene banks
can be used for wheat improvement (Hoisington et al., 1999; Lopes et al., 2015). Dotlacil et al. (2010) reported important
regressions for environmental responses of these genetic materials and trait correlations to be exploited by breeders.

The objective of our study was to compare three different methods of homogeneity blocks for their efficiency in
producing high-yield (with performance stability) progenies during the breeding procedure of a local bread wheat landrace.
Although early stage evaluation is considered ineffective due to environmental effects (Allard, 1960), we compared
the three methods (honeycomb, gridding, and adjacent control) based on certain criteria involving plant yield index
(PYT; Fasoula, 2006; 2013), grid yield (Gardner, 1961), and relative yield (McGinnis and Shebeski, 1968). Bulk density
calculations were preferred (as the basic selection trait) and estimations of variation and heritability were performed
simultaneously.

MATERIALS AND METHODS

The original genetic material was a well-adapted local bread wheat (Triticum aestivum L.) landrace (used locally as a
variety) from an isolated area in western Macedonia, Greece. Seeds of this genetic material were sown in 2007 on the farm
of the Technological Educational Institute (TEI) of Western Macedonia in Florina (40°46° N, 21°22° E; 705 m a.s.l.); the
soil was sandy loam: 61.2% sand, 27.6% silt, 11.2% clay, and pH 6.25. Climatic data (6-yr period) are shown in Figure 1.

Seeds from the 2008 harvest were used (in early November) to establish four experiments with different evaluation
designs to reduce intra-field soil heterogeneity. The first design (H) was an NR-O (non-replicated) honeycomb design
(Fasoulas, 1988) with 500 wheat plants and 0.87 m plant spacing (Figure 2). The second design (G) was a grid arrangement
(Gardner, 1961) with 32 grids and 16 plants per grid (Figure 3). Overall, 512 plants were sown with 0.5 m plant spacing.
The third design (S) was based on the design described by McGinnis and Shebeski (1968) with seven double wheat rows
(0.45 m plant spacing) and 0.9 m row spacing (Figure 4). Each row consisted of 40 wheat plants (0.45 m plant spacing)
with 560 plants. The fourth experiment was a honeycomb R-3 with three genetic materials (Figure 5) of the local landrace,
cv. Irnerio, and the old cv. Nestos to explore the variability between an older cultivar, a local landrace, and a well-adapted
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Figure 1. Climatological data, monthly rainfall, and monthly maximum temperature (Max. temp) and minimum
temperature (Min. temp) means for 6-year period.
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Figure 2. The honeycomb NR-0 arrangement with selection rings and plant yield index as selection formula for
the original population (landrace) on the farm of the Technological Educational Institute of Western Macedonia,
Florina, Greece.
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cultivar in a certain region. Evaluation included 100 plants of each material. Three F, seeds were sown in each hill and
thinning to one plant followed in the early development stages (February). 1) Individual plants were manually harvested
in July 2009. Grain yield (GY) of individual plants was weighed on an electronic balance (g). Selection for the evaluation
of the next generation was based on GY.
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Figure 3. The gridding method with blocks (grids) that reduce soil heterogeneity for the original population (landrace) on
in the farm of the Technological Educational Institute of Western Macedonia, Florina, Greece.
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Figure 4. The double row arrangement for the original population (landrace) on the farm of the Technological Educational
Institute of Western Macedonia, Florina, Greece.
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For honeycomb NR-O (H), the 32 best plants were selected based on plant yield index calculations (Figure 2),
PYI = (x/X,)*, where x is yield per plant (g) and X, is the mean plant yield of the surrounding plants within the moving
ring (Fasoulas, 2006; 2013). For the gridding method (G), the best plant in each grid was selected according to yield
performance (32 plants). For the third arrangement with double rows (S), the 32 plants of all rows with the best yield were
determined and selected without any further comparisons. In the fourth experiment, plants were weighed and means were
calculated.

The three materials (local landrace, ‘Irnerio’, and ‘Nestos’) were ranked and compared based on the coefficient of
homeostasis calculations (Figure 5) CH= (X/s), where X and s are the entry mean yield and standard deviation, respectively
(Fasoulas, 2006; 2013). Stability was estimated based on the reverse coefficient of variation (CV) of the honeycomb
design (Fasoulas, 1981). The 32 F; pedigree lines of each selected plant formed three plots of rows that were sown
separately and randomly (in separate blocks according to the experimental arrangement from which they were selected)
in November 2009. In every eighth row, the local landrace was sown as a control; it was also used for the four borders of
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Figure 5. The honeycomb R-3 arrangement with three entries (original local landrace, old ‘Nestos’, and ‘Irnerio’) and
stability index or coefficient of homeostasis (CH) on the farm of the Technological Educational Institute of Western
Macedonia, Florina, Greece.
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the whole experiment and the three different plots of rows derived from the three experimental arrangements (Figure 6).
Each plot of rows was divided into 4 subplots. Altogether, 112 rows were sown (96 = 3 x 32 F; lines and 16 rows of the
local landrace = 12 controls and 4 borders), creating a 3 x 4 = 12 grid arrangement (Figure 6). Row spacing was 0.25 m
and each row was 10 m long. Each row was harvested in July 2010.

The bulk density (as yield estimate) of each line was calculated with an electronic balance that also measures volume
(g L"). It was also calculated for the 12 controls. Relative bulk density was compared with the following control in each
subplot was calculated for all 96 F; lines. Borders were not harvested. The best five lines from each of the three plots were
selected (15 lines). The first four lines in each plot were selected as having the best performance (relative bulk density)
compared with the following control in each grid (subplot). The fifth line was selected as having the best yield in each plot
(for bulk density). Karimizadeh et al. (2012) refer to bulk density as a suitable selection criterion for yield improvement,
positively correlated (among other traits), and up to 0.90 grain yield (Hanchinal et al., 1993; Mason et al., 2007); it is used
in a recent study in terms of test weight (Yabwalo et al., 2018).

In November 2010 and 2011, two randomized complete block (RCB) designs were conducted (by selected seed
division) with the 15 F, lines (five lines for each selection design) and the original local landrace as a control. Each plot
consisted of 7 rows, 4 m long and with 25 cm row spacing (350 plants m?) and four replicates. Harvest was in July 2011
and 2012, respectively. Grain yield (GY, Mg ha'), 1000-kernel weight (TKW, g), and specific weight (bulk density, g L)
of each plot were measured. An ANOVA was performed separately for each year and as a total (year as additional factor).
Genetic materials were considered as a separate fixed factor. Analyses were based on Steel and Torrie (1980) and means
were separated according to Duncan’s method and Tukey’s honest test. The total sum of squares was used to estimate the
contribution of the two factors (genetic materials and year) based on the model’s expected mean squares (McIntosh, 1983;
Baxevanos et al., 2013). Cultivar phenotypic variance (0%) and genetic variance (0°,) were computed (MclIntosh, 1983).
The broad-sense heritability estimation (H?) was calculated as the 0%/0% ratio (Guillen-Portal et al., 2004). Finally, the
genotypic coefficient of variability (GCV), phenotypic coefficient of variability (PCV), and genetic advance (GA) were
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Figure 6. The F; line arrangement scheme with three plots of lines derived from the three compared methods and 12
subplots with adjacent controls (checks) to reduce soil heterogeneity on the farm of the Technological Educational
Institute of Western Macedonia, Florina, Greece.
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calculated according to Johnson et al. (1955), Akcura (2009), and Joseph et al. (2015). Correlations of GY values between
F,; and F, lines (F, was repeated in 2011 and 2012) for each method were performed according to Pearson’s coefficient
(Steel and Torrie, 1980). Correlations between GY, bulk density, and TKW were also calculated.

RESULTS

Table 1 provides data from the F, evaluation for the three different methods, showing that measurements of the best plants
selected for the GY trait ranged from 36.8 to 56.0 g for all methods; this wide range was achieved due to the honeycomb
design. Table 1 includes only the 32 best-performing plants selected by the evaluation criteria of each method. Yield and
stability estimations (Table 2) showed that the local landrace (34.4 g mean plant yield) was better than Greek ‘Nestos’
(32.8 g) but inferior to ‘Irnerio’ (37.8 g). Stability and coefficient of homeostasis (CH) were estimated. The local landrace
was rather unstable with stability of 4.5 and CH of 20.6 compared with the commercial cultivars.

The F; line evaluation data were based on bulk density and selected F; are in boldface in Table 3. The G-method gave
the best plants (mean of selected lines 771 g L') and the best control yield performance (mean 734 g L") was followed by
the H-method with a mean of 769 g L', while the S-method obtained the worst (mean 756 g L").

Table 4 displays the ANOVA components; it is clear that genotypes showed significant differences for all measurements
and only TKW showed significant differences for years. No interaction was found. This was better according to Baxevanos
et al. (2013) because of the sum of squares for years (SS(Y)%), sum of squares for genotypes (SS(G)%), and sum of squares
for interaction (SS(GxY)%); SS(G)% was the greatest proportion of total estimated variability (over 90% for GY and bulk
density). As for TKW, it was somewhat greater than SS(Y)% and SS(GxY)%. Genetic variability (0%,) and phenotypic
variability (0%,) were similar, that is, 3.44 and 3.7 for GY, 125.2 and 134.6 for bulk density, 0.39 and 0.42 for TKW,
respectively. Therefore, broad-sense heritability (H?) was high for all measurements (0.93). Bulk density showed stability
across years and the highest GA(21.43). Genotypic CV% (GCV) was approximately equal to phenotypic CV% (PCV),
and GY exhibited the highest (over 7%) compared with the other two traits (under 1%). The experimental coefficient of
variation CV (%) across years for GY was also the highest (8.83%). Separate ANOVA (based on means of the lines) for the
three methods and the control revealed that there were significant differences only for bulk density and TKW.

Table 5 indicates the total comparisons of means across the 2 yr for each trait measurement (GY, TKW, and bulk density)
of the five selections of F, progeny lines for the S, H, and G methods as well as the number of lines that outyielded the
control for each method. Means were separated according to Duncan’s and Tukey’s tests: differences between methods
were negligible for GY, a little for TKW, and more for bulk density. Duncan’s test showed greater differences, especially
for bulk density, and means were separated more easily. Gridding showed the best results, followed by the H-method and
S-method. The control was outyielded for all the trait measurements with 15/15 lines from all studied traits (5+5+5against
13/15 (4+5+4) for the H-method and 11/15 (3+4+4) for the S-method. They also showed the highest mean values across
years (GY = 3.56 Mg ha' increased 5.9% for the worst method and 10.6% for the control, bulk density = 740.6 g L"!
increased 1.4% for the worst method and 2.7% for the control, and TKW = 36.56 g increased 1.6% for the worst method
and 2.8% for the control).
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Table 1. The 32 individual plants selected in the first year of experimentation for the three methods: Honeycomb
(H-method), Gridding (G-method), and McGinnis and Shebeski (S-method) and their yield performance in g (means for

all methods of all plants).

H-method  Yield per plant ~ G-method Yield per plant ~ S-method  Yield per plant
g g g
H1 54.8 Gl 513 S1 50.5
H2 494 G2 48.6 S2 48.9
H3 443 G3 50.7 S3 46.7
H4 439 G4 479 S4 46.0
HS5 46.1 G5 453 S5 459
H6 39.6 G6 43.1 S6 45.8
H7 399 G7 46.1 S7 457
H8 409 G8 45.1 S8 455
H9 422 G9 473 S9 453
H10 494 G10 50.3 S10 453
H11 409 Gl11 48.7 S11 452
H12 44.6 G12 48.7 S12 450
H13 435 G13 48.2 S13 44.6
H14 50.0 Gl14 47.8 S14 444
H15 41.8 G15 46.3 S15 440
Hl16 56.0 Gl6 46.2 S16 438
H17 453 G17 455 S17 43.7
H18 41.5 G18 472 S18 43.6
H19 374 G19 44.0 S19 433
H20 52.0 G20 48.1 S20 433
H21 48.2 G21 495 S21 432
H22 39.8 G22 49.1 S22 432
H23 43.1 G23 473 S23 429
H24 36.8 G24 48.8 S24 428
H25 43.7 G25 50.1 S25 428
H26 430 G26 525 S26 42.7
H27 46.7 G27 472 S27 42.6
H28 45.7 G28 493 S28 425
H29 475 G29 474 S29 425
H30 44.7 G30 499 S30 424
H31 48.9 G31 443 S31 424
H32 442 G32 46.6 S32 424
Mean 333 Mean 36.4 Mean 34.8

Bulk density maximized statistical differences between methods and the control, showing significant differences

for the mean of the best method compared with the control and near limit differences for the mean of the best method
compared with the mean of the worst method. The most efficient method (G-method) also produced the best-performing
line for bulk density (754.0 g L"), whose yield was 5% higher than the control (720.8 g L), followed by a line derived
from the H-method (747.5 g L'). Both superior lines also showed the best GY performance (3.77 and 3.78 Mg ha”,

respectively). Separate comparisons of means for the 2 yr (2011 and 2012) for each trait measurement (GY, TKW, and
bulk density) were performed and were of no statistical interest because of the low genotype x year interaction. Bulk
density exhibited the most significant results for comparisons between selected lines and the control.

The F./F, correlations for the three methods showed that F; to 2011-F, for the G-method were statistically significant.
The correlation coefficient was 0.95 (year 2011-F,) and 0.81 (year 2012-F,) at the limit of significance (p = 0.05) only
for the G-method. The GY to bulk density correlations were significant at P = 0.05 (0.63 for 2011 and 0.83 for 2012).

Table 2. Mean yield per plant and stability and coefficient of homeostasis (CH) estimations for the three genetic materials

used in replicated honeycomb design R-3 (‘Irnerio’, local landrace, and ‘Nestos’).

Entry Mean yield Mean Stability  Stability CH CH
% % %
Irnerio 100.00 5.88 100.00 34.54 100.00
Local landrace 90.85 4.54 77.17 20.57 59.55
Nestos 86.67 5.54 94.30 30.72 88.92
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Table 3. The F; line evaluation data based on bulk density for three methods with selected lines in boldface, mean of
controls, and mean of selected lines.

H-method G-method S-method

Line Nr Bulk density Line Nr Bulk density Line Nr Bulk density
gL gLt gL!
H7 689 G6 711 S8 703
H1 715 G7 713 S3 709
H6 722 Gl 720 S5 712
HS8 730 G8 724 S7 716
H3 735 G5 731 Sl 717
HS5 744 G2 732 S6 740
H2 755 G4 736 S4 752
H4 773 G3 778 S2 753
Control 705 753 725
HI10 654 Gl4 723 Si4 714
HI1 720 Gl6 724 S15 719
H14 724 Gl1 726 S9 727
H9 740 G9 733 S11 727
HI2 740 GI2 734 S12 731
HI15 742 GI15 746 S13 731
HI6 742 GI10 753 S10 738
HI3 757 GI13 771 S16 740
Control 721 708 696
H24 664 G17 714 S20 719
H17 723 G22 724 S18 736
H21 730 G20 738 S24 736
HI8 735 GI18 749 S17 743
H19 742 G24 752 S22 7438
H23 742 G21 754 S23 7438
H20 759 G23 765 S19 752
H22 785 GI19 769 S21 758
Control 744 754 714
H28 703 G28 711 S22 693
H31 707 G25 718 S29 703
H29 716 G29 718 S26 712
H26 720 G31 721 S30 718
H32 721 G30 741 S25 719
H27 738 G32 748 S31 727
H25 746 G26 753 S32 757
H30 772 G27 773 S27 772
Control 727 721 693
Mean of control 724 734 707
Mean of selected lines 769 771 756

Selected lines are in boldface (additional selected lines in italics).
H-method: Honeycomb; G-method: gridding; S-method: McGinnis and Shebeski.

DISCUSSION

Plant breeders seek the most effective selection procedure to achieve progress. Early stage evaluation and pedigree selection
of segregating genetic materials combined with soil heterogeneity has triggered the demand for plant field arrangements to
overcome individual plant selection problems. Our data analyzed the efficiency of three field arrangements to reduce the negative
effects of soil heterogeneity using criteria such as the basic selection trait that ensures stability across years, yield maximization,
heritability, GA maximization, promotion efficiency of promising materials, and the relationship between advanced generations.
Furthermore, starting materials must be appropriately selected by a prognostic methodology that ensures the yield potential of
individual plants, which develop promising progeny lines with heritable results, thus maximizing efficiency.
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Table 4. Factor analyses (ANOVA) for each trait: grain yield (GY), 1000-kernel weight (TKW), and specific weight (bulk
density). Estimations of sum of squares for years (SS(Y)%), sum of squares for genotypes (SS(G)%), sum of squares
for interaction (SS(GxY) %), genetic variability (¢%,), phenotypic variability (¢%,), genetic advance (GA), heritability (H*),
phenotypic CV% (PCV), genotypic CV% (GCV), and experimental coefficient of variation (CV) across years.

Effects GY Bulk density TKW
Mg ha' gL’ g
Years (Y) ns ns Hk
Genotypes (G) sk Hesksk stk
GxY ns ns ns
Methods (M) ns Hk *
SS(Y)% 24 3.6 38.9
SS(G)% 90.9 90.1 56.4
SS(GxY)% 6.7 6.3 4.7
o’g 344 1252 0.39
o’p 3.7 134.6 0.42
H? 0.93 0.93 093
GA 3.55 2143 1.20
PCV 743 0.016 0.018
GCV 7.17 0.015 0.017
CV, % 8.83 1.96 2.12

*, % w#%Significant at the 0.05,0.01,0.001 probability levels, respectively.
ns: Nonsignificant.

In our dataset, the local landrace showed expected unstable field performance according to the criteria being used, a
mixture of homozygous genotypes that led to a considerable variation (Fasoulas, 1988; Moghaddam et al., 1997). Our
local landrace exhibited satisfactory performance because it was better than the old Greek ‘Nestos’, exploiting buffering
and stable performance of promising individuals (Fasoulas, 1993; Karagoz, 2013) and exhibiting specific adaptability to
the environment where it has been cultivated for many years (Almekinders et al., 1994).

Gridding (Gardner, 1961) was the first systematic attempt to reduce soil heterogeneity within relatively homogeneous
blocks. In our study, the G-method had the best plants and the best control yield performance, followed by the H-method;
the S-method exhibited the worst results, indicating that double rows are not a suitable arrangement for wheat plants. The
H-method had the widest range in F, generation, contributing to better individual differentiation (Fasoulas, 1988). The
G-method obtained the best results for selecting lines because this method selected 15/15 lines for all traits against 13/15 for
the H-method and 11/15 for the S-method that outyielded the control and showed the highest values of means across years.

Lines developed by the three methods showed significant differences in RCB, reflecting the genetic differentiation
incorporated in the selected genetic materials. Heritability was high for all measurements (traits) and GA was higher for
bulk density. Bulk density was a stable trait across years, with low CV and satisfactory genotype differentiation. Yabwalo
et al. (2018) mentioned stability in test weight as a criterion for selecting genotypes: test weight is another calculation of
bulk weight. In addition, this trait (bulk weight) showed the largest number of lines that outyielded the original population
(landrace). Bulk density maximized differences between all methods and the control. The most efficient method (G) also
obtained the best performing line for this trait, followed by a line derived from the H-method. These two superior lines also
exhibited the best GY performance. Charmet et al. (2014) reported high heritability for test weight (trait similar to bulk
density) and Yaqoob (2016) for GY with a low GCV/PCV ratio under normal conditions, but not under abiotic stresses.

Grain yield showed the highest experimental CV, indicating that it is better to rely on a similar trait such as bulk
density (or test weight) that had a more reliable (statistically) performance under various conditions (Kumar et al.,
2001); simultaneously, it is highly correlated to GY and suitable for breeding programs (Kaddem et al., 2014). In our
dataset, correlations of bulk density with GY and TKW were significant, indicating that this trait can substitute direct
yield estimations, which concurs with findings by Kaddem et al. (2014). Although heritability can be high in various
experiments, Fasoulas (1988) stated that CV values, especially for yield, can also be high (as a stability criterion), and
the negative effects of soil heterogeneity can reduce the phenotypic superiority expression. Bulk density was the basic
selection criterion of our study because it provided the most significant results for comparisons between selected lines
and the control. Aydin et al. (2010) suggested that plant height and bulk weight (hectolitre test weight) could be used as
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Table 5. Total comparisons of means across 2 years for each trait measurement: Grain yield (GY), 1000-kernel weight
(TKW), and specific weight (bulk density) of the five selections (1 to 5) of F, progeny lines for the McGinnis and Shebeski
(S), honeycomb (H), and gridding (G) methods as well as the means of all methods and the number of lines that were better
than the control (local landrace) for each method.

Genotypes GY Bulk density TKW
Mg ha' gLt g
1-(S2) 3.50abc 734.5bcdef 36.68ab
2-(S16) 3.48abc 738.8abcde 36.83a
3-(S21) 3.05¢d 705.3g 34.94¢
4-(S32) 3.67ab 746.3abc 36.51ab
5-(S27) 3.08abc 727 .0def 3591bc
S-mean 3.36abc 730.4cdef 36.17abc
S better than control 3 4 4
1-(H4) 3.78a 747 .5ab 36.89a
2-(H13) 3.49abc 743 3abcd 36.57ab
3-(H20) 3.28abc 732.0bcdef 35.81bcd
4-(H22) 3.50abc 730.0cdef 35.63cde
5-(H30) 2.81d 723 0ef 35.06de
H-mean 3.37abc 735.2bcdef 36.0bc
H better than control 4 5 4
1-(G3) 3.77a 754.0a 36.95a
2-(G13) 3.67ab 747.1ab 36.61ab
3-(G23) 3.46abc 743 Oabcd 36.33abc
4-(G19) 3.40abc 721.5f 36.08abc
5-(G27) 3.51abc 737.3bcdef 36.85a
G-mean 3.56abc 740.6abcd 36.56ab
G better than control 5 5 5
Control 3.22bcd 720.8f 35.56¢cde
F test Hkk kokk ®kk
CV, % 8.8 1.95 2.12

primary selection criteria to improve GY in wheat. Furthermore, it is a criterion for productivity and seed quality (ADAS,
2015). This trait is important because landraces or local populations also contribute in improving wheat quality (Dotlacil
etal.,2010; Lopes et al., 2015).

The F,/F, correlation coefficients for the three methods showed that only the G-method for 2011-F, showed relatively
high and significant results. For 2012-F, all methods showed similar, relatively high, but nonsignificant results except
for the G-method (at the limit of significance). McGinnis and Shebeski (1968) estimated the correlation between F,
plant yield and F; line yield as 0.13 for wheat. McKenzie and Lambert (1961) reported low but significant correlation
coefficients (0.31 to 0.54) between F; and Fs generations in barley (Hordeum vulgare L.); they concluded that early
selection from the F; generation is practically ineffective. Briggs and Shebeski (1967) reported zero correlation in
progressive wheat generations, but the same authors later reported significant correlations between F; and Fs generations
(Briggs and Shebeski, 1971). Shebeski (1967) reported significant correlations between F; and Fs generations (r = 0.85).
Skorda (1973) also reported zero correlations between F, plant yield and F; line yield in wheat.

Method comparisons have never performed as analyzed in the present study. However, Nagi et al. (1987) and Singh et
al. (1987) reported a higher efficiency of the H-method compared with other pedigree methods to isolate superior cotton
genotypes. As for wheat, Stratilakis and Goulas (2003) did not find a higher efficiency of the H-method compared with
other pedigree methods. Fasoulas (2006; 2013) described prognostic equations for selection efficiency. We used PYI
(Fasoula, 2006; 2013) and the honeycomb design to safely select the best plants in F,, although we tried three different
methods to cope with soil heterogeneity.
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CONCLUSIONS

The gridding method was more efficient for evaluating wheat genetic materials because it maximized yields, provided
a greater number of promising lines, and had high and significant Fy/F, correlations. Given that local populations are
a mixture of inbred wheat individuals, they were not suitable in double row spacing; this indicates that wheat cannot
be cultivated under a double row system, which could not boost the performance of wheat genotypes. Heritability was
high for breeding purposes and bulk density was a reliable criterion for selecting promising genetic materials. The local
population (landrace), although unstable, can exhibit specific adaptability in the cultivated environment where it showed
good performance. Lines selected (from the original population) by the most effective method (gridding) improved yield
performance (grain yield) by 11% on the average (6.5% for lines from all methods).

ACKNOWLEDGEMENTS

The authors are grateful to late professor St. Zotis for his valuable contribution on the experimental procedure. Professor
St. Zotis also provided the farm at the Technological Educational Institute of Western Macedonia of the Department of
Agricultural Technologists, School of Agricultural Technology, Food Technology and Nutrition, Florina, Greece.

REFERENCES

ADAS. 2015. Review of the objectives of modern plant breeding and their relation to agricultural sustainability. Reference Nr
CSF1046. ADAS UK Ltd., Cambridge, UK.

Akcura, M. 2009. Genetic variability and interrelationship among grain yield and some quality traits in Turkish winter durum
wheat landraces. Turkish Journal of Agriculture and Forestry 33(6):547-556. doi:10.3906/tar-0903-5.

Allard, R.W. 1960. Principles of plant breeding. Wiley, New York, USA.

Almekinders, C.J.M., Louwaars, N.P., and de Bruijn, G.H. 1994. Local seed systems and their importance for an improved seed
supply in developing countries. Euphytica 78:207-216. doi: 10.1007/BF00027519.

Aydin, N., Ermet, C., Mut, Z., Bayram, H.O., and Ozcan, H. 2010. Path analyses of yield and some agronomic and quality traits
of bread wheat (Triticum aestivum L.) under different environments. African Journal of Biotechnology 9(32):5131-5134.

Baxevanos, D., Tsialtas, I.T., and Goulas, C. 2013. Repeatability and stability analysis for fiber traits in upland cotton (Gossypium
hirsutum L.) Australian Journal of Crop Science 7(10):1423-1429.

Briggs, K.G., and Shebeski, L.H. 1967. Implications concerning the frequency of control plots in wheat breeding nurseries.
Canadian Journal of Plant Science 48:149-153. doi:10.4141/cjps68-027.

Briggs, K.G., and Shebeski, L.H. 1971. Early generation selection for yield and breadmaking quality of hard red spring wheat.
Euphytica 20:53-463. doi:10.1007/BF00035673.

Camacho Villa, T.C.,Maxted, N., Scholten, M., and Ford-Lloyd, B. 2005. Defining and identifying crop landraces. Plant Genetic
Resources 3:373-384. doi: 10.1079/PGR200591.

Charmet, G., Storlie, E., Oury, F.X., Laurent, V., Beghin, D., Chevarin, L., et al. 2014. Genome-wide prediction of three
important traits in bread wheat. Molecular Breeding 34:1843-1852. doi:10.1007/s11032-014-0143-y.

DePauw, R.M., and Shebeski, L.H. 1973. An evaluation of early generation yield testing procedure in Triticum aestivum L.
Canadian Journal of Plant Science 53:465-470. doi:10.4141/cjps73-089.

Dotlacil, L., Hermuth, J., Stehno, Z., Dvoracek, V., Bradov4, J., and Leisova, L. 2010. How can wheat landraces contribute to
present breeding? Czech Journal of Genetics and Plant Breeding 46:S70-S74. doi:10.17221/1519-CJGPB.

Dwivedi, S.L., Ceccarelli, S., Blair, M.W., Upadhyaya, H.D., Are, A K., and Ortiz, R. 2016. Landrace germplasm for improving
yield and abiotic stress adaptation. Trends in Plant Science 21:31-41. doi:10.1016/j.tplants.2015.10.012.

Fasoula, V.A. 2006. A novel equation paves the way for an everlasting revolution with cultivars characterized by high and stable
crop yield and quality. p. 7-14. Proceedings of 11" National Hellenic Conference in Genetics and Plant Breeding, Orestiada,
Greece. 31 October-2 November 2006. Hellenic Scientific Society for Genetics and Plant Breeding, Thessaloniki, Greece.

Fasoula, V.A. 2013. Prognostic breeding: A new paradigm for crop improvement. Plant Breeding Reviews 37:297-347.
doi:10.1002/9781118497869.ch6.

Fasoulas, A.C. 1981. Principles and methods of plant breeding. Department of Genetics and Plant Breeding, Aristotle University
of Thessaloniki, Thessaloniki, Greece.

Fasoulas, A.C. 1988. The honeycomb methodology of plant breeding. Department of Genetics and Plant Breeding, Aristotle
University of Thessaloniki, Thessaloniki, Greece.

Fasoulas, A.C. 1993. Principles of crop breeding. Department of Genetics and Plant Breeding, Aristotle University of
Thessaloniki, Thessaloniki, Greece.

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 79(2) APRIL-JUNE 2019 220



Gardner, C.O. 1961. An evaluation of effect of mass selection and seed irradiation with thermal neutrons on yield of corn. Crop
Science 1:241-245. doi:10.2135/cropscil961.0011183X000100040004x.

Guillen-Portal,F.R.,Russell, W.K.,Eskridge, K.M., Baltensperger,D.D.,Nelson,L.A.,D’Croz-Mason,N.E.,et al. 2004. Selection
environments for maize in the U.S. Western High Plains. Crop Science 44:1519-1526. doi:10.2135/cropsci2004.1519.

Hanchinal, R.R., Tandon, J.P., and Salimath, PM. 1993. Variation and adaptation of wheat varieties for heat tolerance in
Peninsular India. p. 175-183. In Saunders, D.A., and Hettel, G.P. (eds.) Wheat in heat-stressed environments: Irrigated, dry
areas and rice-wheat farming systems. CIMMYT, Mexico, D.F.

Hoisington, D., Khairallah, M., Reeves, T., Ribaut, J.M., Skovmand, B., Taba, S., et al. 1999. Plant genetic resources: What can
they contribute toward increased crop productivity? Proceedings of the National Academy of Sciences of the United States
of America 96(11):5937-5943.d0i:10.1073/pnas.96.11.5937.

Jaradat, A.A.2011. Wheat landraces: genetic resources for sustenance and sustainability. p. 1-20. USDA-ARS, Morris, Minnesota,
USA. Available at https://www.ars.usda.gov/ARSUserFiles/50600000/products-wheat/AAJ-Wheat%?20Landraces.pdf
(accessed June 2018).

Jaradat, A.A. 2013. Wheat landraces: A mini review. Emirates Journal of Food and Agriculture 25(1):20-29.

Johnson, H.W., Robinson, H.F., and Comstock, R.I. 1955. Estimates of genetic and environmental variability in soybeans.
Agronomy Journal 47:314-318. doi:10.2134/agronj1955.00021962004700070009x.

Joseph, O.D., Oduwaye, O.A., Olakojo, S.A., and Ojo, D.K. 2015. Genetic variability, repeatability, traits relationships and path
coefficient analysis in low nitrogen donor white inbred lines of maize (Zea mays L.) Maydica 60(3):M25.

Kaddem, W.K., Marker, S., and Lavanya, G.R. 2014. Investigation of genetic variability and correlation analysis of wheat
(Triticum aestivum L.) genotypes for grain yield and its Component traits. European Academic Research 2(5):6529-6538.

Karagoz, A. 2013. Wheat landraces of Turkey. Emirates Journal of Food and Agriculture 26(2):149-156.
doi:10.9755/ejfa.v26i2.16397.

Karimizadeh, R., Sharifi, P., and Mohammadi, M. 2012. Correlation and path coefficient analysis of grain yield and yield
components in durum wheat under two irrigated and rainfed condition. International Journal of Agricultural Research and
Review 02(03):277-283.

Kumar, S., Bangarwa, A.S., Katlian, V.S., and Phogat, S.B. 2001. Correlation and regression studies of yield attributes and grain
yield of wheat (Triticum aestivum L.) Agricultural Science Digest 21(1):46-48.

Lopes, M.S., El-Basyoni, 1., Baenziger, P.S., Singh, S., Royo, C., Ozbek, K., et al. 2015. Exploiting genetic diversity
from landraces in wheat breeding for adaptation to climate change. Journal of Experimental Botany 66:3477-3486.
doi:10.1093/jxb/erv122.

Mason, H., Navabi, A., Frick, B., O’Donovan, J., Niziol, D., and Spaner, D. 2007. Does growing Canadian western hard red
spring wheat under organic management alter its breadmaking quality? Renewable Agriculture and Food Systems 22:157-
167.doi:10.1017/S1742170507001688.

McGinnis, R.C., and Shebeski, L.H. 1968. The reliability of single plant selection for yield in F,. p. 410-415. In Finlay, K.W.,
and Shepherd, K.W. (eds.) Third International Wheat Genetics Symposium, Canberra. Australian Academy of Science,
Canberra, Australia.

MclIntosh, M.S. 1983. Analysis of combined experiments. Agronomy Journal 75:153-155. doi: 10.2134/agronj1983.0002196200750001004 1x.

McKenzie, R., and Lambert, J. 1961. A comparison of F; lines and their related Fs lines in two barley crosses. Crop Science
1:246-249. doi:10.2135/cropscil961.0011183X000100040005x%.

Moghaddam, M., Ehdaie, B., and Waines, J.C. 1997. Genetic variation and interrelationships of agronomic characters in
landraces of bread wheat from southeastern Iran. Euphytica 95:361-369. doi:10.1023/A:100304561.

Nagi, P.S., Singh, T.H., and Chahal, G.S. 1987. Application of the honeycomb design for early generation selection in cotton
(Gossypium harboreum L.) p. 288-294. Proceedings 1** Symposium on Crop Improvement. 23-27 February. Crop Improvement
Society of India, Indian Council of Agricultural Research, and Punjab Agricultural University, Ludhiana, India.

Shebeski, L.H. 1967. Wheat and breeding. p. 249-272. In Nielyen, K.F. (ed.) Proceedings of Centennial Wheat Symposium,
Saskatoon, Saskatchewan, Canada.

Singh, T.H., Randhawa, L.S., and Chahal, G.S. 1987. Comparative efficiency of different methods and early generation in
Upland cotton. p. 319-326. Proceedings of 1* Symposium on Crop Improvement. 23-27 February. Crop Improvement
Society of India, Indian Council of Agricultural Research, and Punjab Agricultural University, Ludhiana, India.

Skorda, E.A. 1973. Increasing the efficient of selection for F, plant yield by reducing environmental variability. p. 595-600. In
Sears, E.R., and Sears, L.M.S. (eds.) 4" International Wheat Genetics Symposium, Columbia. 6-11 August. University of
Missouri, Columbia, Missouri, USA.

Steel, R.G.D., and Torrie, J.H. 1980. Principles and procedures of statistics: Biometrical approach. 2™ ed. McGraw-Hill, New
York, USA.

Stratilakis, S.N., and Goulas, C.K. 2003. Yield performance at three nitrogen rates of a set of honeycomb vs traditional pedigree
selected bread wheat varieties. European Journal of Agronomy 19:65-76. doi:10.1016/S1161-0301(02)00014-X.

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 79(2) APRIL-JUNE 2019 221



Vafias, B., Goulas, C., Lolas, G., and Ipsilandis, C.G. 2007. A triple stress effect on monogenotypic and multigenotypic maize
populations. Asian Journal of Plant Sciences 6:29-35. doi:10.3923/ajps.2007.29.35.

Yabwalo, D.N., Berzonsky, W.A., Brabec, D., Pearson, T., Glover, K.D., and Kleinjan, J.L. 2018. Impact of grain morphology
and the genotype by environment interactions on test weight of spring and winter wheat (Triticum aestivum L.) Euphytica
214:125. doi:10.1007/s10681-018-2202-7.

Yaqoob, M. 2016. Estimation of genetic variability, heritability and genetic advance for yield and yield related traits in wheat
under rainfed conditions. Journal of Agricultural Research 54(1):1-14.

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 79(2) APRIL-JUNE 2019 222



