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ABSTRACT

The study was carried out to evaluate 20 bread wheat cross populations in F,, F, and F, segregating generations, and to
determine promising cross combinations with high performance for spike characteristics and grain yield. The five parents
of the crosses were also evaluated along with the populations over the years. The ranges of mean value across populations
were 8.66-10.94 cm for spike length, 41.08-54.96 number of grains per spike, 2.07-2.50 number of grains per spikelet,
1.89-2.46 g for grain weight per spike, 1.89-2.43 for spike density, 69.8-75.85% for spike index and 3592-5478 kg ha™! for
grain yield on average. These ranges were larger for all traits than the across generations indicating that there is sufficient
variation for spike traits in the populations studied. Considering the statistical significance among the generations for the
investigated spike traits, selection will be more efficient in as early generation as possible for the number of grains per
spike, the number of grains per spikelets. Though it is not statistically significant the highest spike length and spike index
values were obtained in the F, generation means that it may be appropriate to select in early generation for these traits
keeping in mid the hybrid vigor may be affecting the traits of interest. It was concluded that it would be more appropriate
to make the selection for the remaining spike characters after the F, generation. Among the parents used in crosses, Sana,
Pehlivan and Krasunia cultivars showed their high performance in spike characteristics, and it might be plausible to use
them as parents in wheat breeding studies to increase yield through spike characteristics. The Sana/Flamura 85, Sana/
Krasunia, Pehlivan/Sana, Bezostajal/Krasunia and Krasunia/Pehlivan were noted as the most promising crosses for spike
characteristics.
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Introduction 2011), and is the primary source of protein for the

A significant increase in the production of cereals,
which are the most important crop plants, in the next
decades, is of critical importance due to the increasing
global population. This is particularly difficult as it is
anticipated that key manageable resources, which are
important components of crop production, will not
increase (Connor and Minguez, 2012) and available
land will likely decrease (Albajes, et al., 2013).

Among the most important crops, wheat is one of
the most critical for ensuring the nutrition of the world
population: because it is the most widely grown crop
in the world and accounts for 30% of global cereal
production and 45% of grain nutrition (Charmet,

world population, representing 20% of daily intake
for developing countries (Braun et al., 2010). It is
considered to be a situation that can only be achieved
by recovering high rates of genetic gains, but that
cannot be easily achieved as there is evidence that
genetic gains in yield are much lower than required
recently (Reynolds et al., 2012). The actual rate of
wheat production in recent years has increased by
only 0.5% per year, far less than the 1.4% required to
deal with the growing human population (Ray et al.,
2013). Therefore, improved wheat production should
be provided by further increasing the grain yield per
area. The possibility of accelerating the breeding



process will increase with the genetic variation
information available for traits determining yield in
early generations (Reynolds and Borloug, 2006).
Wheat is one of the plants that plays the most
critical role in food the world population. Wheat is
the most widely grown plant in the world due to its
adaptability. Wheat provides 30% of global grain
production and 45% of grain nutrition (Charmet , 2011)
and in developing countries, it is the primary source of
protein in the world’s population, accounting for 20%
of the daily intake (Braun et al., 2010). These high rates
can be achieved by recovering genetic gains, and there
is evidence that increases in wheat yield have been
low in recent years, and it is considered that the food
needed for nutrition in the future cannot be provided
by such an increase (Reynolds et al., 2012). It shows
that wheat production has increased by 0.5% in recent
years, which is well below the 1.4% increase needed by
the increasing world population (Ray et al., 2013). In
order to meet the food needs, wheat production must be
increased by further increasing the grain yield per unit
area. Accelerating the breeding process with genetic
diversity information for the traits that determine yield
in early generations will increase the probability of
increasing yield (Reynolds and Borloug, 2006).
Grain weight per spike, considered the final yield
component, is the end point in the development of
many components that occur in the early growth stages.
Since the grain weight per spike has a direct effect on
the harvest index, it makes an important contribution
to yield formation. It directly reflects the efficient use
of nutrients and their transport to productive parts
of the plant (Borojevich, 1983). It was stated that
grain yield is influenced by spike characters like spike
length, a number of grains per spike and spikelet, grain
weight per spike, spike density and spike index. For
the improvement of wheat yield, these attributes must
be improved for selection so that the yield of the wheat
can be increased because these have a strong association
with the grain yield (Ahmed et al., 2023). Qu et al.
(2009) reported that grain yield was improved with the
increasing number of grain spikelets because of the
increased spikelet number. Grain yield, which is the
primary characteristic considered in wheat breeding,
is a complex trait that is controlled by many genes
and is highly affected by environmental conditions
(Shi et al., 2009; Oztiirk et al., 2023). The yield, the
final product of many processes, is determined directly
and multilaterally by the yield components such as
productive spikes per unit area, the number of grains
per unit area and the total kernel number per unit area
that is the product and grain crop per ear (Arbuzova et
al., 2010). Wheat spike characters are a key determinant
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of multiple grain yield components and a detailed
examination of spike traits is beneficial to explain
wheat grain yield and the effects of differing agronomy
and genetics (Zhou et al., 2021).

Analysis of breeding history also revealed wheat
grain yield improvement in the last century was highly
associated with an increase in grain number per unit
area, which is largely determined by the grain number
per spike (Hawkesford et al., 2013). Wheat grain
number per spike is determined by the combination
of the number of spikelets per spike and the number of
grains per spikelet and each wheat spikelet has more
than one grain. This makes the wheat spikelet one of
the most essential grain yield components (Wolde et
al., 2019). Other characteristics that affect the total
number of grains are considered as the number of fertile
tillers per plant, the number of spikelets per spike and
the number of fertile flowers per spikelet.

A combination of length and density, a spike is a
source of assimilation considered an essential trait of
the yield. Spikes are green and functional with the awns
(Sharma and Subehi, 2003). In wheat, all parts of the
ear, such as the awn, glume, lemma, palea, pericarp
and even peduncle, are capable of photosynthesis, and
a significant portion of assimilates are obtained from
the photosynthesis of these organs (Wang et al., 2001).
Especially the awn plays an important role in the grain-
filling stages and contributes to large grain and high
grain yield in awn wheat varieties (Li et al., 2006).
Various results have been obtained on the contribution
of a spike to grain yield as an organ that regulates
photosynthesis and respiration in many wheat varieties.
It has been reported that it contributes 10-76% (Wang
et al., 2001) and approximately 22-45% (Maydup et
al., 2010), and these rates are higher than any flag leaf
or other leaves.

In this direction, it was aimed to determine
appropriate promising bread wheat cross combinations
and F,, F, and F, generations for grain yield and spike
characters at E,, F, and F, generations in Tekirdag
ecological condition.

Materials and Methods

Twenty bread wheat population and 5 five bread
wheat varieties, which are the parents of the populations
were used as genetic material in the study (Table 1).
No selection was made in the E,, F, and F, generations.

The study was conducted in the experimental area
of Namik Kemal University Faculty of Agriculture,
Department of Field Crops during three growing
seasons using randomized complete block design with
four replicates. The trials consist of 4 m?(20 cm- spaced

4 rows, 5 m long) plots. Seeding density was 500 seeds

\ bitki 1slahgilan alt birligi
www.bisab.org.tr




per m?. The sowing time was at the end of October
each year, and a total of 160 kg ha' N fertilization
was applied in the sowing, tillering and booting stages
divided equally into three. Weeds were chemically
controlled.

In this study, grain yield spike length, number of
grain per spike, grain weight per spike, number of grain
per spikelet, spike density and spike index were
measured in the spike of 10 plants in three consecutive
segregating populations (F,, F, and F, The spike density,
grains/spikelets and spike index were calculated as:

_ Spikelets/spike
Spike length

Grains/spike
GSL=o . ..~
Spikelets/spike

= Grain weight/spike

Spike weight

Combined analyses of variance (ANOVA) across
generations for grain yield and some spike traits were
performed. The “MSTAT version 3.00/EM” package
program is used for statistical analysis. The differences
among means for parents and populations for each year
were determined by Duncan’s New Multiple Range Test.

Results and Discussion

The results of combined analyses of variance
(ANOVA) including three consecutive generations for
each traits indicated that there were highly significant
differences among populations means. However, the
mean differences between the generation averages
were not significant for spike length, grain weight per
spike and spike index. The results of the significance
test performed to determine the differences between
populations and generation averages for each trait
examined are shown in Table 2.

The important difference between populations for
traits indicates the presence of significant variation
between populations in which traits are studied
and allow breeders to improve these traits through
breeding. The grain yield which is the most important
economic trait in wheat improvement is a complex
quantitative trait controlled by multiple genes and
is highly influenced by environmental conditions
(Shi et al., 2009). Since non-genetic effects are
large (Bernardo, 2003), early generation selection
is expected to be ineffective for grain yield. But,
screening of segregating populations can give us ideas
for future evaluations.

Spike length: Average spike length values in
hybrid combinations varied between 8.66-10.94 cm,

and between 9.70-10.41 cm in E,, F, and F, segregation
progeny. Population 17 showed maximum spike length
(10.94 cm), followed by population 16 (10.92 cm),
and populations 19 and 9 (10.82 and 10.68 cm). The
lowest ear length population 1 (8.66 cm) was obtained.
Considering the mean values for spike length in hybrid
combinations, combinations 17, 16, 18,9, 15, 14, 6 and

4 were determined as promising.

Number of grains per spike: The number of
grains per ear in the hybrid combinations varied in a
wide range between 41.08-54.96, and population 16
took the first place in terms of the number of grains
per head with 54.96. Population 14 was ranked with
the number of grains in 52.89 spikes and populations
7 and 8 were ranked later with the number of grains in
52.64 and 49.98 spikes. The lowest number of grains
per spike was obtained in the number 1 combination
with 41.12. When the average grain-per-head
performance in hybrid combinations is evaluated,
combinations 16, 7, 8,9, 6, 3,4, 13 and 17 are the
most promising ones.

Number of grains per spikelet: The ranges of
average values across hybrid combinations were
2.07-2.50 number of grains per spikelet. Segregation
generations have been determined as 1.95-2.48
number of grains per spikelet. Population 7 showed
the maximum length of a spike (2.50 no). Populations
16, 20 and 8 had a higher number of grains per spikelet
(2.44 no) while populations 9 and 4 had a medium
number of grains per spikelet (2.42 and 2.38 no). The
minimum number of grains per spikelet was revealed
by populations 1 and 19 (2.07 no). When the mean
performance of average values cross populations was
evaluated, the promising cross combinations were
numbered combinations of 16, 7, 8, 20, 9, 4, 10 and 6
for the number of grains per spikelet.

Grain weight per spike: The ranges of average
values across hybrid combinations were 1.89-2.46
g for grain weight per spike. When the values of the
properties examined in the F,, F, and F, segregation
generations were examined, they changed according to
the generations. These values in segregation generations
have been determined as 2.04-2.19 g for grain weight per
spike. Population 9 showed maximum grain weight per
spike (2.46 g). Population 16 had (2.30 g) grain weight
per spike while populations 19 and 6 had the medium
grain weight per spike (2.29 and 2.28 g). The minimum
grain weight per spike was revealed by population 11
(1.89 g). When the mean performance of average values
cross populations was evaluated, the promising cross
combinations were numbered combinations of 5, 16,
14, 6 and 7 for grain weight per spike.
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Spike density: Spike density is an agronomical
important character of wheat. In addition, an optimized
spike structure is a key basis for high yields. The spike
is an important part of the wheat plant. Cultivating
wheat varieties with longer spike lengths (SL) and
higher spike density (SD) could increase yield (Faris
et al., 2014; Li et al., 2016). The spike density values
in the parents and populations used in the study varied
between 1.93-2.43 and between 1.93-2.29 in hybrid
combinations. While the highest spike density in
hybrid combinations was between 2.29 and 7, this
value was lower than the parent number 22. In terms
of spike density, the combinations 2.26 and 2.25 and
10 and 20 are listed later. The lowest spike length was
obtained in the hybrid combination numbered 1.93
and 15, followed by the hybrid number 18 with a spike
density value of 1.89. In terms of spike density, the
combinations numbered 7.10, 20 and 12 are the most
promising, and as the generations progressed, the spike
density increased.

Spike index: One of the potential traits to
increase grain weight is the spike harvest index, a
major component of grain weight, calculated as the
ratio of grain weight to spike dry weight (Pradhan et
al., 2019). The genetic basis of the spike index is not
clearly understood yet and there is little agreement
in the literature regarding the effect, phenotypic
variability and genotype by environment interaction
(GEI) for the spike index of wheat. The spike index
value in the examined parents and populations varied
between 69.83-75.85%. In terms of the spike index
value in 20 hybrid combinations, the combination
numbered 17 with 75.85% was in first place, followed
by the hybrid combinations numbered 14 and 6 with
75.25% and 75.01. The lowest spike index is 69.83%
in hybrid number 20. According to the data obtained,
combinations 17, 14 and 6 are the most suitable
combinations in terms of spike index.

Grain yield: The highest value in terms of grain
yield was obtained in the parent Sana, number 14, 7,
15, 1, 2 and 8 populations were the superior hybrid
combinations. On the other hand, populations 3 and
18 give the lowest performance in terms of grain yield.

When the mean performance of average values
of cross combinations evaluated, the promising cross
combinations were of 14,7, 12,9, 11 and 13 for spike
density and 14, 6, 5, 7, 13 and 20 for spike index.
These results indicate that 19, 2, 7, 13, 6, 14, 4 and 16
combinations may be promising for spike properties.
Pradhan et al. (2019) explained that the spike harvest
index is an important spike trait since it shows the main
components of the grain number and grain weight in
wheat, respectively. Islam et al., (1985) stated inclusion

whisab

of kernel weight in a selection index with grain per
spike or spikelet might have been profitable. Bhatta et
al., (2019) reported that the spike harvest index value
of genotypes varied between 25 and 91%.

Spike index and grain yield were increased from
generation F, to F, for, there were decreases in spike
length, the number of grains per spike and spikelet and
spike density. Various results have been reported for the
selection of yield and yield components in segregation
generations. It has been explained that plant characters
carrying the desired gene or allele combinations can
be easily identified and selected in early generations,
preferably in F,, before reaching homozygosity in late
generations (Cristina and Hall, 1995). Sing and Singh,
(1997) reported that selection may be effective for
seed weight in early-generation F,, whereas early-
generation selections for harvest index, grain yield
and dry matter weight are ineffective in common wheat.
Rasmussen (1987) explained that delaying selection
to a later generation, such as F,, can lead to the loss of
such desired gene combinations. Islam et al., (1985)
pointed out that the selection for the grain number
per spikelet or grain number per spike may be more
effective than for weight per grain and yield per se in
the F, generation.

Current study shows that the highest variation in
spike length, number of grains per spike, grain weight
per spike and spike index is in the F, generation, and as
a result, selection can be started in this generation, at
the same time, keeping in mind hybrid effect was still
effective in this generation. While the highest variation
for the number of grains per spike is in the F, generation,
the fact that the highest variation for the spike density
and grain yield per hectare is in the F, generation shows
that it is advisable to perform the selection for these
characteristics in the F,-F, generations.

Conclusions

It was concluded from the present research that
populations showed highly significant variations for
all the traits. Based on the results of this study, crosses
of (Sana/Flamura 85), (Sana/Krasunia), (Krasunia/
Pehlivan), (Pehlivan/Sana) and (Bezostajal/Krasunia)
were the best-performing populations for grain yield and
spike traits indicating selected populations from these
crosses can be used to improve these traits in breeding.
Among the parents used in crosses, Sana, Pehlivan and
Krasunia varieties showed high performance for spike
characters indicating that it may be appropriate to use
them as parents to improve the spike characteristics in
subsequent breeding studies. Based on the statistical
significance between generations for the traits seems
that selection will be more efficient in generation for
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the number of grains per spike and spikelets. Although Contflict of interest
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the F, generation means that it may be appropriate to

select in the very early generation for these traits. It Acknowledgements

was concluded that it would be more appropriate to This study is presented at the 2" International
make the selection for the remaining spike characters ~ Symposium for Agriculture and Food-ISAF 2015 as
after the F, generation. a poster presentation.

Table 1. Cross combinations and their parents used as genetic material.

Crosses Parents
1. Pehlivan/Flamura 85 11. Bezostajal/Sana 21. Flamura 85
2. Flamura 85/Pehlivan 12. Sana/Bezostaja 1 22. Sana
3. Bezostaja 1/Flamura 85 13. Krasunia/Sana 23. Krasunia
4. Flamura 85/Bezostaja | 14. Sana/Krasunia 24. Bezostaja 1
5. Krasunia/Flamura 85 15. Pehlivan/Krasunia 25. Pehlivan
6. Flamura 85/Krasunia 16. Krasunia/Pehlivan
7. Sana/Flamura 85 17. Bezostajal/Krasunia
8. Flamura 85/Sana 18. Krasunia/Bezostaja 1
9. Pehlivan/Sana 19. Pehlivan/Bezostaja 1
10. Sana/Pehlivan 20. Bezostaja 1/Pehlivan
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Table 2. The means of parents and populations used in the experiment for grain yield and spike characteristics.

Crosses Spike Nun}ber of Nun}ber of Grain weight . o R
and length grain per grain per per spike Spllfe Splkg index Grain yfld
parents (cm) s(pnl(l)()e sp(llll(::;et @ density (%) (kg ha')
1 8.66 d" 4112 f 2.07c 2.08 ab 2.05c-g 72.07 a-d 5110 a-d
2 9.54 a-d 45.47 c-f 2.31 abc 2.13 ab 2.09 b-g 73.18 a-d 5059 a-e
3 9.12 bed 47.16 a-f 2.28 abc 1.95b 2.03d-g 70.15 cd 3804 hi
4 10.10 a-d 47.10 a-f 2.38 abc 2.05 ab 2.02 efg 74.04 abc 4440 d-h
5 9.57 a-d 44.68 c-f 2.11 abe 2.04 ab 223 a-e 71.38 bed 5306 ab
6 10.10 a-d 46.44 a-f 2.32 abc 2.28 ab 2.00 fg 75.01 ab 4730 b-g
7 9.41 a-d 52.64 abc 2.50a 2.18 ab 2.29 ab 74.57 ab 5154 abc
8 991 a-d 49.98 a-d 2.44 abc 2.14 ab 2.11 b-f 73.43 a-d 5014 a-e
9 10.68 a 49.96 a-d 2.42 abc 246a 2.02 efg 74.91 ab 4843 a-f
10 9.58 a-d 44.83 c-f 2.36 abc 2.09 ab 2.26 abc 72.68 a-d 4742 b-g
11 9.59 a-d 42.14 def 2.11 abe 1.89b 2.21 a-e 70.02 cd 4239 f41
12 9.77 a-d 46.03 b-f 2.11 abe 221 ab 2.24 a-d 73.09 a-d 4147 ghi
13 9.82 a-d 46.84 a-f 2.25 abc 2.16 ab 2.21 a-e 74.16 abc 4888 a-f
14 10.14 a-d 52.89 abc 2.10 be 2.24 ab 2.07 b-g 75.25 ab 5396 ab
15 10.28 abc 41.41f 2.14 abc 1.97b 1.93 fg 71.28 bed 5100 a-d
16 10.92 a 54.96 a 2.44 abc 2.30 ab 2.11 b-f 73.53 a-d 4762 a-g
17 10.94 a 47.24 a-f 2.20 abc 2.16 ab 2.04 c-g 75.85a 4007 1
18 10.82 a 44.89 c-f 2.26 abc 2.15 ab 1.89¢ 72.12 a-d 4123 ghi
19 9.83 a-d 41.08 f 2.07c¢ 2.29 ab 1.95 fg 71.47 bed 4470 c-h
20 10.21 abc 41.74 ¢ 2.44 abc 2.02 ab 2.25 abc 69.83d 4381 e-h
PARENTS
21 9.77 a-d 48.93 a-g 2.41 abc 2.01b 2.08 b-g 73.74 a-d 4749 a-g
22 8.80 cd 54.12 ab 2.47 ab 2.08 ab 243 a 74.82 ab 5478 a
23 10.74 a 49.39 a-f 2.31 abc 2.21 ab 2.02 d-g 73.71 a-d 5071 a-e
24 10.38 ab 42.61 def 2.11 be 1.92b 2.06 b-g 70.13 cd 35921
25 9.93 a-d 42.29 def 2.11 be 2.06 ab 2.05¢c-g 75.22 ab 5418 ab
MSE 0.968 26.663 0.059 0.077 0.018 12.872 1897.925
GENERATIONS
F, 10.41 49.17 a 248 a 2.19 1.940b 74.26 4563 b
F, 9.7 49.36 a 2.37 ab 2.15 211a 72.97 4542 b
F, 9.71 41.38b 1.95b 2.04 226a 71.84 5059 a
MSE 11.343 175.86 175.86 0.067 2200.253

*The differences between the means for each trait denoted by the same letter are statistically insignificant.

whisa

bitki 1slahgilar alt blrlly
www.bisab.org.tr

sab




References

Ahmed HGMD, Fatima N, Faisal A, Ullah A, Ali
M, Ameen M, Irfan M and Imran M, (2023).
Characterization of bread wheat genotypes using
spike related traits for sustainable yield potential.
Journal of Applied Research in Plant Sciences,
4:469-476.

Albajes R, Cantero-Martinez C, Capell T, Christou P,
Farre A, Galceran J, Lopez-Gatius AF, Marin S,
Martin-Belloso O, Motilva Ma-J, Nogareda C,
Peman J, Puy J, Recasens J, Romagosa I, Romero
MaP, Sanchis V, Savin R, Slafer GA, Soliva-
Fortuny R, ViTnas I, Voltas J, (2013). Building
bridges: an integrated strategy for sustainable
food production throughout the value chain. Mol.
Breed., 32:743-770.

Arbuzova VS, Efremova TT and Laikova LI, (2010).
Analysis of spike productivity traits in near-
isogenic lines of the common wheat cultivar
Saratovskaya 29 carrying alien marker genes.

Russ. J. Genet., 46(4):417-424.

Bernardo R, (2003). On the effectiveness of early
generation selection in self-pollinated crops.
Crop Science, 43(4):1558-1560.

Bhatta M, Shamanin V, Shepelev S, Baenziger PS,
Pozherukova V, Pototskaya I, Morgounov A,
(2019). Marker-trait associations for enhancing
agronomic performance, disease resistance,
and grain quality in synthetic and bread wheat

accessions in Western Siberia. Genomes Genet.,
9:4209-4222.

Borojevich S, (1983). Genetic and technological changes
which caused a change in plant breeding. BANU,
Novi Sad, Akademska beseda, 100 pp. (Sr).

Braun H-J, Atlin G, Payne T, (2010). Multi-location
testing as a tool to identify plant response to
global climate change. In: Reynolds, M.P. (Ed.),
Climate Change and Crop Production. CABI,
Wallingford, UK, 115-138.

Charmet G, (2011). Wheat domestication: Lessons for
the future. C. R. Biol., 334:212-220.

Connor DJ, Minguez MI, (2012). Evolution not
revolution of farming systems will best feed and
green the world. Global Food Security., 1:106-
113.

Cristina MM and Anthony EH, (1995). Heritability of
carbon isotope discrimination and correlations
with earliness in cowpea. Crop Sci., 35(3):673-
678.

Faris JD, Zhang Z, Garvin DF, Xu SS, (2014).
Molecular and comparative mapping of genes

governing spike compactness from wild emmer
wheat. Mole. Genet. Genom., 289:641-651.

Hawkesford MJ, Araus JL, Park R, Calderini D,
Miralles D, Shen T, Zhang J, Parry MAJ, (2013).
Prospects of doubling global wheat yields. Food
Energy Security., 2:34-48.

Islam MA, Fautrier AG, Langer RHM, (1985). Early
generation selection in 2 wheat crosses 1. F,
single plant selection. New Zealand Journal of
Agricultural Research, 28:3, 313-317.

Li X, Wangm H, Li H, Zhang L, Teng N, (2006). Awns
play a dominant role in carbohydrate production
during the grain-filling stages in wheat (7riticum
aestivum). Physiologia Plantarum, 127:701-709.

Li C, Bai G, Carver BF, Chao S, Wang Z, (2016). Mapping
quantitative trait loci for plant adaptation and
morphology traits in wheat using single nucleotide
polymorphisms. Euphytica 208 299-312.

Ma Z, Zhao D, Zhang C, Zhang Z, Xue S, Lin F, Kong
Z, Tian D, Luo Q, (2007). Molecular genetic
analysis of five spike-related traits in wheat using
RIL and immortalized F, populations. Molecular
Genetics and Genomics, 277:31-42.

Maydup ML, Antonietta M, Guiamet JJ, Graciano C,
Lopez JR, Tambussi EA, (2010). The contribution
of ear photosynthesis to grain filling in bread
wheat (Triticum aestivum L.). Field Crop Res.,
119:48-58.

Oztiirk 1, Kahraman T, Bagc1 SA, (2023). Effect of
temperature on yield and quality parameters of
bread wheat cultivars at different growth stages
under rainfed conditions. Ekin J., 9(1):32-40.

Qu HJ, Li JC, Shen XS, Li RY, Wei FZ, Zhang Y,
(2009). Effects of plant density on grain number
and grain weight at different spikelets and
grain positions in winter wheat cultivars. Acta
Agronomy Science, 35:1875-1883.

Pradhan S, Babar MA, Robbins K, Bai G, Mason RE,
Khan J, Shahi D, Avci M, Guo J, Maksud Hossain
M, Bhatta M, Mergoum M, Asseng S, Amand
PS, Gezan S, Baik BK, Blount A, Bernardo A,
(2019). Understanding the genetic basis of spike
fertility to improve grain number, harvest index,
and grain yield in wheat under high-temperature
stress environments. Frontiers in Plant Science,
10:1481.

Rasmussen DC, (1987). An evaluation of ideotype
breeding. Crop Sci., 27:1140-1146.

Ray DK, Mueller ND, West PC, Foley JA, (2013).
Yield trends are insufficient to double global
crop production by 2050. PloS ONE, 8(6):66428.

© Plant Breeders Union of Turkey (BISAB)




Reynolds MP and Borlaug NE, (2006). Impacts of
breeding on international collaborative wheat
improvement. The Journal of Agricultural
Science, 144(1):3-17.

Reynolds M, Foulkes J, Furbank R, Griffiths S, King J,
Murchie E, Parry M, Slafer G, (2012). Achieving
yield gains in wheat. Plant Cell Environt.,
35:1799-1823.

Sharma S and Subehia S, (2003). Effects of twenty-
five years of fertilizer use on maize and wheat
yields and quality of acidic soil in the western
Himalayas. Experimental Agriculture, 39(1):55-
64.

ShiJ, Li R, Qiu D, Jiang C, Long Y, (2009). Unravelling
the complex trait of crop yield with quantitative
trait loci mapping in Brassica napus. Genetics,
182:851-861.

Singh KH and Singh TB, (1997). Effectiveness of
individual plant selection in early generations
of bread wheat. Indian J. Genet., 57:411-414.

Wang ZM, Wei AL, Zheng DM, (2001). Photosynthetic
characteristics of non-leaf organs of winter
wheat cultivars differing in-ear type and
their relationship with grain mass per ear.

Photosynthetica, 39:239-244.

Wolde GM, Mascher M, Schnurbusch T, (2019).
Genetic modification of spikelet arrangement
in wheat increases grain number without
significantly affecting grain weight. Mol Genet
Genomics, 294:457-68.

Zhou H, Riche AB, Hawkesford MJ, Whalley WR,
Atkinson BS, Sturrock CJ, Mooney SJ, (2021).
Determination of wheat spike and spikelet
architecture and grain traits using X-ray
Computed Tomography imaging. Plant Methods,
17(26):2-9.




