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Effect of height of stem on the productivity of winter common wheat
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Abstract. Objectives. The height of the stem of wheat has a direct impact on its productivity. Genetics of the trait is very particular in the country environments in
terms of positive effects have only some of the known genes. The purpose of this study was to ascertain which of these genes for short stem (semi dwarf) alone
or in combination with other could positively influence the yield of wheat in Bulgarian conditions. Methods. The study is on the relationship between the height of
the stem and productivity of varieties with different genetics for their height. Selected two groups consisting of seven varieties (one check in each group), with
known genetics of the trait, which differ significantly in its phenotypic expression. There are hybrid populations between selected high-stem varieties and a semi
dwarf one – Medea. For two consecutive seasons (2012 – 2013) in the varieties and breeding lines created by hybrid combinations several major traits
associated with the height of the stem and productivity, are analyzed. All existing differences in each trait of the groups, and the differences in correlations
between them are discussed.
Key results. Productivity is highest in wheat that has medium or short height of the stem. In NPT and NGS there were no differences between "short-stem" and
"high-stem" varieties. The most significant difference in favor of varieties and breeding lines with a short stem, the trait NGM (9.3 and 10.9%) and the GY (10.2
and 6.1%) and in HOS (20.6 and 44.1%), respectively. For TGW "high-stem" varieties generally have higher values in both groups studied.
Conclusions. The height of the stem has no significant negative correlations with characters specifying the productivity and grain yield itself. Selection on height
of the stem in the hybrid populations towards shorter forms substantially alter the correlations between the traits associated with productivity. All tested varieties
and lines are carriers of the gene Rht8. The difference in the specific conditions of about 30 cm in height is arising from the various alleles of gene Rht-B1. The
semi dwarf lines carrying the genes Rht-B1e, Rht-B1b and Rht-D1b are the shortest in stem. In terms of gene Rht-D1, all varieties without exception have
alleles Rht-D1a, which shortens the least stem. Best is a combination of height and grain yield in a combination of genes Rht-B1d, Rht 8 or Rht-B1e, Rht 8. All
varieties with different alleles of these genes in the background of several different alleles Rht 8 are higher of 90 cm.

Keywords: wheat, height of stem, productivity, Rht-genes
Abbreviations: GY – Grain yield, DE – Date of ear emergence, HI – Harvest Index, NPE – Number of productive ears, NGS – Number of grains per spike, NGM
– Number of grains per m-2, TGW – Thousand grain weight, Rht – symbol for genes of reducing the height of stem, GCA – General combining ability

Introduction
The height of the stem of wheat has a complex genetic control.
So far, 21 genes with significant effects on reducing of plant height
were identified (McIntosh et al., 2003). This indication based on
increasing the productivity of crop in the last 50 – 60, thanks to the
efforts of the global wheat and corn center for breeding CIMMYT
(Bonnett et al., 2001). They have a genetic basis and reason for this
to happen so call ''Green revolution'', which is the reason why in
many countries yields to be several times higher (Borlaug, 1968;
Gale and Youssefien, 1985). The presence of some of the two most
used genes Rht-B1b (former Rht1) and Rht-D1b (former Rht2),
increased harvest index, reduces the risk of lodging, is a prerequisite
for higher fertility ears and allows the application of high levels of
nitrogen fertilization
According to Hedden (2003) genes to reduce the height of the
stem at the moment are present in more than 80% of the varieties
registered worldwide. This shows their great role in increasing the
yield of wheat. Genes related to the reduction of the wheat stem
(Rht) are divided into two groups based on their responses to the
gibberellic acid (GA). The most important agronomic GA-insensitive
genes are Rht-B1b and Rht-D1b, which are located in chromosomes
4BS and 4DS, respectively they have been successfully transferred
from the Japanese variety "Norin". In addition to reduce significantly

the height of the stem of 20 – 25% compared to the corresponding
wild type, their presence has a positive correlation with the increased
productivity resulting from the increased number of grains in the ear
(Allan, 1989; Mathews et al., 2006; Chapman et al., 2007). There are
several studies it was found a negative correlation between two
genes (Rht-B1b or Rht-D1b) and grain yield in conditions of
Southern Europe due to the sensitivity of these plants to thermal
heat during the grain filling period (Worland et al., 1990; Kertesz et
al., 1991). This sensitivity (negative pleiotropic effect) is a limiting
factor for the distribution of these genes in areas with hot summers,
such as conditions in Bulgaria (Butler et al., 2005; Addisu et al.,
2010). Another gene is Rht-B1, having a plurality of alleles, some of
which can be an alternative to those have already mentioned. An
example is the gene Rht-B1d, arising from a Japanese local variety
"Saitama 27" and has been widely used in the breeding of many
Italian, Bulgarian and Yugoslav varieties in 60-70 of the last century
(Worland et al., 1990;. Ganeva et al., 2005; Landjeva et al., 2011).
The most widespread GA-responsive gene Rht8, located in
chromosome 2DS and has been introduced in European germplasm
from Italian breeder Strampelli and comes from local Japanese
variety "Akakomugi". The presence in wheat of Rht8 is associated
with gene Ppd1 (photoperiod sensitivity), the presence of which
allows early ear formation and maturation. This can be a significant
advantage in the southern regions of the northern hemisphere,
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where at the beginning of June, there are very high temperatures.
This adaptation increases the yield of varieties bearing Rht8
compared with genes Rht-B1b and Rht-D1b, particularly in winter
wheat, mainly due to the high fertility of the ear, regardless of heat
stress (Rebetzke and Richards, 2000). According to research of
Rebetzke et al., (2012) combination of allele Rht8c with some of the
other known and used alleles causes significantly less shortening of
plant coleoptiles, making it much more adapted to conditions of early
autumn drought.
Another GA-insensitive gene with designation of Rht11 (Ellis et
al., 2004) later identified as allele Rht-B1e was included in many
Russian wheat varieties, according to Divashuk et al. (2012). A study
in the Krasnodar region of Russia varieties containing precisely
these two alleles (Rht-B1e and Rht8c) have a substantial advantage
over all other allelic combinations of genes to reduce the height of
the stem and increase productivity in winter wheat (Divashuk et al.,
2013).
Researches in our country suggest that all modern varieties
have gene Rht8c (Ganeva et al., 2005; Zheleva et al., 2006). The
presence of susceptibility to heat stress of two commonly used
genes is reason to seek new allelic combinations to continue to
improve the yield of grain without genetic hindrances (Tsenov et al.,
2014b). According to a recent study, we have created variety, named
Medea, which owns the most appropriate conditions for the country's
genetic configuration in terms of the height of the stem: Rht-B1e,
Rht-D1a, Rht8c. (Ganeva et al., 2005; Zheleva et al., 2006;
Divashuk et al., 2013). Furthermore, is an excellent compromise
combiner that has high general combining ability for grain yield, date
of emergence and high cold resistance (Tsenov, 2005; Tsenov et al.,
2014b).
Therefore, the purpose of this study was to determine the
influence of the height of stem on the traits of winter wheat and to
check which of the allelic form of the genes for the trait, alone or in
combination with other positively influence the yield of wheat in
terms of Bulgaria

Material and methods
Design of the Trails
In two consecutive years, (2012 – 2013) some traits associated
with productivity of winter wheat and the height of the stem are
studied. Two groups of genotypes are analyzed cultivars (Table 1)
and breeding lines derived from crosses between forms (Table 2)
with different height of the stem. The genetic control of the stem
height at the group of varieties is well known in advance (Ganeva et
al., 2005; Divashuk et al., 2013) and that of the breeding lines is
determined according to their actual height of the stem, in terms of
two years environments. Main traits of all studied genotypes were
analyzed as follows: Grain yield (GY) tha-2; Date of ear emergence
(DE), days; Harvest Index (HI), %; Number of productive pars (NPE)
m-2; Number of grains per spike (NGS); Number of grains per m-2
(NGM); Thousand grain weight (TGW), g.
Plant material
In 2007 several hybrid populations between varieties with stem
height above 95 cm and a semi dwarf variety Medeya, for that there
is preliminary information on the high combining ability in several
different characters (Tsenov, 2005; Tsenov et al., 2015) were
created. Varieties that been selected as mother components for
crossing, except Bezostaya 1 have low cold tolerance, too. This
selection applied in order to study the Combining Ability of Medea at
the cold tolerance and the results have already been published
(Tsenov et al., 2014). Because Medea variety is a semi dwarf one,
whose genetic control is known, and for his higher GCA for height of
stem (Tsenov and Atanasova, 2007), it was elected as short-stem
male component in the hybrid combinations.
In F5 (2011) of each cross 60 lines were selected with different
heights of stem, which are formed three groups of 10 lines, as
follows: i) with a height greater than 95 cm, ii) with a height of 94 to 82
cm and iii) with a height below of 80 cm. The established breeding

Table1. List of the genotypes involved in the study with their known genetic control and means of height of stem

Genetic control

Variety name
Rht-B1

Rht-D1

Height of stem, сm
Rht 8

High-stem genotypes
Aglika, check
Bojana
Bolyarka
Iveta
Lazarka
Nivyana
Tina
Group Mean

Rht-B1d
Rht-B1a
Rht-B1a
Rht-B1d
Rht-B1d
Rht-B1a
Rht-B1a

Rht-D1a
Rht-D1a
Rht-D1a
Rht-D1a
Rht-D1a
Rht-D1a
Rht-D1a

Rht 8d
Rht 8c
Rht 8c
Rht 8c
Rht 8c
Rht 8c
Rht 8c

92.0
100.5
94.6
98.0
93.7
97.8
96.5
96.2

Rht 8c
Rht 8d
Rht 8c
Rht 8c
Rht 8c
Rht 8d
Rht 8b

82.3
80.0
82.8
79.2
74.0
78.8
75.7
78.8

Short-stem genotypes
Enola, check
Galateya
Dragana
Elitsa
407-1 (Medeya)
99/174-6 (Zhana)
99/18-2
Group Mean
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Rht-B1d
Rht-B1d
Rht-B1d
Rht-B1d
Rht-B1е
Rht-B1d
Rht-B1е

Rht-D1a
Rht-D1a
Rht-D1a
Rht-D1a
Rht-D1a
Rht-D1a
Rht-D1a

lines from each cross with their parental varieties are grown in yield
variety trials in plot size of 15 m2, located in three randomized
replications. Any trait, with the exception of grain yield, is determined
by measurements in the area of 0.25 m2 in each replication of the trail
of any variety or breeding line. The harvest index as a trait derived
from the relationship between the weight of subsurface biomass and
grain weight of each subarea (0.25 m2). Other traits measured as
mean on a single spike basis, taken from analyzed area of the plot.
Grain yield is the real yield of each plot, recalculated as t ha-1.
Table 2. List of parental varieties of hybrid combinations,
where Medeya is used as male component for crossing

Code

Variety

LCT* (-19°С) Stem height Difference, cm

BG 1*
FO 1*
FO 2
FO 3
FO 4
BG 2

Yunak
Bezostaya 1
Yubiley 100
Westonia
Klein Escudo
Medeya

23.2
52.6
54.4
23.0
22.3
74.5

97.6
103.5
102.4
99.8
103.7
74.0

+ 23.6
+ 29.4
+ 28.4
+ 25.8
+ 29.7
0.0

*BG – Bulgarian varieties; *FO – Foreign varieties; *LCT –
Laboratory test for cold tolerance in %

whole are elucidated (Zhang et al., 2006; Chapman et al., 2007;
Divashuk et al., 2013). This implies to establish the optimal height of
stem to the specific conditions of the country in which could be
increased productivity without the presence of genetic barriers to
this (Worland et al., 2001; Mathews et al., 2006). Moreover, it found
that the height of stem in a number of studies showing a positive
correlation with grain yield (Ivanova and Tsenov, 2009), which
means that the selection in this direction will be difficult in terms of
our country. According to Tsenov et al. (2009b) purposeful breeding
tolerance to stress related largely to obtain higher stem genotypes.
On the other hand, there are data according to which the ultra-short
breeding forms are similar to high grain yield (Nankova et al., 2005).
The challenges facing native selection (Tsenov, 2014) raises
important questions – whether the stem can be further shortened to
be significantly more resistant to lodging, whereby be increased or at
least preserved at the same level of productivity. With source
material as a variety Medea, we have this possible and as efficiently
attempts with other short-stem wheat (Tsenov and Atanasova,
2007).
30

28

25
20

Statistical analysis
The method of variation analysis at the level of trait and groups
of varieties and lines with different heights of the stem applied. The
differences among variability of cultivars or lines were calculated by
the method of the LSD. The correlations between the traits of their
phenotypic expression are set using Pearson model of correlation
analysis between groups of breeding materials with different height
of the stem. Analysis of all data were made by specialized software
Statistica 7 and IBM SPSS 19

15

17

15

10
5
0

<80

83-90

>90

Figure 1. Distribution of number of the breeding lines,
with the participation of Medeya variety on the height
of stem, average for all crosses

Results
Analyzed breeding lines are grouped according to their height
of the stem into three groups and presented as the number of Figure
1. This approach allows a direct comparison between breeding lines
and their parents, as well as between groups formed height. The
attribute is one of the most studied in the world literature because it
reduction is related to increasing the productivity of wheat in the last
'50 (Tsenov et al., 2009a; Guedira et al., 2010). The effects of known
and widely operated genes for height on various characters as a

After summarizing, the data for traits of the studied varieties had
calculated the difference between different height groups (Table 3).
Several traits are in favor of varieties of stem height over 95 cm. Only
one of them is reliable – TGW (-5.4%). At the date of ear formation
and productive tillering high-stem, lines have higher values, but the
differences are within the range of statistical errors. In already
established varieties advantage in productivity are short-stem ones.
When one is made by 10.2% higher grain yield, which is due to the
larger number of grains per spike (9.3%) and in an unit area (7.1%).

Table 3. The difference between the trait means at high-stem (over 95 cm) and short-stem (below 80 cm) varieties

N

Trait

High-stem

Short-stem

Difference, %

1
2
3
4
5
6
7
8
9

Date of ear emergence, days
Stem of height
Harvest index, %
Number of productive ears, m-2
Number of grains per spike
Number of grains per m-2
Thousand grain weight, g
Grain yield per spike
Grain yield

131
95.5
0.34
625
32
20000
44.5
1.42
8.87

128
79.2
0.40
612
35
21420
42.2
1.48
9.07

2.3ns
20.6 ***
17.6 **
-2.1ns
9.3 *
7.1 *
-5.4 *
4.2ns
10.2 **
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In breeding lines, created differences between high and short
forms are similar, which is further evidence of an objective evaluation
of the differences between the traits (Table 4). All traits in short-stem
forms have higher averages than the high-stem lines, with the
exception of TGW. To it the difference in favor of the high-stem lines
is significant and reaches +11%. Aside from the traits of the stem

height and harvest index, which is directly connected to it, under the
same (as in varieties) traits: GY, NGM, and NGS short-stem lines
have higher means. The most significant difference is in NGM
(11.2%), which directly related to the higher mean number of grains
in their ears (10.9%). Ultimately, the difference in grain yield between
the two groups of forms is only 6.1% in favor of semi dwarf lines.

Table 4. The difference between the trait means at high-stem (over 95 cm) and short-stem (below 80 cm) breeding lines

N

Trait

High-stem

Short-stem

Difference, %

1
2
3
4
5
6
7
8
9

Date of ear emergence, days
Stem of height
Harvest index, %
Number of productive ears, m-2
Number of grains per spike
Number of grains per m-2
Thousand grain weight, g
Grain yield per spike
Grain yield

133
105.5
0.32
628
32
20096
45.4
1.45
9.11

130
74.7
0.41
645
35
22575
42.8
1.50
9.67

2.3ns
41.2 ***
28.1 ***
2.8ns
10.9 **
11.2 *
-11.0 *
2.7 ns
6.1*

Overall, the absolute values of grain yield between varieties and
breeding lines are 2.7% and 6.6% for high-stem and short-stem,
respectively. Therefore, the breeding after selection by height of
stem may be effective for improving the productivity of wheat. Similar
results are discussed by Tsenov et al. (2009) who reported 15%
increase in grain yield resulting from a selection, while the height of
stem is shortened in parallel by approximately – 4.5%. In another
study Tsenov et al. (2014) show that semi dwarf stature and
resistance to lodging can be inherited coupled with high productivity
and resistance to stress, by selection of this material. All breeding
lines, which have a stem height below of 80 cm, whose share is
about 25%, probably carry alleles Rht-B1e, which effectively
reduces the trait, even in the presence of other alleles with little effect
on it (Rht-B1d, Rht8). There is no other logical explanation for
obtaining semi dwarf forms, provided that parental varieties lacking
alleles Rht-B1b or Rht-D1b. By selection of forms with height

between 85 and 95 cm. the genetic control is probably different from
allele Rht-B1d, which together with several different alleles at Rht 8
background define different heights of stem. Our attention is
precisely on the group of lines carrying alleles Rht-B1e, transferred
from Medeya variety, only.
Discussion
To clarify in detail relationships between the traits correlations of
breeding lines, with similar height of the stem are calculated (Tables
5, 6 and 7). To be more objective data groups taken into account all
the measurements of a trait for each breeding line. Thus, the
variation order to analyze consists of 300 measurements (10 lines of
5 crosses in 3 replications, 2 years of testing) which are sufficient to
establish the objective correlations.

Table 5. Correlations among height of the stem and traits in high-stem genotypes (rht/rht)

Trait

Varieties

p-value

Breeding lines

p-value

Date of ear emergence, days
Harvest index, %
Number of productive ears, m-2
Number of grains per spike
Number of grains per m-2
Thousand grain weight, g

0.145
0.436*
0.536*
0.257
0.754*
0.166

0.1250
0.0042
0.0000
0.0137
0.0000
0.2450

0.095
0.486*
0.496*
0.298
0.704*
0.116

0.2140
0.0031
0.0007
0.0178
0.0000
0.2581

*Significant at p=0.05

To the date of ear emergence in any of the studied groups there
is a positive correlation with the height of stem. Lack of significant
connection is characterized as the varieties and breeding lines. The
absolute values of the correlation between the characters is
increased by reducing the height of stem but not reliable. In general,
this means that a reduction in the height of the number of stem ear is
connected with later date of heading of breeding lines. With respect
to harvest index, established correlations are completely logical.
The shorter is the breeding materials as correlation coefficients are
higher and significant (r = 0.436ns – 0.486ns) (r = 0.516ns – 0.521ns) (r =
0.746*** – 0.788***), in high, medium high and short-stem
182

genotypes, respectively.
Productive tillering (NPT) of wheat plant is the biological
characteristic feature of cereals. Unfortunately, wheat in the country
has a high total and relatively low productive tillering, reported in
several studies (Tsenov et al., 2009; Chamurliyski and Tsenov,
2013). The correlation between the height of stem and this trait is
high in high-stem and medium-stem forms (Table 5 and 6). In shortstem varieties and breeding lines that character has no reliable
connection (r = 0.313 ns – 0.333 ns) with the height of stem. However, it
could expect that reducing the height the number of productive
stems could usefully be increase by selection.

Table 6. Correlations among height of the wheat stem and traits in medium-stem genotypes (Rht/rht)

Trait

Varieties

p-value

Breeding lines

p-value

Date of ear emergence, days
Harvest index, %
Number of productive ears, m-2
Number of grains per spike
Number of grains per m-2
Thousand grain weight, g

0.195
0.516*
0.625*
0.337
0.604*
0.116

0.0178
0.0001
0.0000
0.0145
0.0000
0.2145

0.210
0.521*
0.640*
0.422
0.619*
0.131

0.1078
0.0004
0.0000
0.0014
0.0000
0.2331

*Significant at p=0.05

In the trait NGS, the situation is similar to the date of ear
emergence. Correlations range from 0,257 ns to 0.515 **, as only the
last correlation (Table 7, the selection lines) is high enough. This
means that the role of the number of grains per spike at different
height genotypes was similar. This data shows that the absence of
proven effect on the height of the trait would impede increasing the
yield of grain with short-stem forms, and then it known that this
characteristic affects the most significant impact on the productivity
(Tsenov et al., 2014b)
Because the relationship between height and productive

tillering is very variable, it was calculated the number of grains per
unit area (NGM). The picture of those correlations has a clear trend.
The stronger the relationship between this feature in high and
medium high forms (Tables 5 and 6). In short-stem varieties and
breeding lines the relationship between them is reliable (r = 0.564 **
– 0.505 **), but values is weaker than the other two groups of height
of stem (Tsenov, 2000; Tsenov and Tsenova, 2004). This is a clear
indication of the real possibility of successful selection of short-stem
and highly productive forms possessing many grains per spike
(Hristov et al., 2008).

Table 7. Correlations among height of the wheat stem and traits in short-stem genotypes (Rht/Rht)

Trait

Varieties

p-value

Breeding lines

p-value

Date of ear emergence, days
Harvest index, %
Number of productive ears, m-2
Number of grains per spike
Number of grains per m-2
Thousand grain weight, g

0.255
0.746*
0.313
0.367
0.564*
0.076

0.0789
0.0000
0.0145
0.0201
0.0000
0.3240

0.310
0.788*
0.333
0.515*
0.502*
0.079

0.0066
0.0000
0.0039
0.0001
0.0000
0.3150

*Significant at p=0.05

0.700
0.500
0.300
0.100
-0.100
rht/rht
rht/Rht
Rht/Rht

-0.300
-0.500
-0.700
DH

HOS

HI

NPT

NGS

NGM

TGW

Figure 2. Correlations between grain yield and several
traits at different in height of stem breeding lines

TGW is not a component that related to the height of stem and
therefore it should not be a component of which should paid special
attention in the group of short-stem forms. This confirmed by the
data in Figure 2, where they correlate with the thousand grain weight
is lowest and negative. Similar results reported Tsenov et al. (2014a)
study of a large group of wheat varieties in many regions of the
country over several seasons. This is an indication that the shortstem stature may relatively easily combines with the high or low

TGW because correlations are low and unproven.
Ultimately, the selection directed towards obtaining productive
forms the group of short-stem grain yield breeding lines has higher
correlations with each one of the features relative to other traits
(Figure 2). The strongest effect on it are NPT, NGS and especially
the trait number of grains per m2. Unlike the other two groups, shortstem wheat has a later date of ear emergence, and a higher number,
but the small grains per unit area. Given that varietal ideal for
conditions for the country (Panayotov and Rachinski, 2001;
Panayotov and Atanasova, 2004) in the development of varieties
they have a stem height of 85-95 cm the data here give reason to
reconsider this concept. Selection of forms with higher productive
tillering is necessary, if the breeding process this character tends to
decrease in modern varieties (Tsenov et al., 2009, Chamurliyski and
Tsenov, 2013). Furthermore already proven positive relationship
between grain yield and increased tillering in the presence of some
of the genes for short stem (Chapman et al., 2007; Tsenov et al.,
2013).
In conclusion, we can note that the creation of short-stem
breeding lines in winter wheat is not an aim in itself. We have new
information indicating that under stressful conditions some of the
gene alleles that are shorting strongly height of stem have
advantages (Divashuk et al., 2013; Tsenov et al., 2014b). Conditions
in the last 2014 showed us that the wheat should have significantly
higher resistance to lodging to be prepared for extremely wet years.
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Environments such as these in the future will be with unpredictable
frequency, which is a prerequisite effect of global climate change, to
be study in detail in cereals (Van Ittersum et al., 2013; Semenov et
al., 2014). The data in our study indicate that the selection of short
and tolerant of logging lines in native conditions is really possible.
This must comply with the actual relationships between the
components of productivity and the height of stem. New data in the
literature show this is possible, by combining gene alleles for short
stem (Daoura et al., 2014) for joint action already has enough
information (Addisu et al., 2010; Sip et al., 2010; Rebetzke et al.,
2012). Therefore, gene combinations should transferred
successfully in native biotype wheat as described in a study in this
direction (Tsenov et al., 2014)

Conclusion
The height of the stem has no significant negative correlations
with signs specifying the productivity and grain yield itself. Minutes in
height of the stem in hybrid populations towards lower forms
substantially alter the correlations between the signs associated
with productivity. The difference in stem of height under the specific
conditions of about 30 cm is arising from the various combinations of
allelic gene Rht-B1. The shortest breeding lines are carrying the
genes Rht-B1e, Rht-B1b and Rht-D1b. In terms of gene Rht-D1, all
varieties without exception carry allele Rht-D1a, which shortens the
least stem. Best is a combination of stem height and grain yield in a
combination of genes Rht-B1d, Rht8 or Rht-B1e, Rht8. All varieties
with different alleles of these genes in the background of several
different alleles Rht8 are higher of 90 cm. The higher grain yield
(6.1%) in dwarf forms is the result of compromise between the
productive combination of tillering and number of grains per spike
expressed through integrated trait number of grains per m2
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