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Abstract

Dyulgerov, N. & Dyulgerova, B. (2022). Morphological and yield-related traits of semi-dwarf and mid-tall cultivars 
of spring barley under Southeast Bulgarian conditions. Bulg. J. Agric. Sci., 28 (2), 284–290

The aim of the present investigation was to study some morphological and yield-related traits of semi-dwarf cultivars 
compared with mid-tall cultivars of spring barley under the agro-meteorological conditions of Southeastern Bulgaria. The 
study was conducted in 2018 – 2019 on the experimental field of the Institute of Agriculture – Karnobat, Southeastern Bul-
garia. Data for plant height, number of internodes, lengths of the first, second, third and, fourth internode, peduncle length, 
number of spikes per plant, spike length, number of spikelets per spike, number of grains per spike, weight of grains per spike, 
1000-grain weight, and weight of grains per plant were recorded. The studied semi-dwarf cultivars showed significantly lower 
mean values for plant height, number of internodes, length of the first, second, third, and fourth internodes, peduncle length, 
spike length, number of spikelets and grains per spike, grain weight per spike, and grain weight per plant compared to mid-tall 
cultivars. No significant differences between semi-dwarf and mid- tall cultivars for the mean number of spikes per plant and 
1000-grain weight were found. Higher variation of spike length, plant height, and length of the fourth internode was observed 
in semi-dwarf than in mid-tall varieties. Grain weight per plant was positively associated with the number of grains per spike 
and grain weight per spike in semi-dwarf as in mid-tall cultivars.

Keywords semi-dwarf cultivars; mid-tall cultivars; spring barley

Introduction

Winter barley is one of the main grain crops in Bulgaria. 
Barley grain is used mainly as livestock feed and as well as 
raw material for the malting industry. 

The success of breeding work is largely determined by 
the used plant genetic resources. Local cultivars and land-
races, adapted to specific conditions, are undoubted of great 
value for breeding. However, the germplasm from other 
breeding programs should also be used, since such materials 
have a great potential for barley improvement.

Lodging can cause high reductions of grain yield and 
quality of barley, and also increases the grain losses during 
harvesting. Reduction of plant height is one of the most suc-
cessful approaches to control the lodging. Therefore, semi-

dwarf cultivars were introduced in cereal crops, including 
barley.

Several semi-dwarf genes like sdw1/denso, hcm1 and 
uzu were used in breeding programs for the development 
of short stature barley cultivars (Kuczyńska et al., 2013). 
Semi-dwarf cultivars are characterized by a reduced plant 
height, increased lodging resistance, and higher harvest in-
dex. Nevertheless, semi-dwarfing genes have a pleiotropic 
effect on a range of traits, some with undesirable effects as 
of late heading and maturity, reduced grain quality, and tem-
perature sensitivity (Wang et al., 2010). Other traits affected 
include diameter and length of stem internodes, awn length, 
rachis internodes number and length, grain shape, tiller num-
ber, coleoptile length, leaf size, and tolerance to some biotic 
and abiotic stress factors (Franckowiak, 1986; Kuczyńska et 
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al., 2013; Forster, 2001; Kuczyńska et al., 2014; Chen et al., 
2016). The phenotypic expressions of some of these traits 
could be considerably modified by different environmen-
tal factors such as temperature, moisture, and photoperiod. 
Therefore, before including semi-dwarf cultivars in the bar-
ley breeding program it is essential to study those cultivars 
under particular agro-meteorological conditions. Since there 
is no information for characteristics of semi-dwarf cultivars 
under the agro-meteorological conditions of Bulgaria the 
aim of the present investigation was to study some morpho-
logical and yield-related traits of semi-dwarf compared with 
mid-tall cultivars of spring barley under the agro-meteoro-
logical conditions of South-eastern Bulgaria.

Material and Methods 

The study was conducted in 2018 – 2019 on the experimen-
tal field of the Institute of Agriculture – Karnobat, South-east-
ern Bulgaria (42°39′ N, 26°59′ E). For the study years, the 
average air temperature during the growing period of spring 
barley was higher than the long-term average (Table 1). In par-
ticular months of the period, the air temperature was generally 
higher than long-term average temperatures. Monthly average 
temperature was slightly below the long-term average only in 

April 2019. In 2018, the sum of precipitation during the grow-
ing period of spring barley exceeded the long-term average 
with 175.4 mm (Table 1). In 2019, the total precipitation for 
the vegetation period was lower than the long-term average 
with 17.0  mm. The most abundant rainfalls were recorded 
in July and March of 2018. For the studied period, April of 
2018 was the month with the lowest precipitation and July and 
March of 2018 with the highest amount of rainfalls.

Plant material used included 10 semi-dwarf and 10 mid-
tall cultivars of spring barley (Table 2).

The field experiment was set up on leached chernozem 
soil under rainfed conditions. Ten, 1.10 m long rows at 25 cm 
apart and at a spacing of 5 cm within rows were sown of each 
cultivar in 3 replications. Twenty random plants from each 
cultivar and each replication were taken at maturity. Data 
for plant height (PH, cm), number of internodes (IN), length 
of the first internode (1st IL, cm), length of the second inter-
node (2nd IL, cm), length of the third internode (3rd IL, cm), 
length of the fourth internode (4th IL, cm), peduncle length 
(PL, cm), number of spikes per plant (SP), spike length 
(SL, cm), number of spikelets per spike (NSS), number of 
grains per spike (NGS), weight of grains per spike (WGS, 
g), 1000-grain weight (TGW, g), weight of grains per plant 
(WGS, g) were recorded. 

Table 1. Origin of studied cultivars
Semi-dwarf cultivars Mid-tall cultivars

Name Year of release Country of release Name Year of release Country of release
Bold 1978 USA AC Hamilton 1994 Canada
Ishi 2005 USA AC Lacombe 1991 Canada

Jackson 1985 Canada AC Malone 1999 Canada
Mahigan 1998 Canada AC Nadia 1993 Canada
Maranna 1993 USA AC Stephan 1992 Canada

Niska 1999 Canada Creel 2005 USA
Tukwa 1996 Canada Creme 1988 Canada
UC828 1995 USA Husky 1953 Canada
Vivar 2000 Canada Olli 1927 Finland

WestBred Barcott 1985 USA Sophie 1980 Canada

Table 2. Temperature and precipitation and their differences from long-term values (1931-2018) for Karnobat 
Month 2018 2019

Air temperature, °C Precipitation, mm Air temperature, °C Precipitation, mm
Monthlymean Long-term 

mean (+/-)
Monthly

sum
Long-term 
sum (+/-)

Monthly
mean

Long-term 
mean (+/-)

Monthly
mean

Long-term 
sum (+/-)

ІІІ 6.4 +1.1 121.2 +87.1 8.6 +3.3 8.9 -25.2
ІV 19.3 +8.8 6.0 -39.3 10.3 -0.2 52.9 +7.6
V 17.9 +2.3 68.6 +10.1 17.1 +1.5 44.9 -13.6
VІ 20.8 +1.2 98.6 +33.4 22.6 +3.0 95.6 +30.4
VII 23.1 +1.1 134.0 +84.1 22.9 +0.9 33.7 -16.2
Mean/Sum 17.5 +2.9 428.4 +175.4 16.3 +1.7 236.0 -17.0
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Data were analysed by analysis of variance (ANOVA) and 
linear correlation analysis using the SPSS19.0 software. The 
portion of sums of squares (SS) attributed to genotype, year 
and genotype × year interaction (GxY) was presented as a per-
centage of the total sums of squares remaining after removing 
sums of squares due to replication and error. Statistical signifi-
cance difference at 5% level (P < 0.05) among barley cultivars 
was estimated by Duncan’s Multiple Range Test. 

Results and Discussion 

The results of the analysis of variance revealed that the 
cultivar type (semi-dwarf or mid-tall) had a significant effect 
on the variation of all studied traits except the number of 
spikes per plant and 1000-grain weight (Table 3). All studied 
traits were significantly influenced by the year. A significant 
interaction between cultivar type and the year was found 
only for the trait plant height indicating a specific reaction in 
different environments. 

A strong influence of the year on the variation of number 
of grains per spike (94.56%), grain weight per spike (96.01%) 
and per plant (97.40%), 1000-grain weight (99.33%), and 
number of spikes per plant (96.90%) was found. The percent 
of sums of squares for cultivar type (semi-dwarf or mid-tall) 
was higher than those of the year for the traits number of 
internodes (95.48%), lengths of first (69.41%) and second 
(72.17%) internode, spike length (84.99%), and number of 
spikelets per spike (52.69%). 

In semi-dwarf cultivars, the effects of genotype and gen-
otype by year interaction were significant for all traits (Table 
4). The influence of the year on the variation of all studied 
traits was significant except for the length of the first inter-
node. In mid-tall cultivars, a significant effect of genotype, 
year, and genotype by year interaction for studied traits were 
observed, except for the number of internodes in which ef-
fect of year and genotype by year interaction were nonsignif-
icant. Genotypic effects were considerably higher in semi-
dwarf cultivars compared to mid-tall cultivars for traits plant 
height, spike length, length of the third and fourth internode, 

Table 3. The portion of sums of squares attributed to 
cultivar type (semi-dwarf of mid-tall), year, and cultivar 
type by year interaction as a percentage of the total sums 
of squares remaining after removing sums of squares due 
to replication and error 
 Traits Cultivar 

type
Year Inter

action
Plant height 41.56* 57.62* 0.82*

Number of internodes 95.48* 4.02* 0.50ns

Length of the first internode 69.41* 24.03* 6.56 ns

Length of the second internode 72.17* 27.46* 0.37 ns

Length of the third internode 47.94* 50.12* 1.94 ns

Length of the fourth internode 25.10* 73.38* 1.52 ns

Peduncle length 21.59* 78.40* 0.01 ns

Number of spikes per plant 3.10ns 96.90* 0.00 ns

Spike length 84.99* 14.78* 0.23 ns

Number of spikelets per spike 52.69* 46.96* 0.35 ns

Number of grains per spike 4.43* 94.56* 1.01 ns

Grain weight per spike 3.84* 96.01* 0.15 ns

1000-grain weight 0.08 ns 99.33* 0.59 ns

Grain weight per plant 2.47* 97.40* 0.13 ns

*Significant 0.05%

Table 4. The portion of sums of squares attributed to genotype (G), year (Y), and genotype by year interaction (GxY) as 
a percentage of the total sums of square remaining after removing sums of squares due to replication and error 
Traits Semi-dwarf cultivars Mid-tall cultivars

G Y GxY G Y GxY
Plant height 26.08* 71.04* 2.89* 2.09* 96.18* 1.73*

Number of internodes 62.62* 8.36* 29.02* 94.13* 1.77ns 4.10ns

Length of the first internode 35.17* 32.40* 32.43* 36.33* 19.99* 43.68*

Length of the second internode 91.84* 5.12* 3.05* 63.93* 26.97* 9.10*

Length of the third internode 47.68* 2.82ns 49.50* 42.37* 19.35* 38.28*

Length of the fourth internode 62.55* 20.40* 17.05* 53.64* 27.90* 18.47*

Peduncle length 55.50* 35.85* 8.65* 27.98* 66.87* 5.15*

Number of spikes per plant 49.90* 42.65* 7.44* 13.35* 82.92* 3.72*

Spike length 5.89* 92.26* 1.85* 19.08* 77.55* 3.37*

Number of spikelets per spike 75.03* 14.04* 10.93* 61.95* 28.22* 9.83*

Number of grains per spike 17.25* 70.59* 12.16* 20.31* 75.93* 3.76*

Grain weight per spike 15.35* 76.31* 8.34* 17.90* 76.13* 5.97*

1000-grain weight 11.57* 81.11* 7.32* 12.39* 83.84* 3.76*

Grain weight per plant 61.60* 28.39* 10.01* 42.77* 53.41* 3.82*

*Significant 0.05%
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and 1000-grain weight. A higher percentage of the sum of 
squares attributed to genotype for internode number was ob-
served in mid-tall cultivars than in semi-dwarf cultivars.

The mean plant height was 59.63 cm in semi-dwarf cul-
tivars and varied from 46.47 cm for W. Barcott to 67.33 cm 
for Vivar (Table 5). In mid-tall cultivars, plant height varied 
from 78.67 cm for AC Lacombe to 85.96 cm for Olli with 
a mean value of 83.10 cm. The number of internodes was 
5.87 in semi-dwarf and 6.55 in mid-tall cultivars. All of the 
measured internodes of semi-dwarf cultivars were shorter 
than those of the mid-tall cultivars. The difference between 
semi-dwarf and medium-high varieties for the length of the 
internodes was particularly distinct for the length of the last 
internode with an average of 6.96 cm shorter peduncle in 
semi-dwarf varieties. Reduction of peduncle length in some 
of the short-culm barley mutants as Zeo1.b, sdw1 and uzu1.a 
can cause incomplete spike extrusion from the leaf sheath, 
leading to increased risk of diseases and decline of grain 

yield and quality (Dockter et al., 2014; Patil et al., 2019). 
From the studied cultivars, W. Barcott had the shortest pe-
duncle -13.67 cm. 

Barley lodging resistance is largely affected by the length 
of the second basal internode (Madic et al., 2009). The short-
est second internode was found in cultivar Maranna (3.27 
cm), followed by UC828 (3.82 cm). While longest second 
internode was measured in cultivars Olli (7.91 cm) and AC 
Hamilton (7.23 cm). 

In short-stature cultivars, compared to the mid-tall vari-
eties higher values of coefficient of variation (CV, %) were 
observed for plant height and length of the fourth internode.

The number of spikes per plant ranged from 3.85 (Ma-
ranna) to 4.38 (Tukwa) in short-stem varieties and from 3.71 
(AC Malone) to 4.41 (Sophie) in mid-tall varieties (Table 6). 
Contrary to the findings of Jia et al. (2011) the results of the 
present study did not show a statistically significant increase 
in the number of productive tillers in semi-dwarf genotypes. 

Table 5. Mean plant height, number of internodes, lengths of the first, second, third and fourth internode, and peduncle 
length (2018–2019)
Cultivars PH, cm IN 1st IL, cm 2nd IL, cm 3rd IL, cm 4rd IL, cm PL, cm

Semi-dwarf cultivars
Bold 47.22f 5.67c 1.85bc 4.34b 5.99g 6.68g 17.42d
Ishi 60.67d 6.00a 2.02ab 5.48a 7.76c 9.45c 17.25d
Jackson 65.80b 6.16a 1.84bc 4.45b 7.19d 9.09cd 19.31ab
Mahigan 65.50b 5.53cd 2.25a 5.85a 9.36a 12.53a 17.62d
Maranna 62.34c 6.03a 1.66c 3.27d 6.22fg 8.59de 18.91bc
Niska 62.03c 6.09a 1.80bc 4.03bc 6.52efg 8.08ef 18.74bc
Tukwa 65.45b 6.12a 1.91bc 4.52b 7.02de 8.87d 19.20ab
UC828 53.53e 5.72bc 1.72c 3.82c 6.19fg 8.01f 18.08cd
Vivar 67.33a 5.97ab 2.18a 5.56a 8.50b 10.61b 20.05a
W. Barcott 46.47f 5.37d 1.83bc 4.09bc 6.62def 9.13cd 13.67e
Mean 59.63 5.87 1.90 4.54 7.14 9.10 18.02
CV, % 13.04 4.65 9.98 18.36 15.44 17.39 9.88

Mid-tall cultivars
AC Hamilton 84.35b 6.55bcd 2.34abc 7.23b 9.83b 11.12c 23.84e
AC Lacombe 78.67f 6.20e 1.98d 5.53c 8.43de 11.08c 27.41b
AC Malone 85.67a 6.83b 2.51a 5.87c 8.38e 10.10d 24.30de
AC Stephan 82.04d 6.71bc 2.00d 5.66c 8.97cd 10.83c 23.65e
Creel 80.37e 6.81b 2.18bcd 6.86b 9.88b 10.95c 19.30g
Creme 82.43cd 6.23de 2.39ab 5.58c 8.59de 10.94c 26.56c
Husky 82.63cd 6.43cde 2.14bcd 5.92c 9.19c 11.80b 24.93d
Nadia 83.25bc 7.24a 2.03cd 5.86c 8.58de 9.59d 20.79f
Olli 85.96a 6.22de 2.56a 7.91a 11.09a 12.43a 28.20b
Sophie 85.67a 6.25de 2.05cd 5.55c 8.90cde 11.16c 30.80a
Mean 83.10 6.55 2.22 6.20 9.18 11.00 24.98
CV, % 2.89 5.31 9.76 13.47 9.32 7.15 13.74

PH – plant height; IN- number of internodes; 1st IL – length of the first internode; 2nd IL – length of the second internode; 3rd IL – length of the third inter-
node; 4th IL – length of the fourth internode; PL –peduncle length
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But given the high effect of the environment on this trait, it is 
possible for the semi-dwarf varieties to form more tillers in 
more favourable conditions. 

The mean spike length of semi-dwarf cultivars was 7.26 
cm and 8.99 cm in mid-tall cultivars. Variation of this trait 
was significantly higher in short-stature varieties (CV = 
19.41%) compared to tall varieties (CV = 7.34%). The mid-
tall cultivars showed a higher average number of spikelets 
and grains per spike, and grain weight per spike and per plant 
compared to studied semi-dwarf varieties. In the set of semi-
dwarf varieties, maximum grain weight per plant was ob-
served in Jackson (7.25 g) followed by Bold (6.19 g). In the 
mid-tall group, the highest grain weight per plant was found 
in cultivars AC Stephan (7.83 g) and AC Hamilton (7.18). 
Thomas et al. (1991) and Laurie et al. (1993) also report-
ed lower grain weight per spike and per plant in semi-dwarf 
genotypes. The mean weight of 1000-grains was 39.02 g and 
39.22 g for semi-dwarf and mid-tall varieties, respectively. 
A decrease of 1000-grains weight of semi-dwarf barley was 

found in some studies (Thomas et al., 1991; Laurie et al., 
1993) but in the present investigation difference between the 
two sets of cultivars for this trait was not significant.

Although our findings showed lower values for some of 
the most important yield-related traits as grain weight per 
spike and per plant in semi-dwarf cultivars compared to mid-
tall cultivars, additional studies of yield on plots are need-
ed to fully assess the yield potential of semi-dwarf varieties 
under specific agro-climatic conditions. These varieties can 
show increased grain yields as a result of improved lodging 
resistance and canopy structure.

The correlation coefficients between the studied traits of 
two groups of barley cultivars are presented in Table 7. In 
short-stature cultivars, plant height was positively accosted 
with the number of internodes (r = 0.82), length of the third 
internode (r = 0.64), peduncle length (r = 0.69), and number 
of spikelets (r = 0.85) and grain (r = 0.89) per spike. The 
number of stem internodes had a positive correlation with 
spike length (r = 0.73) and the number of spikelets per spike 

Table 6. Mean yield-related traits of semi-dwarf and mid-tall cultivars of spring barley (2018-2019)
Cultivars NS SL, cm NSS NGS GWS, g TGW, g GWP, g

Semi-dwarf cultivars
Bold 4.12b 4.56f 50.02i 41.38g 2.02b 46.53a 6.19b
Ishi 4.09bc 7.32c 62.52f 44.16e 1.97bc 44.73b 4.76de
Jackson 4.13b 8.20b 77.13a 55.86a 2.42a 39.73d 7.25a
Mahigan 4.06bc 8.15b 68.28c 49.06b 1.95bc 35.78f 5.21cd
Maranna 3.85c 8.84a 71.35b 49.71b 2.09b 37.40e 6.02b
Niska 3.92bc 8.12b 67.81cd 40.29h 1.56d 36.05f 4.62e
Tukwa 4.38a 7.98b 66.92d 47.68c 1.61d 30.93h 5.28c
UC828 4.01bc 6.49d 58.35g 42.97f 1.91bc 42.96c 4.93cde
Vivar 3.91bc 7.77b 64.93e 44.49de 1.90bc 39.93d 6.08b
W. Barcott 4.06bc 5.19e 57.12h 45.08d 1.76cd 36.20f 5.04cde
Mean 4.05 7.26 64.44 46.07 1.92 39.02 5.54
CV, % 3.67 19.41 12.06 10.05 12.86 12.11 14.89

Mid-tall cultivars
AC Hamilton 4.00bc 9.70a 76.59c 53.30c 2.41a 42.67b 7.18ab
AC Lacombe 3.93bcd 8.27d 63.26f 45.69e 1.94cd 39.27c 5.76de
AC Malone 3.71d 9.26abc 74.94d 55.46b 2.28ab 37.59d 6.05cd
AC Nadia 3.96bcd 9.70a 77.73ab 58.68a 2.38a 37.31d 6.75bc
AC Stephan 3.85cd 9.26abc 78.19a 58.92a 2.50a 37.38d 7.83a
Creel 4.06bc 7.58e 62.73f 43.76ef 2.01bc 42.21b 6.26cd
Creme 3.90bcd 8.82c 69.52e 48.13d 2.39a 45.83a 6.45bcd
Husky 4.07bc 9.41ab 77.37b 47.86d 1.67d 34.51e 4.81f
Olli 4.16ab 9.14bc 69.12e 49.46d 2.02bc 37.70d 6.04cd
Sophie 4.41a 8.81c 68.92e 42.29f 1.78cd 37.68d 5.09ef
Mean 4.00 8.99 71.84 50.35 2.14 39.21 6.22
CV, % 4.75 7.34 8.24 11.84 13.63 8.55 14.56

NS – number of spikes per plant; SL – spike length; NSS – number of spikelets per spike; NGS – number of grains per spike; GWS – grain weight per 
spike; GWP – grain weight per plant; TGW – 1000-grain weight
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(r = 0.84). Positive and significant correlations between 
lengths of first, second, third, and fourth internode were 
observed. Peduncle length correlated with spike length (r = 
0.69) and number of spikelets (r = 0.77) and grain(r = 0.65) 
per spike. An association between spike length and the num-
ber of spikelets per spike (r = 0.93) and between the number 
of spikelets per spike and the number of grains per spike (r 
= 0.79) was found. Grain weight per plant showed a positive 
correlation with the number of grains per spike (r = 0.71) and 
grain weight per spike (r = 0.88).

In mid-tall cultivars, the number of internodes was nega-
tively associated with the length of the fourth (r = -0.77) and 
last (r = -0.83) internode and positively associated with the 
number of grains per spike (r = 0.65). Positive correlations 
between lengths of second and third (r = 0.94) and between 
third and fourth internode (r = 0.71) were found. The number 
of spikes per plant showed a negative correlation with num-
ber of grains per spike (r = -0.64) and grain weight per spike 
(r = -0.65). Spike length was associated with the number of 
spikelets per spike (r = 0.91) and the number of grains per 
spike (r = 0.71). An association between number of spike-
lets per spike and number of grains per spike (r = 0.79) and 
between number of grains per spike and grain weight per 
spike (r = 0.77) was observed. Grain weight per plant had a 
positive correlation with the number of grains per spike (r = 
0.71) and grain weight per spike (r = 0.92).

Some previous studies reported a positive correlation 
between plant height and grain yield in barley (Samarrai et 
al., 1987; Al-Sayaydeh et al., 2019). According to Richards 
(1992) and Mirralles et al. (1995) the considerable reduction 
of plant height may lead to the formation of a very dense 
canopy and as result creating favourable conditions for the 
development of foliar pathogens and reduce the uniformity 
of radiation interception and biomass production. The asso-
ciation between plant height and yield was often observed 
under water stress, which suggests that under this condition 
the yield depends on larger stem reserve mobilization (Khan 
et al., 2010; Abdel-Moneam et al., 2014). The lack of sig-
nificant correlation between plant height and grain yield in 
semi-dwarf cultivars in the present study indices the pos-
sibility of selecting genotypes with a combination of short 
stature and high grain yield per plant.

Conclusions

The studied semi-dwarf cultivars had significantly lower 
mean values for plant height, number of internodes, length 
of the first, second, third, and fourth internodes, peduncle 
length, spike length, number of spikelets and grains per 
spike, grain weight per spike, and per plant compared to Ta
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mid-tall cultivars. 
There was no significant difference between semi-dwarf 

and mid- tall cultivars for the mean number of spikes per 
plant and 1000-grain weight.

Considerable higher variation of spike length, plant 
height, and length of the fourth internode was observed in 
semi-dwarf than in mid-tall varieties.

In both sets of cultivars, grain weight per plant was pos-
itively associated with the number of grains per spike and 
grain weight per spike.
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