Levantine Journal of Applied Sciences, Volume 2 (1) (2022) 6-11

LJAS

Levantine Journal of Applied Sciences

journal homepage: https://www.ljoas.com

Stability Analysis of Lines Selected from a Barley Landrace under Rainfed Conditions

Nejdet Kandemir

Department of Biology, Faculty of Science and Letters, Ankara Haci Bayram Veli University, Polatl;, Ankara,

Turkey

(Orcid: https://orcid.org/0000-0002-9658-2193)

Keywords

ABSTRACT

Hordeum vulgare
Grain yield
Correlation
Purelines

Local genotypes

The evaluation of stability and genotype-environment interaction are some of the most
important ways to evaluate the performance of lines within a population across environments.
The aim of the present study was to evaluate some purelines selected from a barley landrace
along with cv. Tokak 157/37 under different environments. Seven field trials with different
rainfall characteristics were conducted to investigate the grain yield stability levels of the lines.
Correlation coefficients were calculated between the grain yields and the amount of
precipitation at planting-harvesting period, and stability analyzes were performed. Average
grain yields of the lines selected from Tokak landrace varied between 3.30 (Lines 56 and 228)
and 3.95 t/ha (Line 207). All genotypes had significant correlations of r = 0.714-0.942 between
seasonal precipitation and grain yields. Lines 64 and 228 had clearly higher correlation
coefficients than others, but they had quite low average yields across the environments and do
not offer any specific advantage for low or high yielding environments. On the other hand,
Line 50 did not have the highest average grain yield but its relatively high correlation
coefficient between precipitation and grain yield makes this line a promising one for the
environments with higher yield potential. The most stable lines with above the average grain
yields were Lines 207 and 50. Lines 207 and 50 had higher yields and higher stability in the
studied environments compared to others. Line 207 had a relatively higher level of correlation
coefficient between grain yield and seasonal precipitation, and its overall yield average was
higher than that of Line 50, indicating promising yield potential for the conditions that can
produce higher grain yields than the ones evaluated in the present study. Thus, the findings
showed the potential of landraces to harbor beneficial gene alleles for variable growing
conditions including the environmental stress environments.

1. Introduction

Cool season cereals such as barley are mostly grown under
rainfed conditions. High yielding modern cultivars developed
for high yielding intensive farming environments may incur
substantial yield losses in less favorable conditions. On the
other hand, landraces were developed by ancient farmers during
the times when intensive farming was not practiced. They are
more resilient plant populations that could have yield stability
across variable production conditions.
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Grain yields of cereals grown under rainfed conditions are
influenced by the amount of precipitation. Water use efficiency
(WUE) and drought tolerance are synonymously used terms
(Tardieu, 2022). However, under water deficit conditions,
efficient use of water (EUW), not WUE, has been proposed to
be considered in plant breeding programs since selection for
higher WUE under these conditions tend to favor plant traits
associated with less water use such as early flowering and
smaller leaf area (Blum, 2009).
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Due to heavy focus on grain yields under optimum
conditions for which modern cultivars are mostly developed,
cultivated varieties may lack tolerance to environmental
stresses such as water scarcity (Jones and Qualset, 1984).

Landrace varieties are plant populations developed by
ancient farmers. Even in self-pollinated crops such as barley,
they are made of plants that look phenotypically similar but in
fact are mixtures of genotypes (Saygili et al., 2021). The genetic
diversity they harbor are very useful for plant breeding
considering the fact that they are easy to pollinate with modern
cultivars and have genes less deleterious for crop yields and
quality traits. They may also have genes that allow them to
perform better under limited water conditions (Reynolds et al.,
2007). Under water stress conditions, barley landraces were
found to have a 60% yield advantage over the modern cultivars
(Grando et al. 2001). Similarly, Tokak (Pl 470281), a landrace
of Turkey used in Anatolian plateau where arid conditions
prevail, could have genes for effective water use in rainfed
conditions.

DNA markers are important tools to identify different
genotypes and genes of interests. They are useful in determining
the genetic diversity levels of landrace varieties as well as to
isolate specific purelines from them to further characterize in
large scale field tests. Simple sequence repeats markers (SSRs)
constitute a specific subclass of DNA markers with a very high
polymorphism rate and ease of use (Varshney et al., 2008).
They have been used in many crops so far including barley.
Using 30 SSR markers, barley landrace Tokak were
characterized and found to have very high genetic diversity
level (Kandemir et al., 2010). Purelines were selected from this
landrace to further evaluate in field tests.

The evaluation of stability and environment-genotype
interaction are some of the most important ways to evaluate the
performance of a population with genotypic differences across
the environment. The aim of the present study was to evaluate
10 purelines selected from Pl 470281 barley landrace along
with cultivated variety Tokak 157/37 under seven field trials
with varying rainfall characteristics and to investigate their
grain yield stability levels.

Table 1. Characteristics of experimental areas

2. Material and Method

In the study, 10 lines selected from the Tokak Turkish barley
landrace (Pl 470281) (Kandemir et al., 2010) using SSR
markers and Tokak 157/37 variety were used. Field trials were
conducted in a total of seven environments (five trials in Tokat
Kazova in 2008-2012, and two in Tokat Artova in 2010 and
2011). Tokat Kazova (hereafter Tokat) trials were carried out at
the Central Black Sea Transition Zone Agricultural Research
Institute in 2008, 2009, 2012, in a producer's field near the same
Institute in 2010, and at experimental lands of Tokat
Gaziosmanpasa University Agricultural Application and
Research Center in 2011. Tokat Artova (hereafter Artova) trials
were carried out at a producer's field near the village of Kunduz
in Artova district in 2010, and at a producer's field near the
village of Artova-Tagpimar in 2011. Some information about the
experimental lands is given in Table 1.

The average long term temperature (35 years) is 14.1 °C in
Kazova and 8.1 °C in Artova regions. The long term total
precipitation is 557.7 mm in Kazova and 464.1 mm in Artova.
The monthly precipitation and temperature values in the
environments where the trials were carried out are given in
Figure 1 and Figure 2. From planting to the date the plants
started to turn yellow, precipitation was 183 mm in 2008 Tokat,
207 mm in 2009 Tokat, 228 mm in 2010 Tokat, 239 mm in 2010
Artova, 299 mm in 2011 Tokat, 267 mm in 2011 Artova and
256 mm in 2012 Tokat trial.

Trials were set up in a randomized complete blocks design
with three replications. Each plot consisted of a total of five
rows of 3 m long. The row spacing was 30 cm. Thus, each plot
area was 4.5 square-meter. A wheat variety with a short plant
height was planted as two rows between the plots and on the
sides of the blocks so that the lodging of one plot should not
affect that of the adjacent one. Sowing was done by hand with
a sowing rate of 200 kg/ha. The plots were fertilized with 75
kg/ha of P205 and 100 kg/ha N. All of the phosphorus fertilizer
was given at planting while half of the nitrogen fertilizer were
given at planting and the other half before the stem elongation
period.

Environment Elevat. Latit. Longit. Planting date  Soil texture ;ﬂtil/lo Ca(;; Os Iz;/?]; kléihoa gggzp'&)
2008 Tokat 570  40.327 36.452 10 March Clayed-loam 0.038 7.71 10.1 111 1108 1.45
2009 Tokat 574  40.326 36.447 6 March Clayed-loam 0.023 7.88 13.6 76 146 1.82
2010 Tokat 592  40.332 36.468 21 February Clayed 0.014 825 39 73 299 1.19
2010 Artova 1106  40.054 36.295 12 March Clayed 0.012 833 35 69 770 0.65
2011 Tokat 589  40.333 36.477 19 February Clayed 0.013 8.17 45 124 441 1.38
2011 Artova 1189  40.133 36.332 17 March Sandy-loam  0.024 8.17 43 86 321 2.48
2012 Tokat 576  40.328 36.452 14 March Clayed-loam 0.043 7.75 9.2 113 1142 1.78
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The plants were harvested with large scissors, dried in loose
bundles and threshed. Yields per hectare were calculated from
the grain obtained from the plots according to the 12% constant
humidity (Kandemir et al.,, 2022). Pearson correlation
coefficient was calculated between the yields of the lines and
the amount of precipitation at planting-harvesting period

Microsoft Excel software. Stability analyzes were performed
using GEA-R software (Pacheco et al., 2015). In the mean vs.
stability view, scaled by standard deviation (SD), centered by
tester — centered G+GE and SVP HJ — (Dual Metric Preserving)
model was used.
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Figure 1. Monthly precipitation values in the environments

25,0

20,0

15,0

10,0

50

0,0

2 @u
Jan @
-5,0

O Tokat Long-term
2012 Tokat

52008 Tokat
Artova Long-term

Monthly Mean Temperature (°C)

2009 Tokat
2010 Artova

o

R
PSPPI

s

Jun

#2010 Tokat
82011 Artova

®2011 Tokat

Figure 2. Monthly mean temperature values in the environments

3. Results and Discussion

Barley grain yields across seven environments varied from
1.84 to 5.57 t/ha (Figure 3). Average grain yields of the lines
selected from Tokak landrace Pl 470281 varied from 3.30
(Lines 56 and 228) to 3.95 t/ha (Line 207). Most lines had
similar or higher grain yields compared to control variety Tokak
157/37 (Table 2). Tokak 157/37 is known with a good
adaptation ability (Diab et al., 2004). It is a selection from a

landrace. In other words, it was not subjected to much genetic
manipulation. This variety had a large seed size (Kandemir,
2004), and had considerable acreage in Turkey as both feed and
malt until recent years. Thus, the lines selected from Pl 470281
had fairly good yield potential comparable to that of the
commercial variety of Tokak 157/37.

Seven environments had total precipitation values of 183.0-
299.0 mm during the period from planting to the harvest.
Correlation coefficients between seasonal precipitation and
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grain yields were calculated for each genotype as an indication
of the effective use of water from the precipitation Table 2. All
genotypes had significant correlations between seasonal
precipitation and grain yields (range: 0.714-0.942). Similar
significant correlations of r = 0.70 and 0.784, respectively, were
observed in spring barley (Yau and Ryan, 2013) and winter
wheat (Jolankai et al., 2018). Some lines such as Lines 64, 228
and 50 (r = 0.942, 0.930 and 0.904, respectively) had clearly
higher correlation coefficients than others. The first two of them

had quite low average yields across the environments including
the low yielding ones such as 2008 Tokat and 2009 Tokat and
do not offer any specific advantage for low or high yielding
environments. On the other hand, although the Line 50 did not
have the highest average grain yield, its relatively high
correlation coefficient between precipitation and grain yield
makes this line a promising one for the environments with
higher yield potential than the ones evaluated in the present
study.

Table 2. Grain yields (t/ha) of lines at environments and their correlations with total precipitation during the planting-harvest period

Genotype 2008 2009 2010 2010 2011 2011 2012 Mean Corre_la_tion
Tokat Tokat Tokat Artova Tokat Artova Tokat coefficient
40 341 1.76 2.66 3.08 5.34 4.07 4.42 3.53 0.770"
50 2.87 2.00 3.12 3.31 6.35 4.32 4.50 3.78 0.904™
53 242 1.90 2.96 3.38 5.78 3.70 5.04 3.60 0.888™
56 242 1.58 2.63 3.19 5.37 3.66 4.28 3.30 0.898™
64 217 1.62 2.58 3.06 5.44 4.25 4.24 3.34 0.942™
207 3.97 2.38 3.03 3.42 6.64 3.81 4.37 3.95 0.714"
210 2.61 1.83 2.78 3.12 5.49 3.74 4.38 3.42 0.892™
212 2.08 1.64 2.40 3.47 6.23 3.50 5.40 3.53 0.871™
217 3.30 1.74 2.43 2.97 4.90 4.03 4.47 341 0.746"
228 2.07 1.67 3.11 2.94 5.38 3.66 4.29 3.30 0.930™
Tokak 157/37 2.86 2.13 2.82 3.16 4.30 3.70 4.37 3.33 0.817™
Mean 2.74 1.84 2.77 3.19 5.57 3.86 4.52 3.50 0.880
Precipitation® 183 206.9 228 238.5 299 267 256 240
B Precipitation is the amount of rainfall during the vegetation period.
*and **: significant at 5% and 1% level of probability, respectively.
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Figure 3. Grain yields of lines across trials. Values in parentheses are the amount of rainfall during the vegetation period. The trials

were ordered according to amount of precipitation.

In Figure 4 comparing the stability and average yields, the
line denoted by a circled arrow shows the average grain yield
line of environments. The arrow indicates the direction of
increasing grain yield (Frutos et al., 2014). The lines with the

highest yield averages were 207, 50, 53, 212 and 40. The
distances of the lines to the yield line indicates their instability,
i.e., the lines closest to the average yield line are the most stable
ones. The most stable lines with above the average grain yields

9
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were the 207 and 50. On the other hand, line 212 was unstable.
Based on these findings, Lines 207 and 50 had higher yields and
higher stability in the studied environments compared to other
lines. Although Line 207 had lower grain yields than the
environment averages in 2011 Artova and 2012 Tokat, its
overall yield average was higher than that of Line 50, and more
prominent in the chart compared to the Line 50.
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Figure 4. The mean vs. stability of the genotype and genotype
environment interaction (GGE) biplot based on grain yield. The small
blue rectangular indicate the seven environments where the field trials
were conducted. The small green circles show the 11 genotypes.

Although the idea of stable genotypes that can maintain
yield levels across environments seem to be appealing, it could
also mean that the genotype cannot benefit better from the high
yielding environments such as those with more precipitation.
While there is a tradeoff between grain yield levels and yield
stability especially in semiarid conditions (Du et al., 2020), in
wetter conditions, the genotypes that have higher than the
average Yyield and can perform better are preferable. Therefore,
lines having a high level of correlation between amount of
precipitation and grain yield and having higher than average
grain yields would be more desirable. Of the all lines evaluated
in the present study, Line 210 was the most stable and had the
highest level of correlation between precipitation and grain
yield, but its average yield was lower than the others. On the
other hand, Line 212 which had a high level of correlation
between precipitation and grain yield and higher than the
average grain yields was also unstable. Similar to Line 207,
Line 50 was stable and had high grain yields but it had a high
level of correlation between precipitation and grain yield. It was
found that the Line 207 had the lowest level of correlation
coefficient between precipitation and grain yield (Table 2).
Moreover, in both the lowest (2008 and 2009 Tokat) and the
highest rainfall environments (2011 Tokat), the highest grain
yield was obtained from the Line 207. This finding revealed that
Line 207 performed better with less dependence on varying
precipitation conditions compared to other lines.

4. Conclusion

Ten lines selected from Tokak landrace Pl 470281 were
evaluated under seven rainfed conditions compared with Tokak
157/37 commercial barley variety known for its good adaptation
and stress tolerance characteristics. Most lines had comparable
or higher grain yields than Tokak 157/37 under these
conditions. Tokak 157/37 had vyield stability across the
environments but low grain yield averages. Two lines had both
high grain yields and fairly good yield stability. One of them
also had a relatively higher level of correlation coefficient
between grain yield and seasonal precipitation, indicating
promising yield potential for the conditions that can produce
higher grain yields than the ones evaluated in the present study.
Thus, our findings revealed the potential of landraces to offer
useful gene alleles for different growing conditions especially
the ones under the environmental stresses.

Declaration of Competing Interest

The author declares that he has no known competing financial
interests or personal relationships that could have appeared to
influence the work reported in this paper.

Funding

This study was supported by The Scientific and Technological
Research Council of Turkey (TUBITAK, Grant no: TOVAG
1070103).

Cite this article: Kandemir, N., 2022. Stability Analysis of Lines
Selected from a Barley Landrace under Rainfed Conditions.
Levantine Journal of Applied Sciences, Volume 2(1), 15-19.
http://dx.doi.org/10.56917/ljoas.8

References

Blum, A., 2009. Effective use of water (EUW) and not water-
use efficiency (WUE) is the target of crop yield
improvement under drought stress. Field Crops Res. 112,
119-123. https://doi.org/10.1016/j.fcr.2009.03.009.

Diab, A.A,, Teulat-Merah, B., This, D., Ozturk, N.Z., Benscher,
D., Sorrells, M.E., 2004. Identification of drought-
inducible genes and differentially expressed sequence tags
in barley. Theor Appl Genet. 109(7), 1417-1425.
https://doi.org/10.1007/s00122-004-1755-0.

Du, Y.L., Xi, Y., Cui, T., Anten, N.P., Weiner, J., Li, X., Turner
N.C., Zhao Y.M., Li, F.M., 2020. Yield components,
reproductive allometry and the tradeoff between grain
yield and yield stability in dryland spring wheat. Field
Crops Res. 257, 107930.
https://doi.org/10.1016/j.fcr.2020.107930.

Frutos, E., Galindo, M.P., Leiva, V., 2014. An interactive biplot
implementation in R for modeling genotype-by-
environment interaction. Stoch Env Res Risk Assess.
28(7), 1629-1641. https://doi.org/10.1007/s00477-013-
0821-z.

Grando, S., Von Bothmer, R., Ceccarelli, S., 2001. Genetic
diversity of barley: use of locally adapted germplasm to
enhance yield and yield stability of barley in dry areas, in:

10



Kandemir

Levantine Journal of Applied Sciences /Volume 2 (1) (2022) 6-11

Cooper, H.D., Spillane, C., Hodgink, T. (Eds.), Broadening the
genetic base of crop production. CABI/FAO/IPGRI, pp.
351-372.

Jolankai, M., Kassai M.K., Tarnawa, A., Pésa, B., Birkas, M.,
2018. Impact of precipitation and temperature on the grain
and protein yield of wheat (Triticum aestivum L.) varieties.
Quart J Hung Meteorol Serv. 122(1), 31-40.
https://doi.org/10.28974/idojaras.2018.1.3.

Jones, R.A., Qualset, C.O., 1984. Breeding crops for
environmental stress tolerance, in: Collins, G.B., Petolino,
J.G. (Eds.), Applications of genetic engineering to crop
improvement. Advances in Agricultural Biotechnology,
vol 10. Springer, pp. 305-340.
https://doi.org/10.1007/978-94-009-6207-1_10.

Kandemir, N., 2004. Determination of malting barley cultivars

suitable for Tokat-Kazova conditions. Journal of
Agricultural Faculty of Gaziosmanpasa University.
21:94-100.

Kandemir, N., Saygili, I., Ates Sénmezoglu, O., Yildirim, A.,
2022. Evaluation of barley semi-dwarf allele sdwl.d in a
near isogenic line. Euphytica. 218, 31.
https://doi.org/10.1007/s10681-022-02983-4.

Kandemir, N., Yildirim, A., Gunduz, R., 2010. Determining the
levels of genetic variation using SSR markers in three
Turkish barley materials known as Tokak. Turk J Agric
For. 34. 17-23.

Pacheco, A., Vargas, M., Alvarado, G., Rodriguez, F., Lopez,
M., Crossa, J., Burguefio, J., 2015. GEA-R (Genotype X

Environment Analysis with R for Windows) Version 4.1.
https://hdl.handle.net/11529/10203.

Reynolds, M., Dreccer, F., Trethowan, R., 2007. Drought-
adaptive traits derived from wheat wild relatives and
landraces. J Exp Bot. 58(2), 177-186.
https://doi.org/10.1093/jxb/er250.

Sayqili, 1., Sonmezoglu, O.A., Yildirim, A., Kandemir, N.,
2021. Genetic variation among selected pure lines from
Turkish barley landrace ‘Tokak’ in yield-related and
malting quality traits. Span J Agric Res. 19, e0702.
doi.org/10.5424/sjar/2021194-18021.

Tardieu, F., 2022. Different avenues for progress apply to
drought tolerance, water use efficiency and yield in dry
areas. Curr  Opin Biotechnol. 73, 128-134.
https://doi.org/10.1016/j.copbio.2021.07.019.

Varshney, R.K., Thiel, T., Sretenovic-Rajicic, T., Baum, M.,
Valkoun, J., Guo, P., Grando, S., Ceccarelli, S., Graner,
A., 2008. ldentification and validation of a core set of
informative genic SSR and SNP markers for assaying
functional diversity in barley. Mol Breed. 22, 1-13.
https://doi.org/10.1007/s11032-007-9151-5.

Yau, S.K., Ryan, J., 2013. Differential impacts of climate
variability on yields of rainfed barley and legumes in semi-
arid Mediterranean conditions. Arch Agron Soil Sci.
59(12), 1659-1674.
https://doi.org/10.1080/03650340.2013.766322.

11



