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Extended Abstract

Background: One of the main challenges for wheat farmers and breeders worldwide is the
limitation of growth, development, and yield in the face of environmental stresses. Dehydration
is one of the most important stresses, leading to decreased efficiency and production of this
agricultural product. As a classic adaptation mechanism, drought escape allows the plant to
complete its life cycle before occurring drought stress. This issue is particularly important in
areas where drought occurs at the end of the growing season. In addition to controlling the
growth habit of wheat, photoperiod genes play a key role in the flowering time and earliness of
wheat and are of interest in drought tolerance research. This research aimed to investigate
drought stress tolerance in wheat isogenic lines using quantitative indices of stress tolerance.
Methods: In previous research, earliness was transferred from an Australian early-heading
variety, Excalibur, to Roshan and Kolhaidari using the backcrossing method to develop the
BCsF, generation. In the present research, the early-heading plants of this generation were
crossed with the recurrent parents (Roshan and Kolhaydari) in 2017 to obtain the first
generation from the fourth backcross. In this generation, parents and offspring were evaluated
for photoperiod-controlling genes. During the first to fourth generations of the fifth backcross,
only heterozygous plants (Ppd-D1a/Ppd-D1b) were selected using specific markers for the Ppd-
D1 locus. Five generations of backcrossing and four generations of selfing were performed to
have different alleles of Ppd-D1 in the same genetic background. Both homozygous genotypes
(Ppd-Dla/Ppd-Dla and Ppd-D1b/Ppd-D1b) were selected in the fifth generation of the fifth
backcross to generate isogenic lines for Ppd-D1. In this generation, homozygous lines were
selected for final field trials. To investigate the effect of photoperiod genes on drought
tolerance, four isogenic lines were created in experiments with a randomized complete block
design and four replications in the crop year 2018-2019 in the rainfed conditions of Sepidan and
in the well-watered conditions of Kerman in the crop year 2019-2020. The number of days to
flowering, number of days to maturity, grain-filling period, number of spikes per square meter,
number of seeds per spike, 1000-grain weight, and grain yield were evaluated in this research.
The drought tolerance of isogenic lines was evaluated using eight indices, including
productivity mean, yield index, stress tolerance index, geometric mean of production, stress
sensitivity index, yield stability index, and stress tolerance score.

Results: Unlike Ppd-D1b, which is a photoperiod-sensitive allele, Ppd-D1a as a photoperiod-
insensitive allele, effectively improves early flowering under dryland and well-watered
conditions. The Ppd-D1a allele reduced the number of days to flowering in the Roshan genetic
background by 3.75 and 4.00 days, and in the Kolhaydari genetic background by 5.08 and 4.7
days in rainfed conditions of Sepidan and well-watered conditions of Kerman, respectively.
These results were also reflected in the number of days to maturity, in which Ppd-D1a improved
this trait by 7.04 and 8.02 days in the Roshan and Kalhaydari genetic backgrounds, respectively.
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Ppd-Dla improved earliness in both genetic backgrounds, with better performance in the
Kalhaydari genetic background. These findings confirm the interaction between genetic
background and the Ppd-D1 gene. Despite the positive effect of Ppd-D1la on earliness in both
genetic backgrounds under all environments, there was an interaction between genetic
backgrounds and Ppd-Dla alleles for earliness, implying that genetic backgrounds determine
the extent of the response to selection. Among the studied isogenic lines under drought stress
conditions, the Ppd-D1a allele significantly improved grain yield in the Roshan and Kalhaydari
genetic backgrounds, respectively (96 kg/ha and 99 kg/ha). However, there were no significant
differences between isogenic lines in both genetic backgrounds under well-watered conditions.
These results highlight the importance of marker-assisted selection and backcrossing for Ppd-
D1la in breeding programs for dryland conditions. According to yield correlation (0.952) in
drought stress and normal environments, selection in both conditions can show high-yielding
isogenic lines with good yield stability. In normal conditions, there was a high correlation
between the geometric mean of production, stress tolerance index, yield index, stress sensitivity
index, and grain yield. This correlation was high and significant for the geometric mean of
productivity, stress tolerance index, and yield index under drought stress conditions. The stress
tolerance score showed that Ppd-D1la isogenic lines in both Roshan and Kolhaydari genetic
backgrounds, which had the photoperiod insensitivity allele, had the highest stress tolerance
score. Principal component analysis showed that Ppd-D1a in the Roshan background was the
most drought-tolerant isogenic line.

Conclusion: The results showed that Ppd-D1a not only improved earliness in the isogenic lines
but also improved drought tolerance using the drought escape mechanism.
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Figure 2. Homozygote genotypes including Ppd-D1b/Ppd-D1b and Ppd-D1a/Ppd-D1a for isogenic lines (a and b).
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Table 4. Principal components analysis based on the tolerance indices in the isogenic lines in wheat
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Figure 5. Biplot analysis graph for tolerance indices in the isogenic lines in wheat based on the first two components

pAS Sid Joow Lilil 4 bgye Sldllae [ g 0 IS (8 S Ao
b ohesS oS SaSay Sl Ml b dlgie o g, (S5 saie; > PPA-DIA jgnl oY

b plosl Ppd-D1 5 (sl o i ol ol oy 1) (Sis oo olise cp 5V

13,08 9 SiS ‘295 29 L g o9 @ Camlue pae Il &S

b 55ysliS GlgSSsn oRimgyy I dllie 5,1 jl. fw te",.w‘ Joti)] .)‘3 Jl)ﬂ*& Jg:b ’ "S*: Jm

ol oe 65Kk 0595 ol Jlo Cglas Al s u-gwf I P pesle (05 d—’ﬂ"

i oo il 381 ases )d g 0 Sdas Doy sl ¢ Juad

References

Abdolshahi, R., Safarian, A., Nazari, M., Pourseyedi, S., & Mohamadi-Nejad, G. (2013). Screening
drought-tolerant genotypes in bread wheat (Triticum aestivum L.) using different multivariate
methods. Archives of Agronomy and Soil Science, 59(5), 685-704.
http://doi:10.1080/03650340.2012.667080

Beales, J., Turner, A., Griffiths, S., Snape, J.W., Laurie, D.A. (2007). A pseudo-response regulator is mis-
expressed in photoperiod insensitive Ppd-Dla mutant of wheat (Triticum aestivum). Theor Appl
Genet, 115, 721-733. https://doi.org/10.1007/s00122-007-0603-4

Bouslama, M., Schapaugh, W. T. (1984). Stress tolerance in soybean. Part 1: evaluation of three
screening techniques for heat and drought tolerance. Crop Science, 24(5), 933-937.

Chen, L., Du, Y., Lu, Q., Chen, H., Meng, R., Cui, C, Lu, S., Yang, Y., Chai, Y., & Li, J. (2018). The
photoperiod-insensitive allele Ppd-D1a promotes earlier flowering in Rht12 dwarf plants of bread
wheat. Frontiers in Plant Science, 9, 1312. http://doi:10.3389/fpls.2018.01312

Dorrani-Nejad, M., Kazemipour, A., Maghsoudi-Moud, A. A., & Abdolshahi, R. (2022). Wheat breeding
for early heading: Does it improve grain yield under drought stress and well-watered conditions?
Environmental and Experimental Botany, 200, 104902. http://doi:10.1016/j.envexpbot.2022.104902

Fait, V. I., & Balashova, I. A. (2022). Distribution of Photoperiod-Insensitive Alleles Ppd-D1a, Ppd-B1a,
and Ppd-B1c in Winter Common Wheat Cultivars (Triticum aestivum L.) of Various Origin. Cytology
and Genetics, 56(2), 109-117. http://doi:10.3103/S0095452722020049

Farshadfar, E., Poursiahbidi, M. M., & Safavi, S. M. (2013). Assessment of drought tolerance in land
races of bread wheat based on resistance/tolerance indices. International Journal of Advanced


http://dx.doi.org/10.61186/jcb.16.2.136
http://jcb.sanru.ac.ir/article-1-1514-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jcb.16.2.136 |

lillus dlzg) 5 5 gl LoyaMe olficreme wuld s Wb e (53 LS
g Ob PS5 gl oY ) (S (i Jeos p Ppd-D1 5 580 b))

Biological and Biomedical Research, 1(2), 143-158.

Fernandez, G.C. (1992). Effective selection criteria for assessing plant stress tolerance. In Proceeding of
the International Symposium on Adaptation of Vegetables and other Food Crops in Temperature and
Water Stress, Aug. 13-16, Shanhua, Taiwan, 257-270. https://doi.org/10.22001/wvc.72511

Fischer, R.A., Maurer, R. (1978). Drought resistance in spring wheat cultivars. Part 1: grain yield
response, 29(5), 897-912. http://dx.doi.org/10.1071/AR9780897

Gavuzzi, P., Rizza, F., Palumbo, M., Campanile, R. G., Ricciardi, G. L., & Borghi, B. (1997). Evaluation
of field and laboratory predictors of drought and heat tolerance in winter cereals. Canadian Journal of
Plant Science, 77(4), 523-531. https://doi.org/10.4141/P96-130

Golabadi, M., Arzani, A., & Maibody, S. A. M. (2006). Assessment of drought tolerance in segregating
populations in durum wheat. African Journal of Agricultural Research, 1(5), 162-171.

Hill, C. B., & Li, C. (2016). Genetic architecture of flowering phenology in cereals and opportunities for
crop improvement. Frontiers in Plant Science, 7, 1906. http://doi:10.3389/fpls.2016.01906

Kamran, A., Igbal, M., & Spaner, D. (2014). Flowering time in wheat (Triticum aestivum L.): a key factor
for global adaptability. Euphytica, 197, 1-26. http://doi:10.1007/s10681-014-1075-7

Khanizadeh, A., Rashidi, V., Eivazi, A. R., Khalilvand Behroziar, E., & Yarnia, M., (2021). Evaluation of
Drought Tolerance in Advance Lines and Cultivars of Winter Wheat. Journal of Crop Breeding, 13
(38). http:// doi: 10.52547/jcb.13.38.193

Krupin, P. Y., Karlov, G. I., Bespalova, L. A., Salina, E. A., Chernook, A. G., Watanabe, N., Bazhenov,
M. S., Panchenko, V. V, Nazarova, L. A., & Kovtunenko, V. Y. (2020). Effects of Rhtl7 in
combination with Vrn-B1 and Ppd-D1 alleles on agronomic traits in wheat in black earth and non-
black earth regions. BMC plant biology, 20(1), 304. http://doi:10.1186/s12870-020-02514-0

Kulkarni, M., Soolanayakanahally, R., Ogawa, S., Uga, Y., Selvaraj, M. G., & Kagale, S. (2017). Drought
response in wheat: key genes and regulatory mechanisms controlling root system architecture and
transpiration efficiency. Frontiers in Chemistry, 5, 106. http://doi:10.3389/fchem.2017.00106

Langer, S. M., Longin, C. F. H., & Wirschum, T. (2014). Flowering time control in European winter
wheat. Frontiers in Plant Science, 5, 537. http://doi:10.3389/fpls.2014.00537

Moghaddasi, L., Rashidi, V., & Rosban-Haghighi, A. (2010). Evaluation of drought tolerance in durum
wheat lines using application of drought tolerance indices. 11th Crop Science Congress. Iran, Shahid
Beheshti University of Tehran.

Mursalova, J., Akparov, Z., Ojaghi, J., Eldarov, M., BELEN, S., GUMMADOQV, N., & Morgounov, A.
(2015). Evaluation of drought tolerance of winter bread wheat genotypes underdrip irrigation and rain-
fed conditions. Turkish Journal of Agriculture and Forestry, 39(5), 817-824. http:// doi: 10.3906/tar-
1407-152

Nikkhah, H. R., Tajali, H., Tabatabaie, S. A., & Taheri, M. (2023). Evaluation of Yield Stability and
Drought Tolerance of Barley Genotypes in Temperate Regions of the Iran. Journal of Crop Breeding,
14(44). http://doi: 10.52547/jch.14.44.1

Nitcher, R., Pearce, S., Tranquilli, G., Zhang, X., & Dubcovsky, J. (2014). Effect of the hope FT-B1
allele on wheat heading time and yield components. Journal of Heredity, 105(5), 666-675.
http://doi:10.1093/jhered/esu042

Omidi, M., Siahpoosh, M. R., Mamghani, R., & Modarresi, M. (2015). Heat tolerance evaluating of
wheat cultivars using physiological characteristics and stress tolerance indices in Ahvaz climatic
conditions. Plant Productions, 38(1), 103-113. https://doi.org/10.22055/ppd.2015.11135

Radhika, T. S. K. (2014). Comparative yield responses of wheat genotypes under sowing date mediated
heat stress conditions on basis of different stress indices. Ind. J. Ecol, 41, 339-343.

Rahimi, Y., Bihamta, M., Taleei, A., & Ali Pour, H. (2019). Genetic variability assessment of Iranian
wheat landraces in term of some agronomic attributes under normal irrigation and rain-fed conditions.
Iranian Journal of Field Crop Science, 50(3), 1-16. 10.22059/1JFCS.2018.258294.654471

Rahman, M. M., Crain, J., Haghighattalab, A., Singh, R. P., & Poland, J. (2021). Improving wheat yield
prediction using secondary traits and high-density phenotyping under heat-stressed environments.
Frontiers in Plant Science, 12, 633651. https://doi.org/10.3389/fpls.2021.633651

Rawson, H. M. (1970). Spikelet number, its control and relation to yield per ear in wheat. Australian
Journal of Biological Sciences, 23(1), 1-16. https://doi.org/10.1071/B19700001

Rosielle, A.A., Hamblin, J. (1981). Theoretical aspects of selection for vyield in stress
and nonstress environment. Crop Science, 21(6), 943-946. doi:
10.2135/cropscil981. 0011183X002100060033x

Seki, M., Chono, M., Nishimura, T., Sato, M., Yoshimura, Y., Matsunaka, H., Fujita, M., Oda, S., Kubo,
K., & Kiribuchi-Otobe, C. (2013). Distribution of photoperiod-insensitive allele Ppd-Ala and its
effect on heading time in Japanese wheat cultivars. Breeding Science, 63(3), 309-316.
http://doi:10.1270/jsbbs.63.309

Shavrukov, Y., Kurishbayev, A., Jatayev, S., Shvidchenko, V., Zotova, L., Koekemoer, F., De Groot, S.,
Soole, K., & Langridge, P. (2017). Early flowering as a drought escape mechanism in plants: how can
it aid wheat production? Frontiers in Plant Science, 8, 1950. http://doi:10.3389/fpls.2017.01950


https://doi.org/10.22001/wvc.72511
https://doi.org/10.4141/P96-130
http://dx.doi.org/10.52547/jcb.13.38.193
https://doi.org/10.22055/ppd.2015.11135
https://doi.org/10.22059/ijfcs.2018.258294.654471
https://doi.org/10.3389/fpls.2021.633651
http://dx.doi.org/10.61186/jcb.16.2.136
http://jcb.sanru.ac.ir/article-1-1514-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jcb.16.2.136 |

colillus dizgy 5 3152l Lojedle ol gems muld oy b e «(55250,0 L3
Y VY Y oo [pnd 3l Jlo [ £l); oalS oMol aob yings,

Shcherban, A. B., Borner, A., & Salina, E. A. (2015). Effect of VRN-1 and PPD-D1 genes on heading
time in European bread wheat cultivars. Plant Breeding, 134(1), 49-55. http://d0i:10.1111/pbr.12223

Shiri, M., Valizadeh, M., Magjidi, E., Sanjari, A., & GHARIB, E. A. (2010). EVALUATION OF WHEAT
TOLERANC INDICES TO MOISTHRE STRESS CONDITION.

Taheripourfard, Z. S., Izadi-Darbandi, A., Ghazvini, H., Ebrahimi, M., & Mortazavian, S. M. M. (2018).
Characterization of specific DNA markers at VRN-H1 and VRN-H2 loci for growth habit of barley
genotypes. Journal of Genetics, 97, 87-95. https://doi.org/10.1007/s12041-018-0886-z

Watson, A., Ghosh, S., Williams, M. J., Cuddy, W. S., Simmonds, J., Rey, M.-D., Asyraf Md Hatta, M.,
Hinchliffe, A., Steed, A., & Reynolds, D. (2018). Speed breeding is a powerful tool to accelerate crop
research and breeding. Nature Plants, 4(1), 23-29. http://d0i:10.1038/s41477-017-0083-8

Zhang, Y.P., Uyemoto, J., Kirkpatrick, B. (1998). A small-scale procedure for extracting nucleic acids
from woody plants infected with various phytopathogens for PCR assay. Journal of Virological
Methods, 71(1), 45-50. http://doi.org/10.1016/S0166-0934(97)00190-0

Zebarjadi, A. R., Shadpey, T., Etminan, A. R., & Mohammadi, R. (2013). Evaluation of drought stress
tolerance in durum wheat genotypes using drought tolerance indices. Seed and Plant Improvement
Journal, 29(1).

Zikhali, M., Leverington-Waite, M., Fish, L., Simmonds, J., Orford, S., Wingen, L. U., Goram, R.,
Gosman, N., Bentley, A., & Griffiths, S. (2014). Validation of a 1DL earliness per se (eps) flowering
QTL in bread wheat (Triticum aestivum). Molecular Breeding, 34, 1023-1033.
http://doi:10.1007/s11032-014-0094


http://dx.doi.org/10.61186/jcb.16.2.136
http://jcb.sanru.ac.ir/article-1-1514-en.html
http://www.tcpdf.org

