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Extended Abstract

Background: Many efforts have been made to combine the diverse capabilities of different plant
species into a unique plant to increase the quantity and quality of the food product. Accordingly,
scientists succeeded in producing triticale as a new pathogen by using a cross between wheat
(Triticum spp.) and rye (Secale cereale), which aims to increase the ability of wheat, as one of the
most important food sources among grains in the world. It was to withstand harsh environmental
conditions such as drought stress. Various studies show that this grain has a high potential to be
used as a multipurpose product for direct human use or as a fodder product. Therefore, triticale
can be considered a potential product with special genetic conditions, whose yield is still far from
its potential. According to scientists of breeding science, creating diversity, whether natural or
synthetic, in agricultural products and selecting genotypes with the highest yields and stability in
different environments are among the main goals of studies in the field of breeding. It is also
reported that the stress tolerance of triticale genotypes is usually higher than wheat genotypes,
triticale is less affected by stress conditions, and its yield will be higher than wheat. Resistance to
drought stress is a complex process that includes a network of plant responses at the physiological
and molecular levels that have not yet been properly discovered and understood. However,
creating diversity, selecting genotypes, and studying different traits will help scientists in this
direction. In the current study, different triticale genotypes produced by domestic scientists were
cultivated and tested under different irrigation conditions to consider the possibility of introducing
new cultivars resistant to drought stress and changing environmental conditions. In addition, the
relationship between morphological and agronomic traits related to seed yield was evaluated in
this research using some advanced statistical methods to find possible traits suitable for indirect
selection. The amount of different genetic, phenotypic, and environmental indicators was also
investigated to examine the effect of the environment and genetics on the traits.

Methods: To reflect the effect of water deficit on triticale and the probability of screening some
suitable genotypes tolerant to drought stress, a study was carried out on nine triticale genotypes
under four irrigation regimes during two years. These genotypes included Senabad, Pag, Juanillo,
ET-85-4, ET-92-15, ET-92-18, ET-83-20, ET-85-17, and ET-83-18. In each year, four different
irrigation regimes were applied with interruption of irrigation in three stages, including the
flowering stage, the seed milky stage, and the seed pulp stage, along with the control condition.
In each year, a split-plot design based on a randomized complete block design with three blocks
(replication) was used every two years of the experiment (the growing season 2018-2019) in the
research station located in the research complex of the Zarghan Agriculture and Natural Resources
Research and Training Center, Fars, Iran. Different traits, including plant height, leaf angle, leaf
weight, total dry matter, spike length, spike weight, spike number, grain number, straw yield,
harvest index, and grain yield, were measured for all applied genotypes in this study. The data
obtained from this experiment were first subjected to the composite analysis of variance, and year
variance, environmental variance, genotypic variance, phenotypic variance, and test error
variance were estimated based on these calculations. The analysis was performed in SAS-9.4-M6
software using a programming code stored on the GitHub website.

Results: The results showed that a lower number of irrigation and earlier withholding of water
from the triticale plants can lead to a high decrease in the productivity of triticale genotypes.
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Consequently, irrigation treatments and water availability are significant factors in determining
the type of breeding programs. Moreover, some genotypes showed a high potential for being
considered for releasing cultivars. ET-83-20 and ET-85-04 showed better performance under
normal and severe water deficit, respectively, than the other genotypes. Estimation of genotypic
features, such as heritability and coefficient of variation, showed a high possibility and potential
of producing cultivars with high productivity under either normal or stressed conditions.
Conclusion: Overall results indicated that high heritability and the significant association with
grain yield for some traits, such as spike weight, spike humber, and grain number, suggest that
they are suitable traits for indirect screening and selection criteria. In addition, higher variation
for triticale is required to find genotypes with the best quality and quantity traits to be released as
a new and proper cultivar to be cultivated in environments with changing conditions.
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Table 2. Mean comparison of an interaction effect between irrigation and genotype in two years for measured features

in triticale plants

1399 1398 1399 1398 1399 1398 o S
: aliw 2o 5lw) oLS gl 5) Sy o5 TP G m)

gglﬁ)ngth (rr:Jr?]l; (II;TaLnrtJhe)ight (c&m)) I_(eegfszfveigh;}()é) Genotype Irrigation withholds
98.8a-c 95a-e 133.12a 128a 0.08i-k 0.08h-j Sanabad
85.28¢c-h 82e-j 126.88a 122a 0.09g-j 0.09g-i Pajh
82.99d-j 79.8g-1 128.96a 124a 0.05m-m 0.051-1 Javanilo
89.65h-e 86.2¢c-i 136.24a 131a 0.061-m 0.06k-1 ET-85-4 aAls e 5> ()bl dlad
83.41d-i 80.2f-1 134.16a 129 0.07k-I 0.07j-k ET-92-15 Uﬁ,_\g
84.76¢-h 81.5e-k 123.76a 119 0.08i-k 0.08h-j ET-92-18 Flowering
76.13e-k 73.2h-m 122.72a 118a 0.07k-1 0.07j-k ET-83-20
61.57I-1 59.2n-n 133.12a 132a 0.09g-j 0.09g-i ET-85-17
61.88k-I 59.5m-n 131.84a 128a 0.07k-1 0.07j-k ET-83-18
103.1a-b 100.1a-c 122.57a 128a 0.09h-j 0.09g-i Sanabad
91.67b-d 89c-g 126.69a 119a 0.1f-i 0.1f-h Pajh
89.61b-e 87c-h 135.96a 123a 0.061-m 0.06k-1 Javanilo
94.76a-d 92b-g 131.84a 132a 0.07k- 0.07j-k ET-85-4 als e 5> ()bl glad
91.67b-d 89c-g 130.81a 128a 0.08i-k 0.08h-j ET-92-15 &l gy
92.7b-d 90c-g 122.57a 127a 0.09h-j 0.09g-i ET-92-18 Milky
83.43d-i 81f-k 133.9a 119a 0.08i-k 0.08h-j ET-83-20
70.04i-1 68k-n 132.87a 130a 0.09h-j 0.09g-i ET-85-17
69.01j-1 671-n 131.58a 129a 0.08i-k 0.08h-j ET-83-18
107.1a-a 105a-b 122.4a 129a 0.11c-f 0.11c-f Sanabad
94.86a-d 93a-g 125.46a 120a 0.12b-e 0.12b-e Pajh
91.8b-d 90c-g 133.62a 123a 0.08j-k 0.08i-j Javanilo
96.9a-d 95a-e 131.58a 131a 0.09h-j 0.09g-i ET-85-4 Al yo 3 )bl glab
94.86a-d 93a-g 130.56a 129a 0.le-h 0.le-g ET-92-15 FUIOPIWES
95.88a-d 94a-f 121.38a 128a 0.12b-d 0.12b-d ET-92-18 Doughy
87.72¢c-g 86d-i 135.66a 119a 0.11c-f 0.11c-f ET-83-20
73.44g-1 72j-n 131.58a 129a 0.13a-b 0.13a-b ET-85-17
71.4h-1 70j-n 129.66a 128a 0.11c-f 0.11c-f ET-83-18
107.38a-a 93a-g 124.6a 123a 0.12b-d 0.12b-d Sanabad
94.21a-d 91c-g 125.61a 124a 0.12b-c 0.12b-c Pajh
92.18b-d 96a-d 131.69a 130a 0.08i-k 0.08h-j Javanilo
97.25a-d 93a-g 130.68a 129a 0.1f-i 0.1f-h ET-85-4
94.21a-d 9a-f 129.66a 128a 0.11d-g 0.11d-f ET-92-15 Aald
95.22a-d 87c-h 121.56a  120a 0.13a-b 0.13a-b ET-92-18 Control
88.13c-f 106a-a 137.28a 133a 0.12b-d 0.12b-d ET-83-20
73.95f- 73i-n 134.73a 133a 0.14a-a 0.14a-a ET-85-17
72.94h-1 72j-n 130.68a 129 0.12b-d 0.12b-d ET-83-18
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Mean with the same letter(s) are not significantly different (Duncan 5%)
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Table 2 continue. Mean comparison of an interaction effect between irrigation and genotype in two years for the
measured feature in triticale plants

yraa ARV AR ARV AR YYaA L s
- P A Al - = - S8 SHlel w23y
Al 2l (p5) abiw 55 () Sy a4l Genotype Irrigation withholds
Spike number Spike weight (g) Leaf angle (radian)
401.7c-h 390c-h 2.131-] 1.94j-1 36.05a-c 35a-b Sanabad
391.4d-h 380d-h 1.91j+ 1.741-1 38.11a-c 37a-b Pajh
381.lef-h 370?-h l.91lj1-j 1.74I-I 35.02b-c 348-2 Javanilo
360.5f-i 350f-i 2.19h-j 1.99i- 33.99¢-c 33b- ET-85-4 c Tt
350.20-j 340g-j 2.Li-j 1.91j-1 37.08a-c 36a-h ET-92-15 B dlpo 3 ()l glab
339.9h-k 330h-k 2.19h-j 1.991-1 38.11a-c 37a-b ET-92-18 Flowering
288.4j-1 280j-1 2.34g-i 2.13g-k 35.02b-c 34a-b ET-83-20
267.8l-I 2601-1 2.08i-j 1.89Kk- 35.02b-c 34a-b ET-85-17
257.51-1 2501-1 2.18h-j 1.98j-I 36.05a-c 35a-b ET-83-18
463.5¢c-c 450c-c 2.39f-1 2.22e-k 37.08a-c 36a-b Sanabad
406.85¢-g 395¢-g 2.12i-j 1.96j-1 40.56a-b 39a-b Pajh
401.7c-h 390c-h 2.17h-j 2.01h-1 36.4a-C 35a-b Javanilo . T s
391.4d-h 380d-h 2.45¢-1 2.26¢-k 35.36b-c 34a-b  ET-85-4 S dlspo )3 ()lal olab
386.25e-h 375e-h 2.35¢0-i 2.18e-k 39.52a-c 38a-b ET-92-15 &y
339.9h-k 330h-k 2.4e-i 2.22d-k 38.48a-c 37a-b ET-92-18 Milk
309i-1 300i- 2.55d-h 2.36b-i 38.48a-C 37a-b ET-83-20 1Ky
298.7i-1 290i-1 2.35g-i 2.17f-k 37.44a-c 36a-b ET-85-17
278.1k-1 270k-I 2.39f-i 2.22e-k 37.44a-c 36a-b ET-83-18
561.6a-b 540a-b 2.43e-1 2.27¢cA| 39.71a-c 38a-b Sanabad
540.8b-b 520b-b 2.42e-i 2.26¢-k 41.8a-a 37a-b Pajh
426.4c-f 410c-f 2.42e-i 2.26¢-k 38.67a-c 36a-b Javanilo . [
426.4c-f 410c-f 2.78a-f 2.6a-c 37.62a-C 40a-a  ET-85-4 Sed by > (gylul oo
416¢-g 400c-g 2.57c-h 2.4b-g 41.8a-a 40a-a ET-92-15 &by
416¢-g 400c-g 2.62b-g 2.45a-g 41.8a-a 37a-b ET-92-18 Dough
405.6¢-h 390c-h 2.78a-f 2.6a-d 38.67a-c 37a-b ET-83-20 ougny
395.2d-h 380d-h 2.69a-g 2.51a-f 38.67a-c 38a-b ET-85-17
364f-i 350f-i 2.73a-q 2.55a-e 39.71a-c 38a-b ET-83-18
615.83a-a 580a-b 2.61b-g 2.37b-h 39.98a-c 40a-a Sanabad
600.3a-b 440c-d 2.65b-g 2.41b-g 42.08a-a 38a-b Pajh
455.4c¢-d 430c-e 2.71a-g 2.46a-g 39.98a-c 36a-b Javanilo
445.05c-e 420c-e 3.08a-a 2.6a-c 37.87a-c 40a-a ET-85-4 s
434.7c-e 410c-f 2.86a-d 2.55a-e 42.08a-a 40a-a ET-92-15
424.35¢-f 410c-f 2.8la-e 2.7a-h 42.08a-a 38a-b ET-92-18 Control
424.35¢c-f 595a-a 2.97a-c 2.8a-a 39.98a-c 40a-a ET-83-20
414c-g 400c-g 2.93a-d 2.67a-b 39.98a-c 38a-b ET-85-17
414c-g 400c-g 2.98a-b 2.71a-b 39.98a-c 38a-b ET-83-18
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Mean with the same letter(s) are not significantly different (Duncan 5%)
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Table 2 continue. Mean comparison of an interaction effect between irrigation and genotype in two years for the
measured Teature in triticale plants

1399 1398 1399 1398 1399 1398 o Ul o
(oS y5 p,55kS) Sis oolo (p,5) @IV e v 59 aly sluws P el
Total dry matter (kg/ha) 1000-seed weight (g) Seed number Genotype Irigation withholds
9812.88j-n 8920.8j-0 46.92a-¢ 46a-d 40.49-9 40g-9 Sanabad
9345.6l-0 8496k-p 40.8d-e 40c-d 41.41f-g 41f-g Pajh
8632.8m-p 7848m-q 40.8d-e 40c-d 41.41fg 41f-g Javanilo L] ks
8949.61-p 81361-q 45.9a-¢ 45a-d 42.42e-g 42e-g ET-85-4 Al yo )3 g)lol @lad
9028.81-p 8208k-q 42.84c-e 42b-d 43.43d-g 43d-g ET-92-15 ety
8717.87Tm-p 7925.33m-q 43.86b-¢ 43b-d 44.44c-g 44c-g  ET-92-18 Flomveri
8157.6n-p 74160-q 45.9a-¢ 45a-d 45.45¢-g 45c-g  ET-83-20 owering
6890.4p-p 62640-q 39.78e-e 39d-d 46.46¢-g 46¢-9 ET-85-17
7444.80-p 6768p-q 40.8d-e 40c-d 47.47c-g 47c-g ET-83-18
13041c-h 12075b-g 47.38a-d 46a-d 42.63e-g 42e-g Sanabad
10583.62i-m 9799.65h-m 44.29b-e 43b-d 42.63e-g 42e-g Pajh
10407.85i-n 9636.9i-n 44.29b-e 43b-d 43.65d-g 43d-g Javanilo PR
11113.2h-1 10290g-k 50.47a-b 49a-b 43.65d-g 43d-g  ET-85-4 Al yo )3 )bl @lad
11090.52h-1 10269g-I 45.32b-e 44a-d 45.68¢c-g 45¢-g ET-92-15 &y gy
9525.6k-0 8820k-p 46.35a-¢ 45a-d 46.69c-g 46¢-9 ET-92-18 Milky
9468.91-0 8767.5k-p 48.41a-c 47a-c 47.71c-g 47c-g  ET-83-20 1Ky
8505m-p 7875m-q 43.26b-¢ 42b-d 47.71c-q 47c-g  ET-85-17
8164.8n-p 7560n-q 43.26b-e 42b-d 48.72b-f 48b-f ET-83-18
14808.8b-c 13840b-c 49.92a-c 48a-b 45.72¢c- 45c¢- Sanabad
14723.2b-c 13760b-c _ 43.68b-e 42b-d 48.77b- 48b- Pajh
11805.38g-k 11033.07f-j 43.68b-e 42b-d 48.77b-f 48b-f Javanilo T L
12733c-i 11900b-h 49.92a-c 48a-b 49.78a-¢ 49a-e  ET-85-4 al> o > (4)ll olab
11930.5f-j 11150d-i 45.76a-e 44a-d 50.8a-d 50a-d ET-92-15 &l ¢ JIEs
12201.57e-i 11403.33d-i 45.76a-e 44a-d 50.8a-d 50a-d ET-92-18 D h
12519c¢-i 11700c-i 47.84a-d 46a-d 51.82a-c 5la-c ET-83-20 oughy
118771+ 11100e-i 43.68b-e 42b-d 55.88a-b 55a-b ET-85-17
12305d-i 11500d-i 43.68b-e 42b-d 56.9a-a 45¢-g ET-83-18
18161a-a 16510a-a 47.84a-d 46a-d 45.81c-g 48b-f Sanabad
18667a-a 12900b-f 45.76a-e 44a-d 48.86b-f 48b-f Pajh
14190b-f 14040b-b 46.8a- 45a-d 48.86b-f 49a-e Javanilo
15444b-b 13200b-e 53.04a-a 46a-d 49.88a-e 50a-d ET-85-4 ols
14520b-e 12300b-g 47.84a-d 45a-d 50.9a-d 50a-d ET-92-15
13530b-g 13300b-d 46.8a-e 47a-c 50.9a-d 5la-c ET-92-18 Control
14630b-d 16970a-a 48.88a-c 5la-a 51.92a-c 56a-a ET-83-20
14410b-e 13100b-f 44.72b-e 43b-d 55.99a-b 55a-b ET-85-17
14630b-d 13300b-d 44.72b-e 43b-d 57.01a-a 56a-a ET-83-18
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Mean with the same letter(s) are not significantly different (Duncan 5%)
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Table 2 continue. Mean comparison of an interaction effect between irrigation and genotype in two years for the

measured feature in triticale plants

1399 1398 1399 1398 1399 1398 . s
(S 5 p)SokS) wils 5 Shos (%) cuslsy yasls (56 5 p)SobS) oS 5,Slas S0P o))
Grain yield (kg/ha) Harvest index (%) Straw yield (kg.ha) Genotype Irrigation withholds
7560.75m-p 7340.53k-m 78.03a 83.34a 2252.13c-d 1580.27b-c Sanabad
6607.41p-s 6414.96m-p 71.61a 76.48a 2738.19b-d 2081.04b-c Paj
6433.530-s 6246.15n-p 75.39a 80.51a 2199.27c-d 1601.85b-c Juanilo PR
6960.170-r 6757.441-0 78.48a 76.88a 1989.43d-d 1378.56¢-C ET-85-4 > o > (lol olab
6475.90-5 6287.28n-p 71.99a 80.49a 2552.9¢c-d 1920.72b-c ET-92-15 el
6569.049-s 6377.71n-p 75.36a 78.3%a 2148.83c-d 1547.63c-c ET-92-18 = .
5945.875-5 5772.69p-p 73.4a 77.35a 2211.73c-d 1643.31b-c ET-83-20 owering
4920.98t-t 4777.650-q 72.42a 71.33a 1969.42d-d 1486.35¢-C ET-85-17
4946 57t-t 4802.499-q 66.8a 80.3a 2498.24c-d 1965.51b-c ET-83-18
§963.036-g 9672.84d- 76.58a 76.75a 3077.98b-d 2402 16a-c Sanabad
7750.821-0 7525.07j-1 73.2a 79.29a 2832.8b-d 2274.58a-C Paj
7816.361-0 7588.7j-1 75.61a 81.3a 2591.49b-d 2048.2b-c Juanilo [ s
8595.46i-I 8345.1h-j 77.54a 77.22a 2517.74c-d 1944.9b-c ET-85-4 Al o > (k] olab
8167.64k-n 7929.75i-k 73.65a 80.74a 2922.88b-d 2339.25a-C ET-92-15 s 05
7332.6n-q 7119.02k-n 77a 78.49a 2193.01c-d 1700.98b-c ET-92-18 Milke
7079.620-r 6873.421-0 74.85a 77.76a 2389.28c-d 1894.08b-c ET-83-20 1Ky
6298.93r-s 6115.460-p 74.16a 77.29a 2206.07c-d 1759.54b-c ET-85-17
5977.825-5 5803,7p-p 73.71a 80.12a 2186.99c¢-d 1756.3b-c ET-83-18
114734966 11032.2b-b 7187 7144 3335.31a"d 2807.8a-c Sanabad
11019.34b-d 10595.52b-d 75.23a 78.18a 3703.86a-d 3164.48a-C Paj
8688.33i-I 8354.16h-j 75.99a 82.5a 3117.06b-d 2678.91a-C Juanilo " L] i
9981.6e-f 9597.69e- 80.19a 77.61a 2751.4b-d 2302.31a-C ET-85-4 o 2 G)lel olad
8985.6g-k 8640g-i 75.44a 79.49a 2944.9b-d 2510a-C ET-92-15 ails gy
9172.8f-) 8820f-i 77.26a 79.55a 3028.77b-d 2583.33a-C ET-92-18 Doudh
9480.09e-i 9115.47e-h 77.32a 77.71a 3038.91b-d 2584.53a-C ET-83-20 oughy
8927.57h-k 8584.2g-i 75.53a 70.19a 2949.43b-d 2515.8a-C ET-85-17
8360.35j-m 8038.8i-k 68.22a 77.6% 3944.65a-d 3461.2a-C ET-83-18
13135.55a 12590.64a 73.1a 75.86a 5025.45a-b 3818.65a-b Sanabad
13031.31a 9741.60-f 71.38a 76a 5635.69a 3158.4a-C Paj
10082.56d-f 10832.13b-c 7151a 77.45a 4107.44a-d 3207.87a-C Juanilo
11211.26b-c 9828d-e 72.87a 74.87a 4232.75a-d 3372a-C ET-85-4 ls
10171.98d-e 9409.5e-g 70.44a 76.86a 4348.02a-d 2890.5a-C ET-92-15
9738.83e-h 9951.93c-e 72.31a 75.41a 3791.17a-d 3348.07a-C ET-92-18 Control
10300.25¢-e 12691.35a 70.95a 83.82a 4329.75a-d 4379.36a ET-83-20
9929.79-g 9594e-f 69.32a 73.68a 4480.21a-c 3506a-C ET-85-17
10090.01d-f 9748.8d-f 69.5a 73.87a 4539.99a-c 3551.2a-C ET-83-18
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Mean with the same letter(s) are not significantly different (Duncan 5%)
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Figure 1. Triticale yield in response to irrigation interval (above plot) and the yield of triticale genotypes under
irrigation treatments in two years of experiment (below plot)
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Table 3. Genotypic and phenotypic estimated features based on the data from the both years of study
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Figure 2. Correlation between the measured features (A), scree plot of principal component analysis (B), 2D-biplot (C) and 3D-
biplot of measured features in triticale under different irrigation interval in two years.
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