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Development of Irrigated Durum and Bread Wheat Pure Lines using Speed
Breeding: Single Seed Descent Method
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Fig. 1. Lamps used in the greenhouse for the speed breeding, (a): SMD lamps with

violet and yellow light spectra with an intensity of 10-13 thousand lux, (b): strip LED
with white, blue and violet light spectra in a ratio of 2:1:1 with an intensity of 4-6
thousand lux, and (c): conventional LED lamps with an intensity of 13-16 thousand lux
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Table 1. Parents, Cross names and the number of F1 seeds from each cross in 2021-22

cropping season

3y o Al BRERY
No. Female parent  ¢,sl iy ».Male parent  Cross name <&, Seed Number
1 Hana Co.C1616 Hana/Co.C1616 21
2 Shabrang Co.C1616 Shabrang/Co.C1616 23
3 Khorasan Co.C1616 Khorasan/Co.C1616 36
4 MV.CB.444 Co.C13774 MV.CB.444/Co0.C13774 4
5 MV.CB.444 Co.C13846 MV.CB.444/C0.C13846 40
6 MV.CB.444 Co.C14159 MV.CB.4444/C0.C14159 5
7 Co.C1614 Hana Co.C1614/Hana 7
8 Co.C1614 Shabrang Co.C1614/Shabrang 4
9 Co.C1614 Khorasan Co.C1614/Khorasan 33
10 Co.C13774 Aran Co.C13774/Aran 30
11 Co.C13774 Sana Co.C13774/Sana 12
12 Co.C13846 Aran Co.C13846/Aran 25
13 Co0.C13846 Sana Co.C13846/Sana 19
14 Co.C14159 Aran Co.C14159/Aran 37
15 Co.C14159 Sana Co.C14159/Sana 38
16 Aran/Behrang//Aran Aran Aran/Behrang//Aran/3/Aran 31
17 Aran/2*OSUWD99 OSUWD99  Aran/2*OSUWD99//0SUWD99 7
18 Aran/2*OSUWD99 OSUWD99  Aran/2*OSUWD99//0SUWD99 40
19 Hana/2*Behrang Behrang Hana/2*Behrang//Behrang 5
20 Dena/Hana//Dena Dena Dena/Hana//Dena/3/Dena 29
21 Dena/Aran//Dena Dena Dena/Hana//Dena/3/Dena 34
22 Khorasan/2*Aran Aran Khorasan/2*Aran//Aran 8
23 Khorasan/Aran//Khorasan ~ Khorasan Khorasan/Aran//Khorasan/3/Khorasan 52
24 Khorasan/2*Hana Hana Khorasan/2*Hana//Hana 50
25 Khorasan/Hana//Khorasan ~ Khorasan Khorasan/Hana//Khorasan/3/Khorasan 51
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Table 2. Pedigree of F2 populations of-durum (DW) and bread (BW) wheat for
production of pure lines using single seed descent method (SDS)

sy o s C}a slice
No. Pedigree Type Origin
1 Hana/Co.C1616 DW  CB-Kargj
2 Shabrang/Co.C1616 DW  CB-Kargj
3 Khorasan/Co.C1616 DW  CB-Karaj
4 MV.CB.444/C0.C13774 DW  CB-Kargj
5 Co.Cl614/Hana DW  CB-Karaj
6 Co.C1614/Shabrang DW  CB-Kargj
7 Co.C1614/Khorasan DW  CB-Karaj
8 Co0:C13774/Aran DW  CB-Karaj
9 Co.C13774/Sana DW  CB-Karaj
10 Aran/Behrang//2*Aran DW  CB-Kargj
11 Aran/3*OSUWD99 DW  CB-Kargj
12 Aran/3*OSUWD99 DW  CB-Kargj
13 Hana/3*Behrang DW  CB-Kargj
14 Dena/Hana//2*Dena DW  CB-Karaj
15 Dena/Aran//2*Dena DW  CB-Karaj
16 Khorasan/3*Aran DW  CB-Karaj
17 Khorasan/Aran//2*Khorasan DW  CB-Karaj
18 Khorasan/3*Hana DW  CB-Karaj
19 Khorasan/Hana//2*Khorasan DW  CB-Karaj
20 Sivand/C-84-8//Farin BW  CB-Karaj
21 HAAMA-11/Niknejad//Torabi BW  CB-Kargj
22 KATILA-8/4/SKAUZ/BAV92/3/CROC-1/AE.SQUARROSA BW  CB-Kargj
(224)/IOPATA/S/MUNIA/ALTAR 84//MILAN/6/Torabi
23 CROC_1/AE.SQUARROSA(205)//BORL95/3/PRL/SARA/ITSI/VEE#5/4/IFRET2/6/ BW  CB-Kargj

MTRWA92.161/ RINIA/5/SERI*3//RL6010/4*YR/3/PASTOR/4/BAV92/7/Amin
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Table 3. Sowing to seed harvesting stages in each wheat generation and environmental

conditions in the single seed descent method

(Col) gbisyonss LS Gapeyss dsb
Photoperiod Temperature ~ Duration
Stages >l (hours) (°C) (day)
Seed chilling s a3l E?s/htlzlz 2-4 4-5
Germination Sl E?g/htlzl ’ 20-25 4-5
Stem elongation and booting T gl O s sb E?gymzi z?ght2i72518 22-25
Physiological Maturity and seed harvest 4, cils 5 5 S35 58 (S s E?gmzi E?ght2i72i 8 40-45
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Table 4. Pedigree and number of pure wheat lines produced using single seed descent

method
Jajl>' JLY Sldas
s, o s Number &
No. Pedigree of pureline  "Type
1 Hana/Co0.C1616 73 DW
2 Shabrang/Co.C1616 63 DW
3 Khorasan/Co.C1616 35 DwW
4 MV.CB.444/Co.C13774 30 DW
5 Co.C1614/Hana 59 DW
6 Co.C1614/Shabrang 76 DW
7 Co.C1614/Khorasan 30 DW
8 Co.C13774/Aran 72 DW
9 Co.C13774/Sana 40 DW
10 Aran/Behrang//2*Aran 83 DW
11 Aran/3*OSUWD99 57 DW
12 Aran/3*OSUWD99 39 DW
13 Hana/3*Behrang 64 DW
14 Dena/Hana//2*Dena 62 DW
15 Dena/Aran//2*Dena 39 DW
16 Khorasan/3*Aran 59 DW
17 Khorasan/Aran//2*Khorasan 35 DW
18 Khorasan/3*Hana 70 DW
19 Khorasan/Hana//2*Khorasan 28 DW
20 Sivand/C-84-8//Farin 113 BW
21 HAAMA-11/Niknejad//Torabi 122 BW
22 KATILA-8/4/SKAUZ/IBAV92/3/CROC-1/AE.SQUARROSA 79 BW
(224)/IOPATA/S/MUNIA/ALTAR 84//MILAN/6/Torabi
23 CROC _1/AE.SQUARROSA(205)//BORL95/3/PRL/SARA/IT 128 BW
SI/VEE#5/4/FRET2/6/ MTRWA92.161/RINIA/5/SERI*3//
L.6010/4*YR/3/PASTOR/4/BAV92/7/Amin
Total pure lines 1456
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Table 5 Schematic of wheat pure line production time interval in conventional breeding methods and single seed descent method

sl ol
Breeding method solie s Time interval
Jslize ol sy 4 (.\f oAl N g Yearl Year2 Year3 Yeard Year5 Year6
Production of wheat pure lines using the classical breeding method in P1 %P2 > F1 > F2—>» F3—>» F4—>» F5—>» F6
the field
a S5 ey 4 e S el Y W5 Yearl Year2 Year3
Production of wheat pure lines using single seed method

> F6

»

Pl xP2—>»F1 »>F2

Y.f



S OB (S 5 S e i SDS o, 5l eslinad b T 06 5 pa)5 pAS Jalls sla )Y A5

oS (o35 anlip 5 L i 51 ool g
g I BB 55 5558 T 93
L6 o 5o 5 Jlg g 5 ool Sliios
o &S Ol P30 5 e S35l eslizad
s LSl 25l e plonil 0l J ST Ll 5 s
le 05,5 L o8y sl el T Jlo i 535,
S R PN N B Py
e 5 S3wsl3T 528 OIS 4l

.bj.-ﬂ

Sl Rl

ol U o ol 11 5 3590 40
oS 5 )3 Dl Ml oy S 0 0
3ol Do s g0 5 012153 (CIMMYT)
s O Dladew i 53 5 s e 4
5 uu;,ﬂ\p(.uf,; gl Sl
Db g e A oS Sl )
oot (FLadES 059 pm Ll bl adlis
WLl o S BY ) A FOL P Y Y
b Colem Sl By i 08 Ly 5 a5l
oo ¢SS IV LS ) e 575 (BT il
Lz 5 01l CIMMYT 565 &35 0 s
Sy p e ) Ol 50355 S5 6T
s s g g 5 Pl Dliies dmn o
S gn (55l Sl

Ble oo
L3 S b oS )l o el 08,

I il 2 g e 31 L

Y0

2 5 e b slasdy 035 s
L g5 Ooe 4 3l Kl a3 YO b YA glos
= U ober Glew dlasl o 9 555 724
Voo 9A lel Cel joy aw Ode @ 4 >
23 e A ) Sl L e 3
azin Hlgz 9 95 5l ey o Sl sl
(Watson et al., 2018) 15 adiS i an
33 el Gl 0 ,SK s Gl Sl ealizul
95 3ol VY gledgye g Jsb b S 5
5335 e a5 YY glos 5 SSOb Cel
3 0Ly (b s oS le 4y WY )
PA SB35 o pdS s 1) Jus
by JLw3s Jus B L F sluws 5 ,ialS 59,94
(Watson et al., 2018) 5 8" , 1ol
Oba) 2als” mode (bl iagsy 5o
o )13 6l o T T Co ey ¢ s 0 )58
Il Slgz 5348550 53 S8 o 5 sla Jod
bl (69 s s ja (Jsle ol ) o
B IEs 55 ae 50 o s W 5 5 S (6
e b db- e 53 b g 40 e S
K55 55 SN sy onl 03 Ol ol
R T
ol ol o JUasl ogl Sl (sLab iy g
54 G FL i sd g sl 6,8 oS
e Slzs 9GSl eslai il e man
Odeny 8l o5V Ol S ()b 50k
s sl 6Ll s Jle 3 el Y«
s s SUGe Y5« (Yaoetal, 2016)

&uu:jJWMJ&&UB&‘JZ})QJf



Jlc oslesc dls "3 9 Jg”

References

Anonymous, 2017. IGC forecast lower grain production in 2017-18. International grain
council, 2017.  https://www.world-grain.com/articles/7634-igc-forecasts-lower-
wheat-production-in-2017-18

Anonymous. 2023. Agricultural statistics, volume 1. Ministry of Jahad-e-Agriculture,
Tehran, Iran, 126pp. (in Persian).

Bermejo, C., Gatti, I. and Cointry, E. 2016. In vitro embryo culture to shorten the
breeding cycle in lentil (Lens culinaris Medik). Plant Cell, Tissue and Organ
Culture, 127(3), pp.585-590. DOI: 10.1007/s11240-016-1065-7

Brim, C. A,, 1966. A modified pedigree method of selection in soybeans. Crop Science,
6, pp.220. DOI: 10.2135/cropscil966.0011183X000600020041x

Davis, P.A. Burns C. 2016. Photobiology in protected horticulture. Food and Energy
Security, 5, pp.223-238. DOI:10.1002/fes3.97

Dubcovsky, J., Loukoianov, A., Fu, D., Valarik; M., Sanchez, A. and Yan, L. 2006.
Effect of photoperiod on the regulation of'wheat vernalization genes VRN1 and
VRN2. Plant Molecular Biology, 60, pp.469-480. DOI: 10.1007/s11103-005-4814-2

Ghosh, S., Watson, A., Gonzalez-Navarro, O. E., Ramirez-Gonzalez, R. H., Yanes,
L., Mendoza-Suarez, M., Simmonds; J.,..Wells, R., Rayner, T., Green, P.,
Hafeez, A., Hayta,S., Melton, R., Steed, A., Sarkar, A., Carter, J., Perkins, L.,
Lord, J., Tester, M., Osbourn, A., Moscou, M., Nicholson, P., Harwood, W.,
Martin, C., Domoney, C., Uauy, C., Hazard, B., Wulff, B. and Hickey, L.T.
2018. Speed breeding in‘growth chambers and glasshouses for crop breeding and
model plant research. Nature protocols, 13(12), pp.2944-2963. DOI: 10.1101/369512

Hickey, L.T., Hafeez, A.N., Robinson, H, Jackson, S.A., Leal- Bertioli S.C.M.,
Tester, M., Gao, C., Godwin, I.D., Hayes, B.J. and Wulff, B.B.H. 2019. Breeding
crops to feed 10 billion. Nature Biotechnology, 37, pp.744—754. DOI: 038/s41587-
019-0152-9

Imam, Z., Sultana, R., Parveen, R., Swapnil, Singh, D., Sinha, S. and Sahoo, J.P.
2024. Understanding the concept of speed breeding in crop improvement:
Opportunities and challenges towards global food security. Tropical Plant
Biology, 17(1), pp.1-23. DOI: 10.1007/s12042-024-09353-5

Jafarzadeh, J., Feiziasl, V., Tabrizivand Taheri, M. and Golkari S. 2021. Setting up

speed breeding unit for accelerating cultivar development to climate change adaptation in

Y7


https://pubmed.ncbi.nlm.nih.gov/?term=Simmonds+J&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Wells+R&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Rayner+T&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Green+P&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Hafeez+A&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Hafeez+A&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Hayta+S&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Melton+RE&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Steed+A&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Sarkar+A&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Carter+J&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Perkins+L&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Lord+J&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Tester+M&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Osbourn+A&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Moscou+MJ&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Nicholson+P&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Harwood+W&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Martin+C&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Domoney+C&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Uauy+C&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Hazard+B&cauthor_id=30446746
https://pubmed.ncbi.nlm.nih.gov/?term=Wulff+BBH&cauthor_id=30446746

S OB (S 5 S e i SDS o, 5l eslinad b T 06 5 pa)5 pAS Jalls sla )Y A5

arid and semi-arid regions of Iran. at: https://www.researchgate.net/publication/352132344

Jensen, N.F. 1988. Plant breeding methodology. Wiley-Interscience. 676 pp.

Jin-Kyung, C., Hyeonjin, P., Changhyun, C., Youngho, K., So-Myeong, L., Ki-
Won, O., Jong-Min, K., Soon-Wook, K. and Jong-Hee, L. 2023. Acceleration of
wheat breeding: enhancing efficiency and practical application of the speed breeding
system. Plant Methods, 19(18), pp.1-9. DOI: 10.1186/s13007-023-01083-1

Mobini, S.H., Lulsdorf, M., Warkentin, T.D. and Vandenberg, A. 2015. Plant
growth regulators improve in vitro flowering and rapid generation advancement in
lentil and faba bean. Vitro Cellular and Developmental Biology-Plant,; 51(1), pp.71-
79. DOI: 10.1007/S11627-014-9647-8

Mobini, S.H. and Warkentin, T.D. 2016. A simple .and efficient.method of in vivo
rapid generation technology in pea (Pisum sativum L.). Vitro Cellular and
Developmental Biology-Plant, 52(5), pp.530-536. DOI: 10.1007/s11627-016-9772-7

Mohammadi, V., Soltani Komareolya, F. and Najafi Mirak, T. 2024. The impact of
drought stress and light quality on wheat speed breeding. Iranian Journal of Field
Crop Science, 55(4), pp.167-177, (in Persian). DOI:
10.22059/ijfcs.2024.377966.655085

Najafi Mirak, T., Shahbaz_Poushahbazi, A., Mohammadi, A., Afshari, F., Bahari,
M., Akbari Moghaddam, H., Rostami, H., Ayeneh, Gh.A.A., Moayedi, A.A.,
Dastfal, M., Farzadi, H.-and Ahmadi, Gh. 2015. Shabrang, A new durum wheat
cultivar suitable for growing in warm and dry agro-climatic conditions of Iran.
Research' Achievement.for Field and Horticultural Crops, 3(2), pp. 89-100. DOI:
10.22092/ratic.2016.109494

Najafi Mirak; T. 2024. Development of new germplasm of durum and bread wheat
lines via speed breeding method. Project final report No: 66583, Seed and Plant
Improvement Research Institute, Karaj, Iran. 20 pp. (in Persian).

Takemiya, A., Inoue, S.l., Doi, M., Kinoshita, T. and Shimazaki, K.l. 2005.
Phototropins promote plant growth in response to blue light in low light
environments. The Plant Cell, 17(4), pp.1120-1127. DOI: 10.1105/tpc.104.030049

Tean S. and Qualset, C.O. 1975. Bulk populations in wheat breeding: comparison of
single seed descent and random bulk methods. Euphytica, 24, pp.393-405. DOI:
10.1007/BF00028206

Wanga, M.A., Shimelis, H., Mashilo, J. and Laing, M.D. 2021. Opportunities and

YV


https://www.researchgate.net/publication/352132344
http://dx.doi.org/10.1007/s11627-016-9772-7
https://doi.org/10.22059/ijfcs.2024.377966.655085

Jlc oslesc dls "3 9 Jg”

challenges of speed breeding: A review. Plant Breeding, 140(2), pp.185-194. DOI:
10.1111/pbr.12909

Watson, A., Ghosh, S., Williams, M.J., Cuddy, W. S., Simmonds, J., Rey, M.D., Md
Hatta, M.A., Hinchliffe, A., Steed, A., Reynolds, D., Adamski, N.M.,
Breakspear, A., Korolev, A., Rayner, T., Dixon, L.E., Riaz, A., Martin, W.,
Ryan, M., Edwards, D., Batley, J., Raman, H., Carter, J., Rogers, C., Domoney,
C., Moore, G., Harwood, W., Nicholson, P., Dieters, M. J., Lacy, I.H., Zhou, J.,
Uauy, C., Boden, S.A., Park, R.F., Wulff, B.H. and HickeyyL.T. 2018. Speed
breeding is a powerful tool to accelerate crop research and breeding. Nature Plants,
4, pp.23-29. DOI: 10.1038/s41477-017-0083-8

Yao, Y., Zhang, P., Liu, H., Lu, Z., and Yan, G. 2016. A fully in vitro protocol
towards large scale production of recombinant inbred lines in wheat (Triticum
aestivum L.). Plant Cell, Tissue and Organ Culture, 128, pp.655- 661. DOI:
10.1007/s11240-016-1145-8

Zheng Z., Wang H.B., Chen G.D., Yan G.J. and Liu C.J. 2013. A procedure
allowing up to eight generations of wheat and nine generations of barley per annum.
Euphytica, 191(2), pp.311-316. DOI: 10.1007/s10681-013-0909-z

YA



S OB (S 5 S e i SDS o, 5l eslinad b T 06 5 pa)5 pAS Jalls sla )Y A5

RESEARCH ARTICLE

Development of Irrigated Durum and Bread Wheat Pure Lines in Iran using
Speed Breeding: Single Seed Descent Method

T. Najafi Mirak™ " and A. Kabiri?

1. Professor of Cereal research Dept. Seed and Plant Improvement Institute, Karaj, Iran.

2. Expert of Cereal research Dept. Seed and Plant Improvement Institute, Karaj, Iran.

ABSTRACT
Najafi Mirak, T. and Kabiri, A. 2024. Development of irrigated durum and.bread wheat pure lines in
Iran using speed breeding: single seed descent method. Seed and Plant, 40, pp. (in Persian).

This research was carried out to introduceysingle. seed descent as an applied wheat
breeding for accelerating the development of pure lines. Twenty five crosses between
durum wheat cultivars and landraces and-four crosses between bread wheat cultivars
were performed and F1 and F2 generations were produced under field conditions in
2021-2022 and 2022-2023 cropping cycles. Ninety populations of durum wheat and
four population of bread wheat, in total 23 populations, were used for producing seed of
F2 segregating populations,»which led to pure lines using the single seed descent (SSD)
method in“controlled conditions “in greenhouse. Each generation cycle was
approximately 70-80 days..To maintain and transfer genetic variation between and
within \generations, a single seed was harvested from each spike in the F2, Fs, and Fa
generations and replanted to produce the subsequent generation. In the Fs generation, all
seeds from each spike were harvested separately, and stored in individual envelopes and
considered as Fs pure lines. At the conclusion of the three-year study, a total of 1,456 F6

pure lines were developed from the 23 successful wheat crossing programs.

Keywords: Wheat, hybridization, segregating generations, desirable traits, seed

number.
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Introduction

Recently, speed breeding has emerged as a novel strategy to shorten the time
required to achieve pure lines and develop new crop varieties. In this method, plants are
grown in controlled growth chambers or greenhouses under optimized light intensity,
quality, photoperiod, and temperature, accelerating physiological processes such as
photosynthesis and flowering, thereby reducing the seed-to-seed cycle. Researchers
have introduced speed breeding as a powerful method to accelerate cultivar
development in crop plant breeding programs (Watson et al., 2018; Hickey et al. 2019;
Jin-Kyung et al., 2023). Among speed breeding techniques, the single seed descent
(SSD) method has proven highly effective. In SSD method, a single seed is harvested
from each self-pollinated plant per generation. This approach not only reduces
generational turnover time but also minimizes inter-plant competition and natural
selection pressures, thereby preserving maximal genetic diversity until homozygous
purity is achieved (Watson et al.,, 2018). The present research was designed and
implemented in greenhouse conditions with the aim of reducing the time required to
develop and release of durum and bread wheat cultivars resulting from different crosses
using the single seed descent breeding method.

Materials and Methods

In this research, 25 crosses were made between durum wheat and four crosses
between bread wheat cultivars. The Fi and F» generations were produced under field
conditions in 2021-2022 and 2022-2023 crop seasons, respectively. From the F:
populations, 19 durum wheat and four bread wheat populations, totally 23 segregating
populations, were kept, which led to pure lines using the single seed descent (SSD)
method in controlled conditions in greenhouse. Greenhouse conditions were maintained
with 22 hours of light (16,000 lux) and two hours of dark periods per day. The
temperature ranged from 22—-25°C during the light period and 17-18°C during the dark
period. Relative humidity was maintained 60—70% in all growth stages.

Results and Discussion

In this research, 1456 pure lines were successfully developed from 23 crosses of
durum and bread wheat using single seed descent (SSD) in Karaj, Iran. The process
involved: 1) Crossing and F: seed production (Year 1), 2) Field cultivation of F: to
generate 19 segregating F» populations (Years 2), 3) Handling the F3, F4, and F5
generations in the greenhouse under optimized conditions (22-hour light/2-hour dark,
23-25°C day/17-18°C night, 70% RH) to produce pure lines (Year 3). While these
steps need six years in the conventional wheat breeding methods. In other words, three
years were saved to produce pure lines in SSD method. No plants were removed in this
method, therefore, the maximum genetic was maintained and transferred to subsequent
generations. In addition, significant savings were made in irrigation water consumption,
which is commonly used for managing the segregating generations in the field as well
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as in human resources costs in conventional wheat breeding.

Different light sources including SMD lamps with purple and yellow light with
intensity of 10-13 thousand lux, LED strip lights with white, blue and purple light with
intensity of 6-4 thousand lux, and conventional LED lamps with intensity of 13-16
thousand lux had no significant effect on the grain physiological maturity. However, our
observation showed that the white light with an intensity of 16,000 lux led to larger
wheat spikes, higher thousand-grain weight, and more grains. Also, these lamps were
easier to obtain and install, and their costs was much lower than other lamps.

The pure lines produced in this research will be advanced the national wheat
breeding programs for target environments in southern warm and dry and temperate
agro-climatic zones. It is expected that commercial cultivars will released within the
next few years.
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