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Annotation. In Kazakhstan, where the agricultural sector faces serious challenges such as climate
change, pest outbreaks, declining grain yields, and restrictive land-use policies, the establishment of a speed
breeding platform and developing its protocol represent a timely and strategically important step forward.
Although Kazakh wheat plays a vital role in ensuring regional and global food security, the industry is under
threat due to inefficiency and the reduction of cultivated areas caused by economic and political constraints.
Accelerated development of wheat varieties with enhanced drought tolerance, disease resistance, and
improved yield potential may become a sustainable solution to these pressing issues.

However, one of the main limitations in modern plant breeding is the prolonged period required to
develop new crop varieties. To address this issue, speed breeding has emerged as a method aimed at
significantly shortening the breeding cycle. By adjusting environmental parameters, it promotes rapid plant
growth and reproduction.

The main objective of this study was designing a protocol for determining the most effective light
spectrum distribution to support optimal wheat development under indoor Speed Breeding. The identified
1.5 m light-bench distance was found to be suitable for growing wheat and had a significant positive impact
on ETN and SN.

Keywords: speed breeding, wheat, LED grow lights, treatment, yield components.

Introduction. With the global population projected to reach almost 10 billion by 2050, the
food demand is expected to rise significantly to meet the nutritional needs of a growing population
[1]. If this challenge is combined with changes in climate like floods, prolonged droughts and
extreme temperatures, it further poses a significant threat on the global food security [2]. Moreover,
the primary impact of stagnant or declining agricultural productivity, caused by adverse climate
effect, could be particularly deleterious for low-income countries that face rising population
pressures [3]. Therefore, enhancing agricultural productivity with rapid development of new crop
varieties with improved grain yield and quality, based on the use of advanced technologies, is a
critical component of safeguarding the future global food security [4].

One of the primary constraints in modern plant breeding is the prolonged period required to
develop new crop varieties with exceptional adaptive traits. Conventional breeding of new and
enhanced cultivars for annual crops can take as long as 12-14 years, from the initial crossing of
parental genotypes to the commercial release of new cultivars. To address this challenge, the
“Speed Breeding” technique has emerged as a powerful approach to accelerate genetic gain in plant
breeding [5]. To accelerate plant growth cycle, the light is one of the vital components of Speed
Breeding method. The quality and spectral distribution can significantly influence plant growth and
development, affecting specific morphological traits such as stem elongation, plant height, and root
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growth and flower development [6], [7]. Moreover, the daily quality of light has a significant
impact on photosynthesis rate, gas exchange, transpiration, stomatal activity, and various other plant
developmental processes [8].

The variation in temperature and soil nutrient availability is also important for plants to
transition from vegetative to reproductive stages under accelerated growth [9]. As plants grow
rapidly, the requirement for essential macronutrients such as nitrogen, phosphorus and potassium
also rise. Therefore, the preparation of a nutrient-rich potting mix is crucial to ensure that plants
receive balanced nutrition they need for healthy development and optimal performance.

Initially, the “Speed Breeding” protocol was developed for long-day crops such as barley,
wheat, chickpea, and canola by extending the photoperiod to nearly a full day cycle (typically 22
hours of light and 2 hours of darkness) with temperature regimes of 22°C during the day and 18°C
at night [10]. In addition, seeds are harvested at the immature stage in Speed Breeding, further
reducing the generation time. This integrated approach enables a reduction in crop generation
cycles, for example, shortening the wheat life cycle from approximately 120 — 140 days to around
60 — 70 days, potentially reducing the pre-breeding time from 8 to approximately 2 years. Recently,
the Speed Breeding protocol was also successfully adapted for short-day crops such as soybean,
rice, and amaranth by modifying LED light quality and implementing a 10-hour photoperiod
enriched with blue and far-red light spectra [11].

Currently, research centers manly in developed countries have established the “Speed
Breeding” facilities and successfully integrated the technology into existing wheat improvement
programs. Each protocol is tailored with specific modifications to suit local genotypes,
environmental conditions and breeding objectives [12]. Therefore, the primary aim of this study
was to evaluate Speed Breeding as a method to shorten the spring wheat growth cycle and to assess
how light intensity, influenced by the distance from the light source, affects wheat plant
development and yield performance. Here, we report that we established the first “Speed Breeding”
facility in Kazakhstan, as the country is a key regional and global wheat grain producer, and
adapted its protocol to local conditions. We identified the optimum distance between LEDs and
wheat plant canopy under the indoor Speed Breeding facility at Zhetysu University named after 1.
Zhansugurov. The identified distance was suitable for wheat cultivars with different photoperiod
sensitivity parameters that are adapted to wide range of environments.

Material and methods. The Speed Breeding experiment was conducted on three spring
wheat varieties (Paragon, Pirsbak-21 and CNxBorlaug-16) adapted to different environmental
conditions. Paragon represents UK’s spring wheat gene pool that is considered as bread making
benchmark. The wheat genotypes Pirsbak-21 and CNxBorlaug-16 were obtained from the wheat
breeding program at the National Agricultural Research Centre (NARC), Pakistan. The growing
protocols of these genotypes were optimised for outdoor, but not indoor, Speed Breeding conditions
in their respective countries, which was a key factor in their selection for this study.

Two seeds of each variety were sown in 1L pots with customised potting mixture
(containing 65% of peat, 18% perlite, 12% sand and 7% bio humus) and grown under two different
growing conditions in an indoor Speed Breeding facility at Zhetysu University named after I.
Zhansugurov, Taldykorgan. Plants were supplemented with a foliar spray of calcium nitrate when
calcium deficiency symptoms appeared. Plants were hand watered regularly once a day, without
causing waterlogging issue, providing enough aeration for normal root development. The plants
were not watered when grain filling is over to accelerate the ripening.

The growing treatments included two different distances (1.5 and 2 meters) between top of
the bench and light, excluding the pot height. These distances were chosen to generate variation in
light intensity received by the wheat plants, allowing for its evaluation on growth and development
parameters. The research was carried out in an indoor Speed Breeding facility equipped with
Heliospectra LED grow lights (Sweden). Light intensity was adjusted to 500nm wavelength, from
germination to late tillering and early booting phases, for each light component — white, red, blue
and far-red (Fig. 1A). From early booting onwards, the light intensity was set to 700nm till
full maturity. The photoperiod was extended to 22 hours of light and 2 hours of night per day. The
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temperature at the Speed Breeding facility was maintained at around 22°C during the daytime and
17°C at night (Fig. 1B). Yield components such as thousand grain weight (TGW), effective
tiller number (ETN), seed number (SN), seed length (SL) and seed width (SW) were assessed. For
the evaluation of TGW, SN, SL and SW the Marvin (Germany) seed phenotyping platform was
used. Statistical analysis included two-sample test and was conducted in R using “t.test” function.
The figures were generated using “boxplot” function in R.

Results and discussion. One of the most significant factors in Speed Breeding for normal
plant growth, development and productivity is light. For instance, red light promotes photosynthesis
and biomass accumulation and stimulates flowering and photoperiod responses in plants; blue
enhances vegetative growth and leaf expansion and also improves stomatal opening and chlorophyll
production; far-red is used in combination with red light to mimic natural daylight conditions and
thus helps to regulate shade avoidance and flowering; white light (Full-Spectrum) provides a
balanced spectrum suitable for overall growth through mimicking the natural sunlight, beneficial for
general plant development (Fig. 1) [13], [14].

In this study, we demonstrated that light intensity, regulated by two different distances
between plants and the LED light source, has a significant effect on the productivity and
morphological traits of spring wheat grown under indoor Speed Breeding conditions.

The light intensity (within the 400—700 nm spectrum depending on wheat developmental
phase) and temperature conditions (22°C and 17°C during daytime and night respectively), and
quality of customized potting mixture used in this study were all suitable for growing healthy wheat
plants under an indoor Speed Breeding (Fig. 2 and 3). Earlier, the same light intensity was shown to
effectively promote early flowering and seed development in major crops such as barley, wheat,
chickpea, canola, and others [5]. In this study, the entire growing period (till early maturity)
accounted for ~65 days which is compatible with research results published earlier (Fig. 3).

Figure 1 - Critical light components for plant development: 1- While, 2-Far-Red, 3-Red and. 4-Blue

Throughout the growing period, from the germination and to early tillering phase, wheat
plants displayed similar growth dynamics without any clear noticeable phenotypic differences.
However, after the tillering stage, phenotypic differences between the treatments became
pronounced, especially in spike formation and plant height. Plants under the 2.0 m light treatment
exhibited a noticeable delay in development at the flowering stage.

Interestingly, plants of the UK variety — Paragon, grown under 2.0 m light treatment were
taller than that of under 1.5 m light treatment till grain filling stage after which the physiological
development was balanced between two treatments. Comparatively, plants of Pakistani wheat
genotypes — Pirsbak-21 and CNxBorlaug-16 — that are subjected to longer light distance were
significantly taller. However, from flowering onwards these plants were slow in development
compared to plants exposed to 1.5 m light treatment (Fig. 3). These differencies in developoment
that resulted in the variation in plant height could stem from the genes controlling photosensitivity
and plant height in these two different gene pools. For instance, Paragon carries tall alleles at the
historic Rht genes and is photosensitive at certain level. Pakaistani lines, however, should carry
short alleles at this genes and less photosensitive, based on the breeding efforts made after “green
revolution” was introduced to the South Asia [15].
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Figure 2 - The photoperiod and temperature setup under Speed Breeding

Among assessed yield components, a variation in the number of effective tillers between two
treatments was statistically significant (p=0.008). The plants exposed to the 1.5 m light treatment
produced more tillers compared to those grown under 2.0 m (Fig. 4). Likewise, LED grow lights
installed at 1.5 m had a direct and significant positive impact on the total seed number per plant
(p=0.003). These findings can be generalized for wheat genotypes having different photoperiod
sensitivity parameters and that are adapted to wide range of environments.
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Figure 3 — Two light treatments and a full “seed to seed” cycle of three wheat genotypes —
Paragon, CNxParagon and Pisbak-21 under Speed Breeding
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The distance between the lights and bench had no effect on SL and SW. As shown, the seed
parameters such as variance, mean, upper and lower confidence intervals were almost the same
between two light treatments for SL and SW with p-values of 0.9 and 0.2 respectively (Fig. 4).
However, TGW demonstrated a tendency toward higher values under higher light intensity,
indicating a potential positive effect of light proximity on grain weight with p-value being close to
significant (p=0.08) (Fig. 4).

Figure 4 — Variation in ETN, SN, SL, SW and TGW under two treatments in an indoor Speed
Breeding facility and their corresponding results from significance testing

Conclusion. This study demonstrated that the tested spring wheat genotypes — Paragon,
CNxBorlaug-16, and Pirsbak-21 — showed enhanced productivity when grown under a 1.5 m
distance between the LED light source and the plant canopy. At this distance, the plants exhibited
accelerated development, particularly in tillering, and produced a significantly higher number of
effective tillers and total seeds per plant. The increased light intensity likely enhanced
photosynthetic activity and tillering potential, thereby improving overall yield.

Genotypic differences in plant height and developmental dynamics were also observed
between the UK cultivar Paragon and the Pakistani lines CNxBorlaug-16 and Pirsbak-21, which
may be attributed to variations in Rkt alleles and differences in photoperiod sensitivity.

These findings highlight the importance of optimising light intensity to improve wheat
growth and productivity under indoor Speed Breeding conditions. The results could positively
contribute to the future wheat breeding and phenotyping strategies by enabling the adjustment of
environmental parameters according to genotype-specific requirements for accelerated crop
development.

Funding. The research was carried out under the Program-targeted funding of the Ministry
of Science and Higher Education of the Republic of Kazakhstan for 2024-2026, BR24992903
“Practical implementation of modern molecular genetic, physiological, biochemical,
biotechnological methods and digital phenotyping in breeding of economically important
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through the means of whole genome scanning, automated phenotyping and intensive selection”.
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Anparna. Kazakcranma arpapiiblKk CEKTOp KIWMATTBIH ©3repyl, 3USHKECTEpIiH KoOeroi, acThIK
OHIMUTITIHIH TOMEHICYlI JKOHE JKep MaljalaHy cajachIHAAFhl MIEKTEYNl Imapanap CHIKTHI KypIemi
Mocenenepre Tan 6omyna. OcelHaal xargaiiga xenenaeriiren cenekuus (Speed Breeding) mnardopmacein
KYpY ’KOHE OHBIH MPOTOKOJIBIH 93ipiiey — YaKbIT TanaObIlHa cail oHEe CTPATerHsUIBIK MaHBI3Ibl KajgaM OOJIbII
Tabbianbl. KasakcTanmelk Onjail aiMakThIK opi skKahaHABIK a3bIK-TYIIK Kayilci3diriH KaMTaMmachl3 eTyze
MaHBI3JIBl POJI aTKapFaHBIMEH, SKOHOMHKAIIBIK XXKOHE CasiCH IIEKTEyJIep CajapblHaH €TiC ajKalTapbIHBIH
KBICKapybl MEH THIMCI3/IiKTIH 9CEpiHEeH OYJI caia YJIKeH Kayil ajjibiHaa TYp.

Kyprakmisislkka Te3iMmi, aypylapra MIBIAaMIIBI 9pi JKOFapbl ©HIM OepeTiH Oumail copTTapbiH
KBUIIaM IIBIFApy— OCBHI ©3€KTi MaceseNep/l MenryaiH THIMII KoInapbiHbiH O0ipi Oombm TaOsmansl. JKana
COpTTappl IIBIFapy OapbICHIHAA CENEKIMSUIBIK MUKIAIH Y3aKTBIFBI — YJIKEH HIEKTeY OONbIN Kana Oepeni.
Speed Breeding omici 6akpu1aHATBIH OPTaa OCIMAIKTEPIiH 6Cyl MEH JaMyblH OaKbUIaHATHIH OpTaAa THIMAL
Karaail sxacay apKbUTBI KeAeNIeTyre MyMKIHIIK Oepei.

Ocnl 3epTTeydiH MakcaThl — ka0bIK Speed Breeding sxarnmaiipiHna ka3nblk Ougail cOpTTapbiH ecipy
YIIiH €H THWiMII >KapbhlK CIEKTPiH aHbIKTayFa MYMKIHIIK OepeTiH MpOTOKOoJa o3ipiey Ooimel. 3epTrey
HOTIDKECIHIE JKaphlK TEH OCIMIIK apachIHAarbl 1,5 MeTp KAIIbIKTHIKTHIH OHIMII cabakTap cCaHbl MEH
MacaKTarbl IOHEP CAHBIHBIH apTYybIHA OH 9Cep €TETIH/ITT aHBIKTAIIbL.

Tipek ce3aep: speed breeding, Ounaii, >kapbIKTaHIBIPY, KAPBIK PEKUMI, OHIMALTIK KOMIIOHEHTTEPI.
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AnHoTtanus. B Ka3zaxcrane arpapHslii CEKTOp CTaJIKHBAETCS C CEPhE3HBIMU MPOOIEMaMH, TAKIMH KaK
M3MEHEHHE KJIMMaTa, BCIBIIIKN BpEIUTENeH, CHIDKEHHE YPO)KaHHOCTH 3epHA U OTPaHUYUTEIbHBIE MEphI B
cdepe 3emienonbzoBanus. Co3ganue miaatdopMbl yckopeHHow cenekiun (speed breeding) u paspaborka
COOTBETCTBYIOIIETO MPOTOKOJIA TPEICTABISIOT COOOH CBOCBPEMEHHBIH W CTPAaTETMYECKW BAKHBIM Iar.
HecmoTpsi Ha KIIIOYEBYIO pOJIb Ka3aXCTAaHCKOW IMIICHUIBI B OOECIICYEHHH PErHOHAIBHON M TII00abHOM
MPO/IOBOJILCTBEHHON 0€30MacHOCTH, OTpacib HAXOAWTCS TIOA Yrpo3od wu3-3a HEIPPEKTHBHOCTH U
COKpaIlleHHs TOCEBHBIX TUIOMIAJICH BCIIECTBAE SKOHOMHUECKUX M MOMUTUYECKAX OTPaHUYEHHH.

Y CcKOpeHHas CeeKIHs COPTOB IMIISHHIIB! C MOBBIMICHHOH 3aCyX0yCTOHYMBOCTBIO, YCTOWYNBOCTBIO K
OOJIe3HSIM W YJIyUIICHHBIM YPO)KallHBIM MOTCHIIMATIOM MOXET CTaTh 3()(EKTUBHBIM PEIICHUEM JTHX
aKTyalbHBIX MpoOsieM. [Ipu BBIBEIEHMH HOBBIX COPTOB MPOJMOJDKUTENHHOCTh CENEKIIMOHHOTO IIHKJIA
octaéresl cepbE3HbIM orpannueHneM. Metox «Speed Breedingy» mpeanaraeT peuieHne 3Tod 3aiadd 3a CUET
YCKOPEHHMSI IIMKJIA M Pa3BUTHS PACTCHUH IyTEM pEeryJIMpOBaHUs YCIOBUI BBIPAIMBAHKS B KOHTPOJIUPYEMOMH
cpere.

Lenpto gaHHOTO MCCHenoBaHUs ObUTO pa3padoTaTh NPOTOKOJ, MO3BOJISIONINNA ONpeneNuTh Hanboee
3 (eKTUBHBIA CHEKTP OCBELICHHs JUIS BBIpAI[MBaHMs IIICHHUIBI B YCIOBUAX 3akpbiToro Speed Breeding.
Y CcTaHOBIIEHO, YTO PACCTOSTHUE MEXITy HCTOYHUKOM CBETa U pacTeHWui — 1,5 MeTpa sBJIsieTcs] IOAX O ISIIUM
JUISL BBIpAIMBaHHS IIICHUIBI W OKa3blBaeT 3HAYUTEIHHOE MOJOXKHUTENHHOE BIHMSHUE Ha KOJMYECTBO
3¢ GeKTUBHBIX NPOAYKTUBHBIX T00eroB (ETN) u uncio 3epen Ha pacteHun (SN).

KaroueBnie cioBa: speed breeding, mimeHuIia, CBETOAMOIAHOE OCBEILICHHE, PEKHUM OCBEIICHUS,
KOMIIOHEHTBI YPOXKaNHOCTH.
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