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Heat stress is often described as a condition of high temperatures that are sufficient to cause permanent damage
to plant processes, including shortening the time for photosynthetic contribution to seed production. Heat stress on
most plants can impact functions through the direct effects of high tissue temperature or the indirect consequences
of the high evaporative demand accompanying hot weather. Understanding the impact of heat stress is crucial for
plant breeding because it relates to key adaptive, biochemical, morphological, physiological, and reproductive
processes. Despite its ability to thrive in high-temperature environments, cowpea productivity can be hampered by
heat stress, particularly when night air temperatures exceed 17 °C. The crop’s germplasm pool potentially

possesses significant genetic variability that can be harnessed to breed for heat-tolerant varieties.

cowpea heat stress high temperatures tolerance genetics breeding

| 1. Introduction

Crop productivity worldwide is sensitive to significant changes in temperature and precipitation L&l Since 1880,
average global temperatures have increased by about 1 °C and are predicted to increase by about 1.5 °C by 2050
and 2—4 °C by 2100 45, necessitating the need to deploy heat-tolerant varieties that can produce greater yields
under higher temperatures than the current level W28, Theoretically, changes in climatic conditions, such as rising
temperature, precipitation, and CO, concentrations, could be beneficial by permitting the cultivation of some crops
in certain regions . However, these changes will negatively affect the productivity of many crops in most
geographies, unless adaptation measures are taken . Plants with the C3 photosynthetic pathway, such as
cowpea (Vigna unguiculata (L.) Walp), should experience increases in photosynthesis with increases in
atmospheric CO, B2, The crop is a crucial food and nutritional security crop for humans and livestock and serves
as a source of income for its value-chain actors, especially in sub-Saharan Africa (SSA) 9. The utilisation of the
crop is expected to rapidly increase in popularity due to its high protein content and relative resilience in harsh
conditions compared with some other legumes. Despite the importance of the crop, its yield under farmers’

managed conditions is low, owing to a series of biotic and abiotic constraints L4,

Heat stress is one of the major abiotic factors limiting cowpea productivity, and it is predicted to be more prevalent
with current changing climatic conditions. Improved varieties with resilience in a changing climate and a set of
characteristics preferred by value-chain actors are needed in cowpea-producing regions. The crop thrives in
relatively high-temperature environments 8121131 compared with other legumes. However, during its reproductive
phase, cowpea is especially vulnerable to heat stress, resulting in significant yield losses [EI14ll15] eyen though

most genotypes have substantially elevated temperature tolerance during the germination and vegetative phases
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(15J16]117] A 1 °C increase in night temperature above 16.5 °C between seedling emergence and first flowering has
been observed to cause up to a 13.6% decrease in cowpea grain yield 2819 |f the night temperature exceeds 20
°C, cowpea'’s pollen viability and anther dehiscence are greatly impaired, which could lead to a significant decrease
or complete failure of the pod set 1820211 Heat-susceptible genotypes have exhibited a 12% decrease in first-
flush grain yield per degree centigrade increase in average night temperature above 20 °C due to decreases in pod
set and harvest index 28, Similarly, a 4-14% decrease in both pod set and grain yield per degree Celsius increase
in night-time temperature above a threshold of 16.5 °C has been observed 1222 These yield decreases were

attributed to reductions in the proportions of flowers producing pods and the harvest index.

2. Impacts of Heat Stresses and Tolerance Mechanisms in
Cowpea

Heat stress is often described as a condition of high temperatures that are sufficient to cause permanent damage
to plant processes B, including shortening the time for photosynthetic contribution to seed production 22231 Heat
stress on most plants can impact functions through the direct effects of high tissue temperature or the indirect
consequences of the high evaporative demand accompanying hot weather E238, Understanding the impact of heat
stress is crucial for plant breeding because it relates to key adaptive, biochemical, morphological, physiological,
and reproductive processes (Figure 1), including molecular changes that adversely affect plant growth,
productivity, and ultimately yield ZBI4 |dentifying the specific plant processes most susceptible to heat stress,
whether it damages the photosynthetic source, reproductive sink, or both, is critical because it will determine which

selection criterion will most likely enhance a species’ heat tolerance (8.
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Figure 1. Representative list of traits, processes, and functions impacted by heat stress in cowpea.
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The magnitude of high temperature’s impact on plants depends on the intensity, length of exposure, and rate of
temperature increase because many crop plants possess the ability to adapt to temperature conditions above the
threshold for some time BIE12 From seedling to maturity, prolonged exposure to heat stress may increase its
severity and trigger different response mechanisms than heat stress imposed at a particular developmental stage.
Therefore, applying heat stress throughout the crop’s development cycle may be advisable to better understand
the physiological and genetic basis of cowpea’s response to heat stress. High temperatures could impact seed
germination and seedling survival for cowpea, especially when seeds are sown deep into the soil 24 and in soils
with high salinity 2. Even when cowpea seeds can survive up to 50 °C day temperatures with an adequate water
supply and still produce substantial vegetative biomass (€, their vegetative growth can be impacted negatively by
heat stress BII18l21] Elevated night temperatures damage various reproductive processes in cowpea (Figure 1),
such as floral bud development, pollen viability, anther indehiscence, embryo formation, pod set, and seed
development, including abscission and/or suppression of floral buds, peduncles, flowers, and pods [12l20]125]
resulting in low flower numbers, pod set, and grain yield [2]124126],

The stage of the floral development most sensitive to high night temperature occurs 7-9 days before anthesis 12!
(161 Similarly, high night-time temperatures reduced the supply of sugars in the peduncles of heat-sensitive
genotypes, resulting in poor pod sets [28. Heat-sensitive genotypes have been observed to experience restricted
translocation of proline from anther walls to pollen under heat stress, which damages the reproductive organs 27,
The low pollen viability, anther indehiscence, and poor pod set under high night temperatures have been attributed
to premature degeneration of the tapetal layer and a lack of endothecium development [29. Later reports have
demonstrated that complete suppression of the development of the floral buds could occur when there are two or
more weeks of consecutive higher night temperatures during the first four weeks following germination 28, Earlier
investigations documented that heat-induced suppression of floral buds occurs only under long days 28, However,
certain genotypes exhibited suppression of floral buds, bud abortions, and retarded peduncle elongation during
recent field screening conducted under high day and night temperatures (see Figure 2) and short days at the
Minjibir location in Nigeria. These genotypes produced very few or no flowers or pods, a behaviour thought to be

occurring only under long-day conditions (Saba 2023, IITA, Kano, Nigeria, Personal observation).
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Figure 2. Average monthly minimum and maximum temperature of typical cowpea production zones in Minjibir,

Kano State in Northern Nigeria.

Heat stress tends to shorten some genotypes’ flowering and maturity time, which has a penalty on the yield.
However, genotypes that initiate flowering before the onset of extreme heat may evade the adverse effects of such
high temperatures 22, Rapid leaf senescence and maturity have been observed during pod filling in heat-sensitive
genotypes when night temperatures are high [RI2389]  resulting in decreased photosynthetic activity and yield
because the plants tend to divert resources to deal with thermal stress, thereby limiting the resources for
reproductive development ZUBL, Thus, varieties that display delayed leaf senescence under heat stress conditions
may possess more effective tolerance mechanisms 2. In addition, higher day and night temperatures significantly
shorten the pod development period in both heat-sensitive and tolerant genotypes 22139 which reduces the time
for pod filling and assimilates partitioning, ultimately reducing the varieties’ grain yield. Heat-susceptible genotypes
experienced delayed flowering at night temperatures above 20 °C, likely due to heat-induced floral bud
suppression or abortion, whereas heat-tolerant genes were found to enhance early pod production in hot

environments by accelerating reproductive development and increasing pod set 18],

Tolerance to heat stress can be attributed to two main factors: avoidance and tolerance. While heat avoidance
involves the ability of plant tissues to maintain lower temperatures compared with control plants when exposed to
elevated temperatures, heat tolerance refers to the plant’s ability to sustain essential functions even when its
tissues are exposed to high-temperature conditions 24 Heat avoidance mechanisms encompass several
processes, including transpirational cooling, leaf orientation and movement effects, variances in the reflection of
solar radiation, and the shielding of sensitive tissues from sunburn through leaf shading 4. Three heat tolerance
mechanisms have been described in regard to the above impacts of high temperatures on cowpea’s reproductive
development 22, These are tolerance at the early floral bud stage that conferred the ability to produce flowers

under hot, long-day (=13 h day™1) conditions 3!, which is influenced by phytochrome [28: tolerance during pollen
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and anther development that conferred the ability to set pods under high night temperatures [22!: and tolerance
during embryo development that conferred the ability to produce large numbers of seeds per pod under high day or
night temperatures 18],

3. Variability in Germplasm, Genetics, and Genomic
Resources for the Improvement of Heat Stress Tolerance

Successful development of heat-tolerant varieties begins with the identification of sources of favourable alleles B4,
Genotypic differences in cowpea germplasm for heat stress have been established, and studies have identified
specific heat-tolerant lines, mostly under hot, long-day conditions (Table 1). Examples of the exploration of genetic
resources include Patel and Hall (1990) B3, who assessed responses to high temperatures during the reproductive
stage in hot fields and growth chambers and developed a genotypic classification system based on observed
variations in floral bud emergence duration, abortion, peduncle elongation suppression, flower production, and
podding among genotypes under long-day conditions (41/24 °C day/night) B¥ and grouped the accessions into
eight categories based on these traits, including whether the peduncle had normal or suppressed elongation. The
classification system provides insights into heat responses in genotypes that will aid in selecting parents for
breeding heat-tolerant genotypes. Similarly, Ehlers and Hall (1996) (28! evaluated African and USA genotypes under
various temperatures and photoperiod conditions in the glasshouse, categorizing them into 11 groups based on
photoperiod response, juvenility (minimum time taken for the appearance of floral buds under short days), and
suppression of floral bud development and pod set under hot, long days. These kinds of classification systems are
valuable for breeders and agronomists, as they can help understand the genetic variations related to these traits
and aid in selecting appropriate genotypes with desired heat response traits for breeding programs targeting
tropical and subtropical production environments (8. An example of the utility of this kind of finding is the
registration of a cowpea genotype “Mouride” in Senegal as a heat-tolerant variety based on its earliness traits,

reaching physiological maturity at 65 days, helping it to escape heat stress 37,

Table 1. A representative list of heat-tolerant genotypes, traits assessed, and screening environments from various

studies.
No. Tolerant Lines Key Traits Assessed 1 Slelsallly References
Environments
1 Prima DTF, DTM, NOB, NPB, FP, NPP, PS, PP, Growth cabinets [12]
and PDW
. DTF, NFA, pollen viability, PCA, SR, Hot, long-day field
2 2)/:1‘615752' Prima, Pl ovule viability, NFDA, NFIA, IA, FPSB: and growth (1)
NP SPP and other yield components chambers
3 Prima, TVu 4552, UCR  Days to first macroscopic floral bud, DTF, Hot field and growth (5]
204, the extent of floral bud abortion, PDL, chambers
Pl 204647, 750-1, and PS
IT84D-448,
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No.

10

11

12

13

14

15

Tolerant Lines

IT84D-449, IT84S-
2127, 7964

ITO3K-452-1, IT98K-
1111-1,
IT93K-693-2, IT97K-
472-12,
IT97K-472-25

Epace 10 and
Marataoa

TVu4552 and Prima

Itaim

Tapaihum

IT96D-610

Genotype H36

IT97K-472-12, IT97K-
472-25,
IT97K-819-43, &
IT97K-499-38

Genotype 7964

NA *

Genotypes 518 and
7964

TN88-63, A73-2-1 and
TVx 3236

Key Traits Assessed !

Pod and grain yield traits

Germination, shoot and root length, and
seedling dry weight

Flower abscission (%), PP, SDWT,
NSPP, and GYD

DTF, DTM, physiological and
biochemical traits, SDW, RDW, GYD,
PDWT, PDL, PL, NPP, and NSP

PP, SPD, SDWT, SFW, and SDW

Heat-shock proteins and other stress-
protective proteins

Leaf electrolyte leakage, NPP, PP, PHT,
HI, GYD, and SDW

NF, PS, and GYD

Phenology, floral, pollen, pod, and other
reproductive traits

Phenology, floral, pollen, NPD, PDL and
PS traits

Phenology; flower traits; PS;
carbohydrate contents of the peduncle;
starch in leaves, stems and peduncles;
photosynthesis rate; leaf area; and shoot
biomass yield

NF, PS, and GYD

Screening
Environments

Hot field

Germination
chamber

Field supplemented
with thermostats

Growth chambers

Growth chambers

Glasshouse and
field

Growth chambers,

glasshouse, and hot
field

Field

Greenhouses and
growth chambers

Growth chambers
with supplemented
lighting system

Growth chambers

Hot field

References

[42]
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. . 1 Screening
No. Tolerant Lines Key Traits Assessed Environments References
H36, 1393-2-1, H8-8-
27,
16 H8-14-12, H14-10-1N, PHT, SDW, NPP, SPP, SDWi, and HI Field (18]
and
H35-5-10
17 CB27 Flower production, and PP Hot field 2
TVu4552, Prima, H14-
10-27,
H14-10-23, H8-14-13, [44]
18 H8-8-4. H8-9-3, 518-2, DFF, NPP, NP, and GYD Greenhouses
B89-600,
TN88-63 etc.
19  Prima and TVu4552 NPP Field 4]
Change
518-22, Prima,
20 TVu4552, H8-9-3, H8- Photoperiod response, DTF, PS, and Field and [36]
8-4, H8-14-13, H14- GYD per plant glasshouses ientific
10-23, H14-10-27 etc.
‘3.
IAR-48, GEC, IT98K- . . . ]
21 277-2, Yacine, and DTF, Visual heat ratings, SDWTPP, Field and [46] viron.

IT98K-1092-1 PDWT, and Weight of 100 seeds. glasshouse

4. Zhao, C.; Liu, B.; Piao, S.; Wang, X.; Lobell, D.B.; Huang, Y.; Huang, M.; Yao, Y.; Bassu, S.; Ciais,
P.; et al. Temperature Increase Reduces Global Yields of Major Crops in Four Independent

DTE stifiaytet®. ftrueringatP At add&si o satedy. 7-A38 Oftpwserg3agth pollen on stylar brush, FP = flowers per

peduncle, GYD = grain yield, HI = harvest index, IA = indehiscent anthers, NFA = number of flower abscissions,

ReiC, Simats Ghange, 2014, Sypihesis Regort, Gnribulon of Werkng Growpe/Land Il odie_

Flfth ssessment Report of the Inter oV rnmental Panel on Cli Change; Core WVritin Team
number gf branches, NP = P totacf rLer gf Q?Jnc es per %ranch NPD = gumber of

num er 0 = num
achauri, R.K. er, L. Cp Ge ev Switz rland 151p
pe(J:L)mcIes PDL = pe(%nzle length, = num )er of pods per peguncle PS = pod set (%), PP = number of pods

ﬁerRMnh,m;HaddMEgHemrTmbenam i feereoraies aindoBed edithg kor SLiimatetkeshienia€s0pBWi =
indVidLi22 Jewrd etelahil SFSpriniges BeelnlitgidederguGermanyedd pa; ppd.1'okey202itd 5B to assess heat
stre3g8Q6rkn3€ 088wvpea from literature. NA * indicate not available.

(? nV\Qchal Shresthda\ el, M.S.; Weesakul, S (?tta A. Climate Chan%e Im actsP
Un erst n the nature an extent 0 gene aCtIOI’]S for target an assomated traits is essential to se ectlng

appIoSI IS Bresatng Srdsgies sy gr%orPaW%teesr[—f"%&ﬁ‘.‘éﬁzl %?é’eﬁh%ea\&?r'c%éﬂéﬁ‘%a%%’%%‘éﬂrﬁ‘s@ {0 Brovide

Basin, T allan J. Clean. Pro
insights into the genetlcs of cowpea ﬂeat to erance @f@ ':rlhe inheritance of heat stress tolerance as a whole is

Ginhpdaly . Ad B Braeslinl Longemaiocdruberdivid su ates simpGrberifedidgo titie o ion &iah atet Charigres dbjone or

twolitgey §eBen Bl mkarmnboktsydN JraitkSA ca0hda preliddar856mISB b 9BES 1B8AREADer plant, pods set
[24]29]

I§e'r§|ng nCE SI? 2 Rer\BQdSGPgbsr?EdGCQ% dpd\yl/?'Rg o) dv%%' \(}agn r”'ﬂBhﬁ%ﬂ%‘?&" jSh p.) Genotypes

The |n gﬁ%ﬁ%e[oopﬂ to|t|%ﬁcébtlc? Cegtrs?rseségsdurlngh%(r)zﬁhgervelggn%%?lgl rgpgggg %% écs)vser%ég by a single

[49]

recessive gene that is highly heritable 42, indicating that heat tolerance for flower production can be fixed by
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1€ Baukdoy bRkl d\erGinadaatithi i eTbg glmetatiBalEAL Sihilyugendtic; dtatysmoiboiellondr, hot,
longJdagrfiditl lcor@itidagoe@alet ahaCavipgla (diginant gguécydata)s Genedic 3 deenemies e Breedn.26)
andPleaiisBiee 272 02Biab®iBe <l A5sat2ded with the trait were low, probably due to environmental effects 431, The
R RV o SRS SR DA i RS PR g eec 887 9519 hear
toleé%ni and heat-sensitive genotypes and suggested that incorporating heat tolerance during pod set into other

genetic backgrounds will require several cycles of family selection in advanced generations to fix the trait 243!,

12odalittingk 2-QierBfi absedMond/healfled hdeHEMBe IR FRchidigaiofolp iareethis WMRR r&lfe ehak
hot HMEiARFhBIHEatieR of Sieat SBRHaANRMBARINRIRL HOYRNLED 8P#e2B4it. It is also established that
150uRina Pthe\saRAIS 1Ot SRkeRWIb AP bipriskrs kORI RIOTRINRUSN 887N d! diBkeHd: sahiiriance
durigee 88Kk oMIaFH RHSIERMEIRRIE R T proviRgissh &ithe afsabrst PRy aiels ot Jies svign sodiest-

induced seed coat browning can be recovered using parents with seed discolouration properties. On a general
LAl e BLeSHNShRl hlRL I8 B Gwpdd APRIRASR BEREGPRUARIRL AN QINRIRIOR 121, These

aut o%t%%ﬁ@& ?h]a?%oe? guSSc]égt_ig'l?ty to heat stress was additive because the impact of high temperatures was

18InVitheg o VRGeAsitMalfieAdE PRef ddacone iRieseo nsdsnsfeS papeandfigieavenfiuwe tHater (ejwvadp Jitd a
redbieat®tfess. II. Responses to Night Air Temperature. Field Crops Res. 1984, 8, 17-33.

16 aLIRS MidR€on Rl yonEudd R IR BN & RE TR DR el SO WRRR LR b SR 1635 T € AR ty under
coanr!)fflee{]e Qr?\%rsohnmg%k%[ae%%tg? M%%&E/Ff!ac\)/vws?tﬂags%gorﬁ)o§§ir'agir%8 %ﬁez %ﬁ%&ﬁ/%ﬁ%s%ggf heat tolerance genes
1mhdqusksHd48. EnbtropédrerivisomrentPitHE oC BMpea imaSK ia. Mo likrely Ao Gerreniceatioh day Migought
tenipeSderds Gfible COMPeanieREEpodas (- Bhlt dayd H datiStrbesyRengCeation4FAPIe, 22 padiguiasy at

the start and end of the rains or during reproductive development across most growing regions of SSA countries
%ﬁ{nan, A.M.; Hall, A.E. Positive and Potential Negative Effects of Heat-Tolerance Genes In

42l Therefore, more empirical evidence is needed to shed light on the inheritance pattern of heat tolerance and
~ Cowpea. Crop Sci. 1998, 38, 381-390. , _ , o _ _
its associated traits, especially deploylng molecular markers to identify more precise quantitative trait loci (QTLS)

1&hd-hathabcEnPseatiingiios AargtationsededobihgndtHpattiady @warmntuts J. Agron. 2004, 21, 447—
454,

Mendelian genetics has not satisfactorily addressed the complex inheritance of heat tolerance in cowpea, as
20. Ahmed, F.E.; Hall, A.E.; DeMason, D.A. Heat InLury during Floral Development in Cowpea (Vignha
pieces of evidence suggest multiple genes or QTLsS li ezlly 9overn it and may be influenced by genotype-by-
unguiculata, Fabaceae). Am £,1992, 79, 784—791. _ _ _ .
environment (G x E) interaction 148] . Considerable genomic resources, including mapping populations,

23eRBeERg, PiitidnS uimkere sadvbdidtbd Siiva. Rl E friR8gani rbferetie: Meloni. FrifelenMisl) Ghaavesen
devBibbe Ay ietihek. thaleatiar efebloyyecs Gritvalg fasdrian Temperaiurs tateranasiifiysieleaicahins
B2BiGEhemikal-asuisiée Bréshes or RbxsioleMele Binl 1&jards @Bl d7L3Rormation, but few studies have

29 RHIEeR TS 12599517 A VIR AU B & iy FRAPRAG M IR TS OhF T RIS Bl @ Highve
ass%ﬂ%‘?%ﬂ"%r%aér&%\ﬁfér}iﬁrmg?ﬁswal?r‘f&?‘ﬂtf‘?%%%ﬁ?&air[?TSé-s%ef‘igPédﬁ%‘ff%%&f@%n%"ﬁ‘?&ﬁgiéh QT
Corﬁgwgﬁr%%ﬂtgﬁr@s@ﬁ@rﬁ%Iﬁaﬁdﬁ§w&§.algggl,e1@; fg&mftf@_ce, pod set under heat stress was inherited

quantitatively, with about five QTLs in a biparental RIL population B2, In another study, three QTLs were associated

%ﬁiﬂll_lf”le ée%d '%%Qpéﬁgzisin%gg@rﬁr&”rﬁ@ %hWé)opﬂyb%ﬁ{foﬁg@nMﬁ@ ?(Q:L%i %rlg']téégi?’a]nother RIL

2epRyEiion. oYt defongab iladrsaned IRMPIER BrievdrReyilsS JGRPCAREYEN ISR ISRt at

tolergncersired 98mMN/BRIrplaNtoashnumberggrods per plant under high-temperature conditions [46], These QTL
studies were based on bi-parental populations, which have limitations regarding recombination events and

mapping resolution. In addition, most of these mapping studies were limited to controlled or single environments
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2andAdigelottinfestidarbaeasiblé& G RaEroserddioAs, Bowé&antassdcidion Cappeg (Vighauregaidethtss) having
higi2e \redppimeg ndsonhdiend) iffes drate hamge tatideesifarsih Aichamakxid associaemntrationsridre wrdesglated to
streAg rofeeande 0! Z2080 b0 ,005BBF& deployed for more refined mapping of QTLs. In addition, genome-wide
SRAMRE, LESHIIMA L8 MR Slina Barh Rt BE BV %”rﬁtécn?{ﬁh&%‘i}&‘ﬁ%eﬁfé?gb 'gigpance
traifggglﬁng]gimgépe innovative cowpea MAGIC RIL population BIEA and minicore B, which can deliver

higher mapping resolutions. This approach has yet to be explored for breeding heat tolerance in cowpea. Efforts to

2 inddtRIS the Govpi SlidhdmE Favd 1alhR - BEulbdialing Griyieat of s niberaradPebenef Healgh flow
cytdRiarpnzangdigatiSie nritveCoumrRaHinted RPHIaNE TaBMK) BLIRS- JeMRRist-hB8RedYiated

seg%??ﬂiél@ﬂg over 250,000 gene-specific sequence reads (62l Later, a whole-genome shotgun sequencing of

2R MIRET AR 85 repdlicd g 2 BagM @.ﬁ?@ﬂ@t’oﬁ%riﬂﬂ”&d@ RIS ERP R%eS BhoEdMbeA B3I Mb for
vargé@%]gﬁﬁ%ﬁpﬁqqigﬁq%ﬁw&{gﬁgg@w é%ll.. Iﬂ_(g‘g)@qlzag ghé&l_%%_eleased a reference genome (var.

IT97K-499-35) with an assembly size of 519.4 Mb. Compared with the reference genome, recent de novo

28 Halies ForSUR RINARIE RYOGNGHYEY . HER JAIFANSER ol TP/ Aopein A rUsiAnghilY SRRRCR

sigr% i(ga;r%? henn%lgr% em&%&ra:rsl}la?n irYé) rléf t\é Lgr%é’szgeln%tiepdiégr%ﬁ?.l?here is also evidence of specific

30anNisisiEm BeotorsHaing\ UseRefop drasekiafnglowprscfVigdanatesuien latee (ling \Wadpwoieat s Bieitbxoretigin
of tiNgghatAir Qi e (& avdinig FloWeNAG 2)| PRIantad aspoinsdise et GliopsaRe s 108%; Ve gt@4th and
conf@@d multiple abiotic stress tolerance in a commercial cowpea variety, with such overexpressor lines having

remarkable tolerance to ma'\(/)\; yli_eld—limiting terminal stresses, such as cold, drought, heat, and salinity €2, This
31. Bagnall, D.J.; Kln(?,t R.W. Temperattre and Irradiance Effects on Yield in Cowpea (Vigna
r

wealth“of genomic_and transcriptomic_data presents OB ortunities to identify stress-resilience genes, potentially
unguiculata). Field Crops Res. 1987, 16, 217—- 5&1
uncovering mechanisms to enhance heat stress tolerance 22

32. Ismail, A.M.; Hall, A.E.; Ehlers, J.D. Delayed-Leaf-Senescence and Heat-Tolerance Traits Mainly
Are Independ&ablle ExRresstdiva Covigee asOripge8olitn0ee]-#isra0ddt-diess. cowpea.

g e e e e e . - . — . s
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Conditions. Front. Plant Sci. 2022, 13, 954527.
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43. Ehlers, J.D.; Hall, A.E.; Patel, P.N.; Roberts, P.A.; Matthews, W.C. Registrations of CB 27 Cowpea
Cultivars. Crop Sci. 2000, 40, 849-863.
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Field Crops Res. 1998, 55, 11-21.
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46. Angira, B. Genetic and Physiological Studies of Heat Tolerance in Cowpea. Ph.D. Dissertation,
Em?g)%glg A@m/fmiﬁlréa},lsi%r/e%igr% é[%cgrﬂgltlij&s] .Fﬁorltjst&avEOR%en undertaken to screen for and identify heat

tolerance in cowpea under both controlled and field environments, with a particular focus on the ability of plants to
A oBYEN2BuM it ToRBRAHAN Lt HURSERd? ATROIMN A PMAINES e Seling CRE RILnE - 288884 Kuith
enHAAOHAh Folbr el BN g) BrRRAipsr St Aeal JOArAREER TRRAIRMISOIRTUHD MNRaREFSIG/SR A dt HR
USM%@F@H(APQFQ%Q é&f@l@%gg%gt%i%%qa (3511361 However, the number of commercial varieties with
AoPAEE IQISTRRAE & ESNhIRBHTAhCeleHR dte RNSciRBidaks DR ESITaRGHIH Beislec ssiRctrymieaal
apw%ipq@gg?m'ag@@_rm has to be incorporated by selecting progeny with the ability to produce flowers

and set pods over several generations in hot field nurseries 8 A pedigree breeding method has been described
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Taipel n, 1993; ISBN 929058081

were cPosét-ergl I\\/Iv\{% the ‘most productive ea?—ser%(s'itive parent. The segregating generations (F2) were screened as
5nglagdstMiR lafghlerpulhBndHinymii, fBlds; Widgy, Ibhi Jdyebasks] BrAth< fdaes Tabiltfark eredioreBrettingt
flowdezatal bighantrGioen o nolko b reatlin2 @] 3,084y &2 Bes86. per pod, and good seed quality. After that, an
s Botorc M. Robaris, BA - Close 2 nardi, o Wanamaker & Ehisre 3 8 Tdentiaton of
e anuidate Banas and Molecular Markers for Heatladticed Brown Discolbration of Seed Coats
pos&ig{ﬁéo evaﬁjﬁ%r ws of the Ic:ﬁﬂeriv§d3h£§s to select the lines with uniformly high pod sets and other desirable

ea . enom. 2
characters. Performance tests are then conducted as advanced yield as well as multi-location trials with materials
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el QiEdhobredrbiiied-AMialiiabierhi \dABEQn Shihad FINRBREARKRTiISNdAS With1SHETKERPBonditions,
whe Y At téhiberhiubdiOai oindhighnb GRNAB RS FNVREAJ NG HPRITH BT Y\GHP deEdARdd
for %@Qﬂ&no%%ayémg%ﬂay be more helpful 22, The strategy is to use lines of African origin with heat tolerance
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hig g RS R RS ORERIS AR S ARY IR HOHErP Rt RRY Sstsofer Bubteapiopy§alifornia 22 In addition

to the above, for heat tolerance screening, especially during the rainy season, conscious efforts have to be made
58 Wtd ok B8l alleRdeBad i k) GonRt R R RBIN G B ALY S 1R8N

maf.rrllt&g%%sgf 'Iaélsré’éle %aﬁn%e%e(%nse% E”E)B'ra&’é‘d (I)Dr!asrélie%ttlecpno ore h%gfl‘ %1e8rar:!'c_eG'shouId be targeted at off-season
STurBuiekigeed the; BohlatheroHoEe HestalarBdweRBberts, P.A.; Bucksch, A.; Lynch, J.P. Genome-

Wide Association Mapping and Agronomic Impact of Cowpea Root Architecture. Theor. Appl.
An%&@e&gpqgegmi@i sag been demonstrated in the subtropical zone was crossing between heat-tolerant
and adapted desired varieties to develop F;s and advance them to F, generation, then during the summer, test

SR RAEI8RRIZ WridR Tnd:uR rfdirohirente o GaSknbiSORn Hign' 38Rk AipBRANRLAS Srect plants with
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statL)Jiﬁtg,u {8 ‘é&%%t(%e)a\"{éﬂ&&n%g HU |r|1%S|5p3d %lép mﬂﬁggﬂ%oéﬁir?glgffelsse%bnd summer, replicate families of the F,4
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paralleBatisgi@sBIscBe0Kar, dOsjrelisagonpmit tibiis. MufalRewkminiely avegdr@mtieratn theoera@ressed in
mo@RTAGHE) Prypliatiglaseh@eeretic Afiesaisraiidldnmrevtese ieliC ohvpselfoigthdanigatcalatdested for
perwmpm@iamege@@mat,, 9@)gtd20plotidRtion environments in the third summer. New candidate varieties are
chosen from_these Iinfs and subjected to_further yield testing on experiment stations, followed by yield testing on
Soth cperiment tatone 2nd fatmers pelds HE. Aot e e axtont of floras Gveropment and podding as

Advanced Generation Intercross (I_\/IAGIC?,PopuIatlon. J. Plant Reqist. 2019, 13, 281-28 _
a selection criterion in a hot, long-day environment in northern India, four varieties of edible vegetable cowpea with

EuMteAgE HyRabieth W Have  bRentriritgied. At tiROulRIn ByiiEdi@uReSeadarmaifite Mo psinply; thdee
variéis lBiybitedd heaR egescd. fiHicht alalilget) GR Minicmig ddyResauceadiabisompealiRasealth arde
apgrseeinthale PrtnedSsite 20 1linhid®9eld environments in the Imperial Valley, California 28!, and in northern

dQS’ﬁrY&f%ﬁé‘QH&ﬂ% FR’??E%?Fe ,"é?ﬂ%ﬁ&‘é&]%ﬁi\“&i8ﬁt2?ﬁ%}v§%?ﬂ‘é*ﬁ‘iﬁB‘BrE%?%i‘PﬂI%ﬂﬁsé’baé’cﬁ‘@é’?ﬁf&‘?ﬂ'?ona'
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resGitdht FIAGB, afe SREVQDGIAgeARWANGNEE &f dareened3iah Sfanermt Gavmeas, BMCheignosn. sHRAS:
intePdd®8, compared with closely related heat-sensitive plants 8. As a result, considerable focus could be placed
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inorganic salts, osmoprotectants, growth hormones, and oxidants to plant leaves or treating seeds with these
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cases where minor alleles play a role in heat tolerance, genomic selection is proposed, and rapid generation

cyc nagdl’sFuls<qug Y 10'% NeaF o) Ilg%earrqt’ \'/:a%ét%éle lg\lljviffbﬁ/ BFUCEhePf% evé reﬁggg 8(ia(|’1é]t|(:%_| %lplpodcwl hasableen

|IIustrz!ée’d'\ﬂoar1 |]:1%nk<fy%g%%gfs ql Per% 91 fA‘ W ﬁlgb?%% |%o varlg% ges Srgﬁggggéd%%hergon cycling (Figure 3).
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A.E.; Marfo, K.O. Registrationﬁ Mé-ﬁ'fb'-'ﬂTuy‘Cowpea Crop 8‘44 1486-1487.

70. Patel, P.N.; Hall, A.E. Registration of ii p-Cewpea Germ sy .m 986, 26, 207-208.

[ P

AoWF125 L - /
Training
herEly fadlibds QEmetil deiDunies for 1arget ey e SR
A Lines from ey genetic resoerces . Cote set Pyt Yy pulation
Misd cone, MAGIC Bnes
e It denr i Genotype and
“+Everits dertved from gerame pdting tamagenicy Phenotype

Erat firuy thesasph
g [EETE

Retrieved from https: //encyclopedwpub/en

Mn'n-—:

G5 model
optimization

Selected

' 14
' Genoty :—-I- 1 :- individuals

1 GEBV art selectes

Lines with hig"”

Figure 3. Proposed integrated approaches for genetic improvement of cowpea for heat tolerance. The scheme
proposed for discovering heat-tolerant genotypes using forward genetics, reverse genetics, and genomic selection
pipelines. GEBV = genomic estimated breeding value, KASP = Kompetitive Allele-Specific PCR, MAS = marker-
assisted selection, MABC = marker-assisted backcrossing, MAGIC = multiparent advanced generation inter-cross,

QTL = quantitative trait loci.
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