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Research Progress in the Adaptation of Hot Pepper ( Capsicum annuum

L.) to Abiotic Stress

HU Hua-ran DU Lei ZHANG Rui-hao ZHONG Qiu-yue LIU Fa-wan GUI Min

( Horticultural Research Institute, Yunnan Academy of Agricultural Science, Kunming 650205 )

Abstract:  Abiotic stress is one of the main factors affecting the growth and yield of vegetable crops worldwide. Therefore, how to improve
the stress resistance of vegetables has become a research hotspot. As the largest vegetable planted in China, hot pepper ( Capsicum annuum L. )
has high nutritional value and economic value. Therefore, it is of great social benefit to cultivate hot pepper varieties with strong resistances.
Based on this, this study focuses on the responses of hot pepper to temperature stress, saline-alkali stress, water stress and heavy metals
stress that caused changes in plant morphological status, physiological, biochemical and molecular level. The improvement measures were
firstly integrated, and the pepper to future research direction was analyzed, which would provide references for the development and utilization
of resources and resistant variety breeding.
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Table 1 Recent studies of temperature stress in hot pepper

[t 25 TREEAL 21 UEMaEE 253K

Stress type Treatment/C Research content Reference

[y Sl 30-45 A FERR, T HEPET Physiological index during seedling stage, and evaluationon [ 4 ]

High temperature stress heat-resistance
PESEIR N\ MM EDOESEL, PUEITFE Heat damage index, chlorophyll fluorescence [6]
parameter, and resistance evaluation
JENEEA L=, BLAAL RS, SR TER, HitEiFM Membrane lipid oxidation products, [ 9-12 ]
antioxidant system, photosynthesis, and resistance evaluation
CaWRKY27, CaHSPI8, CaHSP24. CaHSP26. HSP90 JEFTkE . ik, AWERY  [17, 19, 21]
43T Cloning and expression of CaWRKY27, CaHSPIS, CaHSP24, CaHSP26, HSP90,
and bioinformatics analysis
CaWRKY20, CabZIP63. CaGPA JENIIRERIE Function verification of CaWRKY20, [22-24]
CabZIP63, and CaGPAT genes
AIERAH S Genome-wide analysis [14]
DNA HIBEAL 51T DNA methylation analysis [25]
TSN F 43 HT Transcriptome sequencing analysis [26-27]

LR/ 7/BEES 0-18 PRI, TR TEPET Seed germination index, evaluation on cold tolerance [5]

Low temperature stress TYEAFEFRT1E Screening of photosynthetic indexes at seedling stage [8]
CaERF109. KCS FiBFHEYIE B2 HT Expression and bioinformatics analysis of [15, 20]
CaERF109 and KCS genes

fie. witia 0-42 WM A T A SR AR DT AN HE AR A A: BA AR, T AR ZERD BT E Relevant [ 7]

Low and high temperature morphological indexes, physiological and biochemical characteristics at germination stage,

stress seedling and fruit setting stage, and screening of heat and cold resistant materials
CaERFI8. CaWRKY41 NAT, CaVINO2, CaCWINO3 JERvilE . ik /T Cloningand [ 13, 16, 18]

expression of CaWRKY13, CaWRKY41 NAT, CaVINO2, and CaCWINO3 genes
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B (NaHCO, ) FR il 45 PR B3 22 ik dh, ok
BERY R PERR | SRR X BUBUR 5 2 S A e A
Flo A 538 e B A SR 73 52 WA BROHUR 52 R B

A~ =L [ 33
B

2.1 FRAREE RN AR

R TN SR PEA AR AR R B, HAS[R]BUR
SRR TEAR SRR ERBIA A IS Y, B, KZ
SR LIRS 25 A AR AR S 2 it e 5] BEAN (7] 1, X SBRURE

LI AT R P O IS T R B, M
S REXS R A RIARN R R 3 MR R AR
DX 3 AN [RBARL St e i 2, i e i 5 3 55 T
RRBZERY > B RANE R TN ARE Y > FIRE A,
ALY W R, AR & SR SR X L
RAUHAEABUR 2P R e 8 AR, mivkes . i AR
fEFE AT E, MP4RE . MDA, MIXTHL S5 BT
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Table 2 Recent studies of saline-alkali stress to hot pepper

i3t 25y Ab3 WA SR
Stress type Treatment Research content Reference
LN NaCl, Na,CO;. NaHCO,,  Fp-Flf &ML K Seed germination and seedling growth [28-33]
Single salt K;80, W RAEFRF B A . AR ISR AT EEPE M Evaluation of salt tolerance of germination [36-41]
indexes and morphological and physiological indexes at seedling stage
AETHEREEITT YT BENE . BUARALIERR . DEGPEREREEL Osmotic adjustment [42-49]
substances, membrane permeability, antioxidant index and photosynthetic performance index
at seedling stage
B SEZH 40T Transcriptome sequencing analysis [58-59 ]
CaCBFIA. CabZIPI. CaNAC61. CaCBFIA Tl 533K HT Cloning and expression [53-55]
analysis of CaCBFIA, CabZIPI1, CaNAC6I, and CaCBFIA genes
CaERFI4 . CaPIPI1-1 3£HTIEEKEUE Function verification of CaERF14 and CaPIPI1-1 genes [56-57 ]
REHh KNO, 5 K,S0, AP A A K PO 2B R Seed germination, seedling growth and photochemical [50-52 ]
Mixed salt NaNO; 5 Na,S0, characteristics
NaCl, Na,CO;. NaHCO, B S S5 3T Growth of hot pepper and fruit quality [33-42]
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Table 3 Recent studies of water stress in hot pepper

JHpia 2R b3 WA Z75 30k

Stress type Treatment Research content Reference

T 5 WK AL F Water cut-off treatment HITEAHEPR Seedling morphological index [61-63, 65]

Drought stress 534557k 7J: Potted water control method TAR AR FIHS AR5 4L Changes of relevant physiological indexes at [ 64, 66-70 ]
seedling stage

[iinpeidi7istz!] KA Flooding treatment B A B Physiological characteristics at seedling stage [71-73 ]

Waterlogging TRtV % 52 PE A & Identification and evaluation system of waterlogging [ 74 ]

tolerance resistance

4 ELREME
4.1 EEBATHME T A A GG R K Fa
Hur, hTHsEEY, Y2380 HE R i EN
PRGN Ry, ] P A2 A T A7 TR 4 JE e
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(Ph). # (Cr) B XEURh 7o & Mah i K
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FRZER, MR BHURAR | IR, I 2 i R
AN RV IR /N, IR R AE KR R KB, et
D P R Cd™ R A A MDA

BN, SOD. CAT{&EMEFRE 7L A2l & B
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BRI E AR PRt A e T A R AL TR A 7,
AR, ARk Cd™ . Ph AT MR R B A K 78
42 HMSTEL BT EEA

FRMUAT B WO & AR A Jm e 1, A
I, A2 E S BROR R SR . ASEERAL . DA
(] A57 F ST 240 A xo) B 4 S ) WS s ARAE T . 28
HRIBASESJE (Cd. Pb. As) MEERIA
MR N s Y R Cd B
LRBWT R, AR W E Rl i S
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T, A BB 4 )& W38 78 7+ 5 18 1 4

D XU A 0 IR h 3 8 31— A R g i
7 P8 ) G AEAR SR N CaHPP7, FLRIA R
Cu™, Cd* SFHEEBIYIET 5 AR ETURBA K
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Mo SN CaHPP7 e I el o 18 1) 1 A
IEPEEAER deoh, BB AURIE T 3 A
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Table 4 Recent studies of heavy-metal stress in hot pepper

3SR b B WA 253K
Stress type Treatment Research content Reference
H4EMNA . Hy. 8%, M Cadmium, lead, Fh il & A4 A4 K Seed germination and seedling growth [75-79 ]
Heavy metal siress  chromium and arsenic HEJEER . BAEAET) Transfer and enrichment of heavy metals [79-85]
CaHPP7 Tt 3E P P BESIE Functional verification of CaHHPP7 gene [86]
MIEBLER Cd (195 FHLIE Molecular mechanism of low accumulation of Cd [87]

5 MR¥EHE

ZAER, FRESE AUAEA: B 73 F 7K FxE
BRI E CIRIE . $hel. Koy, TR, EEE)
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R0 SO I T G YA YR 20 £ 98T DL S
EPETRRC ), A FE R, IS LA 55
EEREE Y 1- LR B E 20t 6-BA Ab3E ]
DAV e L X BB e SR i 3 5 A,
T 1G4 1 S T A d e v S0 o i A T
o LA A E I
5.2 AR ARG 0 BB T ik

R G f SR B X B B, V2 i

AN BT A K AA R . SN ISR R DA SR
R REFIOR AL H . AR R KR AL
B8 7 fif 0 30 X BRARLA B (R AR Al A2kt A
MR R E R, RIPHDEEEN, dEReib iy o) e
A T TR RS A 1 B A R 4
PUAALBEEE, TR e i Ehat /7 L (R
VAR DU 2 B BRBUR - B i A, (AR
HU SR MDA St Thes O — ek R KR
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(R ZFER R AR a5 IR BE A P AR
EEUREEIHMA] VO Ak, SR A R A RS |
AW R Rs-198 T 59 AT A2 26 Joip s o bt ol
iy fE s L1
5.3 AR MMEA 6 B R ik

A W5 & BE o s b 2=k g iR . — A
R 5- AEECTRNIR . KFIRR P IR, HmT DI
R AR ) O T Matmarurat 25 ' 3@
XTHERBURN 7 1T 200 Gy 19 y SRR IR, DL = 3
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AR, HIG, s oy m s A
HEMBE X, WEHE, T HBEEE Y Ma i
FERC LIS T —E ik, H5HARENR
YEVIARLL, SRZERERA, A5 v LR JLANJ7 Tl
TR TAE

RS HMAFEMIMER K R &

Table 5 Improved methods of abiotic stress in pepper

a2 PR i 23k
Stress type Improving method Reference
ik pia WG 5- S FECMENTR . R . CaCly, FCRWE, RO HE, HEHE I 24- FINSERNBR Foliar [ 88-91 ]
Low temperature stress spraying of 5-aminolevulinic acid, spermidine, CaCl,, chitosan, polyethylene glycol, sucrose and
24-epibrassinolide
[y ] SNEREES . BETHIROIL . S EORIERY 1- RS . 6-BA BB Exogenous calcium application, [93-95]
High temperature stress spraying biogas slurry fertilizer, appropriate concentration of 1-methylcyclopropene and 6-BA treatment
e ARIR A 154% Grafting [96]
High/low temperature stress
EEN AV AN AN K AZ R . ISEZE R Apply exogenous substances such as salicylic acid and brassinolide [ 97-101 |
Saline-alkali stress TREER . AN B FEBRAURNF Treatment of pepper seeds with gibberellin and sodium nitroprusside [ 102-103 ]
solution
JEAG IR AR IRES . AW he ik Rs-198 i 71 Humic acid, caleium nitrate and biochar based RS-198 [104]
bacterial agent
RS WK gER . —%Ab R . 5- BILLBENTR . FATH g Salicylic acid, nitric oxide, 5-aminolevulinic [105-107 ]
Drought stress acid and methyl jasmonate were added
y SFERER IEFIT y Ray irradiated seeds [108]
KA AR Ca®* 32 Seed soaking with exogenous Ca®* [110]
Waterlogging stress
WEaJE A it SIS ) R T A 4L B KRR LA + 0 S Adding different amount of modifier sepiolite + limestone [ 112 ]

Heavy metal stress

I IE AN R R LY Si. P Zn Different concentrations of Si, P and Zn were sprayed on the leaves [113]
HHUE . BFERAR . SNEES Organic fertilizer, dicyandiamide and lime, and exogenous calcium

[114-115]
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