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Progress of chemical regulation on wheat resistance to low temperature stress
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Abstract: Low temperature stress is a common limiting factor for high quality and high yield of wheat
production, many researches have been carried out to alleviate the adverse impact by application of exogenous
chemical agents. We searched the published literatures related to low-temperature chemical control in wheat from
January 1 of 2000 to December 31 of 2022. According to the mechanism, the exogenous chemical agents regulate
the low temperature tolerance of wheat through five paths, i.e. improving photosynthetic efficiency, inducing and
synthesizing osmotic adjustment substances, increasing antioxidant enzyme activity, stimulating the synthesis of
hormone and up-expressing of cold tolerance genes. We also focused on the progress in production of chemical
agents corresponded to each category of the mechanism. In the future, more researches are needed for fully
understand the mechanism of exogenous chemical control regulators, efficient application of chemical agents by
suitable application period, dosage and method, and further optimize the research and procession technology of
chemical agent production, aiming to achieve efficient prevention and mitigation of the adverse impact caused by
low temperature on wheat production.
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Table 1 List of anti-low temperature chemical regulators

PAFEH ] kel ]
Regulator Abbreviation Regulator Abbreviation
K55 Calcium chloride CaCl, 5| 2,72 Indole acetic acid IAA
T FRAN Potassium silicate K.,Si,05 43342 Cytokinin CTK
TEfR4N Sodium silicate Na,Si0,-9H,0 FEAKZEAF Zeatin nucleotide ZR
T AN4T Phosphorus and potassium Pand K JR7FE Gibberellin GA
4 4kAR Carbon dioxide Co, Y& TR Abscisic acid ABA
il %4 Sodium nitroprusside SNP 2,4-FEM3K Z NG 2,4-Epibrassinolide EBR
HilF Lanthanum ion La** 52 2 YR Brassinolide BR
iz — 440 Potassium phosphate monobasic KH,PO, FRATERH I8 Methyl jasmonate MelA
L4HR%% Ammonium heptamolybdate (NH,)iMo0,0,, FR 2R 22 Melatonin MT
ZHEHR Dimethyl sulfoxide DMSO JKR Salicylic acid SA
1 Trehalose FEIME New meizhouxing NMX
fifiZ R Proline Pro Bl %7 Antifreeze
AL AEHH, Choline chloride CcC 254 Paclobutrazol PP.,,
PLIR AR Ascorbic acid ASA BFER] OREpE . A ALEE)
Anti-chilling agent (sucrose, organic Si)

AL Coronatine COR BRI KPR . RISERL. RERRET)
6-"EAILIENS 6-Benzyladenine 6-BA Compound plant growth regulator

(salicylic acid, betaine, potassium silicate)

TR AH AR 0 J55 114 it FH T 455 9% e AR T P 6 % /)
ZaaiLy 7 374 ek /05w AU (I N T4 £ R i O
MRt tE, AR BUIRIRAE T
23 ESIMEAKEEMN

G W 38 R /N 22 M BRI 23 7 A R I T R
(ROS), it 25 I T 300 2 32 AR B 4R 52 [ ) 18 m 5
£ ROS TH BRI & M I MRS TR, S 5T
g TnE, ROS IR TE, B0 i fs A i A AL
LY W (MDA) LR, SEN R Z L 25t
T-U, SOD, POD., CAT. ASA Fl GSH 24 ik i
T/NERN R A R, AR SRS
P fie )y UI AR DG R RURAES S R, IR
& (=5°C) M Fr/INZ it Wi s CC AT 58 SOD .,
POD F1 CAT i, FEARO; /™= # R 1 MDA % &,
A R B o AT A 3 5 . Yu SECIEIE R
B, MR ABA AT HE R I R IR ZE iR i i ad 41k
Yl (APX). A H BRIE RS (GR) . i S8 TIA IR
W5 (DHAR) 1B ECHLIA M R 4 I i (MDHAR)
TEHEACE, $5m T/NE it R FIARFAE—10°C F1-20C
TP . TR BHFWTE LI, M 0.1
mg/L BR A ffi{i&ii (—25°C) Wrift N /A 4rBESY SOD |

CAT F1 POD i ¥E4- BIHE T 41.3% . 31.6% 1 14.1%,
N (T (- 7 R O AN e o S O E 7 T P
U, AbsF R s i B P AR T,
T R AR M P PR 5 3 R ™ A i, R R A
FALRRRE, AERrAn MR SE R 0 sE BE M, T RS 5/
FHMRPURIREE S . 5F PR ILRENG A S0
SN 5T B it FH 5 = LR 4.
24 HZRFET

PRI SR T N A K R B AR — 2R
BT AR A ST RO R R T, Sk
PR AR R IR DD | AR R A R B I A T 2
SR . WIRMEERGE S S T2 5P
BRI, HA EOKEEAT (ZR). GA Al ABA #EHEAH
RS R R E HEAEHC 9, Li S8R RN, 1E
IR (12°C) A Rt 5 umol/L GA A] 4 i b 11
W3R 23 RV Moy il 0% P O R T A3 e, B b
ROEARFR R E R LK, ST E OB
i, 100 pmol/L MeJA #47 it mi i 4y vy, IR
(4C) Wria FARE T /N RN ABA 1 38 I
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Table 2 Mechanism and optimal concentration of exogenous regulators in improving photochemical efficiency

SN

YEFIpLEE

S dERY S

Exogenous Action Optimal SRRk
. . Reference
regulator mechanism concentration
AR AR Frgt P, ALREE(G) MEREE, BRABRCR, ReKRRRgeR 0.1, 1 mmol/L [19-20]
K,Si,0;4 Increase leaf P,, G,, and chlorophyll content, reduce transpiration efficiency,
and enhance water use efficiency
KH,PO, P i I IR S A S HUEALRE ST, I BRI A BT 15 mmol/L [21]
Increase flag leaf chlorophyll content and leaf antioxidant capacity, increase material supply to spike
CaCl, P E Rubiscofitii P . Chla, Chlb525H% P E(Car) & &, (EIHEERIE 40 mmol/L [24]
Increase Rubisco enzyme activity, Chla, Chlb & Car. content and promote photosynthetic intensity
(NH,)Mo,0;, REMatRa, bR PRAR 0.15mgkg  [25]
Increase Chla, Chlb and Carotene content
JBtvE R ABA S-SR Sri, AR RIS L T AR | RO R, 107 mol/L [26]
WRIR XS /N F/F B ASF SR
Increase chlorophyll content, enhance chlorophyll relative electron transfer rate, and maximum
photochemical efficiency, and reduce adverse effects of low temperature on wheat F./F,,
AR T RILRBERVNERDC AR, A BT e R AR i 1 mmol/L [27]
MT Regulate stomatal conductance and photosynthetic rate in wheat and contributes to
photosynthetic carbon assimilation and membrane stability
B AP, GHIERICOMKEE(C). PSIGALFACE ., b F K R . SIF/F,, 300f5FERR 28]
NMX BIE S RENi 300 times
Increase leaf P,, G,, and intercellular CO, concentrations, PS Il photochemical efficiency, diluent
photochemical quenching coefficient, increased F,/F,,, and improved photosynthetic performance 10 mol/L
2,4-KIMBERAME M-SR kb, S, ERHDREN 0.1 mg/L [29]
EBR Increase leaf chlorophyll content, mitigate leaf senescence and prolong functional period
PURIMR ASA &I ISR A, a7 AR 7 Bk 50 mg/L [30]
Increases leaf chlorophyll content and tiller number per unit area
“HIFEA DMSO  fie /RS AR R AIE IR, SRR 2~5 g/kg [31]

Promote chlorophyll synthesis, increase root vigor of wheat seedlings

iyl HINEM R T, (REDCEIEM, BRI R
Antifreeze

1500 mL/hm?  [32]

Increase chlorophyll content, promote photosynthesis efficiency, enhance root vigor

INAE T P ATV . Pro. GSH Hl ASA & LU K
FREE 5L, PR MDA 1 H,0, K, AR
INZ A T BRI M . E 4RI LI, it
H1 10 mol/L 6-BA "2 #E G (-10°C . —25°C) #ria
INFE W R R BE Y ABA/GA WM, FEIK GA &
o, /NS EETNPIIERE S . LT Y ]
DARE IR I 39 B e /N AR AR N Z R N TR R
T, AR DL SOBOCER 1R B R RS B AR R
BIATAT, ML S /N BT TR RE ) (3% 5).
25 MEEEMFRIE

43 PR I8 45 4 TR N 2 AR AR A i
IRIRFLRY), & B T ISP T LA /N2
H B S HCAEAR LA OC 2 1 I QIR S R i ik . /)
2 PRI A0 T 2 38 Ao 9 4 AH DG T 9 Bk P 1Y) 23k ok
Jop Kof BT Ab 3 B 16460701 Al-Issawi 250 A B, TEAIK

IR (4°C) YL Rt FHAMNE 8 mmol/L (NH,)Mo,0,, IFT’
B, BRI T R CBFI14 5 kYK
BTG COR HEIH , sk BIRAEIMWE R MY, W] 0.1
mg/L EBR A DLt 24 w5 /N2 A R st A DG R A
TaSOD. TaPOD. TaCAT. P5CS 1 WCS120 fAH*
Tkt , ML /INZ LA . Zhang 5507 ifF 5%
INHAGIRIE i MR ABA, ASA-GSH & A
KRG HE A FE—E IR N 2 31 ABA (4%, ffi/hE
M ASA FI GSH i 248 & DL S AH G 3L R CBFII-
5.2, WCSI120, COR39 Fll Wrabl7 %5 /K P42 . #X
JRAEUVIIFE S, SA ALBRER & T /NZZ v RNy BE
5 EMP ¥ 42 G 8 HxK . PFK. PK (35 2
IR 3EH TaHxK . TaPFK. TaPK Wik, fEibf
WES N ERRR AR R 5 0, 3 /DA R PR

ab
He JJ o
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Table 3 Application method of exogenous substances inducing synthesis of osmoregulation substances

SN T it FH e IR () SCHR
Exogenous substance Application method Application concentration Temperature Reference
FIMEE NG EBR T i Foliar spraying 0.1 mg/L 4 [12]
TR K,Si,05 7Kk3% Hydroponics 1.0 mmol/L -5 [20]
ZH L DMSO 127 Seeding soaking 2~5 glkg 4 [31]
KR SA JK3% Hydroponics 100 pmol/ L 4 [36]
il R Pro it Foliar spraying 20 mmol/L -5 [37]
7R ABA MR, I 107 mol/L 2~4 [38]

Root soaking, foliar spraying
% Trehalose 12 Fl Seeding soaking 10 mmol/ L 4 [39]
A P and K 7k }% Hydroponics PO, 52 mg/L 5 [40]
K,0 104 mg/L
fiEE44 SNP 7Kk3% Hydroponics 0.125 mmol/L 4 [41]
Na,Si0,"9H,0 ¥ F Seeding soaking 1.0 mmol/L 0,4 [42-43]
EFIFR R MeJA ISt Foliar spraying 1.0 mmol/ L 5,0,-10,-25 [44]
R E COR DEMERETE Trrigating 1 pmol/L 4 [45]
®4 NI ENEEEE XM RER A
Table 4 Application method of exogenous substances regulating antioxidant enzyme activities

MRS (LU P it e IR (°C) Sk
Exogenous substance Application method Application concentration Temperature Reference
FIMEE NG EBR I % Foliar spraying 0.1 mg/L 4 [12]
TiE¥E 54 SNP ¥ Ff Seeding soaking 50 pmol/L 4 [13]
PLIRILER ASA ¥ Seeding soaking 50 mg/L — [30]
Na,SiO,"9H,0 BEHE Trrigating 1.0 mmol/L 0,4 [43]
SAbhBm cC -5 Foliar spraying 500 mg/L -5 [53]
(NH,)iMo,0,, 12 Fh Seeding soaking 8 mmol/L 4 [56]
L5k PP, 1&Fl Seeding soaking 0.01 mg/L 3 [57]
KR SA T Foliar spraying 0.1 mmol/L 4 [58]
BB F La¥* 7K % Hydroponics 20 mg/kg 0,5,10 [59]
FEFIR H g MeJA 7K 5 Hydroponics 1 pmol/L 4 [60]
Co, WOGHE ST Laser radiating 10600 nm 4 [13]

(Wavelength)

T FoR Sk oRTER

Note: “—” indicates that it is not listed in the reference.

3 /NEPURIRAL SR

HAT, /NP A2 845 ™= 5 (9 JF & R %
WZ B M ER, BRE 2022412 A31 H, ik
VBB P AR I A 27 8 4 700 1 |6 5k BH & R 3k 93 1,
Hr /N2 PR A R B LR 27 4, 5
29.03%, HEFAFFMHIILE 2010 F2)5 (B 1).

X T 5 T AR A BR AL 0 3 B0 i R I e
PERBLRIR | SR B AR EE I RN BrE I, 280y
B /N A A = S A BB N A %, Al
ROPNE PRI AR50 B BRI AE T 5
fio ARWFTEIAGRE I T I 4R R AT /N BRI AL 2
PR S R WL R (35 6).
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Table 5 Mechanism and application concentrations of exogenous hormones

HSMNEIRER A it e -
ferpLEE ik
Exogenous . . Application
Action mechanism X Reference
hormone concentration
MI5 R ABA BEIMUNZE I B R EERE . Pro. A H AR(GSH)FIASA & it L K AHICHE K F3h 10 pmol/L [47]
Increase leaf soluble sugars, Pro, GSH and ASA content, and upregulate related gene expression
IR IAA PR RIAAG i — [51]
Increase root IAA content
FREMN ZR  ZRIRRAA X/ N AR — [61]
Mitigate low-temperature injury to wheat plants
6-"FE LN Bl R A BE T ABA/GATY , R ARRE R 10 pmol/L [63]
6-BA Increase ABA/GA ratio in leaves and tiller nodes, improve regreening rate next year
REE GA IR T ORI RVERBG L, SRR, R TR TR SumolL  [65]

W R AR R 2F R

Increase seed breathing rate and amylase activity, promote starch decomposition,

seed germination, germination index, and embryonic root and germ development

SRFI R s PR/NEN A NABAS LI X ABA/GATH, i i - 100 pmol/L [66]

MeJA Increase leaf ABA content and ABA/GA ratio, maintain hormone balance

K¥ R SA PEHHIGIR A I L, St Rl MR R 0.005~0.100  [67]
Promote seed germination at low temperatures, and increase osmoregulatory accumulation in leaves mmol/L

s CTK /N2 4B FERET) Increase cold tolerance of wheat seedlings — [68]

TE: 7 FoRmR bR

Note: “—” indicates that it is not listed in the reference.

g 16 r O /& Wheat
g 14 r W {E%) Crop
=& 12}
&5
=2y
REI
23
2 %
I &
E% 4t
o)
e
g 2
z 0
on <t v o o~ [><] [*)) (= — o
— — — — — — — o o o
S o o © © o o © o o
N (g} N N N N (g} N N N
A} Year

El1 20132022 FREBEHFFEFIERLAEFLE
Fig. 1 Number of national invention patents of chemical
regulators for low temperature resistance during
2013-2022

4 EEHREY

ARAEAE AL, SN AL S 3 12550 T 20 el 38l
BRGE ., FRERBEMTY . F IR
P BT DLRGE A e SR P R AR 5 Rk
FUR /N 22 A8 77 6 A8 T A = 98 42 50 1) 75 5K A i 4
i, SR BAT BRI A 2 P40 A A 7= rp 4 R
BRI A B, 2R N A A, e

ABA. MeJA S5l TMAg By Bt , — MR P ok,
DL FARMb A 7= PRI o Sk By T R
PAR LA J7 T AR -

1) Jonas SR fh 2 8 42 590 22 A 1K 383 206 35 190 BL B
IEo P/NZZ SRR BT AR R B R B 1 it 1) A )
M, feEFIEAILEA i — 8% e,
KH,PO, 1E N —FhERICHE . R /K 7 1 s
BAME, BEA RS AR BUR R AR 112
TANEA R, BN E SRR T A S
GBI 2= ST AR A

2) e B Al 4R FIAE FMLBE A Sk -, i —
A AIE 5T Al /N 22 AR I b2 04 550 1 e R s L 7
S PR ik o A B AR o B AL X 24
R, BERRAE . PREEREFRAEREEAT N K Ak B AU
TP, [ AT 85 G A Sf 4R ik — 25 i s 3L
AEERON, R S SNSRI s s AR E
TG “—mE =B AP S, BRSSP
BUIRBTES &, WEREZ BAER N AR, R
AR B RS

3) AR A AR P T AR S . RN A
U A2 IR s 70 i A 7 A, SR B ELTAIR IR
BRSBTSk T 8 BT AR R 2 4R, )
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Table 6 List of patent products and the effective components for low temperature resistance of wheat

LR LK TEAB SIS S TN
Patent name Main effective component Public year Reference
— RN HURIR DRG0 B Al I 12 ISR, TS ERHE A 2. PRER . BRI A 2022 [72]

A wheat anti-low temperature protective agent and the use  5¢ R b
method Betaine, plant peptide solution with earthworm active
enzymes, urea, potassium dihydrogen phosphate, chitosan

— Tl i/ NI S RIS YRR 0 B v HEEEMR . A, S-BHIMAR . ZHERANE 2022 [73]
A product to improve the resistance potential and post- Aminofusin, calcium chloride, 5-aminolevulinic acid,

disaster recovery of wheat and the use method brassinolide

— iR/ N UM BN . MR BT 6-BA L SEIERE . 2, 4-RIMER AR . EHR 2021 [74]
A formula agent for improving wheat tolerance to spring 6-Benzylaminopurine, chitosan oligosaccharide,

cold and the application method 2,4-epibrassinolide, coronatine

— NIRRT S50 o S A O vk MCISIE PERAE ) 2 IR . SE R, PRER | R A 2021 [75]

A wheat anti-low temperature inducer and the use method <12 1 ik
Plant peptide solution with earthworm active enzymes,
chitosan, urea, potassium dihydrogen phosphate, methyl

jasmonate
— Tl F T/ N2 (B JE (1 B RERE . A LeE 2020 [76]
An anti-chilling agent of late spring coldness in wheat Sucrose, silicone
— PN BT ) S T T v AR . AAERE AR . KBIR . eI, SALES 2020 [77]

A wheat cold resistance inducer and the application method Copper methionine, pinoresinol diglucoside, salicylic acid,
chitosan oligosaccharide, calcium chloride
— P R A A 2 S L £ iR AR /N [RIB R —Fh ki ke A A 2019 [78]
=22 LaibIv| A furopyran derivative
A furopyran derivative and its procession protocol, and
application method preventing wheat from frost injury
— R N BRI RIR A R0 SRR & FIWEE T s JRR . BRI AT . BRIREE . MeEERR . FRZH 2019 [79]

Procession and foliar application method of a formula agent Urea, potassium dihydrogen phosphate, zinc sulfate, diethyl

for wheat resistance to late spring coldness aminoethyl hexanoate, kang polyphenol
— I /N2 1R VR 59 e ol 6 AN I TRARE: . BERR AR BRRREF . RN Z R, 2019 [80]

Procession and application of an antifreeze agent for wheat FeSEHH . &L . &% . Him
Ammonium sulfate, potassium dihydrogen phosphate,
potassium sulphate, ethylenediaminetetraacetic acid zinc,
chitosan oligosaccharide, proline, brassinolide, glycerol

— PR TE /N A BT TRl 5 T B A 2018 [81]
Application of a hormone for alleviating low temperature ~ Progesterone

injury of wheat at booting stage

— T/ N i SRS A R 7R G TSI . SREEME ., STRME . IISERNER . W 2018 [82]
A compound regulator for drought and stress tolerance in ~ ¥JH R . FFEERREL

wheat and its application Betaine, fructosan, chitosan, brassinolide, sodium

nitroprusside, fulvic acid, citric acid titanium
— RN DR B R ZI A LB . SALIRTE . A b 2018 [83]
An anti-disease and anti-freeze pesticide composition for Hexaconazole, choline chloride, lentinan
wheat
— RPN PR BE T L TR A BEARE . MRS G . INALIREN . A2 | 2017 [84]
A specific liquid fertilizer to improve the frost resistance of L-A2 R
wheat Cupric acetate monohydrate, citric acid chelated manganese,

potassium sorbate, ethyl maltol, L-glutamic acid
B0 /N2 A 2R R T B A5 VAT R B O ik KR 2017 [85]
Compound regulators for preventing spring frost damage in  Salicylic acid
wheat and the use method
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Patent name Main effective component Public year Reference

— RPN BT 0 S T T v BHIMER. RC ., BN, ZHERRZER. 2017 [86]
A wheat cold resistance inducer and its application MR, HEEE
method Amino-oligosaccharides, polyethylene glycol, lipase,

diethyl sulfite, alginic acid, maleic hydrazide
INFEBUARIR IR 9 70 B HAdE I 7 ik R JHIHRET . o 28R RAR . ISR R 2017 [87]
A regulator for low temperature resistance of wheat and M5 RFR . PLORA . PUREAK
the use method Melatonin, potassium humate, a-Naphthaleneacetic acid,

jasmonic acid, brassinolide, cytokinin, antifreeze,

antimicrobial peptide
RN RIS TP RBOURI N, BIRE Y, B TR, ML 2017 [35]
A cold-resistant agent for improving resistance to low- T . RERE . RE
temperature damage of wheat and the application method  Dibasic sodium phosphate, potassium dihydrogen

phosphate, betaine, ammonium nitro-humate, sodium

nitroprusside, sucrose, urea
AN 577 BLT 7k AR, SEIPR . KR, B . EAZ Ik 2017 [39]
A regulator for wheat low-temperature resistance and the ~ Betaine, chitosan oligosaccharide, salicylic acid,
use method potassium silicate, protein polypeptides
— Pl NPT S0 MR &K KR 2016 [90]
A wheat cold resistance inducer and the application Hydrogen peroxide, salicylic acid
method
P/ N BLARIRAE S IR HE 6-BA. ZELMREE. WIURES . LR, BRI A4 2016 [91]
A conditioning agent to improve wheat resistance to low  6-Benzylaminopurine, naphthalene acetate salt, mepiquat
temperatures chloride, ethrel, potassium dihydrogen phosphate
— /N DT ST PR SR AR SR C N R . 28 LA 2016 [92]
bitl S-aminolevulinic acid, naphthalene acetate salt
An regulator for improving photosynthetic efficiency,
stress resistance and yield of wheat, and its manufacture
and application
— P R A N B TRRE I s DY S e X AT A 2015 [93]
A method to improve winter wheat resistant to frost Ectoine and its derivatives
— NI 7 WFESEHE, KB, TSERIR . AT A 2014 [94]
A regulator for cold resistance of wheat Enteromorpha prolifera polysaccharide, salicylic acid,

brassinolide, betaine, spermidine
— PR/ NAZ AR VAR T 14 A 55 700 B R 40 ik e, NEEL JRR. BER AW, S 2013 [95]
A special fogging agent for preventing low-temperature Diesel oil, propylene glycol, urea, potassium dihydrogen
damage of wheat and its manufacture method phosphate, potassium chloride
INZERFUA IR IR 5 50 B 45 07 1 GHZNE . FUCIREK . KGRRESOK IR R 2013 [96]

A wheat anti-low temperature regulator and its producing
method

Aminopolysaccharide, choline chloride, salicylic acid or
sodium salicylate, potassium silicate

IpF BAT AR 7 O AT T2 A, AT R AR AR
SEBAA A A A M B i R /N2 2R 7 Y B
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