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Low temperature is one of the important environmental factors affecting plant growth and
development and yield formation. Wheat is an important food crop in the world, and the annual
low temperature causes huge losses to plant yield. Therefore, cold resistance has always been an
important research field in agricultural production and breeding. Wheat is mainly divided into
winter frost damage, early spring frost damage, low temperature freezing damage, etc. The ef-
fects of freezing damage on wheat yield in different periods are different. This paper mainly in-
troduces the influence of low temperature on its morphological development and yield formation,
as well as the research progress in physiological, biochemical and molecular biology. Finally, it
points out the shortcomings in the research and looks forward to the future research direction of
low temperature.
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Wheat is one of the world's major food crops, and about 40% of the world's population is
dominated by wheat [1]. Wheat grows in a complex and variable environment and is affected by
biotic and abiotic stresses. It is estimated that the annual loss of bac-related losses such as pests
and diseases in the world's crops is nearly 20%, and the yields associated with abiotic stress are
reached. 50%. Therefore, abiotic stress (mainly including drought, salinity, extreme temperature)
is the leading cause of the reduction of global food crops, resulting in a large number of important
food crops reduced production [2]. Among them, low temperature freezing is a serious natural
disaster in agricultural production, and it is also a regional and seasonal limiting factor for some
crops. For every 1°C reduction in temperature in the world, food production will be reduced by
40%, and the annual economic losses caused by freezing damage in the world amount to hun-
dreds of billions of dollars [3, 4]. The cold resistance of plants is controlled by the genes of their
own phylogeny, and at the same time by the physiological and ecological factors in the develop-
ment of individuals. Therefore, breeding breeding varieties with strong cold resistance, establish-
ing high-yield cultivation techniques for good varieties and good techniques, and improving the
comprehensive cold resistance of wheat are the urgent problems to be solved in the safe and effi-
cient cultivation of wheat [5]. With the development of molecular biology, genetic engineering is
used to transform the cold resistance of wheat, and combined with the study of cold resistance
physiology, revealing the cold resistance mechanism of wheat from the level of genes and ex-
pression products provides a theoretical basis for wheat genetic breeding.

Effects of low temperature on the morphology and yield formation of wheat plants.
The cold resistance of wheat is determined by its own genetic factors and the external environ-
ment. When the low temperature exceeds its tolerance range, the external morphology and inter-
nal structure of wheat will die and die. Low temperature stress in different growth stages has dif-
ferent effects on wheat yield [6]. The seasonal freezing damage is firstly caused by frost damage
of the leaves, and the external symptoms are obvious. When the freezing damage is serious, dead
and dead seedlings appear. The order of freezing and freezing of tillers is first small sputum, fol-
lowed by large stems, then main stems, and finally frozen joints. The early spring frost damage is
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mainly manifested in the main stem, large tillers and young ears are frozen, the leaves are slightly
dry, and the external symptoms are not obvious. With the advancement of wheat ear develop-
ment, the cold-resistant ability of young spikes gradually decreased. The interval from the drug to
the booting stage was a low-temperature sensitive period, and the low temperature seriously af-
fected the number of spikes and the number of grains per panicle. The low-temperature pollen
activity decreased, the number of degenerated spikelets increased, the number of panicles de-
creased, the panicle length became shorter, the plant height became shorter, and the decrease in
panicle number was the main reason for the decrease in yield, followed by the decrease in panicle
number. Low temperature stress in the drug compartment, meiosis and flowering period acceler-
ated the premature senescence of the flag leaf after flowering, the production of photosynthetic
material decreased, and the granulated grain filling material decreased, which seriously affected
the grain number and grain weight. The application of urea to restore fertilizer after low tempera-
ture stress in the drug compartment mainly promoted the increase of the number of grains per
panicle and the number of panicles. The application of urea to restore the fertilizer after meiosis
during low temperature stress mainly promoted the increase of grain number per grain and grain
weight, thus recovering the yield loss [7]. After low temperature stress at jointing stage, the more
the yield decreased with the increase of stress time, the main reason for the decrease in yield was
the number of spikes and the number of grains per panicle [8].

Effect of low temperature on physiology and biochemistry of wheat. After suffering
from low temperature stress, wheat not only has morphological changes, but also a series of com-
plex physiological changes in the plant, resulting in many specific proteins, osmotic adjustment
substances and various antioxidant enzymes that can resist low temperature, in order to maintain
the normal physiological metabolism of wheat activity. The cell membrane is the primary site
where the plant senses the low temperature signal, and the interface between the cell and the ex-
ternal environment. The structure of the cell membrane is a kind of dynamic equilibrium system.
When the plant cells are subjected to low temperature stress to reach a certain phase transition
temperature, the membrane lipid will change from a fluid liquid phase to a crystalline solid phase,
which will increase the membrane permeability and extracellular fluid permeation. The fatty acid
chains change from disordered to ordered, and the electrolyte and soluble substances in the cells
leak out to the outside of the membrane, causing the ion balance inside and outside the cell to be
destroyed, the enzymatic reaction to be dysregulated, and the metabolic disorder eventually lead-
ing to cell death. In normal metabolism, the production and elimination of reactive oxygen spe-
cies in plants are in equilibrium. Under low temperature stress, the enzymatic defense system and
non-enzymatic defense system in the free radical scavenging system of plants will strengthen and
resist to some extent. Clears the damage of reactive oxygen species to maintain normal physio-
logical metabolic activity [9].The low temperature causes the intercellular concentration to de-
crease, the osmotic pressure increases, and the protoplast solution penetrates into the ice from the
cell to the outside of the cell to inactivate the dehydration. The key to osmotic adjustment is that
the cells actively accumulate solute and reduce the cell osmotic potential [10]. Free proline in-
creases the soluble protein content, increases the hydrophilic area of the protein, binds more wa-
ter, relieves the effect of low temperature on the cells, reduces the possibility of protoplasts caus-
ing plant death due to low temperature icing, and maintains normal cell membrane material
transport and cells. Internal and external osmotic adjustment to improve cold resistance of crops
[11]. Li Chunyan et al. found that the increase of ABA content and the decrease of GA3 content
in the low temperature treatment test from the drug partition to the flowering stage were benefi-
cial to increase the ability of wheat to resist low temperature stress [12].

The study of molecular biology of wheat cold resistance. With the development of mo-
lecular biology, the research focus of plant cold resistance mechanism has shifted from physio-
logical and biochemical level to molecular level. Cold resistance is a quantitative trait regulated
by multiple genes. According to the function of its products, it is mainly divided into regulatory
genes and protective genes. The products of regulatory genes regulate the signaling and the ex-
pression of protective genes. For example, transcription factors, protein kinases, and protective
genes directly play a role in cold resistance. Such as antifreeze protein, chaperone protein [13]. At
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low temperature stress, plants first experience low-temperature signals, followed by a series of
physiological and biochemical reactions, and then regulate gene expression, and one of the con-
duction systems is a signal transduction pathway regulated by transcription factors, which can be
summarized as: CBF transcription factor —Control the cold-induced gene containing CRT/DRE
motif—regulate the expression of COR gene—Increase the cold resistance of plants; it is general-
ly believed that the membrane lipid unsaturated fatty acid is related to the cold resistance of
plants, and its content will increase the membrane lipid phase. The temperature is lowered, which
increases the fluidity of the membrane and ultimately improves the cold resistance of the plant
[14]. Lu Yan studies showed that the gene expression levels of transcription factor genes (Tab
ZIP1, Ta Wabi5, Ta MYB1, Ta MYB80, Ta NAC2 and Ta WRKY®80) reached the highest at -10
°C, indicating that the temperature at -10 C is cold stress in Dnl. Related transcription factor
genes respond to temperature critical points of low temperature regulation [15]. The rice zaponin
b ZIP73Jap protein interacts with another b ZIP protein b ZIP71 to regulate the levels of phyto-
hormone ABA and reactive oxygen species (ROS) in rice, thereby increasing the tolerance of rice
to low temperature [16]. Zhao Hu et al. showed that Ta PDF1.2 is a JA-responsive gene, and its
increased expression indicates JA accumulation; Ta COI1 and Ta MYC2 are key genes in JA
signal transduction pathway, and the increase in expression will initiate downstream cold-induced
genes. Transcription, improving the cold resistance of plants [17]. Lu qiuwei studied that mi
R398 and the complex biological regulatory network between IncRNA and the target gene CSD1,
mi R398 can regulate its target gene CSDL1 to initiate a cold-resistant response, and is competi-
tively bound by IncRNA to regulate the expression of the target gene CSD1. In turn, it affects the
cold resistance of Dongnongdongmai 1 [18].

Prospect. Improving the cold resistance of wheat is of great significance for increasing
food production. In terms of research methods, many studies have used artificial climate cham-
bers to simulate low temperature stress. Although this method can well indicate the influence of
single stress on plants, it has certain limitations on field crop breeding, and sometimes even con-
trol experiments and Daejeon. The results of the trials are contradictory, so future studies on the
cold resistance of plants should be carried out in conjunction with the Daejeon experiment [19,
20]. Low temperature is a trait controlled and regulated by multiple genes. At present, most stud-
ies focus on a single gene, and in the future research, drought, sputum, saline and alkali should be
combined with cold resistance. At the molecular level, the resistance to low temperature re-
sistance in wheat is still very weak, mainly physiological and biochemical research, which has
not been verified by molecular level; the signal transduction mechanism and gene regulation ex-
pression of low temperature related proteins are still unclear, and the current gene is still used.
The study of regulation to explain the physiological mechanisms of cold resistance is not exten-
sive. With the development of molecular biology technology, the emergence of high-throughput
sequencing technology of wheat genome, the extensive application of proteomics and metabo-
lomics technology, multi-disciplinary cross-fusion makes it possible to explain the mechanism of
resistance to cold spring from the perspective of system biology. The cold-tolerant gene uses ge-
netic engineering to improve the transformation and expression of cold-resistant genes. At the
same time, it is necessary to strengthen the collection and identification of cold-resistant wheat
germplasm resources and provide materials for traditional breeding. The effective combination of
molecular breeding and conventional breeding to carry out wheat stress-resistant breeding and
breeding new varieties of cold-tolerant spring wheat is a key area to be strengthened in the future.
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important research field in agricultural production and breeding. Wheat is mainly divided into
winter frost damage, early spring frost damage, low temperature freezing damage, etc. The ef-
fects of freezing damage on wheat yield in different periods are different. This paper mainly
introduces the influence of low temperature on its morphological development and yield for-
mation, as well as the research progress in physiological, biochemical and molecular biology.
Finally, it points out the shortcomings in the research and looks forward to the future research
direction of low temperature.
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BILJTHB HHU3bKOI TEMIIEPATYPH HA PICT I PO3BUTOK ITHIEHUIII I MEXAHI3M
PEAT'YBAHHA

s105186 I‘IeHBl, Benbxyit Bil, Kanu6a Haranis?

"X emanchknii iHCcTHTYT HaykH i TexHOOTiH, Knraiiceka Hapoaua Pecrry6iika
2 CyMmchKuii HAIlIOHANTBHUM arpapHuil yHIBEpCUTET, YKpaiHa

Husbpka Temnepatypa — OJUH i3 BaJIMBHX (DAKTOPIB HABKOJIMIITHHOTO CEPEIOBHIIA, 110 BIUIUBAE
Ha PICT Ta PO3BUTOK POCIHH Ta (GOPMYBaHHs Bpoxkaro. [IMIEHNIIS € BaKITMBOIO XapyOBOIO KY-
JBTYPOIO y CBITi, a IIOpiYHA HU3bKA TEMIIEpaTypa CIPHUUMHSE BEIUYC3HI BTPATH BPOXKAKO POC-
nuH. ToMy XOJIOAOCTIHKICTh 3aBXKIU Oylia BaKJIMBUM HAIPSIMOM JOCHIKEHb Y CUTBCHKOTOC-
MOJIApChKOMY BHPOOHUIITBI Ta ceinekilii. [IIeHnIsT B OCHOBHOMY IMOJAUISETBCS HA TIOIIKO-
JDKEHHSI 3MMOBHUMH MOPO3aMH, MOIIKOJDKEHHS PAaHHBOTO BECHSHOT'O MOPO3Y, MOIIKOKEHHS
BiJl HM3bKHX TEMIIEpaTyp MPH 3aMOpPOXKyBaHHI Tomio. Llsg poOoTa mpencraBisie pe3ysabTar
BIUIMBY HHU3BKOI TeMIIepaTypu Ha MOP(HOJIOTIYHUN PO3BUTOK Ta (hopMyBaHHS BpOXKalo, a Ta-
KOX MpOorpec J0CHiKeHb y (i3ionoriunii, 610XiMiuHINA Ta MOJEKYISPHIN 010J10Tii.
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Is05HB qubl, Benbxyit BI/Il, Kanapi6a Haranus®
"X enanchknii WHCTUTYT Hayku U TexHosioruii, Kuraiickas Hapoanast PecriyOnuka
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Huskas temmeparypa — oMH U3 BaXHBIX (DAKTOPOB OKpPYKAIOIIEH Cpebl, BIUSIONIAs HA POCT U
pa3BuTHe pacTeHuil u GopmupoBanue yposxas. [limenniia siBasieTcsi BA)KHOW MUIEBON KYJIbTY-
poil B Mupe, a exerojiHas HU3Kasl TEMIeEepaTypa BbI3bIBAET OTPOMHbBIE MTOTEPHU YpOKas pacre-
Huii. [loaToMy XOJOJOCTOMKOCTH Bcerjna Oblla Ba)KHBIM HANpPaBJICHUEM HWCCIEIOBAHUN B
CEeNbCKOXO35MCTBEHHOM NPOU3BOACTBE U celeKUuuu. [lmeHnna B OCHOBHOM JENUTCA Ha 1O-
BpEXJACHUE 3UMHUMH MOPO3aMH, MOBPEXKICHHUS PAHHETO BECEHHETO MOpPO3a, MOBPEKICHHS
MIPY HU3KUX TeMIIepaTypax MpH 3aMOpPaXUBAHUH U Jpyroe. ITa padoTa MpeICTaBIsIeT Pe3yIib-
TaThl BIUSHUS HU3KOW TEeMIepaTrypbl Ha ee Mopdosornyeckoe pa3BUTHE U (HOPMHUPOBAHHE
ypoKas, a TakKe MPOrpecc MUCCIETOBAHUN B (PU3HOIOTHUECKON, OMOXUMUYECKON M MOJIEKY-
JISIPHOM OMOJIOTHH.
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