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Abstract

The sudden drop in temperature caused by cold waves is a common form of low-temperature stress. This study aims to investi-
gate the effect of exogenous proline and melatonin on enhancing the adaptive capacity of Callistemon rigidus under cold wave
conditions and to preliminarily explain the relationship between stomatal density, length, and photosynthetic capacity. Four
groups were set up with the application of 500 ml of double-distilled water control group (CK), 100 umol/Lmelatonin (M), 100
mg/L proline (P), and 100 mg/L proline + 100 pmol/L melatonin (MP), and an open field experiment was conducted at the onset
of the first cold spell in 2022. Results show that: (1) The cold wave caused a decrease in stomatal length (SL) and an increase
in stomatal density (SD) of Callistemon rigidus, with a reduction in leaf net photosynthetic rate (Pn) and PS II maximum pho-
tochemical efficiency (Fv/Fm), and an increase in malondialdehyde (MDA) content and leaf damage degree (II). (2) SD was
significantly negatively correlated with stomatal conductance (Cond) and significantly positively correlated with chlorophyll
content, while SL was significantly positively correlated with photochemical quenching coefficient (qP) and proline content.
There was a significant negative correlation between SD and SL. (3) The application of exogenous substances maintained sto-
matal morphology, increased Pn and Fv/Fm, and reduced MDA content and I, with the effectiveness ranked as MP > P > M.
The application of proline and melatonin maintained the stomatal structure of Callistemon rigidus, increased the photosynthetic
rate, reduced MDA accumulation, and enhanced plant stress resistance; among them, the combination of 100 mg/L proline +
100 pmol/L had the optimal effect.
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Tab. 1 Climate information of Fengxian District, Shanghai

A7 RE/C kR /mm RZiEs  BNEE/%  FOEEH/ (W) HEEK/N
Date Temperature Precipitation Wind index Relative humidity UV index Sunshine duration
2022 4E 11 H 28 H 16 ~ 21 13.10 FERE 84 1 10.37
2022 4E 11 H29 H 3~15 5.10 PEILR 3 66 1 10.43
2022 4E 11 H30 H 2~6 1.00 BX3 62 1 10.36
2022412 A1 H 2~6 27.80 PEILA 4 F 78 1 10.36
2022412 A2 H 2~ 10 2.00 PEALIA 2 2% 80 1 10.35
2022412 H3 H 6 ~ 10 12.25 PEILIAL 3 2% 91 1 10.33
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Tab. 2 Effect of exogenous substances on photosynthesis of Callistemon rigidus

Trege\llirir%ent Pr/ (umol-m?-s")  Ci/(umol-mol") Cond/(mol-m?-s") Tr/(mol-m?-s™)
4G origin 5.08+0.46a 366.57+38.78bc 0.03+0.00ab 0.58+0.07ab
CK-1 1.77+0.07d 349.88+15.29abc 0.02+0.01ab 0.55+0.06abc
CK-4 0.64+0.11e 394.67+7.41ab 0.01+0.00c 0.17£0.03¢
MP-1 2.91+0.20b 333.31+6.56abc 0.04+0.01ab 0.76+0.04a
MP-4 1.80+0.05¢cd 428.17+1.15a 0.01+0.00ab 0.30+0.01de
M-1 1.67+0.09d 335.93+1.06abc 0.02+0.01c 0.42+0.02bcd
M-4 2.06+0.05¢cd 364.50+9.45abc 0.02+0.01ab 0.41£0.02bcd
P-1 2.61+0.25bc 291.95+5.88¢c 0.02+0.01ab 0.50£0.05bcd
P-4 1.64+0.02cde 303.70+1.85abc 0.02+0.01c 0.24+0.00cde

E o RPRAA CRHE AREET, RRINEFEATERLE (p<005),

BEARMURN ERLATENHEE (). 4
E) INENETMEVNZERE, i
INSNE BT LU B SR B E X E R
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BRIt ER G
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B, BEREM, oEHS SETPSIM
PSR BENECH AT, HimSEUIEN
YRS ERTR. ZHMEIEEREL T
#PS 1 FIPS I HY 8 & B A FC (p<005). 4
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Fig. 1 Effect of exogenous substances on physiological indexes of Callistemon rigidus
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Tab. 3 Effect of exogenous melatonin and proline on stomatal morphology of Callistemon rigidus at

cold wave
e SAlmE/ A SAKE/ M
Treatment Stomatal density Stomatal length
#4E origin 55.33+7.51c¢ 11.32+3.49a
CK 75.00+4.36a 7.72 £2.54b
P 66.33 + 6.66ab 11.22+1.55a
M 47.00+4.36¢ 1241 £1.54a
MP 64.67+£3.21b 9.7+3.22b

Eoc AT “PHMEERELY, RANEFEATESFEF (p<0.05),

R4 SNEARBRRFE R ELL TR R TROHIR

Tab. 4 Effect of exogenous melatonin and proline on chlorophyll fluorescence of Callistemon rigidus

Tre%;fent Fo Fv/Fm a ) B/o-1 agP NPQ

%4 origin 0.24+0.01a 0.79+0.03a 0.41+0.03b 0.59+0.03a 0.47+0.22a 0.76+0.12b  1.26+0.89b
CK 0.19+£0.05a 0.74+0.01b 0.45+0.02a 0.55+0.02b 0.19+0.08b 0.83+0.09a 0.60+0.22a
P 0.29+0.11a 0.78+0.04a 0.45+0.02ab 0.55+0.02ab 0.21+0.12b 0.86+0.12a 0.51+£0.23a
M 0.23+0.0la 0.79+0.02a 0.46+0.01ab 0.54+0.01ab 0.18+0.04b 0.85+0.03a 0.63+0.09a
MP 0.24+0.04a 0.78+0.02a 0.46+0.0lab 0.54+0.01ab 0.194+0.03b 0.77+0.11b  0.65+0.19a

. RPRMEA CFHME L RAL, TRNEFEATESLE (p<005),

RS ZHHINEMBUEMIR LR

Tab.5 Comparison of the effect of exogenous substance imposition in three groups

Pn Cond Chit SD SL MDA Pro I Fv/Fm  CAl  WCAI

CK 050 045 042 063 022 040 036 035 043 042 029

P 053 058 040 036 059 054 049 045 054 050 034

M 055 040 027 0.63 044 051 040 057 052 048 033

MP 045 058 052  0.61 042 0.68 045 042 049 051 0.35

ri 072  0.78 0.61 0.60  0.81 0.83 0.70  0.63 0.64
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Fig. 2 Effect of exogenous melatonin and proline on PSII excitation energy partitioning in Callistemon
rigidus
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Fig. 3 Correlation analysis of stomata and the dynamics of photosynthesis and chlorophyll fluorescence
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RERAE, SDMSLATUEMFEDNK SR RETS, BS
LEMTN SHEYI A TERRES T s AR ARG K B
%, RESILEMTHREYBEENIENRN, BILEETH
M, EBIENSILAOE TR RS, BUREid i AINRE.
WET YR y-"ET B (GABA) SREVERFIRS, R
MBS TR SERYY., XEAMRERE—5, £BSILEY
REMAGICEERRRREAGHRE—E (MA).
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3.5 SNEHI B E AL TR R R AR

ATERFEYHE, EYRBR TSP EIRNPQRHRHE,
DUSB SRR Y. RRR A, ERATEMAHPHES, NPQ
FRFMBENR, REBRERIBELL TR EHITICE BN F
AR R TG, 1t T I RIS KRR ROR
R, BATISNEISTIRA MU SR U RERRAEE, 8
fem FELLATENR, 38 THATHE. FEDMHBSBINMEY)
PS AR EREMVFI AR, MR FNATERIAEESNY (1)
FIEMERY (NO) ™, ARG, FEMSNEYIREsEIESY (1) FEPSTIH
BIGLE, BERTY(NO) RuALL, 20& TR T PS IMTEsh I EL
bEBl, fem TR TIRRL

MREI, MM UFEUERRRITER, SNRYRIR
SPSIAE, ENRENENMEMNTRS T VM, BrA—EsT
RISEHFHMNBENEERN. BMERVMIES, Cond. —H| Rk
R TR ST RS HAR R T AR B A g

3.6 =FHEAN BRILER

RARKE, PHEFMMPAELZ MEN LRI XN REMIB KT
BRI PAFERSCondFIPOEEAAERHME MMPHEARE
EfR. CEERABEENRRETR. &NIHEDEERERME
o MEARIATER S Pn ERIVRYS, BERNEEYMRERE. P/
FNIMDA LRI ANRIFLE, HAH, F1REIHHEIRBENEDN
Chi&&. Pn. Cond. TA=AEHSIIER. XMERTESEYERR
SRREE A TR ARSI E W IA RIS BB EIE B
FHx", INERRRRTRESITE I AR, BHESIESEk
FHTEN BRGNS SRR, MMTERLIRAERLHEN
BRERCT, MMPA, 7E51 RET4E ISR B HR TR E
A, TEFSFLD. SLAMESEYCE R N A ERIVEY, %
A R R RO sh &R DA E RS, ZEREINRR (WCA) HE
FahFE—1Gr. % ERTAR 100 my/L i S E +100 umo/L 3R B X7 =41
BREVES S

445iE

KR AG AT T RN ERLATEEEER. ASERRSIL
SRR, FHER T =MNRMBIEIN AR SBREH, B
HNERATENEEICSERREREIGHER, AR &
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EEBAEAERR, 100 umiL3BEZE (M4H)
wA P EERSEI SN AmRAL R,
REGERPVIATEGRIMFIEER, B
BESBENMENRR, BIRELCERE,
100moL pli B8 (P4H) EARNKHEERS
MHRTHERASE AFMEANSEER
45, 100 my/L e +100 pwmol/l #RE &= (MP
4H) EEBIEIMICE SR RN BER
FMEFIPAFZIR. BELESE BT
VA BB IR eI, FEAERH
JEEEI IR PS T (A TS F LA,
BERS THEERANE, BRIHEEM
MDARIZRAR, iREtEMRA L.
& P B A wIER ],

S5

[1] DY P, EC O, NE N. Larvicidal and Phytochemical
Properties of Callistemon rigidus R. Br. (Myrtaceae)
Leaf Solvent Extracts Against Three Vector
Mosquitoes[J]. Journal of Vector Borne Diseases,
2014, 51(3): 216-223.

[2] RATIVA A G S, NAVARRO B B, GASTMANN
R, et al. Decreased Night Temperature Affects
Development and Grain Yield only in Cold-
susceptible Rice (Oryza sativa) Plants[J]. Crop and
Pasture Science, 2021, 72: 782-788.

[3] Abd-ELMABOD S K, MUNOZ-ROJAS M, JORDaN
A, et al. Climate Change Impacts on Agricultural
Suitability and Yield Reduction in a Mediterranean
Region[J]. Geoderma, 2020, 374: 114453.

[4] HOSSEINIFARD M, STEFANIAK S, GHORBANI
J M, et al. Contribution of Exogenous Proline to
Abiotic Stresses Tolerance in Plants: A Review[J].
International Journal of Molecular Sciences, 2022,
23(9): 5186.

[5] KHALID M, REHMAN H M, AHMED N, et al.
Using Exogenous Melatonin, Glutathione, Proline,
and Glycine Betaine Treatments to Combat Abiotic
Stresses in Crops[J]. International Journal of
Molecular Sciences, 2022, 23(21): 12913.

[6] ARNAO M B, HERNaNDEZ-RUIZ J. Melatonin
as a Plant Biostimulant in Crops and During Post-
harvest: A New Approach is Needed[J]. Journal of the

Science of Food and Agriculture, 2021, 101(13): 5297-
5304.

[7] HAYATS, HAYAT Q, ALYEMENIM N, et al. Role
of Proline Under Changing Environments[J]. Plant
Signaling & Behavior, 2012, 7(11): 1456-1466.

[8] AGATHOKLEOUS E, ZHOU B, XU J, et al.
Exogenous Application of Melatonin to Plants, Algae,
and Harvested Products to Sustain Agricultural
Productivity and Enhance Nutritional and Nutraceutical
Value: A Meta-analysis[J]. Environmental Research,
2021, 200: 111746.

[9] KIMKH, KIM G H, SON K I, et al. Outbreaks of
Yuzu Dieback in Goheung Area: Possible Causes
Deduced from Weather Extremes[J]. Plant Pathol J,
2015, 31(3): 290-298.

[10] DING D, L1 J, XIE J, et al. Exogenous Zeaxanthin
Alleviates Low Temperature Combined with
Low Light Induced Photosynthesis Inhibition and
Oxidative Stress in Pepper (Capsicum annuum L.)
Plants[J]. Current Issues in Molecular Biology, 2022,
44(6): 2453-2471.

[11] YANG J, LI C, KONG D, et al. Light-mediated
Signaling and Metabolic Changes Coordinate
Stomatal Opening and Closure[J]. Frontiers in Plant
Science, 2020, 11: 601478.

[12] MISHRA A, MISHRA K B, HSERMILLER, et al.
Chlorophyll Fluorescence Emission as a Reporter on
Cold Tolerance in Arabidopsis Thaliana Accessions[J].
Plant Signal & Behavior, 2011, 6(2): 301-310.

[13] CAFFARRI S, TIBILETTI T, JENNINGS R C, et
al. A Comparison Between Plant Photosystem I and
Photosystem II Architecture and Functioning[J].
Current Protein & Peptide Science, 2014, 154): 296-
331

[4] F38, £4, iz, F. R ToHRBUFAER25
40425 AL R ACEA BT[], T, 2021,
52(23): 7331-7338.

[15] SPILLER S, TERRY N. Limiting Factors in
Photosynthesis: II. Iron Stress Diminishes
Photochemical Capacity by Reducing the Number of
Photosynthetic Units[J]. Plant Physiol, 1980, 65(1): 121-
125.

[16] AXEEA, KA, 2R, F AR TR BN 7
R[], A A TR N, 1994(03): 207-210.

(7] #ck, ZEF, 48k, F TR K St ogatHote
Fedt TP PUE[T]. AR Ak K F 4R, 2015, 42(03):
372-374.

(8] &I, KW, #KE, F LB TAFHTHRLL
FrAr TR @ A RAL AR GF ). BEF
1R, 2021, 48(11): 2286-2298.

[19] LYSENKO E A, KOZULEVA M A, KLAUS A A,
et al. Lower Air Humidity Reduced Both the Plant

(20]

(21]

(2]

(23]

[24]

(23]

26]

[27]

(28]

[29]

(30]

Growth and Activities of Photosystems I and I Under
Prolonged Heat Stress[J]. Plant Physiol Biochem,
2023, 194: 246-262.

CHENYY, LIU Z, DATY, et al. Low Temperature
Decreased Insecticidal Protein Contents of Cotton
and Its Physiological Mechanism[J]. Frontiers in Plant
Science, 2023, 13: 1082926.

SHERUDILO E G, SHIBAEVA T G, IKKONEN
E N, et al. Comparative Study of Plant Physiological
Responses to Long-Term and Short-Term Daily
Exposures to Low Temperature in the Presence of
Protein-Synthesis Inhibitors[J]. Biology Bulletin
Reviews, 2020, 10(1): 71-80.

KANG M, WANG S, XU Z, et al. Simulating the
Effects of Low-temperature Stress During Flowering
Stage on Leaf-level Photosynthesis with Current Rice
Models[J]. Agricultural and Forest Meteorology, 2024,
354: 110087.

CHOWDHURY M, KIRAGA S, ISLAM M N,
et al. Effects of Temperature, Relative Humidity,
and Carbon Dioxide Concentration on Growth and
Glucosinolate Content of Kale Grown in a Plant
Factory[J]. Foods, 2021, 10(7): 1524.

DRIESEN E, VAN DEN ENDE W, DE P M, et
al. Influence of Environmental Factors Light, CO,,
Temperature, and Relative Humidity on Stomatal
Opening and Development: A Review[J]. Agronomy,
2020, 10(12): 1975.

i, FIE, 3T, F AL PR —K
R LR TR AN A EIREFIR, 2021,
41(02): 113-123.

ZENG W, MOSTAFA S, LU Z, et al. Melatonin-
Mediated Abiotic Stress Tolerance in Plants[J]. Front
Plant Sci, 2022, 13: 847175.

MUHAMMAD I, YANG L, AHMAD §, et al.
Melatonin Application Alleviates Stress-Induced
Photosynthetic Inhibition and Oxidative Damage by
Regulating Antioxidant Defense System of Maize: A
Meta-Analysis[J]. Antioxidants (Basel), 2022, 11(3):
512.

TANAKA Y, SUGANO S S, SHIMADA T, et
al. Enhancement of Leaf Photosynthetic Capacity
Through Increased Stomatal Density in Arabidop-
sis[J]. New Phytol, 2013, 198(3): 757-764.

VERMA K K, SONG X P, ZENG Y, et al.
Characteristics of Leaf Stomata and Their Relatio-
nship with Photosynthesis in Saccharum officinar-
um Under Drought and Silicon Application[J]. ACS
Omega, 2020, 5(37): 24145-24153.

AR, AR, 0T ofF R EALA TR ALK
LA AT, AFEL R LK F FR(A KA FIR),
2021, 42(02): 21-26.

Landscape Architecture Academic Journal | 141



FEHEY) | LANDSCAPE PLANTS

B1]

(32]

(33]

(34]

[33]

(36]

B7

(38]

(39]

[40]

(1]

[42]

KRR, RRE, b BATAIRIEN A A
KRS RS Bet AR X AT] TR
RALBFR, 2022, 40(01): 155-162.

PEéREZ-BUENO M L, ILLESCAS-MIRANDA
J, MARTiIN-FORERO A F, et al. An Extremely
Low Stomatal Density Mutant Overcomes Cooling
Limitations at Supra-optimal Temperature by
Adjusting Stomatal Size and Leaf Thickness[J]. Front
Plant Sci, 2022, 13: 919299.

JUMRANIK, BHATIA V S, PANDEY G P. Impact
of Elevated Temperatures on Specific Leaf Weight,
Stomatal Density, Photosynthesis and Chlorophyll
Fluorescence in Soybean[J]. Photosynth Research,
2017, 131(3): 333-350.

MOUSAVIS S, KARAMI A, MAGGI F. Photosyn-
thesis and Chlorophyll Fluorescence of Iranian Lico-
rice (Glycyrrhiza glabra L.) Accessions Under Salinity
Stress[J]. Front Plant Sci, 2022, 13: 984944.

I, &R, L8, F KB T oA E BaA
T 4e kA B AU HAAFR, 2021, 41(02):
205-212.

ZHANG Y, LIANG Y S, ZHAO X, et al. Silicon
Compensates Phosphorus Deficit-Induced Growth
Inhibition by Improving Photosynthetic Capacity,
Antioxidant Potential, and Nutrient Homeostasis in
Tomato[J]. Agronomy, 2019, 9(11): 733.

ZHANG W, HE X, CHEN X, et al. Exogenous
Selenium Promotes the Growth of Salt-stressed
Tomato Seedlings by Regulating lonic Homeostasis,
Activation Energy Allocation and CO, Assimilation[J].
Front Plant Sci, 2023, 14: 1206246.

AKHTER N, AQEEL M, SHAHNAZ M M, et al.
Physiological Homeostasis for Ecological Success of
Typha (Typha domingensis Pers.) Populations in Saline
Soils[J]. Physiol Mol Biol Plants, 2021, 27(4): 687-701.
MUHAMMAD I, SHALMANI A, ALI M, et al.
Mechanisms Regulating the Dynamics of Photosyn-
thesis Under Abiotic Stresses[J]. Frontiers in Plant
Science, 2021, 11: 615942.

BT AR AR eall]. BdR kR, 2020,
33(07): 1474-1479.

XIA Q, TANG H, FU L, et al. Determination of F(v) /
F(m) from Chlorophyll a Fluorescence without Dark
Adaptation by an LSSVM Model[J]. Plant Phenomics,
2023, 5: 0034.

WANG Y, SAMARINA L, MALLANO A [, et al.
Recent Progress and Perspectives on Physiological and
Molecular Mechanisms Underlying Cold Tolerance of
Tea Plants[J]. Front Plant Sci, 2023, 14: 1145609.

142 | @ik

(RELETUREME)

FHRENZFEE RN ER R 72—, ARETREEEFZEGRBMIEFH
f#HNLIRE . BREREETINNE T EARERE PEEREIRRIR. A /T4
WFEESVHOZNLE, ARRERETFRUK, PEZFHNRE L RORE, WTHE
B IRATASLEMNE A EG T A ABE B R, E, x T Bo R AR R 6
BB S E. AT, ARERLRIEHFHARRYNT —BREH T, *DRS
WEEEE R, CREIAREREY WbREAT 2.

CPERIREREY T022FmPEMRE BB ER. 25H705F, FERER
. PEARERIH. WHLHA TR 20#HL0FNK. BAXRZINEER
Hon e KRB, B TR EIKER L B Rk . 25|8% : F—F, WMAFERT
KEREEEANG L ; F-F, FEEAREHAGEFFRTAE, FIFERERTK
HAER F2F, HRFRARINERIVHIEARENER, BRNEREHRY
W EE. BE, FRARTAERERAREXKERER; F1F, RIREFHE
EABIT#HNZ TR REER ; 4%, SEHLXREREARNEBE LK F/\
E, FELREMEAEARENRE LS. Bt KERY FRWER, xfE AR A
PFERZENITR, URAERERSRERAREGNR, g RS mTH#
KELARERL RN ETE. X RERAIL R ERFFTYZBERF, R X
A FPEAARE KRB —HEE -, B2 HUEHE, FTHREEEER
FHEREEAELNE, BF REFHRTEE EREE -7 IR AfRE i
EFENEAEERR TLNR, HATHEFRGURERITBHEE - RTAFRRS
HR I3 S PR DS, MR TR oA 7.

EHRERAZHMR U RFRF GERFRAR. LA, KEFHBrrokE
B, EBAERAE, WAL FRESKEAREHFEHE. EhEEHFRMRER
“t—H” AXIHAM CERHAKELY, F GRTREATFARARERAR—GMH. BR54E
AR CREZREAZHEA (LKLY F. REBAT6FLMETE, EXER
UV A A R IE R A b, B RE A EF DR A ER Y E MR, EAR
Bt EAEE UKEIHFREARYR, FoREERELL RARTHERESF, T
A BEH R EAARE RO L R L. REEXEHH, UHREOYAGAT0E
FofRR, TRETEMER EHSTEBENRE, TFHER/LARCHEFEE,
BARE L. FARY, EEZDE BREXE THELAL FEP) XEREEH
Wit 5%,



