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Abstract; Taking the evergreen broad-leaved plants Ficus microcarpa Linn. f., Magnolia grandiflora
Linn., and Photinia X fraseri Dress. planted in subtropics as research objects, the chlorophyll
fluorescence parameters and their distribution characteristics of sun leaves and shade leaves of the three
species under low temperature stress in winter were compared, and the effects of low temperature in
winter on photoinhibition in leaves of plants with different cold tolerance were investigated. The results
show that the maximum photochemical efficiency of PSTl (F /F, ) in sun leaves and shade leaves of F.
microcarpa are significantly (p<0.05) lower than those of M. grandiflora and P. X fraseri, but there is no
significant difference in F /F_ in sun leaves and shade leaves between M. grandiflora and P. X fraseri.
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The regulatory energy dissipation quantum yield (¥ ( NPQ)) and non-photochemical quenching
coefficient (IVPQ)) in shade leaves of the three species are all high, the total proportion of mild light
suppression area and healthy area is greater than 96%. F /F_ in sun leaves of the three species are
significantly lower than those in shade leaves, in which, the sun leaves of F. macrocarpa are under severe
photoinhibition, and the total proportion of its non-photosynthetic activity area and severe photoinhibition
area is 93.88%, which is much higher than those of M. grandiflora (20.53%) and P. X fraseri
(8.22%). Under low temperature in winter, the effective photochemical efficiency (Y ( I )] and
photochemical quenching coefficient (¢P) in sun leaves of P. X fraseri are high, and its Y(NPQ) and
NPQ) values are relatively high; in which, Y ( II ) and ¢P in sun leaves are 0.196 and 0. 481,
respectively, which are significantly higher than those of F. microcarpa and M. grandiflora. Y( 1l ) and
gP in sun leaves of M. grandiflora are low, but Y(NPQ) and NPQ are high. Y(II ), ¢P, Y(NPQ) , and
NPQ in sun leaves of F. microcarpa are all low, which are 0.152, 0.159, 0.333, and 0. 841,
respectively. The comprehensive analysis result shows that low temperature in winter induces
photoinhibition of leaves of the three species, and photoinhibition of sun leaves is aggravated. The
photochemical reaction and thermal dissipation capacity are both low in leaves of F. macrocarpa,
therefore, it is more sensitive to low temperature in winter. M. grandiflora defends against photoinhibition
under low temperature by maintaining high thermal dissipation capacity, while P. X fraseri defends against
photoinhibition under low temperature by maintaining high photochemical reaction and thermal energy
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dissipation capacity.

Key words: low temperature in winter;
photoinhibition; chlorophyll fluorescence imaging
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Table 1 Effects of low temperature in winter on maximum photochemical efficiency of PSII ( F,/F,,) and its distribution characteristics in leaves
of Ficus microcarpa Linn. f., Magnolia grandiflora Linn., and Photinia x fraseri Dress.

1)

e -2

FJ/E,

TN
PASi muxy(j‘ﬁ,fﬁ

P> 1 FOBIEX ]

Species Leaf type (XeSE) Fluorescence Fluorescence value Py/% P/ % Py/% Py/%
value of P g range of P,g>1

S1 Su 0.549+0.113bB 0.549(25.32%) 0.431-0.706(90.50% ) 8.33 85.55 6.10 0.02
Sh 0.725+0.008aB 0.745(56.36% ) 0.667-0.784(96.82%) 0.00 2.40 96.82 0.78

S2 Su 0.679+0.024bA 0.667(27.03% ) 0.549-0.784(99.50% ) 0.00 20.53 79.30 0.17
Sh 0.774+0.003aA 0.784(67.85%) 0.745-0.824(99.42%) 0.00 0.05 73.65 26.31

S3 Su 0.701£0.021bA 0.706(29.21%) 0.588-0.824(99.34%) 0.00 8.22 88.32 3.47
Sh 0.791+0.009aA 0.824(52.88%) 0.745-0.863(98.67%) 0.00 0.26 42.56 57.18

D'S1. WM Ficus microcarpa Linn. f.; 2 I % Magnolia grandiflora Linn. ; S3; 204l Photinia X fraseri Dress.; Su: BHZEM: Sun leaf; Sh: B2k
" Shade leaf. P g : ZEIGIEAE (1—a) ~¢ XA A TR d i 7 T8 ALY LB Proportion of leaf size in the fluorescence value range from (t—a ) to ¢;
P st ma : Pag TR Maximum of P, Py JoHGA T X HA Proportion of non-photosynthetically active area; Pg: B I X H 5] Proportion
of severe photoinhibition area; Py, : 2 BE S X L5 Proportion of mild photoinhibition area; Py : i X L ) Proportion of healthy area. ELR= el
Iy BF RN ] The percentage in brackets indicates the proportion. ARIE) NG B R A8 ] —A 4 BH A= TR A - 22 ) 95 5 5 3 (p<0.05) Different
lowercases indicate the significant (p<0.05) difference between sun leaves and shade leaves of the same species; /N[ KB 1R [A]— M BUR [E) 4
WA 2% 5 1. 3% (p<0.05) Different uppercases indicate the significant (p<0.05) difference among different species of the same leaf type.
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R2 ZFREMNEH. S EZMLAMAEMEFAREAERE(Y( D)) AT HEERBNEFH(Y(NPQ) ) MIFFETHAEERBNETF™
F(Y(NO) ) R E 5 FrtF HERS S50 ")
Table 2 Effects of low temperature in winter on effective photochemical efficiency (Y ( I ) ], regulatory energy dissipation quantum yield
(Y(NPQ) ), and non-regulatory energy dissipatin quantum yield [ Y(NO) ] and their distribution characteristics in leaves of Ficus microcarpa

Linn. f., Magnolia grandiflora Linn., and Photinia X fraseri Dress.

1)

Y( ) 434 fE 250 Parameters of Y( 11 ) distribution characteristics

GiES -4 Y(I) . T -
Species Leaf type (X+SE) Y(II)=0 [ fil/% P sy max PO P g > 1 ZEGIE X 1]
Proportion of Y( I )=0 Fluorescence value of P yg, .. Fluorescence value range of P ¢ >1
S1 Su 0.152+0.011aB 46.55 0.196(23.47%) 0.157-0.275(50.43% )
Sh 0.050+0.025bA 39.12 0.078(33.18%) 0.078-0.157(59.83% )
S2 Su 0.042+0.022bC 68.14 0.118(12.65%) 0.078-0.196(30.73% )
Sh 0.088+0.001aA 8.67 0.118(42.11%) 0.078-0.196(91.09% )
S3 Su 0.196+0.027aA 6.37 0.235(25.47%) 0.118-0.353(92.58% )
Sh 0.085+0.013bA 15.03 0.118(39.02% ) 0.078-0.157(83.98% )
Y(NPQ) I AEIES S Parameters of Y( NPQ) distribution characteristics
BE mm o YONRQ) o AN
Species Leaf type (X+SE) Y(NPQ)=0 1Y H.H51/ % P ot max FOGIH P g > 1 ZEGIE X [H]
Proportion of Y(NPQ)=0 Fluorescence value of P g .« Fluorescence value range of P ¢ >1
S1 Su 0.333+0.037bC 11.11 0.431(11.12%) 0.118-0.667(86.85% )
Sh 0.621+0.007aB 1.89 0.627(39.02% ) 0.549-0.745(96.56% )
S2 Su 0.717+0.033aA 0.50 0.784(30.77% ) 0.588-0.824(98.25% )
Sh 0.695+0.002aA 0.35 0.706(43.76%) 0.627-0.824(98.78%)
S3 Su 0.569+0.032bB 1.43 0.588(20.10% ) 0.392-0.824(97.23%)
Sh 0.709+0.012aA 2.00 0.706(36.98% ) 0.627-0.863(97.49% )
Y(NO) AEEES 5L Parameters of Y(NO) distribution characteristics
fhk -4 Y(NO) T = -
Species  Leaf type (X+SE) Y(NO)= 1 LLHil/ % P st FOGAA P> 1 ZOGHK ]
Proportion of Y(NO)=1 Fluorescence value of P g .0 Fluorescence value range of P ¢ >1
S1 Su 0.515+0.047aA 10.37 0.471(13.86%) 0.314-0.745(87.99%)
Sh 0.329+0.029bA 1.08 0.471(15.27%) 0.314-0.745(96.95% )
S2 Su 0.240+0.013aB 0.50 0.235(53.00% ) 0.196-0.353(98.04% )
Sh 0.217+0.001bB 0.35 0.235(76.76% ) 0.196-0.275(99.26% )
S3 Su 0.234+0.009aB 1.42 0.235(41.52%) 0.196-0.353(97.82%)
Sh 0.206+0.003bB 1.99 0.235(72.65% ) 0.196-0.275(97.35% )

ST, ¥ Ficus microcarpa Linn. f.; S2: | F % Magnolia grandiflora Linn. ; S3: £LM- 411 Photinia X fraseri Dress.; Su: PHAEM Sun leaf; Sh: FHA:
I Shade leaves. Pag %%{Eﬁ(t—a) ~ ¢ DX Ja] PN TETRR (5 R TR AR A 9] Proportion of leaf size in the fluorescence value range from (i—a ) to t;
P s mas : Pag AR Maximum of P, 55 HEH 7050 R ] The percentage in brackets indicates the proportion. AN [E)/NG Fh: /R 1E [H] — i)
B A IR A A I 22 ] 22 57 8. 2 (p<0.05) Different lowercases indicate the significant (p<0.05) difference between sun leaves and shade leaves of the
same species; AN [F K G FAEF s [A]— BN [A AR 9 (7] 22 5 8.3 (p<0.05) Different uppercases indicate the significant (p<0.05) difference among

different species of the same leaf type.

qP F NPQ S A3 AR E 520 L6 3, 400 A A BH
At gP b 2R TR A I (HAR A R 22 PH A i A
BI1AE I [B) qP TG S 35 22 55 5 B AR RN 21 it A I A
NPQ .35 1 B AR ik T 7 2% BH Az i Fn BA A= (]
NPQ T2 5, 2L AmiHAEMN P B3 & T
BRI 2% A BHAE M gP BT B 22 ma
-7 5 3 FAE P B A= NPQ 30K E 22 5ok 4L
AR 2 FAR B /N, T T 6 22 FZr i A BA A
NPQ TC i 25 5% 0¥ B & A At

FE qP 53 AR D5 T, AR BE A ik R R A gP =
0 [ ELAI 5 F 60% , — & (B WA B 2255 ) £ 2
FZLH A7 B A2 gP = 0 1 F 45143 51 R 69.17% il

50.10% , i TR A= 1 (48.26% F1 36.82% ) . KM FHA:
P =0 B LGS E 22 BHA A B R 225 (H3
L AR B B A P =0 B HL BB B
2L LL M A R T T 22 R0 2T A A TR BA R
qP=0 (A HLB 0 B A B 8 25 5 TeIe S PH AR i3 J2:
FIA= I B gP 1 P g e ZTGIEFN Py > 1 FEGAE X
T (R L 2T = S e A WL O i< 1) I e S EAW I
] gP B Py, o ETCIETN Py > 1 ZESEAH X [RME ]
BABKRESR,

FE NPQ 43 A R AEJ5 18, F R BHAE it NPQ =0 1)
Fe g T BA A i T R 22 RN 2L i AR BH A i AT RH
AT NPQ = 0 1 LU 25 S5O B, AR R PH 2B it



70

N7/ I AR SRS A

932 %

®3 ZFEEINEN T EZMAMAMEI R R UEBERRY (gP) MIERUERRRE(NPQ) RESTHHERN R

Table 3 Effects of low temperature in winter on photochemical quenching coefficient (¢gP) and non-photochemical quenching coefficient ( NPQ)

and their distribution characteristics in leaves of Ficus microcarpa Linn. f., Magnolia grandiflora Linn. ,

and Photinia x fraseri Dress.")

gP DATFFESHL Parameters of P distribution characteristics

> -5 P
S:tfiées Le:f“'%pe (XigE) qP=0 LB/ % P 551 FOLAH P s> 1 ZLIHKA
Proportion of ¢gP=0 Fluorescence value of P g 00 Fluorescence value range of P ¢ >1
S1 Su 0.159+0.059aB 65.61 0.784(4.00% ) 0.745-0.863(10.12% )
Sh 0.106+0.053aB 62.11 0.784(4.41%) 0.510-0.863(21.86% )
S2 Su 0.107+0.073aB 69.17 0.510(4.41%) 0.275-0.667(25.55%)
Sh 0.197+0.015aA 48.26 0.235(10.37%) 0.196-0.510(50.22% )
S3 Su 0.481+0.060aA 36.82 0.510(7.75% ) 0.314-0.902(56.32% )
Sh 0.187+0.034bA 50.10 0.235(8,94%) 0.196-0.549(47.78% )
NPQ 53 A FFES %L Parameters of NPQ distribution characteristics
eSS -2 NPQ
Species Leaf type (X+SE) NPQ=0 1 L/ % P st max pSAic] Prs>1 FEGIH XA
Proportion of NPQ=0 Fluorescence value of P g 0 Fluorescence value range of P ¢ >1
S1 Su 0.841+0.063bC 8.38 0.784(15.10%) 0.312-1.884(89.88% )
Sh 1.919+0.167aB 1.72 2.040(16.23%) 1.256-2.668(95.09% )
S2 Su 2.991+0.123aA 0.45 3.136(11.79%) 1.884-4.000(97.75% )
Sh 3.200+0.024aA 0.31 3.296(17.08% ) 2.508-4.000(98.77% )
S3 Su 2.447+0.217bB 1.18 2.196(20.10% ) 1.568-4.000(97.44% )
Sh 3.445+0.060aA 1.74 3.452(15.95%) 2.824-4.000(96.49% )

D81 #W Ficus microcarpa Linn. {.; S2; ] > Magnolia grandiflora Linn. ;

S3. ZLM- 1 ## Photinia X fraseri Dress.; Su: BHAEM Sun leaf; Sh: P4

" Shade leaf. P g : ZEVGIEAE (1—a) ~¢ XA PN A TETAR d I T8 ALY LB Proportion of leaf size in the fluorescence value range from (t—a ) to ¢;

Py oy P KA

Maximum of P . 55 H H 4380375 HL ] The percentage in brackets indicates the proportion. TIHJ/]\E?E?%?/TT—IHJ

HH4)

Fﬁiﬂf*ﬂmﬁiufzmjﬁﬁﬁﬁﬁKO 05) Different lowercases indicate the significant (p<0.05) difference between sun leaves and shade leaves of the
same species; VNG NEERS - INE R N7 %‘#E%‘(p<0 05) Different uppercases indicate the significant (p<0.05) difference among

different species of the same leaf type.
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