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Comparison of leaf structure and photosynthetic
characteristics between two leaf types of Viola monbeigii
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Abstract; In order to explore the photosynthetic adaptation significance of variegated leaves, variegated and non-
variegated leaves of Viola monbeigii were selected as materials. The leaf structure was observed by paraffin section and
microtechniques, and the photosynthetic parameters were measured by GFS 3000 portable photosynthesis measuring
instrument. The results were as follows; (1) The stomata of variegated and non-variegated leaves were all unequal
types. However, the stomatal density of the upper and lower epidermis, the thickness of palisade tissue (PT) and the

ratio of palisade tissue to sponge tissue ( PT / ST) of the variegated leaves were significantly lower than those of the non-
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variegated leaves; while the stomata of the upper epidermis of variegated leaves were larger than non-variegated leaves,
showing more structural characteristics to adapt to the weak light intensity environment. (2) Both leaf types had no
significant differences in dark respiration rate (R, ), initial fluorescence (F,), maximum fluorescence yield (F, ),
photochemical quenching coefficient (¢, ), non-photochemical quenching coefficent (g, ), maximal quantum yield of PS
Il (F,/F,) and practical photochemical reaction quantum efficiency ( Yield) , but the maximum net photosynthetic rate
(P,..) and chlorophyll content in variegated leaves were significantly lower than non-variegated leaves; the apparent
photosynthetic electron transfer rate (ETR) of variegated leaves was significantly lower than that of non-variegated leaves
when the PAR was between 400-2 000 pmol + m” -+ s, while the light saturation point (LSP) of non-variegated leaves
leaves was higher than that of variegated leaves and the light compensation point ( LCP) was lower. In summary, non-
variegated plants have a wider PAR utilization range and stronger photosynthetic adaptability, which is conducive to the
use of limited resources in the environment and ensures the survival of species. Variegated plants have the characteristics

of adapting to weak light stress, indicating that the appearance of variegated leaves may be a strategy for V. monbeigii to
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adapt to weak light environment at forest edge.

Key words: Viola monbeigii, photosynthetic characteristics, chlorophyll fluorescence, microstructure, ecological
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Table 1 Leaf stomata densities and sizes of two leaf types of Viola monbeigii

AL SILAK SILAR S KTE L
R Lk Density of stomatz S length S idth Ratio of length
Epidermis Material ensity of stomata Stomata lengt Stomata widt atio of lengt
P (ind. » mm™) (pm) (pm) to width of stomata
i34 ATBE - Variegated leaf 6.392+0.343 36.700£0.730 % 26.050+0.505 ** 1.4170.036
Upper epidermis .,
PPET EPICETIS S pEnt B Non-variegated leaf 8.427+0.567 % 31.250+0.44 19.610£0.578 1.619+0.036*
T#K ATBET - Variegated leaf 89.409+2.686 28.7500.441 20.500£0.420% 1.412+0.034
Lower epidermis ..,
OWEL CPICEIINS  FBEI F Non-variegated leaf  121.929+2.12%% 28.900+0.369 17.0500.373 1.711£0.043a%

TE: BUR DO BB R iR 22 3008 * RN A BE  EREAAEFRTE 0.05 /K7 L 2R BE, =FKRTE0.01 KT EXEREBEH, TH,
Note: Data represent x+s-. * means significant differences of each indicator between variegated leaves and non-variegated leaves at 0.05
level, and ** means significant differences at 0.01 level. The same below.
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a. AHE R ER B b, CHE A B3RS e AR R KRB d JCHEM AR R,
a. Upper epidermis of variegated leaf; b. Upper epidermis of non-variegated leaf; ¢. Lower epidermis of variegated leaf; d. Lower epidermis of
non-variegated leaf.

K1 PRk B 4EpY g B AUE S

Fig. 1 Lead stomata morphology of two leaf types of Viola monbeigii

BHTHIK, 2 PAR ER T A G INEEE 2 PAR £ 0~200 pmol - m? - 5™ Z [ Bi fln B ETR
Do AT P, (9.139 pmol » m™ - 57 B {225, [HIE PAR 3555 %] 400 pmol - m? - s J5
R BE(11.62 pmol - m™ - s) H AQE #l LSP BEn: A ETR {5 FA B A (& 5)

I FICBEM F 1 LCP & TR (£ 4)

232 PR RE A IR ES A 3 b 5 &b

RIOCSHF, F, qp q B TR EZEF(KS),

MR Z DB EF /F,, | Yield 160 R 28— 2L, Z RIS R, HLBESC Rt R 20 A Y HE



2182 IR = 7| 42 %5

®2 BHMHALAAERHHFEMEN

Table 2 Leaf microstructures of two leaf types of Viola monbeigii

| R WA 4 4R TR A 20 SR B R R TR R o

IH- 7 . ) . . T . MRS /¥ 2

Leaf type Leaf thickness Palisade tissue Spongy tissue Epicuticle Hypodermis PT/ST
ype (pm) thickness (\pm) thickness ( pm) thickness ( m) thickness( pm)

AEE 175.750+2.731 38.667+1.787 78.444+4.503 35.400+0.792 14.000+0.850 0.436+0.029

Variegated leaf

JeEEt 183.250+1.761* 57.111+1.549 %= 66.556+2.549 36.400+0.806 18.333+0.527* 0.835+0.061 **

Non-variegated leaf

a, b. AEEM A R ¢, d. JOBEN 5 K R

a, b. Variegated leaf and its transverse section; ¢, d. Non-variegated leaf and its transverse section.

Bl 2 i B 4 B i 4 A

Fig. 2 Leaf structures of two leaf types of Viola monbeigii

I Py K 26 B 5 OF & M A AR B B R [
( Tsukaya et al., 2004 ; Zhang et al., 2009 ; Sheue et
al., 2012), Chen % (2017) #f 5% & B, Blastus
cochinchinensis 41 5 M 7~ 32 2L iy 165 24 20 2109 B, 1T

TeBEM B EZ A 44, 1 La Rocea 55 (2011)
KR, Arum italicum BESCH R B9 @ XK I8 A — 2
L A TR S P RS S )= Y S A
PESESEA BEM A i PT LA K PT/ST B35 KT 5
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Table 3 Leaf chlorophyll contents of two leaf types of Viola monbeigii
- A4 M4 a HHERE b K bR ML E (a+h) MERE a/MH5EK b
Leaf type Chl a(mg - g") Chlb (mg-g") Car (mg-g') Chl (a+b) (mg-g") Chl a 7/ Chl b
HPEN /- Variegated leaf 2.076+0.043 0.515+0.0141 0.121+0.003 2.591+0.055 4.031+0.071
ToBEM B Non-variegated leaf 2.394+0.083 * 0.613+0.034* 0.148+0.004 * 3.008+0.111* 3.923+0.135

40 A PEM: ;- Variegated leaf

35 ——JBEH i Non-variegated leaf
301
2.5r

20r

WA
Absorbance

151
1.0
0.5

0_
200 300 400 500 600 700 800 900 1000 1100
P K Wave length (mm)

3 TaRh A0 4 P S R I OGS
Fig. 3 Leaf absorption spectra of two
leaf types of Viola monbeigii
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Table 4  Leaf photosynthetic response parameters of two leaf types of Viola monbeigii

o BREOCEE R G SEES JGAL AN AR JeRMEE R FM TR
Material P R, LSP LCP AQE
’ (pwmol +m?-s")  (pmol - m? -s™) (pmol - m™ - s™) (mol » m™ - ") (wmol + mol™)
A B H Variegated leaf 9.139+0.256 0.736+0.146 620.000+24.980 14.667+1.333 0.046+0.006
g
JeBEM: B Non-variegated leaf 11.662+0.815%* 0.454+0.105 737.333+41.910 9.333+3.528 0.050+0.004
g
a «— FHHEM Variegated leaf b —— A1 BEM i Varicgated leaf 1507 —=— ABEM i Variegated leaf
12 —— JEBEMJ; Non-variegated leaf 3r o FEBER: F Non-variegated leaf & —*— JCBEMF Non-variegated leaf
RS STE.. 1 I ~1207 %
%@_ :: ,7;.—:11 et :m B T - e N q"j ) 1 ‘LL —
e 8 ’,/,//,/' ﬁ; = 27 T if %f 90T p JL + JE
€z | ) 2t | T L R gt
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e B 1\.,&.’ ©
I 30
of v ‘
L L L L 1 0 L n L I I 1 L L L L L
0 500 1000 1500 2000 0 500 1000 1500 2000 0 0 500 1000 1500 2000
et RGRST PAR (nmol-m™-s™) SAFTGR PAR (nmol-m™-s™) FeAATRAEGSS PAR (nmol-m™-s™)
K4 PIRRRIEPE R P, T, G OG0 N 48
Fig. 4 Light intensity response curves of P_,T ,G. between two leaf types of Viola monbeigii
g g Yy resp FEEEERA YP! g
RS BAHALAAERIHFIRAESHOLER
Table 5 Comparison of chlorophyll fluorescence parameters between two leaf types of Viola monbeigii
il WIR TG FRPOG i AT K F A AT K FEL
Leaf type F, F, qr qn
B IEM /- Variegated leaf 152.000+4.861 634.000+15.649 0.922+0.009 0.026+0.005
JCBEM B Non-variegated leaf 144.000+5.451 599.670+16.691 0.943+0.012 0.027+0.006
—s— {FHIN}f; Variegated leaf 0.9 b —— HEEM J; Variegated leaf 100 1 «— A7 BEM J Variegated leaf
» 0.9F8 o %l Nonvaricgated leaf N +— JEBEIJ Non-varicgated leaf Pl ¢ —+— FHMH J; Non-variegated leaf
= ﬁ = 80 A
i B 0.6 \\ 5 L g o
0.6 B3 \ T 60 e
EulS oS f\ :ji; 5 /
g I \ @ 4o
K < A b i
0.3 R 0.3 \_\ B 20r #/
=] 1% = {
%) = ~— ,§< 1\\——% #® [
-9 ~r—p z 1\4‘:’%—\1 9 ,f
0 0 500 1000 1500 2000 0 0 SOIO 1 ObO 1 560 2 Ok)O 0 500 1000 1500 2000

AT PAR (1mol-m™s”) S AATGRS PAR (umol-m™-s”) AT PAR (umol-m™-s")

Bl 5 PRI L2 DY B SR S KOOSR LA

Fig. 5 Comparison of chlorophyll fluorescence parameters between two leaf types of Viola monbeigii
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ZHEWF/F R TR ESE, RUWEE R
RIB A (ETR) RNV T SEFRGIR T Y 2 UL L -2
2 B AT & A BRI (30555 ,2010) . AHF
FREER KM, PAR 46 F 0~400 pmol + m” - s B,
HEDC A/ T A BE LR B 19 ETR Je2 5, 4k
PUESEM ETR B PAR 38 hmii iGE b7F, se ikt
5 R T E PR A 1400 ~ 2 000 pmol + m? - s 2
(B JCBEM Fr ETR %25 T4 BEn: Al Ag 5 o B
MR BA R R PT . PT/ST 55 w5 5 2 AL 240 4
SRR PS T TFIEERE ) i TR E R A KR,
T A A (2020) X155 8 AT R4S T ALY
45ie

VR E A K RGBS, i
I 55530, TOEE 2 7Y B R B R R gk
RO 8 PT.PT/ST, b N RESILEE ETR M
P, % PAR R B3 98, o] se 50 R H R A
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