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Abstract : Liquidambar formosana is an excellent landscape ecological tree species because its leaves turn red gradually

after autumn, which is of great ornamental value. In this paper, the changes of tissue structures, photosynthetic
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characteristics and pigment contents of L. formosana leaves were continuously monitored, and the relationships between
leaf structures and photosynthetic characteristics and pigment were analyzed in order to understand the relationships
between leaf structure changes and leaf color. The results were as follows: (1) During the discoloration process of
L. formosana leaves, the epidermal cells were oval and closely arranged, no obvious cell variation was observed, no villi
and wax were attached to the surface, and the upper epidermal cells were closely arranged with palisade tissue cells,
there was no large air chamber. (2) With the leaf turning red gradually, the leaf structure changed significantly. The
thickness of leaf, upper epidermis, palisade tissue, spongy tissue and stomatal aperture decreased gradually, whereas
the length and width of stomatal apparatus and the area of single stomatal apparatus gradually increased. (3) With the
change of leaf structure, the chlorophyll content decreased gradually, resulting in the decrease of net photosynthetic
rate. When light damage occurred, leaves protected themselves by synthesizing anthocyanins in the vacuoles of palisade
tissue cells, then a large amount of anthocyanins caused the leaf surface to show red. Therefore, the decrease of
chlorophyll content and the accumulation of anthocyanins were the direct reasons for the redness of L. formosana
leaves. To sum up, the red color of L. formosana leaves is the combination result of a series of physiological structure
characteristics.

Key words: Liquidambar formosana, leaf turn red, palisade tissue, spongy tissue, stomatal apparatus, photosynthesis

42 %

rate, chlorophyll, anthocyanins

Rt AT 26 AR AR PR B 5 oK H 25 35, 78
ARG E 1 R 2 S Ak 26 4k | % i A b ke
A7 BT, R R DR R T A (R R AL
e PR R B A0 1 7T 39 AR A 3k i el v U A i v
FEAE 8Ok B SR AR R, T S 2 AT ORI
(Sheue et al., 2012; 2= T2 %% 2017), &
NI I AE ) 0 S W AE 5T R R 43 Sk €8 5 AR
SRR 2 RIS, Hirp AR A r Ry 4 K 5 A
(Mhaid i A28 Ak, 4 3R 5 A2 BE) Al (8 3R
RY (et 3 3R B 0 R A Rl 2 A L
Zrf) | M52 it ) 32 S A7 3R Rz R A5 B A
e K RU RPN Ay % K2 A0 A8 S ( FLAR R N BB
ARAE) R Bz A A - B G A ) ot (W5 BT Bk B )
LR R AT S AT 5 DL K T $h i 2 e i 2 B A
W 6 e A4 i 5 B A 2 2 40 M TR AE AR B R R
AT A (R W18 S 5, SO M R 2 30 H A
{0 (Sheue et al., 2012; F 3§ M5 2016 F1 3¢ X
45,2019 523454 2020) , H AT, X5 R M R A
A BB 2 P AE AR R
15555 M ( Rocca et al., 2011 ;158855 2017, 2= T
B4 2017) 1% R LR AG R it R O
RUFFTARR D

W # ( Liquidambar formosana ) N 4 2% ¥ #}
( Hamamelidaceae ) tX & 8 J& ( Liquidambar ) % " 7%
AR A3 A )z ( F B A T IR 28 0 B R DL A%
B RN LR, RERE, W2, s/ &
VU, B 2T 2R ),k M AT ok T, KRR By T
B, ARG Hom B R sk (o A S 20 SR
WG (BB AL ) A E, 2
KA SO A SR (454 ,2017) . HAT, £4

TEF(2019) Fiik T A FDEFANELE AU i 8 4k
AR B B i Y AR 1 XU A (2017) Flid TR
MO 5 R KR P 5K AF (2016) B 5T
T8 A A I R 32 A i AR 21, gl
RGN BE 1 2 W R, SR, X 46 4 E O
A A (0728 Al 1o A v 20 245 A A8 A R BF 5
Pk, X FIAE a2 G2 aRELEAR
TZERG PRI A Z , RS R S5, N
1, AN SC IR T AR ZLAR AR O BIF T Xt 4%l i 3 252 1
WA SR A AR I R AR 200 B P vy A 2 A
(ARSI REE S EAD PSS TR s T R L
ARBRPHNL AR UL ORI KR, B
FESRVT M Fr 250 A M A AR 20 56 &, IR A
WFFEAE 2 LR (e A

1 #R57 %

1.1 ##

T R R T P9 FE AR B 21 ik R [ AR
TERIRFR(106°39'5" E 23°21'19" N) , 21 M FR bk
75 el M A b (R A 2 DA RS |, Ja S B4 Y i A fe , AR
B F ) SRR 7.29 km?  BUEARIRIFR2.44 km?

RAEYIARM:  BEH S BRBKZmt R AR ar Ak
fHOH W AR AL RE . DA 2018 4 9 HIKFF 1R, 7¢
TR 4 VIR (R P8 L 6 AN T ) B A S
WFARIE , B 15~20 d M ACRERE S 1k, Hik
UG HFUR 2 25 A L UEAT 5 Uk A O AR R R
3 SFRIC g S1(2018-09-29) .S2(2018-10-13) |
S3(2018-11-2) .S4(2018-11-22) .S5(2018-
12-12) , mE 1 frR,



7 T2 . AR LD R b it i 2R OB Rt S R 5 AR 1215

V2 A A 2

S1. 44k S2. AFLI M A< 1/3; S3. 1/3<FA miA<2/3; S4. ARLLH>2/3; S5. &40, T,
S1. All-green; S2. Reddened area < 1/3; S3. 1/3 < Some reddened area < 2/3; S4. Totally red area > 2/3; S5. All-red. The same below.
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Fig. 1

Leaf color of Liquidambar formosana at different discoloration stages
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Fig. 2 Anatomical structure of mesophyll of Liquidambar formosana leaves at different discoloration stages
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Fig. 3 Changes of leaf anatomical structure in different discoloration stages
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Fig. 4 Stomatal distribution characteristics of Liquidambar formosana leaves at different discoloration stages
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Fig. 5 Stomatal characteristics of Liquidambar formosana leaves under different discoloration stages
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Fig. 7 Pigment content of Liquidambar formosana leaves at different discoloration stages
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Table 1  Daily mean values of photosynthesis parameters
of Liquidambar formosana leaves under

different discoloration stages
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Discoloration " ‘ b, —
. ( pmol - ( pwmol - (mol * m™ « (mmol + m
period 5 0 B -1
m”+s) mol™) s7) s7)
S1 3.81+ 256.00+ 0.11+ 1.54+
0.03e 2.63a 0.0lc 0.02d
S2 341+ 276.55+ 0.10+ 1.32+
0.03d 2.43b 0.01be 0.02¢
S3 2.45+ 320.82+ 0.08+ 0.94+
0.03¢ 1.52¢ 0.01ab 0.03b
S4 1.38+ 345.96+ 0.07+ 0.82+
0.02b 2.09d 0.01a 0.02a
S5 1.13+ 363.88+ 0.06+ 0.75+
0.03a 3.30e 0.0la 0.03a
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Note: Data are x * s.. Different lowercase letters in the same
column indicate significant differences ( P < 0.05). #** shows

significant differences at 0.01 level.
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