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Physiological responses of Pseudosasa japonica f. akebonosuji
leaf color changes to temperature

LU Xinyuan, ZHANG Liangliang, ZHU Yifan, YANG Haiyun

(Key Laboratory of Bamboo Science and Technology, Ministry of Education/Bamboo Industry Institute, Zhejiang A&F
University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] Temperature has a significant impact on the color changes of plant leaves. Pseudosasa
Jjaponica f. akebonosuji has high ornamental value, but its leaf color changes significantly. Exploring the
physiological effects of temperature on greening of white leaves in P. japonica f. akebonosuji can provide a
reference for the research on mechanism of leaf color variation in bamboo. [Method] P. japonica f.
akebonosuji plants with variegated leaves were placed in constant temperature environments of 15, 25 and 35 C
for 30 days, with natural temperature as the control (ck). The effects of temperature on color of white leaves,
content of photosynthetic pigments, content of chlorophyll precursor substances, ultrastructure of chloroplasts,
and performance of photosystems were analyzed. [Result] Under 25 °C treatment, all the white leaves turned

green again, and the content of photosynthetic pigments was significantly higher than the other treatments
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(P<<0.05). Among chlorophyll synthesis precursor substances, the relative content of coproporphyrinogen Il to
protoporphyrin IX in white leaves under 25 °C treatment increased rapidly, with a significantly higher increase
than ck (P<<0.05), and the quality scores were ranked from highest to lowest as follows: 25, 35, 15 °C
treatments. Under 25 °C treatment, the grana and lamellar thylakoids of chloroplasts in white leaves were clear,
while no normal grana thylakoids were formed under ck and 15 °C treatment, and the thylakoids in 35 °C
treatment were degraded with many impurities. After light induction, the white leaves under 25 °C treatment
showed O, J, I, and P phases. Density of reaction centers per unit area (RC/CSg), quantum yield (¢Pg, ©Ey),
and performance index (Pl,pg) were significantly higher than ck (P<<0.05), from highest to lowest: 25, 15, 35
C treatments. Fluorescence intensity change at point K (W) and variable fluorescence at point J (7)) in
photosystem (PS) II both decreased, indicating an overall improvement in the performance of PS II under 25°C
treatment with white leaves. At the same time, Al/ly and @pg | psy values of white leaves under 25 °C treatment
were higher than those under 15 and 35 °C, and activity of PS | increased. [Conclusion] Temperature affects
the content of chlorophyll precursor substances in leaves of P. japonica f. akebonosuji, leading to differences in
accumulation level of photosynthetic pigments, which in turn causes changes in performance of PS I and PSII,
and affects the assembly of grana thylakoids in chloroplasts. The overall effect is that 25 °C treatment promotes
the greening of white leaves, while 35 °C treatment inhibits it. [Ch, 6 fig. 3 tab. 29 ref.]

Key words: Pseudosasa japonica f. akebonosuji; temperature treatment; leaf color variation; physiological

characteristics
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/15 C N A5« lem 5% 25¢ 35%C
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Figure I Morphological characteristics of white leaves of P. japonica f. akebonosuji before and after different temperature treatments
M2 2 B TR RO B E T ok (P<<0.05), 11 35 °C AP T ck, FHrP, 25 °C 4b¥EF Chla. Chlb,
SIS R A TR B L K Chl a/b e, 400 ck A9 3.8, 2.6, 3.4 J 1.5f%, & 15 °C AbHfK 3.2, 2.0,
2.7 B 1.6 455 15 F135 C AbFRAZEEAE DR BT 80D E LT ok (P<<0.05), 1 25 °C Ab3EASE T ok, ik
FlEK, ok i 175, Bz, ARGHEMS R TR SEAKENIMEK R : 25°C. 15°C. ck. 35C
RhER, TR N BB ABAKEIMEIR R 25 °C . ck. 15 °C. 35 C Zb¥, X FEH 25 °C Ab B HF
M RAT S 2%, T 35 °C ARFAMEIE M RATE R Sk, 15 °C AP AT SR &

®1 AREBELAETEMHXMTBMHHAGER

Table 1 Photosynthetic pigment in white leaves of P. japonica f. akebonosuji under different temperatures

M/ C Chl a/(ug-g™) Chl b/(ug: g™ MR/ (ug g™ P MR/ (ngr g™ Chl a/b
ck 62.41+0.16 ¢ 39.660.29 ¢ 102.07+0.25 ¢ 57.35£0.07 b 1.57+0.01 b
15 75.60+0.14 b 51.44+0.49 b 127.05+0.63 b 29.81+0.10 ¢ 1.47+0.01 b
25 239.10+0.61 a 103.30+0.67 a 342.48+1.29a 95.6740.13 a 231001 a
35 31.48+1.24d 33.9642.05 d 65.44+1.71d 24.04+0.44 d 0.92+0.07 ¢

i FFIRRNG FR R R R A B R 22 573 B35 (P<<0.05).

2.3 ARBEMEN X ANHEESRETEY R

I 2 AP0 AN TR] S BE T AR i R AT P i i S 3R 5 BRI PR ) 5 ) T 3 B A S 2 5 (P<<0.05)
5 ck M, BAANFRE T -2 WAL . RIS, &0k ok 5 I B B 2% 22 5%
(P<<0.05), {HHALEIGTE 3F5LAN . T 25 C AP, FImF SR HRobIX | BRI HRORRIX | Jit AR B 2t 2 1Y
Bt o B ok B9 4.7, 6.1, 11245, & REM . FEMRATEM 25 C 4B Bl E 2, ATRES Ak
WRIX B BRANIARIX | AR i o 2 A3 A 5

®2 AEEBRELETEMHXIBBIMSESREEYR

Table 2 Chlorophyll synthesis precursors in white leaves of P. japonica f. akebonosuji under different temperatures

L S-FILLWEARR  MHEZFEEY  JRIMKIEEIT  FErReE JEANIRIX/ BERANMKIX/ SRR SRR/
(umol- g™ (umol- g™ (mol-g ™) (mol-g ™ (umol-g™") (umol- g™ (umol-g™)
ck 1.36+0.02 b 2.1120.05¢  28.58+0.09d  63.39£0.33b  4420£047d  18.47+0.23d 7.77£0.32 d
15 1.1840.04 d 4.67+0.03a  31.63:022c  62.03£045¢  532140.87c  23.65+0.14c 11.3120.33 ¢
25 1.2740.09 ¢ 3.6940.02b  32244024b  59.99£0.00d  205.84+043a  113.41%0.12a 86.70£0.12 a
35 1.46+0.04 a 3.6940.01b  3528+0.16a  66.81%0.17a  96.15.1.01b  44.36+£0.18b 23.83+0.31 b

LB [RIFIARNG F B R AN R AR B 22 57 83 (P<<0.05).

24 ARIEREXNEM X BM 8RS

T X AL AT R I SRR S AT LSS, RS ck AHEE, 25 °C AR A9 B i Sr iR Es A o
R JZE G B0, FERA R I, WEERBURL - O A E SRR A (18] 2C1~C2)5 T 15 °C AbBER
AT SRR Y, SERPRIR B A — R (H AR LI (K] 2B1~B2), 35 °C AT Ay 2R IR, e
KA oA, HOR WL ASS (K 2D1~D2). A, 25 °C 4B 4B AT i SR 2k 4%
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Figure 2 Ultrastructure of white leaves of P. japonica f. akebonosuji under different temperature treatments
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Figure 3 Dynamic curves for chlorophyll a fluorescein of white leaves
of P. japonica f. akebonosuji under different temperature

treatments
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b R RO T B TR BE T (wo) SR T 44.8%, MG T W ZE H T 4L 18 BE Y 16 JRLPE T8 K
(PIags) M 0 T2 0.66,

253 ARREEET A G e PSITER . & o b F AR B 2 AR M AR 09 v KOS SO0 B AR L
(W) Rk PS TTHHARMIR A2 1L, T SR ATAESOE (V) RIBZ MR A2k, i 4A W 5 ck MLL, 25 C
MR W BEE AL (P<0.05), TFET 44.2%; 15 135 C AbHEM Y ck TRFZES . XEH 25 C 4b
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Table 3 Changes in chlorophyll fluorescence parameters of the white leaves of P. japonica f. akebonosuji under different temperatures

L/ °C ABS/RC DIy/RC TRy/RC ETo/RC RC/CSq
ck 41.23+2.19a 37.42+3.15a 3.4140.96 a 2.3240.26 a 12.5£3.91b
15 17.35£5.49 b 14.27+5.49 be 3.13£0.07 a 0.95+0.22 a 53.2429.0 b
25 3.02£0.30 ¢ 0.85+0.24 ¢ 2.18+0.06 a 0.91£0.08 a 1876.9+438.6 a
35 30.21+5.84 ab 28.13+6.54 ab 2.07+0.71 a 0.15£0.01 a 18.70+6.80 b
R/ C OPo(F\/Fp,) 9Eo Yo Plsps
ck 0.07£0.04 b 0.02£0.01 b 0.29+0.11 a 0.000.00 b
15 0.17£0.09 b 0.05+0.02 b 0.27£0.06 a 0.00£0.00 b
25 0.73+0.05 a 0.30£0.02 a 0.42+0.03 a 0.66£0.18 a
35 0.08+0.02 b 0.01£0.00 b 0.04+0.00 b 0.00+£0.00 b

i FFIRRNG FR R R R A B R 22 573 B35 (P<<0.05)
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Figure 4 Changes in fluorescence intensity at K point (W) and variable fluorescence at J point (V;) of white leaves of P. japonica f. akebonosuji

under different temperatures
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Figure 5 Changes of relative absorbtion of PS I 820 nm white leaves
of P. japonica f. akebonosuji under different temperature

treatments
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Figure 6 PS I maximum ability of oxido-reduction (44/I) and coordination between PS I and PS I (@pg | ps i) of the white leaves of P. japonica

f. akebonosuji under different temperature treatments
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