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Photosynthetic Performance and Thermal-resistant Characteristics in
Leaves of Amaranth (Amaranthus tricolor L.) under Artificial High
Temperature

CHEN Xiong-wei, LIANG Guang-jian, ZHOU Li-ping, SHAO Ling"

(College of Life Science, Zhaoqing University, Zhaoging 526061, China)

Abstract: The leaf structure, amaranthin and heat stable protein contents, as well as photosynthetic characteristics
were studied in leaves of two cultivars of Amaranthus tricolor L., such as ‘Red flower’ and ‘ Green leaf’, under
the artificial thermal stress of 40°C/35°C (day/night) for 6 days. The results showed that the amaranthin
accumulated greatly in leaves of ‘Red flower’, its content was 1.81 times of that in ‘ Green leaf’ under high
temperature for 6 days. Under light microscope, amaranthin distributed in lower and upper epidermis, vascular
bundle of ‘Red flower’, but did not appear in ‘ Green leaf’. The palisade tissue structure remained normal in
‘Red flower’, but it partially discontinued and chloroplasts damaged seriously in ‘ Green leaf’ after 6 days under
high temperature stress. Compared with ‘ Green leaf”, the chlorophyll and carotenoids contents in ‘Red flower’
decreased slightly, the content of heat stable proteins slightly rise, and its light compensation points and saturated
light intensity obviously delay. After high temperature stress, the photosynthetic parameters, such as net
photosynthesis rate (Pn), intercellular CO, concentration (Ci) and stomatal conductance (Gs) in ‘ Green leaf’
were significantly lower than those in ‘Red flower’ (P <0.01). It suggested that the accumulation of amaranthin
was closely correlated with the thermostability of ‘ Red flower’ under high temperature, which was benefited to

maintained a stable photosynthetic performance.
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Leaf structure
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Fig. 1 Transection ‘ Green leaf’ and ‘Red flower’ leaves under high temperature stress before and after 6 days. A,B: Before high temperature stress;
C,D: High temperature stress for 6 days; A,C: ‘ Green leaf’ ; B,D: ‘Red flower’ ; 1. Upper epidermis; 2. Palisade tissue; 3. Vascular bundle; 4. Spongy

tissue; 5. Lower epidermis. A-D. x40
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Table 1 Effect of high temperature stress on chlorophylls and

carotenoid contents in leaves of two amaranth cultivars
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Fig. 2 Changes in the amaranthin contents in leaves of two amaranth

Amaranthin content
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cultivars under high temperature stress
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SINAELL AL BR 40°C /35 C A 3REE R i 4754
HERREILEAEREEGEE]),

H-4%% Chlorophyll (mg g™ FW)
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0d 2d 4d

6d 0d 2d 4d 6d

£ ¢ Green leaf’ 191 +0.17° 0.80+0.02 099 +0.17
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1.01 £0.01

161 £0.33 1.27 +0.52" 1.38 +0.24™ 121+035" 045001
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0.30 £0.02 0.33+0.01°
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Fig. 3 Changes in heat stable protein content in leaves of two amaranth
cultivars under high temperature stress
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Fig. 4 Changes in the photosynthesis-light response curves in leaves of two amaranth cultivars under 0 day and 6 days high temperature stress

S AT I, e R A B SRR A R
E NN 30 ] L Ry N A N O )
] CO, WESHEIEHABVNXR., iR
4 d NAELL R Ci TCEH B A (B 5), 4k DE )
Ci 46 50% KFHIE;4 d J5, LK Ci %18 L
Fr, M4 T N B 22T B, M A G AR
5 Pn FHEAIE, BonHXF CO, B EBE 185,
4 A&t Ci BB T BN 7T BB 53 FL T BERRAIR
AEE W ZHAE KLE 1), KfLisshiE— 24
BIMATES), 7 Z 2R N SNE F R, Qo

—O— &¢I T *Green leaf”

MR R I R B T R OK, B SR ALE
LRSS ER TR, B 5 R
EMHE T, W3RN Gs B2 TR A0 ~4 d
I, S B AN A6 21 00 A L5 BE Y T R o AR A0 5 B
&M 2R TR, b 6 d RS FL S E RA T
TRAT Y 39.95% , (H AR L1 00 1AL T BE R FF AR B 7Y
63.95% , R BT B SR FP L

3 i

FEREANTHEYAERKRK NG N R, BiEE

250
g 0.25
s 30 —a— {04058 ‘Red flower” ~ -
T Q = -
o 8 23 g £ 200p W 8 0.20
E o T = E = S
= 5 20 ; 5
g2 EREREY T % 015
MRS = 3 =6
¥ g % % 1009 2 2 .10}
2ot S = 3
L S 3 = £
R2 st = 8 50f r & 005
# 2 2
0 1 1 1 PS 0 1 1 (] 0 1 1 1
2 4 6 2 4 6 2 4 6
4b 3K 4 Treatment days 4b ¥ K 3 Treatment days Ab FE K 3X Treatment days

Bs  FHEA TS A SRS B

Fig. 5 Effect of high temperature on gas exchange parameters in leaves of two amaranth cultivars
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