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Response of chlorophyll fluorescence characteristics of Populus euphratica

heteromorphic Leaves to high temperature
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Abstract: Populus euphratica Oliv, a member in the family Salicaceae, is typical xeromorphic mesophyte and an important
tree species of desert riparian forests in arid regions. It is mainly distributed in central Asia, west Asia and the
Mediterranean region, especially in the basins of inland rivers of the northwest arid regions of China where it occupies the
widest distribution area. The largest and most typical desert riparian forest is found along the Tarim River and occupies over
350,000 km®. P. euphratica possesses many excellent characteristics such as tolerance to cold, high temperature, drought,
salt and alkali soils. It plays an active role in climatic regulation, desert extension management, river bank protection,
channels stabilization and oasis conservation. It has not only protected desert fragile ecological system but also been an
irreplaceable natural barrier. P. euphratica is highly prized in the Tarim Basin for its great ecological, economical and social
benefits. During the growth and development of P. euphratica, the leaf morphology changes in order to adapt drought, high
temperature stress in extremely arid desert region of Tarim basin. In most cases, a single adult tree commonly comprises
polymorphic leaves, including lanceolate, oval and serrated broad-oval leaves. The lanceolate, oval and serrated broad-oval
leaves come out in turn. In one plant with multiple types of leaf shapes at the same time, the heteromorphic leaf distribution
in the canopy from top to bottom is serrated broad-oval, oval and lanceolate, respectively. In this study some standard adult

plants with three typical leaf shapes were selected from the planted forest stands in Tarim basin. The purpose of the study
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was to measure physiological responses of P. euphratica to high temperature stress and to understand drought-resistance
mechanism of this tree species under heat stress conditions. . Seven temperature treatments with 25°C , 30°C , 35°C , 40°C ,
45°C, 50°C and 55°C were designed to compare the responses of three heteromorphic leaves of P. euphratica including
chlorophyll fluorescence characteristics and excitation energy distribution in growth chamber. The results showed that there
F/F _ and F /F, of P. euphratica heteromorphic leaves from 25°C to 45°C. The ratio of
s F/F,, F/
F/F' , qP, ®PSIl, P and ETR were significantly decreased with heat stress( >45°C ) , and the values of F,, ¢N and

were slight variations in F, F

m

F /F, was observed to maintain 78% of normal photosynthesis reaction. Yet, a few parameters such as F

F,,
E were found to increase significantly. The level of D parameter increased at the initial stage and decreased at the later
stage. The results indicate that high temperature stress decreased the activity of PS Il reaction center and photochemical
electron transfer rate, inhibited the heat dissipation and distribution balance of excitation energy between PS I and PS T ,
which led to the structural damage of photosynthetic apparatus and functional descend in photosynthetic ability. The
chlorophyll fluorescence parameters of P. euphratica heteromorphic leaves varied significantly from each other in seven
temperature treatments. Furthermore, the chlorophyll fluorescence level of serrated broad-oval leaf was significantly higher
than that of lanceolate and oval leaf. This demonstrated that serrated broad-oval leaf had better tolerance to heat stress than
other leaf types did. Finally, the membership function of fuzzy mathematics was used to analyze the tolerance abilities of

three heteromorphic leaves under heat stress. The results indicates that the serrated broad-oval leaf was the most tolerant to

heat stress.

Key Words: Populus euphratica Oliv; heteromorphic leaves; high-temperature stress; heat-tolerance; chlorophyll
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Fig.1 Effects of different temperature on minimal fluorescence( /', ) ,maximum fluorescence( /,,) and photochemical maximum efficiency
(F,/F,) in heteromorphic leaves of P. euphratica
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Fig.2 Effects of different temperature on potential photochemical efficiency ( F,/F,) of PS II , photochemical quenching coefficient ( ¢P)

and non-photochemical quenching coefficient( ¢/V)in heteromorphic leaves of P. euphratica
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Fig.3 Effects of different temperature on apparent Photosynthetic electron transport rate( ETR) ,actual photochemical efficiency of PS II
(@PS1l) and efficiency of excitation captured by open PSII center( ¥’ /F’  )in heteromorphic leaves of P. euphratica
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Fig.4 Effects of different temperature on allocation of absorbed light energy (P, D, E) in heteromorphic leaves of P. euphratica
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Fig.5 Effects of different temperature on allocation of excitation energy between PS I and PSII in heteromorphic leaves of P. euphratica
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Table 1 The synthetical values of heat-tolerance of three heteromorphic leaves of P. euphratica

Leavujfh}apes F, F./F, F. F./F, ETR F',/ F',, ®oPSI qP gN E P D Heﬁﬁiﬁ vaAlue
T 0.084 0.358 0.239 0.283 0.064 0.119 0.085 0.120 0.234 0.119 0.093  0.039 1.839
L 0.151 0.474 0.448 0.515 0.162 0.237 0.178 0.239 0.260 0.237 0.193  0.379 3.471
J 0.781 0.877 0.709 0.654 0.300 0.589 0.289 0.381 0.075 0.589 0.446 0.209 5.897
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