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Effects of drought stress on photosynthetic traits and protective enzyme activity in

maize seeding

ZHANG Renhe, ZHENG Youjun, MA Guosheng, ZHANG Xinghua, LU Haidong, SHI Juntong, XUE Jiquan”
College of Agronomy, Northwest A&F University/State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateauw, , Yangling 712100, China

Abstract: Drought is a major limiting factor affecting maize growth, development and yield mainly in arid and semiarid
regions of China. But the physiological mechanism related to simultaneous comparison of photosynthetic response and
protective enzyme activity, which could be useful for identifying differences in maize cultivars under drought stress, remains
unclear. The objective of this study was to investigate the effects of drought stress on the photosynthetic characteristics of the
different maize cultivars at the seedling stage and to offer a theoretical basis and technical parameters for saving-water and
high yield cultivation of maize. Two maize cultivars, zhengdan958 ( drought tolerance ) and shandan 902 ( drought
sensitive) grown in pots experiment in greenhouse were subjected to three different drought treatments ( mild drought,
moderate drought, severe drought) and compared to normal irrigation. The gas exchange, chlorophyll fluorescence, and
protective enzyme activity were tested. The results showed that: (1) the onset of drought stress caused an increase of leaf’s
net photosynthetic rate (P,) and stomatal conductance (G,) , furthermore, intercellular CO, concentration (C,) decreased
and then increased, but reversible, stomatal limits (L,) increased and then decreased under drought stress in two cultivars.
This suggested that reductions in P, resulted from stomatal limitations under mild and moderate drought stress; and from

non-stomatal limitations under the severe drought stress in both cultivars. (2) In the chlorophyll fluorescence parameters,
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leaf’s the quantum yield (@PS II ), electron transport rate ( ETR), photochemical quenching ( ¢P) decreased with
increasing drought stress, however, non-photochemical quenching ( gN) of photosystem II (PS Il ) activity increased
significantly with the developing of drought stress, indicating that photoprotection was effective, whereas severly drought
stress caused the inhibition of photosynthetic electron transport leading to damage of PSII in the two cultivars. (3) Under
drought stress the activities of superoxide dismutase (SOD) , peroxidase (POD), catalase (CAT) obviously increased and
then decreased rapidly. The increase of enzyme activities in drought tolerance zhengdan958 was greater than that in drought
sensitive shandan902. malondialdehyde ( MDA) contents increased continuously, being significantly higher than that of the
control, the increase of MDA contents in drought sensitive shandan 902 was greater than that in drought tolerance
zhengdan958 , which contributing to regulate activity of the protection system during the initial phase of drought stress, and
the negative effects of drought during the stress period were observed. These results implied that drought stress depressed P,
significantly, which induced by stomatal limitation and non-stomatal factors at seedling stage, under the moderate drought
stress the decreased P, were mainly due to stomatal limitations through stomatal regulation, the enhance of thermal
dissipation and antioxidant enzyme jointly; under the severe drought stress major non-stomatal limitations responsible for
reduction in P, were associated with the impairment of PS Il and antioxidant enzyme system. At same time, the change
range of all physiological parameters were smaller in zhengdan958 than in shandan902. Base the above results, we speculate
that zhengdan958 maintains the higher photosynthesis function and the better oxidative enzyme defense system’s ability to
eliminate reactive oxygen compared to shandan902 under drought stress, which can be considered as the major physiological

traits for its higher yield and drought tolerance.

Key Words: maize; drought stress; gas exchange; chlorophyll fluorescence; protective enzyme activity
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Fig.1 Light response curves of net photosynthetic rate (P, ), stomatal conductance ( G, ), intercellular CO, concentration (C;), and
stomatal limitation values (L ) of Zhengdan958 and Shandan902 under drought stress
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Fig.2 Rapid Light Curves of electron transport rate( ETR) , effective quantun yield (PSIl ), photochemical quenching ( ¢P) and non-
photochemical quenching (¢N) of Zhengdan958 and Shandan902 under drought stress
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Fig.3 Changes of superoxide dismutase (SOD), peroxidase (POD), catalase ( CAT) activities and malondialdehyde ( MDA ) contents of
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