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                    Abstract
High temperature generally constrains plant growth and photosynthesis in many regions of the world; however, little is known about how photosynthesis responds to high temperature with regard to different leaf ages. The synchronous changes in gas exchange and chlorophyll fluorescence at three leaf age levels (just fully expanded, mature, and older leaves) of maize (Zea mays L.) were determined at three temperatures (30°C as a control and 36 and 42°C as the higher temperatures). High temperature significantly decreased the net CO2 assimilation rate (A), stomatal conductance (g
                        s), maximal efficiency of photosystem II (PSII) photochemistry (F
                        v/F
                        m), efficiency of excitation energy capture by open PSII reaction centers (\( F^{\prime}_{\text{v}} /F^{\prime}_{\text{m}} \)), photochemical quenching of variable chlorophyll fluorescence (q
                        P), and the electron transport rate (ETR), whereas minimal fluorescence yield (F
                        0) and nonphotochemical quenching of variable chlorophyll fluorescence (q
                        N) were increased. The youngest fully expanded leaves had higher A, ETR, and q
                        P compared with older leaves. Higher temperature with old leaves led to significant malondialdehyde (MDA) accumulation, a proxy for lipid peroxidation damage from active oxygen species (AOS). MDA content was significantly negatively correlated with A, F
                        v/F
                        m, \( F^{\prime}_{\text{v}} /F^{\prime}_{\text{m}} \), and q
                        P. Thus, the results suggest that photosynthetic potentials, including stomatal regulation and PSII activity, may be restricted at high temperature, together with increasing cell peroxidation, which may be closely associated with leaf age.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]


Fig. 6[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Photosynthetic Response of Plants Under Different Abiotic Stresses: A Review
                                        
                                    

                                    
                                        Article
                                        
                                         19 August 2019
                                    

                                

                                Anket Sharma, Vinod Kumar, … Bingsong Zheng

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Maize multi-omics reveal leaf water status controlling of differential transcriptomes, proteomes and hormones as mechanisms of age-dependent osmotic stress response in leaves
                                        
                                    

                                    
                                        Article
                                         Open access
                                         18 March 2024
                                    

                                

                                Liangjie Niu, Wenkang Wang, … Wei Wang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Photosynthesis research under climate change
                                        
                                    

                                    
                                        Article
                                        
                                         07 July 2021
                                    

                                

                                Sajad Hussain, Zaid Ulhassan, … Weiguo Liu

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Ainsworth EA, Rogers A, Blum H, Nosberger J, Long SP (2003) Variation in acclimation of photosynthesis in Trifolium repens after eight years of exposure to free air CO2 enrichment (FACE). J Exp Bot 54(393):2769–2774
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Al-Khatib K, Paulsen GM (1999) High-temperature effects on photosynthetic processes in temperate and tropical cereals. Crop Sci 39:119–125
Article 
    
                    Google Scholar 
                

	Avola G, Cavallaro V, Patanè C, Riggi E (2008) Gas exchange and photosynthetic water efficiency in response to light, CO2 concentration and temperature in Vicia faba. J Plant Physiol 165:796–804
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Berncchi CJ, Pimentel C, Long SP (2003) In vivo temperature response functions of parameters required to model RuBP-limited photosynthesis. Plant Cell Environ 26:1419–1430
Article 
    
                    Google Scholar 
                

	Brodribb T, McAdam SA, Jordan GJ, Feild TS (2009) Evolution of stomatal responsiveness to CO2 and optimization of water-use efficiency among land plants. New Phytol 183:839–847
Article 
    PubMed 
    
                    Google Scholar 
                

	Cakmak I, Horst WJ (1991) Effect of aluminium on lipid peroxidation, superoxide dismutase, catalase and peroxidase activities in root tips of soybean (Glycine max). Plant Physiol 83:463–468
Article 
    CAS 
    
                    Google Scholar 
                

	Castagna A, Nali C, Ciompi S, Lorenzini G, Soldatini GF, Ranieril A (2001) Ozone exposure affects photosynthesis of pumpkin (Cucurbita pepo) plants. New Phytol 152:223–229
Article 
    CAS 
    
                    Google Scholar 
                

	Crafts-Brandner SJ, Salvucci ME (2002) Sensitivity of photosynthesis in a C4 plant, maize, to heat stress. Plant Physiol 129:1773–1780
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Dwyer SA, Ghannoum O, Nicotra A, von Caemmerer S (2007) High temperature acclimation of C-4 photosynthesis is linked to changes in photosynthetic biochemistry. Plant Cell Environ 30:53–66
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Farrant JM, Bailly C, Leymarie J, Hamman B, Côme D, Corbineau F (2004) Wheat seedlings as a model to understand desiccation tolerance and sensitivity. Physiol Plant 120:563–574
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Foyer CH, Lelandais M, Kunert KJ (1994) Photooxidative stress in plants. Physiol Plant 92:696–717
Article 
    CAS 
    
                    Google Scholar 
                

	García Mata C, Lamattina L (2001) Nitric oxide induces stomatal closure and enhances the adaptive plant responses against drought stress. Plant Physiol 126:1196–1204
Article 
    PubMed 
    
                    Google Scholar 
                

	Guo R, Lin Z, Mo X, Yang C (2010) Responses of crop yield and water use efficiency to climate change in the North China Plain. Agric Water Manag 97(8):1185–1194
Article 
    
                    Google Scholar 
                

	Haimeirong, Kubota F (2003) The effects of drought stress and leaf ageing on leaf photosynthesis and electron transport in photosystem 2 in sweet potato (Ipomoea batatas Lam.) cultivars. Photosynthetica 41:253–258
Article 
    CAS 
    
                    Google Scholar 
                

	Havaux M (1993) Characterization of thermal damage to the photosynthetic electron transport system in potato leaves. Plant Sci 94:19–33
Article 
    CAS 
    
                    Google Scholar 
                

	He P, Osaki M, Takebe M, Shinano T (2002) Changes of photosynthetic characteristics in relation to leaf senescence in two maize hybrids with different senescent appearance. Photosynthetica 40:547–552
Article 
    CAS 
    
                    Google Scholar 
                

	Heber U, Bilger W, Shuvalov VA (2006) Thermal energy dissipation in reaction centres and in the antenna of photosystem II protects desiccated poikilohydric mosses against photo-oxidation. J Exp Bot 57:2993–3006
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hernández JA, Almansa MS (2002) Short-term effects of salt stress on antioxidant systems and leaf water relations of leaves. Physiol Plant 115:251–257
Article 
    PubMed 
    
                    Google Scholar 
                

	Iacono F, Sommer KJ (2000) Response of electron transport rate of water stress-affected grapevines: influence of leaf age. VITIS 39:137–144
CAS 
    
                    Google Scholar 
                

	Jiang CZ, Ishihara K, Satoh K, Katoh S (1999) Loss of the photosynthetic capacity and protein in senescence leaves at positions of two cultivars of rice in relation to source capacity of the leaves for carbon and nitrogen. Plan Cell Physiol 40:496–503
CAS 
    
                    Google Scholar 
                

	Kaiser WM (1987) Effects of water deficit on photosynthetic capacity. Physiol Plant 71:142–149
Article 
    CAS 
    
                    Google Scholar 
                

	Kauffman GL, Kneivel DP, Watschke TL (2007) Effects of a biostimulant on the heat tolerance associated with photosynthetic capacity, membrane thermostability, and polyphenol production of perennial ryegrass. Crop Sci 47:261–267
Article 
    CAS 
    
                    Google Scholar 
                

	Kim HH, Goins GD, Wheeler RM, Sager JC (2004) Stomatal conductance of lettuce grown under or exposed to different light qualities. Ann Bot 94:691–697
Article 
    PubMed 
    
                    Google Scholar 
                

	Kim SH, Sicher RC, Bae H, Gitz DC, Baker JT, Timlin DJ, Eddy VR (2006) Canopy photosynthesis, evapotranspiration, leaf nitrogen, and transcription profiles of maize in response to CO2 enrichment. Glob Chang Biol 12:588–600
Article 
    
                    Google Scholar 
                

	Krause GH, Weis E (1991) Chlorophyll fluorescence and photosynthesis: the basics. Annu Rev Plant Physiol Plant Mol Biol 42:313–349
Article 
    CAS 
    
                    Google Scholar 
                

	Lefebvre S, Lawson T, Zakhleniuk OV, Lloyd JC, Raines CA (2005) Increased sedoheptulose-1,7-bisphosphatase activity in transgenic tobacco plants stimulates photosynthesis and growth from an early stage in development. Plant Physiol 138:451–460
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lewis JD, Olszyk D, Tingey DT (1999) Seasonal patterns of photosynthetic light response in Douglas-fir seedlings subjected to elevated atmospheric CO2 and temperature. Tree Physiol 19:243–252
PubMed 
    
                    Google Scholar 
                

	Liu R, Li Y, Chen S, Yu Y, Hu X (2008) Effects of collaborative stress of drought and high temperature on antioxidant defense system in maize. J Henan Agric Univ 42:363–365

                    Google Scholar 
                

	Lobell DB, Asner GP (2003) Climate and management contributions to recent trends in US agricultural yields. Science 299:1032
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lu C, Zhang J (1999) Effects of water stress on photosystem II photochemistry and its thermostability in wheat plants. J Exp Bot 50:1199–1206
Article 
    CAS 
    
                    Google Scholar 
                

	Lu C, Lu Q, Zhang J, Kuang T (2001) Xanthophyll cycle, light energy dissipation and photosystem II down-regulation in senescent leaves of wheat plants grown in the field. Aust J Plant Physiol 28:1023–1030
CAS 
    
                    Google Scholar 
                

	Marques da Silva J, Arrabaca MC (2004) Photosynthesis in the water-stressed C4 grass Setaria sphacelata is mainly limited by stomata with both rapidly and slowly imposed water deficits. Physiol Plant 121:409–420
Article 
    
                    Google Scholar 
                

	Maxwell K, Johnson GN (2000) Chlorophyll fluorescence: a practical guide. J Exp Bot 51:659–668
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Mohanty N (2003) Photosynthetic characteristics and enzymatic antioxidant capacity of flag leaf and the grain yield in two cultivars of Triticum aestivum (L.) exposed to warmer growth conditions. J Plant Physiol 160:71–74
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Munné-Bosch S, Alegre L (2003) Drought-induced changes in the redox state of alpha-tocopherol, ascorbate, and the diterpene carnosic acid in chloroplasts of Labiatae species differing in carnosic acid contents. Plant Physiol 131:1816–1825
Article 
    PubMed 
    
                    Google Scholar 
                

	Ogweno JO, Song XS, Shi K, Hu WH, Mao WH, Zhou YH, Yu JQ, Nogués S (2008) Brassinosteroids alleviate heat-induced inhibition of photosynthesis by increasing carboxylation efficiency and enhancing antioxidant systems in Lycopersicon esculentum. J Plant Growth Regul 27:49–57
Article 
    CAS 
    
                    Google Scholar 
                

	Omari BE, Fleck I, Aranda X, Abadía A, Cano A, Arnao MB (2003) Total antioxidant activity in Quercus ilex resprouts after fire. Plant Physiol Biochem 41:41–47
Article 
    
                    Google Scholar 
                

	Orbović V, Poff KL (2007) Effect of temperature on growth and phototropism of Arabidopsis thaliana seedlings. J Plant Growth Regul 26:222–228
Article 
    
                    Google Scholar 
                

	Parent B, Turc O, Gibon Y, Stitt M, Tardieu F (2010) Modelling temperature-compensated physiological rates, based on the coordination of responses to temperature of developmental processes. J Exp Bot 61(8):2057–2069
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Plaut Z, Butow BJ, Blumenthal CS, Wrigley CW (2004) Transport of dry matter into developing wheat kernels and its contribution to grain yield under post-anthesis water deficit and elevated temperature. Field Crops Res 86:185–198
Article 
    
                    Google Scholar 
                

	Pryor WA, Stanley JP (1975) Letter: A suggested mechanism for the production of malonaldehyde during the autoxidation of polyunsaturated fatty acids. Nonenzymatic production of prostaglandin endoperoxides during autoxidation. J Org Chem 40:3615–3617
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Qiu N, Lu C (2003) Enhanced tolerance of photosynthesis against high temperature damage in salt-adapted halophyte Atriplex centralasiatica plants. Plant Cell Environ 26:1137–1145
Article 
    
                    Google Scholar 
                

	Radin JW, Lu Z, Percy RG, Zeiger E (1994) Genetic variability for stomatal conductance in Pima cotton and its relation to improvements of heat adaptation. Proc Natl Acad Sci USA 91:7217–7221
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ristic Z, Momcilovic I, Bukovnik U, Prasad PV, Fu J, DeRidder BP, Elthon TE, Mladenov N (2009) Rubisco activase and wheat productivity under heat-stress conditions. J Exp Bot 60:4003–4014
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Schulze ED (1986) Carbon dioxide and water vapor exchange in response to drought in the atmosphere and in the soil. Annu Rev Plant Physiol 37:247–274
Article 
    
                    Google Scholar 
                

	Shah NH, Paulsen GM (2003) Interaction of drought and high temperature on photosynthesis and grain-filling of wheat. Plant Soil 257:219–226
Article 
    CAS 
    
                    Google Scholar 
                

	Shirke PA (2001) Leaf photosynthesis, dark respiration and fluorescence as influenced by leaf age in an evergreen tree, Prosopis juliflora. Photosynthetica 39:305–311
Article 
    
                    Google Scholar 
                

	Taub DR, Seemann JR, Coleman JS (2000) Growth in elevated CO2 protects photosynthesis against high-temperature damage. Plant Cell Environ 23:649–656
Article 
    CAS 
    
                    Google Scholar 
                

	van Kooten O, Snel JFH (1990) The use chlorophyll fluorescence nomenclature in plant stress physiology. Photosynth Res 25:147–150
Article 
    
                    Google Scholar 
                

	Verslues PE, Agarwal M, Katiyar-Agarwal S, Zhu J, Zhu J-K (2006) Methods and concepts in quantifying resistance to drought, salt and freezing, abiotic stresses that affect plant water status. Plant J 45:523–539
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	von Caemmerer S, Lawson T, Oxborough K, Baker NR, Andrews TJ, Raines CA (2004) Stomatal conductance does not correlate with photosynthetic capacity in transgenic tobacco with reduced amounts of Rubisco. J Exp Bot 55:1157–1166
Article 
    
                    Google Scholar 
                

	Wise RR, Olson AJ, Schrader SM, Sharkey TD (2004) Electron transport is the functional limitation of photosynthesis in field-grown Pima cotton plants at high temperature. Plant Cell Environ 27:717–724
Article 
    CAS 
    
                    Google Scholar 
                

	Wollenweber B, Porter JR, Schellberg J (2003) Lack of interaction between extreme high-temperature events at vegetative and reproductive stages in wheat. J Agron Crop Sci 189:142–150
Article 
    
                    Google Scholar 
                

	Wright IJ, Cannon K (2001) Relationship between leaf lifespan and structural defenses in a low nutrient, sclerophyll flora. Funct Ecol 15:351–359
Article 
    
                    Google Scholar 
                

	Xu ZZ, Zhou GS (2006) Combined effects of water stress and high temperature on photosynthesis, nitrogen metabolism and lipid peroxidation of a perennial grass Leymus chinensis. Planta 224:1080–1090
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Xu ZZ, Zhou GS, Wang YL, Han GX, Li YJ (2008) Changes in chlorophyll fluorescence in maize plants with imposed rapid dehydration at different leaf ages. J Plant Growth Regul 27:83–92
Article 
    CAS 
    
                    Google Scholar 
                

	Xu ZZ, Zhou GS, Shimizu H (2009) Effects of soil drought with nocturnal warming on leaf stomatal traits and mesophyll cell ultrastructure of a perennial grass. Crop Sci 49:1843–1851
Article 
    
                    Google Scholar 
                

	Yoo SD, Greer DH, Laing WA, McManus MT (2003) Changes in photosynthetic efficiency and carotenoid composition in leaves of white clover at different developmental stages. Plant Physiol Biochem 41:887–893
Article 
    CAS 
    
                    Google Scholar 
                

	Zeng XM, Lin Y, Shen YG (2002) Response of photosynthesis to light intensity in intact and detached leaves of Arabidopsis thaliana. Plant Physiol Commun 38:25–26
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgments
This research was funded by the National Key Basic Research Specific Foundation (2010CB951300) and the National Natural Science Foundation of China (40625015). We are greatly indebted to Liu Jingli, Shi Chunqiao, Wang Yunlong, and Yang Yang for their work during the experiment.


Author information
Authors and Affiliations
	State Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences, 20 Nanxincun, Xiangshan, Haidian, Beijing, 100093, China
Zhenzhu Xu, Guangsheng Zhou, Guangxuan Han & Yijun Li

	Chinese Academy of Meteorological Sciences, China Meteorological Administration, 46 Zhongguancun South Street, Haidian, Beijing, 100081, China
Zhenzhu Xu & Guangsheng Zhou


Authors	Zhenzhu XuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Guangsheng ZhouView author publications
You can also search for this author in
                        PubMed Google Scholar



	Guangxuan HanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yijun LiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Guangsheng Zhou.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Xu, Z., Zhou, G., Han, G. et al. Photosynthetic Potential and its Association with Lipid Peroxidation in Response to High Temperature at Different Leaf Ages in Maize.
                    J Plant Growth Regul 30, 41–50 (2011). https://doi.org/10.1007/s00344-010-9167-7
Download citation
	Received: 04 May 2010

	Accepted: 03 June 2010

	Published: 27 July 2010

	Issue Date: March 2011

	DOI: https://doi.org/10.1007/s00344-010-9167-7


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Photosystem II function
	Leaf age
	Lipid peroxidation
	High temperature
	Photosynthetic potential
	Zea mays L.








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					34.237.2.137
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    