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                    Abstract
The purpose of this study was to improve the water and fertilizer use efficiency of rice in semi-arid area. A field experiment was conducted to study the water-saving and fertilizer-reducing effects of clinoptilolite (Z) in water-saving irrigated paddy fields and to clarify the relationships between sink–source traits and rice yield. Z coupled with alternate wetting and drying (AWD) irrigation showed increased water saving by 4.8–11.4%, and the Z&AWD (NAZ) and Z&AWD with 25% less phosphorus (P) treatments (LPAZ) significantly increased water productivity by 15.5% on average. The stage in which Z had the most pronounced effect under AWD on dry matter (DM) accumulation was between 30 and 60 days, while under continuously flooded (CF) irrigation, Z had the greatest effect after 60 days, indicating that Z coupled with AWD irrigation was conducive to the DM increase at the vegetative growth stage. LPAZ and NAZ showed lower average nitrogen (N) acccumlation rate and higher grain-filling duration. The principal component analysis indicated the larger N accumulation in early-stage and longer N accumulation duration were conducive to higher grain-filling rate and rice grain yield. To maximize the yield-increasing effect and optimize grain-filling parameters, effective nitrogen fertilizer managements should guarantee the N accumulation “duration” and “stability,” and improve the nitrogen accumulation “amount” in early stage. Clinoptilolite and AWD with 25% less P treatments led to greater, longer, and more stable N accumulation, which saved irrigation water, phosphorus fertilizer, and improved production efficiency.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]

                                
                                
                                    
                                        Alternate wetting and moderate soil drying irrigation counteracts the negative effects of lower nitrogen levels on rice yield
                                        
                                    

                                    
                                        Article
                                        
                                         10 August 2022
                                    

                                

                                Siyu Li, Yun Chen, … Lijun Liu

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Comparison on physiological adaptation and phosphorus use efficiency of upland rice and lowland rice under alternate wetting and drying irrigation
                                        
                                    

                                    
                                        Article
                                        
                                         09 July 2018
                                    

                                

                                Tao Song, Feiyun Xu, … Jianhua Zhang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Root Growth in Rice (Liangyou 152) Under Alternate Wetting and Drying Irrigation and Mixed Application of Polymer-coated and Common Urea
                                        
                                    

                                    
                                        Article
                                        
                                         15 November 2023
                                    

                                

                                Dongliang Qi, Jianqiang Zhu & Xiugui Wang

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    Data Availability

              
              All data generated or analyzed during this study are included in the figures and tables.

            

Code Availability

              
              Not applicable.

            

References
	Antil RS, Singh M (2007) Effects of organic manures and fertilizers on organic matter and nutrients status of the soil. Archives of Agronomy and Soil Science 53:519–528. https://doi.org/10.1080/03650340701571033
Article 
    CAS 
    
                    Google Scholar 
                

	Bao S (2000) Soil agrochemical analysis, 3rd edn. China Agriculture Press, Beijing

                    Google Scholar 
                

	Bin D (2008) Study on environmental implication of water saving irrigation in Zhanghe Irrigation System. Wuhan University. The project report submitted to Regional Office for Asia and the Pacific, FAO. Retrieved March 28:2019

	Cao Y, Tian Y, Yin B, Zhu Z (2013) Assessment of ammonia volatilization from paddy fields under crop management practices aimed to increase grain yield and N efficiency. Field Crop Res 147:23–31. https://doi.org/10.1016/j.fcr.2013.03.015
Article 
    
                    Google Scholar 
                

	Chen M-H, McClung AM, Rohila JS, Barnaby JY (2021) Effects of alternate wetting and drying irrigation management and air temperature during grainfill on rice grain physicochemical and functionality traits of US inbred varieties. Cereal Chem 98:980–993. https://doi.org/10.1002/cche.10440
Article 
    CAS 
    
                    Google Scholar 
                

	Cheng B, Jiang Y, Cao C (2021) Balance rice yield and eating quality by changing the traditional nitrogen management for sustainable production in China. J Clean Prod 312:127793. https://doi.org/10.1016/j.jclepro.2021.127793
Article 
    CAS 
    
                    Google Scholar 
                

	Chi D, Wang D (2003) The theory and practice of water saving in paddy field in northern China. China Agricultural Science and Technology Press, Beijing

                    Google Scholar 
                

	Di HJ, Harrison R, Campbell AS (1994) Assessment of methods for studying the dissolution of phosphate fertilizers of differing solubility in soil. Fertilizer Research 38:1–9. https://doi.org/10.1007/BF00750057
Article 
    CAS 
    
                    Google Scholar 
                

	Fang H, Zhou H, Norton GJ, Price AH, Raffan AC, Mooney SJ, Peng X, Hallett PD (2018) Interaction between contrasting rice genotypes and soil physical conditions induced by hydraulic stresses typical of alternate wetting and drying irrigation of soil. Plant Soil 430:233–243. https://doi.org/10.1007/s11104-018-3715-5
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Gholamhoseini M, Ghalavand A, Khodaei-Joghan A, Dolatabadian A, Zakikhani H, Farmanbar E (2013) Zeolite-amended cattle manure effects on sunflower yield, seed quality, water use efficiency and nutrient leaching. Soil and Tillage Research 126:193–202. https://doi.org/10.1016/j.still.2012.08.002
Article 
    
                    Google Scholar 
                

	He ZL, Calvert DV, Alva AK, Li YC, Banks DJ (2002) Clinoptilolite zeolite and cellulose amendments to reduce ammonia volatilization in a calcareous sandy soil. Plant Soil 247:253–260. https://doi.org/10.1023/A:1021584300322
Article 
    CAS 
    
                    Google Scholar 
                

	Huang S, Zeng Y, Wu J, Shi Q, Pan X (2013) Effect of crop residue retention on rice yield in China: a meta-analysis. Field Crop Res 154:188–194. https://doi.org/10.1016/j.fcr.2013.08.013
Article 
    
                    Google Scholar 
                

	Huda A, Gaihre YK, Islam MR, Singh U, Islam MR, Sanabria J, Satter MA, Afroz H, Halder A, Jahiruddin M (2016) Floodwater ammonium, nitrogen use efficiency and rice yields with fertilizer deep placement and alternate wetting and drying under triple rice cropping systems. Nutr Cycl Agroecosyst 104:53–66. https://doi.org/10.1007/s10705-015-9758-6
Article 
    CAS 
    
                    Google Scholar 
                

	Ippolito JA, Tarkalson DD, Lehrsch GA (2011) Zeolite soil application method affects inorganic nitrogen, moisture, and corn growth. Soil Sci 176:136–142. https://doi.org/10.1097/SS.0b013e31820e4063
Article 
    CAS 
    
                    Google Scholar 
                

	Islam SF-U, Sander BO, Quilty JR, de Neergaard A, van Groenigen JW, Jensen LS (2020) Mitigation of greenhouse gas emissions and reduced irrigation water use in rice production through water-saving irrigation scheduling, reduced tillage and fertiliser application strategies. Sci Total Environ 739:140215. https://doi.org/10.1016/j.scitotenv.2020.140215
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Li Y, Barker R (2004) Increasing water productivity for paddy irrigation in China. Paddy Water Environ, 2:187–193. https://doi.org/10.1007/s10333-004-0064-1
Article 
    
                    Google Scholar 
                

	Liu L, Chen T, Wang Z, Zhang H, Yang J, Zhang J (2013) Combination of site-specific nitrogen management and alternate wetting and drying irrigation increases grain yield and nitrogen and water use efficiency in super rice. Field Crop Res 154:226–235. https://doi.org/10.1016/j.fcr.2013.08.016
Article 
    
                    Google Scholar 
                

	Lu W, Cheng W, Zhang Z, Xin X, Wang X (2016) Differences in rice water consumption and yield under four irrigation schedules in central Jilin Province, China. Paddy Water Environ, 14:473–480. https://doi.org/10.1007/s10333-015-0516-9
Article 
    
                    Google Scholar 
                

	Mboyerwa PA, Mtakwa PW, Kibret K, Aschalew A, Uphoff NT (2020) Evaluation of water productivity and agronomic performance of paddy rice through water saving irrigation and nitrogen fertilization. https://doi.org/10.20944/preprints202009.0252.v1

	Nalley L, Linquist B, Kovacs K, Anders M (2015) The economic viability of alternative wetting and drying irrigation in Arkansas rice production. Agron J 107:579–587. https://doi.org/10.2134/agronj14.0468
Article 
    
                    Google Scholar 
                

	Peng S, Tang Q, Zou Y (2009) Current status and challenges of rice production in China. Plant Production Science 12:3–8. https://doi.org/10.1626/pps.12.3
Article 
    
                    Google Scholar 
                

	Peng S, Yang S, Xu J, Gao H (2011a) Field experiments on greenhouse gas emissions and nitrogen and phosphorus losses from rice paddy with efficient irrigation and drainage management. SCIENCE CHINA Technol Sci 54:1581. https://doi.org/10.1007/s11431-011-4310-7
Article 
    CAS 
    
                    Google Scholar 
                

	Peng S, Yang S, Xu J, Luo Y, Hou H (2011b) Nitrogen and phosphorus leaching losses from paddy fields with different water and nitrogen managements. Paddy Water Environ, 9:333–342. https://doi.org/10.1007/s10333-010-0246-y
Article 
    
                    Google Scholar 
                

	Palanivell P, Ahmed OH, Susilawati K, Majid NMA (2015) Mitigating ammonia volatilization from urea in waterlogged condition using clinoptilolite zeolite. Int J Agric Biol 17:149–155
CAS 
    
                    Google Scholar 
                

	Roberts TL (2008) Improving nutrient use efficiency. Turk J Agric for 32:177–182

                    Google Scholar 
                

	Silberbush M, Adar E, de Malach Y (1993) Use of an hydrophilic polymer to improve water storage and availability to crops grown in sand dunes I. Corn irrigated by trickling. Agric Water Manag 23:303–313. https://doi.org/10.1016/0378-3774(93)90042-9
Article 
    
                    Google Scholar 
                

	Sims JT, Sharpley AN (eds) (2005) Phosphorus: agriculture and the environment. Agronomy, number 46. American Society of Agronomy; Crop Science Society of America; Soil Science Society of America, Madison, Wisconsin

	Song T, Das D, Hu Q, Yang F, Zhang J (2021) Alternate wetting and drying irrigation and phosphorus rates affect grain yield and quality and heavy metal accumulation in rice. Sci Total Environ 752:141862. https://doi.org/10.1016/j.scitotenv.2020.141862
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sun Y, Xia G, He Z, Wu Q, Zheng J, Li Y, Wang Y, Chen T, Chi D (2019) Zeolite amendment coupled with alternate wetting and drying to reduce nitrogen loss and enhance rice production. Field Crop Res 235:95–103. https://doi.org/10.1016/j.fcr.2019.03.004
Article 
    
                    Google Scholar 
                

	Tian Z, Fan Y, Wang K, Zhong H, Sun L, Fan D, Tubiello FN, Liu J (2021) Searching for “win-win” solutions for food-water-GHG emissions tradeoffs across irrigation regimes of paddy rice in China. Resour Conserv Recycl 166:105360. https://doi.org/10.1016/j.resconrec.2020.105360
Article 
    
                    Google Scholar 
                

	Wade L, Amarante S, Olea A, Harnpichitvitaya D, Naklang K, Wihardjaka A, Sengar S, Mazid M, Singh G, McLaren C (1999) Nutrient requirements in rainfed lowland rice. Field Crop Res 64:91–107. https://doi.org/10.1016/S0378-4290(99)00053-2
Article 
    
                    Google Scholar 
                

	Wan C, Ding S, Zhang C, Tan X, Zou W, Liu X, Yang X (2017) Simultaneous recovery of nitrogen and phosphorus from sludge fermentation liquid by zeolite adsorption: mechanism and application. Sep Purif Technol 180:1–12. https://doi.org/10.1016/j.seppur.2017.02.031
Article 
    CAS 
    
                    Google Scholar 
                

	Wang X, Qiao B, Li S, Li J (2016) Using natural Chinese zeolite to remove ammonium from rainfall runoff following urea fertilization of a paddy rice field. Environ Sci Pollut Res 23:5342–5351. https://doi.org/10.1007/s11356-015-5743-5
Article 
    CAS 
    
                    Google Scholar 
                

	Wang K, Li F, Dong Y (2020a) Methane emission related to enzyme activities and organic carbon fractions in paddy soil of South China under different irrigation and nitrogen management. J Soil Sci Plant Nutr 20:1397–1410. https://doi.org/10.1007/s42729-020-00221-1
Article 
    CAS 
    
                    Google Scholar 
                

	Wang H, Zhang Y, Zhang Y, McDaniel MD, Sun L, Su W, Fan X, Liu S, Xiao X (2020b) Water-saving irrigation is a ‘win-win’ management strategy in rice paddies—with both reduced greenhouse gas emissions and enhanced water use efficiency. Agric Water Manag 228:105889. https://doi.org/10.1016/j.agwat.2019.105889
Article 
    
                    Google Scholar 
                

	Wu Q, Xia G, Chen T, Zheng J, Bu F, Chi D (2016a) Effects of nitrogen and zeolite on rice grain yield, water and nitrogen use, and soil total nitrogen in coastal region of northeast China. Commun Soil Sci Plant Anal 47:2103–2114. https://doi.org/10.1080/00103624.2016.1228943
Article 
    CAS 
    
                    Google Scholar 
                

	Wu Q, Xia G, Chen T, Chi D, Jin Y, Sun D (2016b) Impacts of nitrogen and zeolite managements on yield and physicochemical properties of rice grain. International Journal of Agricultural and Biological Engineering 9:93–100. https://doi.org/10.25165/ijabe.v9i5.2535
Article 
    
                    Google Scholar 
                

	Wu Q, Chi D, Xia G, Chen T, Sun Y, Song Y (2019) Effects of zeolite on drought resistance and water–nitrogen use efficiency in paddy rice. J Irrig Drain Eng 145:4019024. https://doi.org/10.1061/(ASCE)IR.1943-4774.0001420
Article 
    
                    Google Scholar 
                

	Wu Q, Wang Y, Chen T, Zheng J, Sun Y, Chi D (2020) Soil nitrogen regulation using clinoptilolite for grain filling and grain quality improvements in rice. Soil and Tillage Research 199:104547. https://doi.org/10.1016/j.still.2019.104547
Article 
    
                    Google Scholar 
                

	Xu X, Xie J, Hou Y, He P, Pampolino MF, Zhao S, Qiu S, Johnston AM, Zhou W (2015) Estimating nutrient uptake requirements for rice in China. Field Crop Res 180:37–45. https://doi.org/10.1016/j.fcr.2015.05.008
Article 
    
                    Google Scholar 
                

	Ye Y, Liang X, Chen Y, Li L, Ji Y, Zhu C (2014) Carbon, nitrogen and phosphorus accumulation and partitioning, and C: N: P stoichiometry in late-season rice under different water and nitrogen managements. PLoS ONE 9:e101776. https://doi.org/10.1371/journal.pone.0101776
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Zaman M, Nguyen ML (2010) Effect of lime or zeolite on N2O and N2 emissions from a pastoral soil treated with urine or nitrate-N fertilizer under field conditions. Agr Ecosyst Environ 136:254–261. https://doi.org/10.1016/j.agee.2009.12.002
Article 
    CAS 
    
                    Google Scholar 
                

	Zhang Y, Liu J, Mu Y, Xu Z, Pei S, Lun X, Zhang Y (2012) Nitrous oxide emissions from a maize field during two consecutive growing seasons in the North China Plain. J Environ Sci 24:160–168. https://doi.org/10.1016/S1001-0742(10)60594-3
Article 
    CAS 
    
                    Google Scholar 
                

	Zhang Y, Cao G, Zhang Z, Marhaba T, Zhang W (2019) Immobilization of copper from aqueous solution and contaminated sediment using modified clinoptilolite. Water Air Soil Pollut 230. https://doi.org/10.1007/s11270-019-4231-9

	Zhang Y, Liu G, Huang W, Xu J, Cheng Y, Wang C, Zhu T, Yang J (2020) Effects of irrigation regimes on yield and quality of upland rice and paddy rice and their interaction with nitrogen rates. Agric Water Manag 241:106344. https://doi.org/10.1016/j.agwat.2020.106344
Article 
    
                    Google Scholar 
                

	Zhao J, Wang B, Jia Z (2015) Phylogenetically distinct phylotypes modulate nitrification in a paddy soil. Appl Environ Microbiol 81:3218. https://doi.org/10.1128/AEM.00426-15
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                


Download references




Acknowledgements
Our experiment research and field study on plants, including the collection of plant materials and using public land, were permitted by the Water Resources Bureau of Donggang.


Funding
This work was supported by the National Natural Science Foundation of China (grant number 52009078), the National Key R&D Program of China (grant number 2018YFD0300304), the Project of Education Department of Liaoning Province (grant number LSNJC201918), China, the University Innovation Team of Liaoning Province (grant number LT2017014), China, and China Postdoctoral Science Foundation (grant number 2021M693863).


Author information
Authors and Affiliations
	College of Water Conservancy, Shenyang Agricultural University, Shenyang, Liaoning, 110866, People’s Republic of China
Hongyang Chen, Qi Wu & Daocai Chi

	College of Hydraulic Science and Engineering, Yangzhou University, Yangzhou, Jiangsu, 225009, People’s Republic of China
Yidi Sun

	Rice Research Institute, Liaoning Academy of Agricultural Sciences, Shenyang, Liaoning, 110866, People’s Republic of China
Wenxiao Xie, Guangxing Yu, Jingui Dai, Manli Zhang, Changhua Wang & Zhiqiang Tang


Authors	Hongyang ChenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yidi SunView author publications
You can also search for this author in
                        PubMed Google Scholar



	Wenxiao XieView author publications
You can also search for this author in
                        PubMed Google Scholar



	Qi WuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Daocai ChiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Guangxing YuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jingui DaiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Manli ZhangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Changhua WangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Zhiqiang TangView author publications
You can also search for this author in
                        PubMed Google Scholar





Contributions
Conceptualization, HC and QW; funding acquisition, QW and DC; methodology, WX, GY, JD, MZ, CW, and ZT; resources, QW and DC; supervision, QW; writing—original draft, HC and QW; writing—review and editing, YS and QW.
Corresponding author
Correspondence to
                Qi Wu.


Ethics declarations

              
              
                Ethics Approval

                Appropriate approval was obtained.

              
              
                Consent to Participate

                All authors consent to participate.

              
              
                Consent for Publication

                All authors consent to publication.

              
              
                Conflict of Interest

                The authors declare no competing interests.

              
            

Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Chen, H., Sun, Y., Xie, W. et al. Use of Clinoptilolite to Enhance Rice Sink–Source Traits and Water Productivity Under Alternate Wet–Dry Irrigation.
                    J Soil Sci Plant Nutr 21, 3555–3566 (2021). https://doi.org/10.1007/s42729-021-00627-5
Download citation
	Received: 28 July 2021

	Accepted: 21 September 2021

	Published: 29 September 2021

	Issue Date: December 2021

	DOI: https://doi.org/10.1007/s42729-021-00627-5


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
	Semi-arid area
	Rice
	Clinoptilolite
	Water saving
	Nitrogen–phosphorus decreasing
	Sink–source traits








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					44.200.197.145
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    