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No-till Adoption in Eastern Corn Belt:  

Varies by state from 5 -40% for maize,  

and from 10 -75% for soybean  
♦ ΊṜ ẗ ᾒ ̴ 

̴ 5-40% 

ὡῪ̴ 10-75% 



Research Context ᵙ : 
On-going Experiments with Strip-Till and No-till Maize and Associated 

Management Options:  
╛ Ἷᴹ Ἷ ᵌ  

1. Nutrient Placement, Rate, Timing, and Source 
ᵓᶛ Ἷᵓᶛ  

2. Maize Management (hybrid, plant density, rotation)  
Ὠ Ӈ  



Introduction and Pertinent Questions  
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1. Are higher cereal yields only possible with ever higher nutrient 

     application rates per unit area? 

    ̢ ◌ẗ ₮ ᾒ ̹̣ 

2. What is the evidence for past gains in nutrient use efficiency 

     with cereal yield gains? 

    ̢ ꞌ ẗ № ◌ᾒ ̹̣ 

3. What technology advances are needed to achieve the goal  

of simultaneous productivity and nutrient efficiency gains? 

   ̢ ẗ № ◌ ᾒ ̹̣ 

These arenõt new questions! Note the title of Chen et al. (2014) paper in Nature 

òProducing More Grain With Lower Environmental Costsó: 

ᵞ ’Ҋ ֟  



Maize 

Realization of Cereal Output in China by 2030 with 3 Production Scenarios  
2030 ︡ ὡꞌ ẗ  

Rice ð ᾌ Wheat ð   

Maize ð  
80% of Integrated soil -crop system management  

80% - אַ             (ISSMM) 

Expected demand  
ᾒ  

No change in yield trend from 2005 -2012 
ẗ 2005-2012 ḣ  

Source: Chen et al., 2014,  

 Nature 



Projected Basis for U.S. Maize Yield Predictions? 

︡ ẗ ᾒ ♆ ἃ 

Source: M.D. Edgerton, 2009, Plant Physiology 149: 7 -13.  
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Defining Nutrient Use Efficiency  

ᵓᶛᶭ Щ 

1. NUE = delta yield gain/delta nutrient applied relative to control 
 №  ̷  ̢ ₮ ẗ ̧Ṙ ₮ ᾒẗ ̣̩ ₮  

 

2. NIE = Cereal grain yield/total N uptake 
 № Ṝ  ̷  ẗ  ̩  ὶ  

 Note: NIE is influenced by both grain HI and NCE (whole-

 plant biomass/whole-plant nutrient uptake)  
 ̴ № Ṝ ᾋ № ᾒ  

 

3. NRE = delta nutrient uptake/delta nutrient applied relative 

 to control. 
     №  ̷  ̢ ₮ № ̧Ṙ ₮ № ̣̩ ₮  



Summary of Maize Genetic Changes Over Time 
ЗỄ ỄṖ 

Variable  ̢ḣ ̣ Old Era 
̢ ̣ 

New Era 
̢ ̣ 

Mean N Rate (kg/ha)              ̢ὶ₮ ̣ 139 138 

Plant Density/ha                    ̢ ῼ̣ 54,000  71,000  

Yield (Mg/ha)                         ̢ẗ ̣ 7.2  9.1  

N Use Efficiency (PFP)           ̢ ẗ ̣ 58 66 

N Internal Efficiency (N IE)    ̢ὶ₮ Ṝ ̣ 49.7  56.0  

Grain Harvest Index (HI)        ̢ ̣ 47.6  49.8  

N Harvest Index (NHI)            ̢ὶ ̣ 63.1  63.8  

Grain N %                              ̢ ᾒὶ ῼ̣ 1.33  1.20  

Stover N%                             ̢ ╪ ᾒὶ ῼ̣ 0.77  0.69  

% of Total Plant N coming from new N uptake after R1  
̢ ὶ ̣ 

31% 36% 

% of Grain N that came from new N uptake after R1  
̢ ὶ ̣  

52% 56% 

Ciampitti  and Vyn (2012, Review Paper, Field Crops Research 133: 48-67) 



Higher and Later N uptake in Modern Maize Hybrids 
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Source: S. M. Mueller and T.J. Vyn 2016 (Frontiers in Plant Science)  
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Critical N Dilution Curve for Maize  

and Nitrogen Nutrition Index (NNI)  

ἿNNI 

 

Plénet  and Lemaire , 2000, Plant and Soil 216:65 -82  



Division of R1 stage biomass and N content data from Old Era versus New 

Era Maize into Low, Medium and High Stress relative to NNI 
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NNI  
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Mid -season N stress level impacts on grain yields 

in Old Era versus New Era Hybrids 
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N Stress Level
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Genetic Improvements in NUE 

Ὠ ᶭ  

 
1. Considerable gains in NUE in last 50 years. 
 ὶ ￼ 50 ᾒ ◌  ᾒשּׂ

 

2. Considerable variation in NUE among current commercial 

     genotypes for the same region and environment. 
 Ὠ ̦ὶ ᾒẋ ᾦ ώὡᾒ 

 

3. Considerable effort in both public and private breeding  

    companies in trying to increase NUE via traditional or  

     transgenic approaches. 
ⱨ Ἅ ◌ὶ₮ ᾒ ὡᾒ 



◌ὶ(High N)  ᾛὶ(Low N)  ◌ὶ(High N)  ᾛὶ(Low N)  

Ṇ     Ph. D. Topic of Chen Keru   


