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Nitrogen (N) plays a key role in the crop life cycle. Use of soluble chemical fertilizers for 
N supply and crop production has significantly increased potato yield and quality for several 
decades. However, there has been an increasing concern over the environmental impact of N 
fertilizers that can be easily lost by various ways such as leaching. In Central Sands Region, an 
area characterized by deep coarse-textured soils with low soil organic matter content and shallow 
groundwater table, mitigating N leaching and therefore reducing potentials of groundwater 
contamination by elevated nitrate levels has become the objective of potato researchers and the 
potato industry in Wisconsin. Improved N management, such as effective in-season N diagnostic 
test of crops, adoption of new potato cultivars, managing timing of N fertilizer application with 
crop demand, integration of newer fertigation technologies, is needed to optimize economic 
returns to growers and minimize future environmental concerns associated with agricultural N 
use.  

Petiole nitrate-N analysis has been a common in-season N diagnostic approach for 
Wisconsin potato growers to keep track of the immediate nutritional status of the plants during 
the growing season. However, this approach is very sensitive and can be variable depending on 
sampling time during the day, weather conditions, spatial variability within a field, etc, and 
sometimes can be misleading. Another useful in-season N diagnostic approaches would be whole 
leaf N or whole plant N analysis that can reflect the cumulative nutritional status of the crops up 
to the point of test. However, little research has been published about how effective those 
approaches are for Wisconsin potato production. New promising cultivars have been recently 
developed for chipping and fresh market potatoes in Wisconsin. Since they have been well 
accepted and upcoming acreage increase is foreseeable, evaluating the effectiveness of different 
in-season N diagnostic approaches for those new cultivars compared with conventional cultivars 
subjected to different N fertilization rates becomes necessary. 

Petiole nitrate-N test has been used for a long time as a nutrient management tool to 1) 
diagnose N deficiency or toxicity of the plants during the season; 2) help predict plant demand 
for additional N application. The basis behind is that optimal yield and quality are correlated 
with optimum ranges of N in the sampled tissues. If the measured nitrate-N level falls outside of 
the optimum range, a responsive treatment need to be applied. Petiole nitrate-N test can reflect 
the immediate nutritional status of the plants and whether they are currently taking up sufficient 
nutrients. A drawback of this approach is that it can be greatly variable due to different tuber 
bulking rates and N uptake of the potato plants associated with different growing conditions 
when petiole samples are collected, or due to variability of soil conditions in the field. Another 
drawback is that sometimes responsive N applications based on this approach might just lead to 
more vine growth instead of tuber bulking.  

Whole leaf and whole plant total N analysis can be applied as complemental tools for 
effective and comprehensive N management of potato production. N is ultimately transported 
from the petiole to the leaflets and stored there as amino acids. Total N analysis of whole leaf 
can be better indicators of the cumulative N status and whether N uptake has been adequate thus 
far. Whole plant total N analysis can furthermore provide comprehensive information about N 
uptake of the entire aboveground biomass when samples are collected. Previous study has 
indicated that sustainable N management can be achieved for potato production if an integrated 
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in-season N test program that includes petiole nitrate-N, whole leaf or whole plant total N 
analysis can be applied and responsive practices are conducted based on the yield target of the 
crops. 

Getting a comprehensive picture of in-season crop N status in order to achieve optimal N 
fertilizer use efficiency and reduce N leaching potential to the groundwater is always the goal of 
the potato industry in Wisconsin. A study that can provide information about in-season petiole 
nitrate-N, whole leaf total N, whole plant total N, and their relationship under different N rates 
may drive long-term increase of crop performance and improve nutrient retention for the 
cropping systems, therefore to mitigate the impact of agricultural N use on the environment. 
Subsequently, fertilizer demand might be refined and crop production in response to fertilizer use 
might be improved. 

In the summer of 2018, we established the research study at the Hancock Ag Research 
Station. It was the first year of a three-year study. There were five N application rates: control 
(40 lb/a starter), 180, 240, 300, 360 lb/a N. N application timings were coordinated with crop 
growth stages of emergence, tuber initiation, early bulking, and mid bulking. Petiole samples for 
nitrate-N analysis, whole leaf samples and whole vine samples for total N analysis were 
collected on 31, 38, 45, 52, 56, 66 days after emergence (DAE). Four cultivars were tested: 
Snowden, Hodag, Silverton, and W9433-1rus. Hodag, a recently released chipping cultivar, has 
shown outstanding yield, quality, and storability to the growers. W9433-1rus, new fresh market 
cultivars, also have been welcomed by some growers due to its good yield and shape. 
 
The table below shows the N application protocol for different N rates: 

N application Date Treatments to be 
applied with N 

Applied N 
(lb/acre) 

Seasonal total 
N (lb/acre) Treatments 

Starter at 
planting 5/1/18 

Control, Rate1, 
Rate2, Rate3, 

Rate4 
40 40 Control 

Emergence 
(hilling) 5/24/18 Rate1, Rate2, 

Rate3, Rate4 70 110  

Tuber 
initiation 

6/7/18 
(13 DAE) Rate1 70 180 Rate1 

Tuber 
initiation 

6/7/18 
(13 DAE) 

Rate2, Rate3, 
Rate4 130 240 Rate2 

Early bulking 7/2/18 
(38 DAE) Rate3, Rate4 60 300 Rate3 

Mid bulking 7/16/18 
(52 DAE) Rate4 60 360 Rate4 

 
The graphs below show the N levels in different plant tissues of the two new cultivars 

subjected to the five N rates. The two arrows in each graph indicate the days of in-season N split 
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applications for Rate 300 lb/a N or Rate 360 lb/a N. LSD(0.05) means least significant difference 
at p-value<0.05: 

 
For Hodag, petiole nitrate level was very responsive to in-season N split applications, 

since we can see a significant increase of petiole nitrate after 7 days of applying N for Rate 300 
lb/a (45 DAE) and Rate 360 lb/a (45 and 56 DAE). For Rates 40, 180, and 240 lb/a N, petiole-N 
level keeps going down over the growing season without any split N application, and after 52 
DAE, the numbers under all three rates were very low and close to each other.  
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Similar trends of comparisons were observed from total N levels in whole leaves (data 
from 31 DAE were missing) and whole vines. The only difference was that on 45 DAE, 
differences between whole leaf and whole vine total N under Rates 300 and 360 lb/a N was not 
significant compared to the nitrate difference between the two rates on the same day. This 
indicates that total N test in whole leaves or vines were not as responsive to N applications as 
petiole nitrate test to monitor the instant N status of plants. For total N levels in whole vines 
under Rate 40 lb/a N, they were always significantly lower than the other treatments. 
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For W9433-1rus petiole nitrate levels, we observed responses one week after split 
applications under Rate 360 lb/a N, but did not see any responsive change under Rate 300 lb/a. 
Petiole nitrate level under Rate 40 lb/a N was always very low over the growing season. Whole 
leaf total N test showed similar trends of comparisons, whereas whole vine total N test gave us 
mixed results. For example, on some sampling days (such as 38 and 52 DAE), numbers under 
Rate 300 lb/a N were higher than numbers under Rate 360 lb/a N. 

Our summary so far is that petiole nitrate test is a good tool to indicate immediate N 
sufficiency status, particularly after N split applications. Whole leaf total N is useful to show the 
overall N sufficiency status during the growing season. Whole vine total N test shows similar 
information to whole leaf total N test, and it needs more years of research to confirm its 
efficiency. 
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