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Treatments and Layout
Ten rates of N, P and K fertilizers were applied 
(April 20/04) to a field of grower-managed Russet 
Burbank potatoes, near Taber, Alberta. Each plot 
was 8 rows wide (24 ft) and 115 ft long (see back 
of brochure). 

The potato crop was planted April 28/04 and was 
damaged by hail on July 7/04.

Petiole samples were collected and analyzed for 
each plot 7 times in the 2004 growing season. 

Tuber samples (2x25 ft strips) were collected 
(Sept 22-23/04), graded for marketable yield (total 
yield minus smalls) and analyzed for specific 
gravity.

Fertilizer rates 2003-2004.

Treatment Total

N P2O5 K2O

N
itrogen

1 243 137 117

2 255 137 117

3 272 137 117

4 367 137 117

Phosphorus

5 274 15 117

6 272 72 117

3 272 137 117

7 268 246 117

Potassium

8 272 137 55

9 272 137 84

3 272 137 117

10 272 137 238

2004 Plot layout.

Rep 1 Rep 2

Rep 3 Rep 4

Plots are not to scale. 
Individual plots were 
8 rows wide (24 ft)

by 115 ft long.

Plots are not to scale. 
Individual plots were 
8 rows wide (24 ft)

by 115 ft long.
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A more detailed report is available 
upon request from the PGA office

This is year 1 of a 3-year study



Results (cont.)
Phosphorus (P) Fertilizer Rates
• Increasing rates of fertilizer P gave increasing 
amounts of petiole P.
• The two higher rates of fertilizer P had a slightly 
greater yield than the two lower rates of fertilizer 
P but results did not show significant differences.
Potassium (K) Fertilizer Rates
• Increasing rates of fertilizer K had no effect on 
petiole K. Initial soil K was high at the study site.
• There was a trend toward slightly increased 
yield with increasing fertilizer K with a small 
decrease for the highest rate.
• There was a trend toward decreasing specific 
gravity with increasing fertilizer K but differences 
were not statistically significant and all 
treatments gave acceptable values.

Background
The analysis of potato petiole samples is used to 
monitor the nutrient status of potato crops 
throughout the growing season. This can be a 
useful and timely technique for monitoring any 
nutrient deficiencies that may occur mid-season 
that were not identified in spring soil samples.

Petiole analysis results from previous Russet 
Burbank studies in southern Alberta indicated 
that the current recommendations (NW USA) 
may be somewhat high for phosphorus (P) and 
potassium (K), especially early in the growing 
season. Results also indicated that 
recommended nitrate nitrogen (N) 
concentrations may need fine-tuning to better 
suit southern Alberta growing conditions.

Objectives
Determine optimal petiole nutrient concentrations, 
throughout the growing season, for Russet 
Burbank potatoes, specific to southern Alberta.

Determine the relationship between potato petiole 
nutrient concentrations and tuber specific gravity. 

Results Summary (2004)
Nitrogen (N) Fertilizer Rates
• The highest N rate (367 lb/ac) consistently 
showed the highest petiole N. Petiole N declined 
from late June to mid-July but recovered quickly.
• Treatment 3 (272 lb N/ac) had the highest yield, 
but results were not significantly different.

PhosphorusNitrogen Potassium

Potato petiole N, P, K content, marketable yield and specific gravity, for fertilizer rates (2004).
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ABSTRACT 

 
     A 3-yr project was conducted by Alberta Agriculture and Rural Development (ARD) staff, 
with the financial support of the Potato Growers of Alberta (PGA). The goals of the project were 
to determine the optimal petiole nutrient concentrations for Russet Burbank potatoes, specific to 
southern Alberta; to determine the relationship, if any, between potato petiole nutrient 
concentrations and tuber specific gravity; and to compare these relationships to those found in 
previously-collected field-scale petiole data. The collection and analysis of potato petiole 
samples is used to monitor the nutrient status of potato crops throughout the growing season. 
This can be a useful and timely technique for identifying any crop deficiencies that may occur 
mid-season, however, the currently-recommended petiole nutrient concentrations have come 
from research conducted in the northwest USA and previous studies in southern Alberta have 
indicated that these recommendations may be high for potassium (K) and somewhat high for 
phosphorus (P), especially early in the growing season. Based on the results from this study, new 
optimal petiole nutrient ranges have been proposed and the suggested petiole nitrate nitrogen 
(NO3-N) range is slightly lower than the northwest USA standards at the beginning of the 
growing season (Days After Planting (DAP) < 80) and late in the growing season (DAP > 105). 
The proposed optimal petiole phosphorus ranges are substantially lower than the northwest USA 
standards. The proposed petiole potassium ranges are broader than the northwest USA standards 
overall, are similar early in the growing season (DAP < 80), and the upper limits are higher later 
in the growing season. The proposed petiole nutrient recommendations were compared to 
previously-collected data and gave reasonable results for P and K. There was a great deal of 
scatter in the previously-collected NO3-N data, as petiole nitrate nitrogen can be affected by 
many factors in addition to available soil nitrogen, such as climate (temperature and 
precipitation), soil texture, weed competition, insects, petiole sampling technique, location of 
samples within the field, and laboratory analysis techniques. Potassium fertilizer did not have a 
consistent impact on specific gravity. Petiole nutrient concentrations should be considered on a 
field-specific basis. Spatial variability exists across any field, even if the entire field receives 
identical fertilizer application, so care must be taken to choose petioles from benchmark 
locations that are representative of the field, in terms of location and plant appearance. The 
proposed petiole nutrient recommendations drawn from this study are based on three years of 
experimental data and it is suggested that the potato industry continue to refine these 
recommendations. 
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INTRODUCTION 
  
Background 
  
     Precise fertilizer application rates are critical for optimal potato production. Sufficient 
nutrients are necessary to maximize tuber yield, quality, and uniformity, while issues of economy 
and environment make excess fertilizer undesirable. The analysis of potato petiole samples has 
been used to monitor the nutrient status of potato crops throughout the growing season. This can 
be a useful and timely technique for monitoring any crop deficiencies that may occur mid-season 
that were not identified in spring soil samples. Many of the current recommended petiole nutrient 
(NO3-N, P, and K) concentrations have come from research conducted in the northwest United 
States (Schaupmeyer pers. commun.), where longer growing seasons and different soil conditions 
and climate prevail. Petiole analysis results from previous Russet Burbank studies in southern 
Alberta (McKenzie et al. 2002; Woods et al. 2002) indicated that the current recommendations 
may be high for potassium (K) and somewhat high for phosphorus (P), especially early in the 
growing season. Results also indicated that recommended nitrate nitrogen (NO3-N) 
concentrations may need fine-tuning to suit southern Alberta growing conditions. This was the 
impetus behind a project to determine petiole nutrient recommendations for Russet Burbank 
potatoes grown in southern Alberta.  
 
Objectives 
 
     In 2004, a three-year research project was initiated by Alberta Agriculture and Rural 
Development (ARD), with the support of the Potato Growers of Alberta (PGA) to address the 
discrepancies between current petiole recommendations and previously-observed data. The 
project had the following goals. The main objective was to determine the optimal petiole nutrient 
concentrations for Russet Burbank potatoes, specific to southern Alberta. Another objective was 
to determine the relationship, if any, between potato petiole nutrient concentrations and tuber 
specific gravity. The third objective was to compare these relationships to those found in field-
scale petiole data. 
 
 

METHODS AND MATERIALS 
 
Site Selection 
 

Cooperating growers were chosen based on their willingness to participate in the project and 
allow a small potion of their field to be reserved for differential fertilizer applications. Preference 
was given to sites where spring nitrogen applications had not yet been applied. The 2004 site was 
located approximately 15 km east of Taber, Alberta (Fig. 1) on a coarse-textured Orthic Brown 
Chernozem. In 2005, the project was conducted on a field 10 km south of Taber, Alberta (Fig. 1) 
on a medium-textured Orthic Brown Chernozem. In 2006, a suitable field was not located, so the 
final year of the study was completed in 2007, on a field approximately 10 km northeast of 
Coaldale, Alberta (Fig. 1) on a medium-textured Orthic Dark Brown Chernozem. 
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Figure 1. Petiole study site locations (map created using the Alberta Soil Information Viewer, 
Alberta Agriculture and Rural Development, 2008). 
 
Current Petiole Standards 
  
     Information on current recommendations for petiole nutrient concentrations is difficult to find 
and the northwest USA standards used for comparison in this study were collected and kindly 
supplied by Clive Schaupmeyer in his former capacity as potato specialist with Alberta 
Agriculture and Rural Development (Table 1).  
 

Table 1. Current petiole nutrient (NO3-N, P, and K) recommendations based on information 
from the northwest United States (NW USA) (Schaupmeyer pers. commun.). 

Days After Planting (DAP) NW USA minimum NW USA maximum 
Nitrate Nitrogen (ppm) 

60 
69 
76 
83 
89 
106 
125

16000 
16000 
14000 
14000 
12000 
10000 
8000

24000 
24000 
22000 
22000 
18000 
16000 
14000Phosphorus (%) 

69 
89 
106 

0.62 
0.5 
0.4 

0.22 
0.2 
0.2 

Potassium (%) 
69 
89 
106 

9 
7 

5.5 

7 
5 

3.5 
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Experimental Design 

 
     Ten rates of N, P, and K fertilizers were surface applied on April 20, 2004 (Table 2), April 
20-21, 2005 (Table 3), and April 17, 2007 (Table 4), to strips in a small portion of fields of 
grower-managed Russet Burbank potatoes in southern Alberta (Fig. 1). The 10 treatments 
consisted of four different rates each of N, P, and K fertilizer, where the other nutrients were held 
constant. In 2004 and 2005, each treatment plot was eight rows wide (24 ft) and 115 ft long. In 
2007, each treatment plot was six rows wide (18 ft) and 115 ft long. All plots ran adjacent to a 
pivot road. There were a total of four randomized replications of the experiment and the plots 
covered a total area of 2.5 ac in 2004 and 2005, and 1.9 ac in 2007. 
 
     Because of flooding in the study field in 2005, the cooperating grower was forced to plough 
out a low area of the south end of the field that included Rep 1, Treatments 1 and 6, and Rep 2, 
Treatments 9 and 7, so no petiole or yield data could be collected from those four plots. Late-
season flooding also made an additional four low-lying plots inaccessible at harvest (Rep 3, 
Treatments 7 and 10 and Rep 4, Treatments 4 and 5) so yield data was not collected for these. 
 
     Due to an error in the application rate of K on several plots in Rep 2, data from four plots 
were not used in results calculations. On August 10, 2007, the crop was damaged by a hail storm 
that swept through southern Alberta. Crop damage was slightly worse on the north half of the 
field than the south. The hail likely had a detrimental effect on overall yields; however, the 
methodology used in this experiment compares the relative differences in yield between fertilizer 
treatments, not absolute yield values. Therefore, the hail should not have a detrimental effect on 
the veracity of the experimental results. 
 
Fertilizer Applications 
  
Taber 2004.  In the fall of 2003, the field received a fertilizer application of 130 lb/ac N and 50 
lb/ac K2O. Soil samples taken on April 5, 2004, after the grower applied fall fertilizer and just 
prior to the individual plot fertilization, indicated that there was a total of 192 lb NO3-N /ac, 144 
lb P/ac, and 1647 lb K/ac in the surface 2 ft of soil. 
 
     The experimental rates of fertilizer were applied on April 20, 2004. The fertilizer rates for the 
experimental treatments were chosen to create four increasing amounts of one nutrient, while 
holding the other two nutrients constant. So, Treatments 1, 2, 3, and 4 had increasing levels of N, 
while P and K were kept the same; Treatments 5, 6, 3, and 7 received increasing amounts of 
fertilizer P, while N and K remained the same; and Treatments 8, 9, 3, and 10 received 
increasing amounts of fertilizer K, while N and P applications were the same (Table 2). These 
increasing amounts are shown in colour and correspond to the colours used in subsequent 
figures. At hilling in the spring of 2004, starter fertilizer (34 lb/ac N and 10 lb/ac P2O5) was 
applied to the entire field, including the research plot. The plot also received three applications of 
fertigation and one application of foliar feed (Table 2). 
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Table 2. Fertilizer schedule (lb/ac) in 2003-2004. 

Grower Applied 2003-2004 Experiment Amts 
Fertigation 

(20-0-0) 
Fall 2003 
(130-0-50) 
Oct 18/03 

Hilling 
(34-0-0) +P 

 

Foliar Feed 
(20-20-20) 
July 9/04 Jn 

25 
Jl 
5 

Jl 
15 

Apr 20/04 
Total 

T
re

at
m

en
ts

 

N K2O N P2O5 N P2O5 K2O N N N N P2O5 K2O N P2O5 K2O 
1 130 50 34 10 5 5 5 15 15 15 29 122 62 243 137 117 
2 130 50 34 10 5 5 5 15 15 15 41 122 62 255 137 117 
3 130 50 34 10 5 5 5 15 15 15 58 122 62 272 137 117 N

itr
og

en
 

4 130 50 34 10 5 5 5 15 15 15 153 122 62 367 137 117 
5 130 50 34 10 5 5 5 15 15 15 60 0 62 274 15 117 
6 130 50 34 10 5 5 5 15 15 15 58 57 62 272 72 117 
3 130 50 34 10 5 5 5 15 15 15 58 122 62 272 137 117 

Ph
os

ph
or

u
s

7 130 50 34 10 5 5 5 15 15 15 54 231 62 268 246 117 
8 130 50 34 10 5 5 5 15 15 15 58 122 0 272 137 55 
9 130 50 34 10 5 5 5 15 15 15 58 122 29 272 137 85 
3 130 50 34 10 5 5 5 15 15 15 58 122 62 272 137 117 

Po
ta

ss
iu

m
 

10 130 50 34 10 5 5 5 15 15 15 58 122 183 272 137 238 
 
 
Taber 2005.  In the fall of 2004, the field received a fertilizer application of 75 lb/ac N, 30 lb/ac 
P2O5, and 115 lb/ac K2O. Soil samples taken April 22, 2005, after the grower applied fall 
fertilizer and just outside of the individual fertilized plots, indicated there was a total of 297 lb 
NO3-N/ac, 145 lb P/ac, and 1994 lb K/ac in the surface 2 ft of soil. The experimental rates of 
fertilizer were applied on April 20-21, 2005. The fertilizer rates for the treatments were chosen to 
create four increasing amounts of one nutrient, while holding the other two constant (Table 3).  
 

Table 3. Fertilizer schedule (lb/ac) in 2004-2005. 
Grower Applied 2004-2005 Experiment Amts 

Fall 2004 Planting Top dressed Fertigation Apr 20-21/05 
Total 

T
rt

m
t 

N P2O5 K2O P2O5 N N N P2O5 K2O N P2O5 K2O 
1 75 30 115 60 80 30 16 69 22 201 159 137 
2 75 30 115 60 80 30 77 69 22 262 159 137 
3 75 30 115 60 80 30 126 69 22 311 159 137 N

itr
og

en
 

4 75 30 115 60 80 30 177 69 22 362 159 137 
5 75 30 115 60 80 30 127 0 22 312 90 137 
3 75 30 115 60 80 30 127 69 22 311 159 137 
6 75 30 115 60 80 30 126 174 22 312 264 137 

Ph
os

ph
or

u
s

7 75 30 115 60 80 30 99 258 22 284 348 137 
8 75 30 115 60 80 30 126 69 0 311 159 115 
3 75 30 115 60 80 30 126 69 22 311 159 137 
9 75 30 115 60 80 30 126 69 133 311 159 248 

Po
ta

ss
iu

m
 

10 75 30 115 60 80 30 126 69 234 311 159 349 
 
 
Coaldale 2007.  In the fall of 2006, the entire field received an application of composted 
manure. Fall 2006 and spring 2007 applications of mineral fertilizer were not applied to the area 
where the experiment was conducted. Soil samples taken on September 18, 2006, indicated there 
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was a total of 32 lb NO3-N/ac in the surface 2 ft and 21 lb P/ac and 1123 lb K/ac in the surface 
foot of soil. 
 
     The experimental rates of fertilizer were applied on April 17, 2007. The fertilizer rates for the 
experimental treatments were chosen to create four increasing amounts of one nutrient, while 
holding the other two constant (Table 4). These increasing amounts are shown in colour and 
correspond to the colours used in subsequent figures. The field also received eight applications 
of fertigation between June 15 and August 18, 2007 (Table 4). 
 

Table 4. Fertilizer schedule (lb/ac) in 2006-2007. 
Grower Applied 2006-2007* Experiment Amts 

Fall 2006 Compost Fertigation Apr 17/07 
Total 

T
rt

m
t 

N P2O5 K2O N P2O5 N P2O5 K2O N P2O5 K2O 
1 50 60 105 101 17 24 101 75 175 178 180 
2 50 60 105 101 17 151 101 75 302 178 180 
3 50 60 105 101 17 200 101 75 351 178 180 N

itr
og

en
 

4 50 60 105 101 17 250 101 75 401 178 180 
5 50 60 105 101 17 200 0 75 351 77 180 
3 50 60 105 101 17 200 101 75 351 178 180 
6 50 60 105 101 17 201 151 75 352 228 180 

Ph
os

ph
or

u
s

7 50 60 105 101 17 200 201 75 351 278 180 
8 50 60 105 101 17 200 101 0 351 178 105 
3 50 60 105 101 17 200 101 75 351 178 180 
9 50 60 105 101 17 200 101 152 351 178 257 

Po
ta

ss
iu

m
 

10 50 60 105 101 17 200 101 206 351 178 311 
 
 
Petiole Sampling 
 
     Petiole samples were collected and analyzed for each plot seven times throughout the growing 
season, on June 29, July 6, 13, 20, and 25, and August 12 and 26, 2004; on June 30, July 6, 13, 
20, and 27, and August 10 and 24, 2005; and on June 27, July 4, 11, 18, and 25, and August 8 
and 22, 2007. The fourth leaf stem (petiole) from the top of the main stem was taken and leaflets 
were removed in the field (Fig. 2). Approximately 80 petioles were collected from each plot, at 
each sample date. 
 
     Within each plot, approximately 20 petioles each were collected from the second, third, sixth, 
and seventh potato rows in 2004 and 2005 and from either the second or the sixth rows on 
alternating weeks in 2007. Unlike previous years, the 2007 plots consisted of six rows not eight. 
This was because the cooperating grower utilizes a six-row harvester, so this size of plot was 
most suitable. Staff were instructed to sample representative plants only and to avoid any 
unhealthy or overly advanced plants. Staff were instructed to only walk in furrows between the 
second and third rows and between the sixth and seventh rows in 2004 and 2005 and between the 
first and second or the fifth and sixth in 2007, in order to preserve the middle two rows for tuber 
harvest. Field staff were also instructed to only walk between rows at the border between two 
plots. In order to maintain consistency, whenever possible, the same person sampled the same 
plots at approximately the same time of day and in the same order. The outside two rows were 
designated guard rows and were not sampled. Petiole samples were kept in a cooler and then air 
dried overnight in a tobacco dryer (45-50 °C). Samples were ground and sent to a laboratory for 
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analysis of nitrate nitrogen (NO3-N), phosphorus (P), and potassium (K). Because of a problem 
with laboratory equipment in 2005, initial K results were low and samples required re-analysis 
during the winter.  
 

a) b)

petiole

 
Figure 2. Russet Burbank fourth leaf stem a) before and b) after removal of leaves (petiole 
shown in dashed circle). 
 
Tuber Harvest 
 
     Tuber samples (2 x 25 ft strips) were collected on September 22 and 23, 2004; September 21 
and 22, 2005; and September 13 and 14, 2007. The harvest was conducted with the PGA two-
row harvester. Field staff collected, bagged, and labelled samples in the field. In the laboratory, 
samples were washed, graded, and weighed to calculate total yield, marketable yield, mean tuber 
weight, and percent smalls. Grading categories used were small (<17/8 in), medium (17/8 – 3½ 
in), over-size (> 3½ in), and deformed. Clean weights and tuber numbers were recorded for each 
category and each sample and then converted to yield (short tons per acre) based on sample area 
(2 rows = 6 ft x 25 ft long = 150 sq ft). Marketable yield was defined as total yield minus yield of 
small (undersize) tubers. Specific gravity was calculated by the weight in air over weight in 
water method (Schippers 1976) on 25 medium tubers for each sample. 
 
Data Analysis 
 

Results were analyzed as a randomized complete block design, with six treatments and four 
replicates, using an analysis of variance (ANOVA) procedure (SAS Institute Inc. 2004). The 
Student-Newman-Keuls multiple range test (P = 0.05) was used to determine if differences 
existed among treatments. 
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Critical Petiole Nutrient Concentrations 
 
     Belanger et al. (2001 and 2003) proposed a technique for determining critical petiole nitrate 
nitrogen concentrations from experimental data. In addition to petiole nutrient concentrations, 
the Belanger technique requires several other measurements, such as shoot biomass and shoot 
nutrient concentration, that were not collected as part of this study due to cost constraints. The 
Belanger technique was adapted and applied to the project data. Only paired petiole and yield 
data were available so, rather than using a nitrogen nutrition index compared to yield as Belanger 
did, yield was compared to petiole nutrient concentration at each petiole sampling date. 
 
     1. For the first step, a second order polynomial curve was fitted to the yield versus petiole 
nutrient relationship and the petiole concentration at the maximum yield value for the curve was 
recorded. This maximum occurred where the slope of the second order polynomial equalled zero. 
This was called the 100% relative yield (100%RY) petiole concentration. The maximum yield, 
designated as 100%RY, was multiplied by 0.9 to calculate the 90% relative yield (90%RY). The 
corresponding petiole nutrient concentration was calculated for each petiole sampling date, from 
the formula for the second order polynomial best-fit line. The intercept of the best-fit lines was 
set to zero, in order to fix the shape of the second order polynomial as an inverted “U”. This 
gives a relationship where yield increases with increasing petiole nutrient concentration to a 
point (100%RY), beyond which, yield actually decreases with increasing petiole nutrient 
concentration, as concentrations reach a level that is detrimental to tuber formation. 
 
     2. For the second step of the adaptation of the Belanger procedure, the petiole nutrient 
concentrations at 100% and 90% relative yields are plotted as a function of the days after 
planting (DAP) for each corresponding sampling date. 
 
 

RESULTS AND DISCUSSION 
 
Meteorological Observations 
 
     Early in the first growing season of the study (2004), just as flowering initiated (July 7), the 
potato crop was damaged by hail but recovered well. Overall, 2004 temperature and rainfall were 
similar to long-term (1950-2000) averages (Table 5). 
 
     The 2005 growing season in southern Alberta was remarkable for the record rainfalls in June 
and September (Table 5). Many growers were forced to pump out portions of fields that were 
flooded. Saturated conditions can lead to nitrogen losses through runoff, deep drainage, and 
microbial denitrification. Although the cool temperatures likely slowed denitrification, the 
potential for nitrogen losses was still present. Other nutrients can also be lost with water that is 
removed by pumping and through runoff and deep drainage. The potential for nutrient losses in 
2005 made it difficult to be certain that the applied rates of fertilizer remained within the root 
zone of their designated plot sites. Additionally, eight of the forty plots were not harvested due to 
the wet conditions. 
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     Overall, growing season (May to August) temperatures in 2007 were somewhat higher than 
long-term averages and total precipitation was close to the long-term average (Table 5). June and 
July 2007 were hotter and drier than long-term averages with no precipitation falling in July. On 
August 10, 2007, the crop was damaged by hail. 
 
Table 5. Taber monthly average temperature and rainfall for 2004, 2005, and 2007 compared 
to long term (1950-2000) averages (Environment Canada, 2008). 

Average Temperatures (°C) Total Precipitation (mm) 

Month 2004 2005 2007 

1950-
2000 

Average 2004 2005 2007 

1950-
2000 

Average 
April 8.1 7.6 4.6 5.7 25.6 26.3 83.6 31.6 
May 10.3 12.5 12.8 11.7 78.4 17.4 89.4 44.0 
June 15.3 15.0 17.0 15.8 57.8 198.4 34.3 69.9 
July 19.6 19.3 23.5 18.7 51.8 5.0 0.0 37.9 

August 17.9 15.8 18.7 18.0 76.9 58.8 47.6 38.5 
September 12.8 12.4 11.5 12.8 8.2 116.4 36.4 34.5 

Average/Total 14.0 13.8 14.7 13.8 298.7 422.3 291.3 256.4 
 
Crop Growth and Development 
 
Taber 2004.  The potato crop was planted on April 28, 2004, and it was flowering on July 7, 
2004, the same date of a hailstorm that damaged the field. The grower responded to the hail with 
a foliar feed application of 20-20-20 on July 9, 2004, which was in addition to three scheduled 
fertigation applications of 20-0-0 (June 25, July 5, and July 15, 2004).  
 
Taber 2005.  The potato crop was planted on April 22, 2005, and it had begun flowering by July 
13, 2005. At planting in the spring of 2005, the grower applied starter fertilizer (60 lb/ac P2O5) to 
the entire field, including the research plots. An additional 80 lb/ac N was top dressed and a total 
of 30 lb/ac N was applied through fertigation.  
 
Coaldale 2007.  The crop was planted on April 22, 2007, and it had begun flowering by July 11, 
2007. The plot area was avoided by the grower during the spring and planting fertilizer 
applications. A total of 101 lb/ac N and 17 lb/ac P2O5 were applied through fertigation. The field 
was impacted by a hail storm on August 10, 2007. Crop damage was more extensive on the north 
half of the field. 
 
Average Petiole Nitrate Nitrogen Compared to Marketable Yield and Specific Gravity 
 
     Average petiole nitrate nitrogen (NO3-N), marketable yield, and specific gravity for each of 
the variable nitrogen treatments for 2004, 2005, and 2007, are summarized in Fig. 3, 4, and 5. On 
all graphs, the colour of lines and bars corresponds to the colours designated for treatments in the 
fertilizer schedules (Tables 2, 3, and 4). In all cases, there were no statistically significant 
differences among treatments, in marketable yield or specific gravity; however, there are some 
notable trends. 
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Petiole Nitrate Nitrogen.  There was an increasing concentration of petiole NO3-N with 
increasing fertilizer N and this was seen in all three years of the study. Throughout 2004, the 
highest N rate (367 lb N/ac) consistently showed the highest petiole NO3-N concentration (Fig. 
3a). Early in the growing season, petiole NO3-N concentration in all but the highest N treatment 
fell below the USA standard range, yet this did not have a detrimental effect on yield for the 272 
lb N/ac treatment. Petiole NO3-N initially decreased for the first three sample dates until 76 days 
after planting (DAP), with a large increase noted on the fourth petiole sampling date (83 DAP). 
The initial decline in petiole NO3-N possibly coincided with the tuber initiation stage of growth, 
where rapid formation and growth of stems and leaves was taking place. The jump in petiole 
NO3-N may coincide with tuber bulking, where above-ground plant growth has stabilized and the 
plant root uptake of N is able to “catch-up” to optimal levels. Growers typically begin to monitor 
petiole nutrients at this stage. 
 
     The highest N rate (Treatment 4: 362 lb N/ac) in 2005 consistently showed the highest petiole 
NO3-N concentration (Fig. 3b), but not by a large margin. The lowest N rate (Treatment 1: 201 lb 
N/ac) actually had the second-highest average petiole NO3-N concentration for the first, second, 
and fourth sampling dates (June 30, July 6, and 20). For the remainder of the sampling dates, 
Treatment 1 had the lowest average petiole NO3-N concentration. These inconsistencies may 
have resulted from N losses from the large amounts of rainfall in 2005. Despite the record 
rainfall, all petiole NO3-N results were within or above the suggested adequate ranges for the 
northwest USA. Petiole NO3-N initially decreased until 75 DAP, increased dramatically at 82 
DAP, and then decreased for the remainder of the growing season. 
 
     In 2007, all but the lowest N fertilizer treatment (Treatment 1: 175 lb N/ac) fell within the 
USA standards (Fig. 3c). The highest three N treatments had very similar petiole NO3-N 
concentrations, despite representing a range in fertilizer N (302 to 401 lb N/ac). Overall petiole 
NO3-N initially decreased and then levelled-off between 73 and 94 DAP, then decreased for the 
final two petiole samplings in August 2007. The sharp increase in petiole NO3-N seen at 83 DAP 
in 2004 and 82 DAP in 2005, respectively was not seen. This may be due to crop stress due to 
the extreme heat and lack of precipitation seen in July 2007 (Table 5). The hail storm on August 
10, 2007, did not seem to have an effect on the petiole NO3-N concentrations for the subsequent 
sampling date (August 22, 2007) (Fig. 3c) and petiole NO3-N concentrations followed a similar 
declining pattern that was observed in August of previous years (Fig. 3a and 3b). 
 
Marketable Yield.  In 2004, Treatment 3 (272 lb N/ac) had the highest overall yield; however, 
the treatments were not significantly different (Fig. 4a). Treatment 3 was designed to 
approximate the typical grower-applied rate of fertilizer. In 2005, Treatment 2 (262 lb N/ac) had 
the highest overall yield; however, the treatments were not significantly different (Fig. 4b). Yield 
data for this treatment was quite variable.  
 
     In 2007 on Reps 1 and 2 (north half of the field), plots that received the lowest N fertilizer 
rates (Treatment 1) were visibly different (lighter green) than all of the surrounding treatments. 
Fig. 6 shows the Treatment 1, Rep 1 plot just next to the Treatment 9 Rep 2 plot. Treatment 3 
was meant to approximate the grower fertilizer rates and gave the highest yield of all 10 
treatments in 2007 (Fig. 4c).There was no significant yield difference among treatments; 
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however, there was a trend to increasing yield with increased fertilizer (Fig. 4c), with a decreased 
yield at the highest rate of N.  
 
Tuber Specific Gravity.  In 2004, the higher two rates of N fertilizer (Treatments 3 and 4) had 
slightly higher specific gravities (Fig. 5a). This result is contrary to the findings of Waterer and 
Heard (2005) who stated that excess fertilizer N may lead to low specific gravity. In 2005, a 
slight decrease in specific gravity was found for fertilizer rates greater than 262 lb N/ac (Fig. 5b). 
In 2007, there was also a slight trend to decreasing specific gravity with increased fertilizer N 
(Fig. 5c). Although these results were not statistically significant, this observation is similar to 
other findings wherein excess nitrogen fertilizer can have the unwanted consequences of low 
specific gravity (Waterer and Heard, 2005). Because lowered specific gravity is a goal for some 
Alberta producers, further research into the link between specific gravity and amounts and timing 
of excess N fertilizer may be useful. 
 
 



11 

a)  
 
 
 
 
 
 
 
 
 
 
 
 
 
b) 
 
 
 
 
 
 
 
 
 
 
 
 
c) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Russet Burbank potato petiole nitrate nitrogen (NO3-N) concentrations (ppm) for four 
different N fertilizer rates, in (a) 2004, (b) 2005, and (c) 2007. Dashed black lines correspond to 
upper and lower suggested limits used in the northwest USA. 
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a)  
 
 
 
 
 
 
 
 
 
 
 
 
 
b) 
 
 
 
 
 
 
 
 
 
 
 
 
c) 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Russet Burbank potato marketable yield (ton/ac) for four different N fertilizer rates, in 
(a) 2004, (b) 2005, and (c) 2007. Error bars indicate standard deviations. Differences among 
treatments for which error bars overlap are not statistically significant.
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a)  
 
 
 
 
 
 
 
 
 
 
 
 
 
b) 
 
 
 
 
 
 
 
 
 
 
 
 
c) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Russet Burbank potato tuber specific gravity for four different N fertilizer rates, in (a) 
2004, (b) 2005, and (c) 2007. Error bars indicate standard deviations. Differences among 
treatments for which error bars overlap are not statistically significant. 
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Treatment 1
Replicate 1

(175 lb N/ac)

Treatment 9
Replicate 2

(351 lb N/ac)

Figure 6. Visible difference in colour of Treatment 1, Rep 1 (175 lb/ac N fertilizer, including 24 
lb/ac N added on April 17, 2007) compared to Treatment 9, Rep 2 (351 lb/ac N fertilizer, 
including 200 lb/ac N added on April 17, 2007), looking north on August 8, 2007 (photo 
courtesy of Gary Larson, AAFC). 
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Average Petiole Phosphorus Compared to Marketable Yield and Specific Gravity 
 
     Average petiole phosphorus, marketable yield, and specific gravity for each of the phosphorus 
(P) treatments are summarized in Fig. 7, 8, and 9. As with the N treatments, there were no 
statistically significant differences among P treatments, in yield or specific gravity; however, 
there are some notable trends. 
 
Petiole Phosphorus.  In 2004, increasing rates of fertilizer P gave increasing amounts of petiole 
P (Fig. 7a). This held true throughout the growing season, with the exception of the petiole 
samples taken immediately following the hail. This may be because of a spatially variable impact 
of the hail. The lower rates of P fertilizer gave petiole P concentrations in the lower half of the 
USA standard range, yet yields were not significantly impacted. In 2005, the two highest rates of 
fertilizer P gave higher amounts of petiole P (Fig. 7b). Overall, petiole P initially decreased until 
89 DAP, when it took a sharp increase (especially for the two highest fertilizer P rates). Petiole P 
then decreased at 96 DAP and levelled-off or increased slightly for the remainder of the growing 
season. All but a few points were beneath the lower limit for the adequate USA petiole P 
standard range, yet yields were not significantly impacted. This indicates that the lower limits for 
petiole P are likely too high for Alberta fields. Because soil P is not very mobile, it is unlikely 
that the heavy rains of 2005 led to significant leaching of P. In 2007, all petiole P results were in 
the low range, within and slightly below the USA standards (Fig. 7c). The lowest fertilizer P rate 
had the lowest petiole P content until 108 DAP (August 8, 2007); however, on most petiole 
sample dates, the highest rate of fertilizer P gave the second-lowest petiole P content and the 
lowest on the last sampling date (Fig. 7c). 
 
Marketable Yield.  In 2004, the two higher rates of fertilizer P (137 and 246 lb P2O5/ac) had a 
slightly greater yield than the two lower rates of fertilizer P (15 and 72 lb P2O5/ac), but results 
were not significantly different (Fig. 8a). In 2005, the highest rate of fertilizer P (Treatment 7: 
348 lb P2O5/ac) had a slightly greater yield than the other three rates of fertilizer P, but results 
were not significantly different (Fig. 8b). Incidentally, this treatment had a slightly lower amount 
of fertilizer N applied (99 lb N/ac) on April 20-21, 2005 (Table 3), compared to the other three 
treatments (126-127 lb N/ac) because of limitations in the application rates of the fertilizer 
spreader used. Treatment 7 had 258 lb P2O5/ac applied on April 20-21, 2005, as 506 lb/ac of 
monoammonium phosphate (12-51-0), which also provided 61 lb N/ac. This left 65 lb N/ac (188 
lb/ac product) to be applied as ammonium nitrate (34.5-0-0) to give a total application of 126 lb 
N/ac. The nearest to this amount that the chain settings on the fertilizer spreader could achieve 
was 111 lb/ac product or 38 lb N/ac, which gave a total of 99 lb N/ac for Treatment 7, applied 
April 20-21, 2005 (Table 3). In 2007, the highest tuber yield was found on the plots that received 
the second-lowest P fertilizer rate (Treatment 3: 178 lb P2O5/ac) (Fig. 8c). 
 
Tuber Specific Gravity.  There was no discernible trend in tuber specific gravity in relation to 
fertilizer P rates in 2004 (Fig. 9a). In 2005, the specific gravity was variable, did not show any 
statistically significant relationships, and did not appear to be affected by fertilizer P (Fig. 9b). In 
2007, there was virtually no difference in the specific gravity for the different P rates (Fig. 9c). 
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a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) 
 
 
 
 
 
 
 
 
 
 
 
 
c) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Russet Burbank potato petiole phosphorus concentrations (%) for four different P2O5 
fertilizer rates, in (a) 2004, (b) 2005, and (c) 2007. Dashed black lines correspond to upper and 
lower suggested limits used in the northwest USA. 
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a) 
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c) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Russet Burbank potato marketable yield (ton/ac) for four different P2O5 fertilizer rates, 
in (a) 2004, (b) 2005, and (c) 2007. Error bars indicate standard deviations. Differences among 
treatments for which error bars overlap are not statistically significant.
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a)  
 
 
 
 
 
 
 
 
 
 
 
 
b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
c) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Russet Burbank potato tuber specific gravity for four different P2O5 fertilizer rates, in 
(a) 2004, (b) 2005, and (c) 2007. Error bars indicate standard deviations. Differences among 
treatments for which error bars overlap are not statistically significant. 

1.108
1.106

1.099
1.105

1.060

1.070

1.080

1.090

1.100

1.110

1.120

15 72 137 246

Sp
ec

ifi
c 

G
ra

vi
ty

1.084
1.085

1.0881.089

1.060

1.070

1.080

1.090

1.100

1.110

1.120

90 159 264 348

Sp
ec

ifi
c 

G
ra

vi
ty

1.091
1.092 1.0921.090

1.060

1.070

1.080

1.090

1.100

1.110

1.120

77 178 228 278

Applied Phosphorus (lb P2O5/ac)

Sp
ec

ifi
c 

G
ra

vi
ty



19 

 
Average Petiole Potassium Compared to Marketable Yield and Specific Gravity 
 
     Average petiole potassium, marketable yield, and specific gravity for each of the potassium 
(K) treatments are summarized in Fig. 10, 11, and 12. As with the N and P treatments, there were 
no statistically significant differences among K treatments, in yield or specific gravity; however, 
there are some notable trends. 
 
Petiole Potassium.  In 2004, increasing rates of fertilizer K had no observable effect on petiole 
K concentration (Fig. 10a). Most average petiole K concentrations were above the USA standard 
ranges at this site. Similar to 2004 results, the 2005 data showed that increasing rates of fertilizer 
K had no observable effect on petiole K (Fig. 10b). Also, like the 2004 results, most average 
petiole K concentrations were above the USA standard ranges at the 2005 site. Similar to 
previous years, in 2007, petiole K results were above the USA adequate range and there was no 
relationship between fertilizer K and petiole K (Fig. 10c). Together, these results confirm those 
of previous published (Dubetz and Bole 1975; Mackay and Carefoot 1987; and Mackay et al. 
1989) and unpublished studies (Konschuh 2001 and McKenzie et al. 2002) that have shown no 
relationship between fertilizer K, yield, and petiole K. This may be a function of the potassium 
buffering effects of the soils found in southern Alberta. With the exception of very sandy soils, 
most soils found in southern Alberta have high levels of K, much of which (90-98%) is in an 
unavailable/nonexchangeable form within soil minerals (Dubetz and Dudas 1981). During a 
period of years, this unavailable K can move into available forms and vice-versa, depending on 
crop use and fertilizer K rates. The exchangeable form of K can then rapidly move into the soil 
solution in response to depleted K levels, where it can be taken up by plant roots (Brady and 
Weil 1999). This dynamic equilibrium creates a labile pool of K in the soil, which is capable of 
maintaining a constant supply of plant-available K and which is also capable of masking the 
effects of different application rates of fertilizer K. 
 
Marketable Yield.  In 2004, there was a trend toward slightly increased yield with increasing 
fertilizer K up to 117 lb K2O/ac, with a small decrease for the highest rate (238 lb K2O/ac) but 
results were not significantly different (Fig. 11a). In 2005, there was a trend toward slightly 
increased yield with increasing fertilizer K up to 248 lb K2O/ac with a small decrease for the 
highest rate (349 lb K2O/ac), but results were not significantly different and were all within a 
narrow range between 21.5 and 23.1 ton/ac (Fig. 11b). In 2007, there was no relationship 
between yield and fertilizer K (Fig. 11c). 
 
Tuber Specific Gravity.  There was a slight trend toward decreasing specific gravity with 
increasing fertilizer K, in 2004, but differences were not statistically significant (Fig. 12a), even 
at the highest rate of fertilizer K. In 2005, there was a trend toward increasing specific gravity 
with increasing fertilizer K, but differences were not statistically significant (Fig. 12b). These 
results are contrary to those seen in 2004, where a trend toward decreasing specific gravity with 
increasing fertilizer K was observed. In 2007, there was no statistically significant trend in 
specific gravity with increasing fertilizer K (Fig. 12c); however, specific gravity decreased 
slightly for the highest rate of fertilizer K (311 lb K2O/ac). 



20 

a)  
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Figure 10. Russet Burbank potato petiole potassium concentrations (%) for four different K2O 
fertilizer rates, in (a) 2004, (b) 2005, and (c) 2007. Dashed black lines correspond to upper and 
lower suggested limits used in the northwest USA.
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a)  
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Figure 11. Russet Burbank potato marketable yield (ton/ac) for four different K2O fertilizer 
rates, in (a) 2004, (b) 2005, and (c) 2007. Error bars indicate standard deviations. Differences 
among treatments for which error bars overlap are not statistically significant.
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a)  
 
 
 
 
 
 
 
 
 
 
 
 
 
b) 
 
 
 
 
 
 
 
 
 
 
 
 
c) 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12. Russet Burbank potato tuber specific gravity for four different K2O fertilizer rates, in 
(a) 2004, (b) 2005, and (c) 2007. Error bars indicate standard deviations. Differences among 
treatments for which error bars overlap are not statistically significant. 
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Critical Petiole Nutrient Concentrations 
 
     As described in the Methods and Materials section, a second order polynomial curve was 
fitted to the yield versus petiole nutrient relationship (Belanger et al. 2001 and 2003). Examples 
of these graphs are shown in Fig. 13, for the petiole phosphorus on seven petiole sampling dates 
in 2005. The fit of these lines was highly variable. 
 
     The 100%RY and 90%RY values were plotted as a function of DAP and these graphs depict 
the optimal petiole nutrient concentration throughout the growing seasons (Fig. 14 to 16), 
including the 100%RY and 90%RY and their respective best-fit lines. Also shown on these 
graphs are the optimal ranges that have been suggested for the northwest USA (Schaupmeyer 
pers. commun.). 
 
Petiole Nitrate Nitrogen.  The USA standard ranges are higher than the 2004 optimal petiole 
NO3-N concentrations. For the 100%RY, the optimal petiole NO3-N was approximately 19,000 
ppm at 60 DAP and declined to 13,000 ppm by 120 DAP (Fig. 14a). The data appear to follow 
two linear trends, one for the tuber initiation growth stage (<80 DAP) and the other from the 
beginning of tuber bulking and onward (>80 DAP). 
 
     The USA standard ranges are very similar to the 2005 optimal petiole NO3-N concentrations. 
For the 100%RY, the optimal petiole NO3-N was nearly 24,000 ppm at 60 DAP and declined to 
14,000 ppm by 125 DAP (Fig. 14b). As discussed before, however, the actual relationship is 
more likely two lines, one for the tuber initiation growth stage and the other from the beginning 
of tuber bulking and onward. 
 
     The USA standard ranges are somewhat high, compared to the 2007 optimal petiole NO3-N 
concentrations (Fig. 14c). For the 100%RY, the optimal petiole NO3-N was nearly 19,700 ppm at 
60 DAP and declined to approximately 6,400 ppm by 125 DAP (Fig. 14c). In 2007, there was 
not a dramatic increase in petiole NO3-N at around 80 DAP. Instead, the petiole NO3-N 
concentration increased gradually between 80 and 94 DAP and then decreased until 122 DAP 
(Fig. 14c). A difference in petiole nutrient concentrations has been noted in past studies between 
fields and between years (climate-effect) (Woods et al. 2004). This year-to-year difference is 
also noticeable in Fig. 14. 
 
     The following are the formulae for the linear best-fit 100%RY relationships between petiole 
NO3-N and DAP, which hold for approximately DAP = 60-125. 

2004 Petiole NO3-N (ppm) = -98.7*DAP + 24982   (r2 = 0.32) 
2005 Petiole NO3-N (ppm) = -153.7*DAP + 32826   (r2 = 0.43) 
2007 Petiole NO3-N (ppm) = -204.4*DAP + 31955   (r2 = 0.73) 
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Figure 13. Russet Burbank potato tuber yield (ton/ac) as a function of petiole phosphorus (%), 
showing actual data points, the fitted second order curve, and the 100% relative yield (100%RY) 
and 90% relative yield (90%RY) values for seven petiole sampling dates in 2005. 
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Figure 14. 100% relative yield (RY) and 90% relative yield petiole nitrate nitrogen (NO3-N) 
concentration as a function of days after planting in (a) 2004, (b) 2005, and (c) 2007. 
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Figure 15. 100% relative yield (RY) and 90% relative yield petiole phosphorus concentration as 
a function of days after planting in (a) 2004, (b) 2005, and (c) 2007. 
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Figure 16. 100% relative yield (RY) and 90% relative yield petiole potassium concentration as a 
function of days after planting in (a) 2004, (b) 2005, and (c) 2007. 
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Petiole Phosphorus.  The USA standard ranges are higher than the 2004 optimal petiole P 
concentrations. The 100%RY optimal P was approximately 0.42% at 60 DAP and declined to 
0.18% by 120 DAP (Fig. 15a).  
 
     The USA standard ranges are much higher than the 2005 optimal petiole P concentrations. 
The 100%RY optimal P was approximately 0.24% at 60 DAP and declined a small amount to 
0.21% by 125 DAP (Fig. 15b). This relationship was nearly a flat line in 2005 and overall values 
were much smaller than in 2004, yet no negative impacts on yield were observed. 
 
     The USA standard ranges are much higher than the 2007 optimal petiole P concentrations 
(Fig. 15c). The 100%RY optimal P was approximately 0.30% at 60 DAP and declined a small 
amount to 0.16% by 125 DAP (Fig. 15c). The optimal petiole P values in 2007 were similar to 
the 2005 results and are at the lowest end of the range of adequate NW USA standards, yet no 
negative impacts on yield were observed. For this reason, and because of corroborating data from 
past studies (Woods et al. 2004), it is felt that the upper and lower limits for petiole P (as given 
by NW USA standards) are too high.  
 
     The following formulae are for the linear best-fit 100%RY relationship between petiole P and 
DAP, which hold for approximately DAP = 60-125. 

2004 Petiole P (%) = -0.0038*DAP + 0.64     (r2 = 0.89) 
2005 Petiole P (%) = -0.00021*DAP + 0.24     (r2 = 0.01) 
2007 Petiole P (%) = -0.0022*DAP + 0.43     (r2 = 0.83) 

 
Petiole Potassium.  The USA standard ranges are slightly lower than the 2004 optimal petiole K 
concentrations. The 100%RY optimal K was approximately 11.5% at 60 DAP and declined to 
5.5% by 120 DAP (Fig. 16a).  
 
     The USA standard ranges are slightly lower than the 2005 optimal petiole K concentrations. 
The 100%RY optimal K was approximately 13.3% at 60 DAP and declined to 7.9% by 125 DAP 
(Fig. 16b). The 2005 petiole K results were much higher than the 2004 results and than the 
adequate range from the NW USA. In 2005, the laboratory experienced problems with their 
equipment used for measuring K and results were re-analysed in January 2006. Results were 
adjusted to much higher than initial estimates. Similar to NO3-N, 2005 petiole K optimal levels 
appear to follow two stages, one for prior to tuber bulking (<80 DAP) and the other from the 
beginning of tuber bulking and onward (>80 DAP) (Fig. 16b).  
 
     The USA standard ranges are slightly lower than the 2007 optimal petiole K concentrations 
(Fig. 16c). The 100%RY optimal K was approximately 12.0% at 60 DAP and declined to 10.1% 
by 125 DAP (Fig. 16c). Similar to NO3-N, petiole K optimal levels appear to follow two stages, 
one prior to tuber bulking (<80 DAP) and the other from the beginning of tuber bulking and 
onward (≥80 DAP) (Fig. 16c). The 2007 petiole K results are higher than the adequate range 
from the NW USA, especially after 80 DAP. Results from previous studies (Konschuh 2001; 
McKenzie et al. 2002; and Woods et al. 2002) have indicated that a wider range for adequate 
petiole K would be more suitable in southern Alberta (Woods et al. 2004).  
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     The following formulae are for the linear best-fit 100%RY relationship between petiole K and 
DAP, which hold for approximately DAP = 60-125. 

2004 Petiole K (%) = -0.0973*DAP + 17.5    (r2 = 0.32) 
2005 Petiole K (%) = -0.0834*DAP + 18.3    (r2 = 0.17) 
2007 Petiole K (%) = -0.0307*DAP + 13.9    (r2 = 0.07) 

 
Optimal Petiole Nutrient Concentrations for Southern Alberta 
 
     The study was conducted during a growing season with temperature and precipitation close to 
long-term averages (2004), a growing season that was cool and wet (2005), and a growing 
season that was hot and dry (2007). When the values of 100%RY and 90%RY were compared to 
DAP for all three years combined, they were used to determine optimal petiole nutrient 
concentrations specific for southern Alberta. Fig. 17 shows the three years of project data 
compared to the current NW USA standards and the suggested optimal petiole NO3-N (Fig. 17a), 
P (Fig. 17b), and K (Fig. 17c) concentrations during the southern Alberta growing season. It is 
important to remember that these upper and lower limits are for optimal yield (90-100% of 
relative yield) of Russet Burbank potatoes and are merely guidelines. Actual petiole nutrient 
concentrations will be affected by genotype, climate, irrigation amount, soil type, planting date, 
petiole sample collection technique, and laboratory analysis (Doll et al. 1971; MacKay and 
Carefoot 1987, Westcott et al. 1991; and Lewis and Love 1994). 
 
Nitrate Nitrogen (NO3-N).  The suggested optimal petiole NO3-N concentrations are quite 
similar to the current NW USA standards, especially for dates greater than 80 DAP (Fig. 17a). It 
is suggested that there should be two sets of ranges, one set for dates prior to and including 
approximately 80 DAP and another set for dates after approximately 80 DAP. The following 
formulae can be used to calculate the ranges for NO3-N in units of parts per million (ppm) from 
the known DAP.  
 
Prior to 80 DAP Petiole NO3-N (ppm) = -290*DAP + 38800   for 100%RY 
Prior to 80 DAP Petiole NO3-N (ppm) = -290*DAP + 30400   for 90%RY 
 
After 80 DAP  Petiole NO3-N (ppm) = -244*DAP + 41156   for 100%RY 
After 80 DAP  Petiole NO3-N (ppm) = -244*DAP + 33756   for 90%RY 
 
     Another way to compare petiole NO3-N to the suggested optimal ranges is to refer to the 
ranges given in Table 6, which gives the 100%RY and 90%RY values that correspond to dates 
between 60 and 125 DAP. 
 
Phosphorus (P).  The suggested optimal petiole P concentrations are substantially lower than the 
current NW USA standards, particularly early in the growing season (Fig. 17b). The following 
formulae can be used to calculate the Alberta-specific optimal ranges for P in units of percent 
(%) as a function of DAP.  
 
   Petiole P (%) = -0.00308*DAP + 0.485    for 100%RY 
   Petiole P (%) = -0.00077*DAP + 0.196    for 90%RY 
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     Sample values for optimal petiole P are also given in Table 6, for dates between 60 and 125 
DAP. 
 
Potassium (K).  The suggested optimal petiole K concentrations have a wider range than the 
current NW USA standards (Fig. 17c). Similar to NO3-N, it is suggested that there be two sets of 
ranges of petiole K concentrations, one set for dates prior to approximately 80 DAP and another 
set for dates after approximately 80 DAP. The following formulae can be used to calculate the 
Alberta-specific optimal ranges for K in units of percent (%), as a function of DAP.  
 
Prior to 80 DAP Petiole K (%) = -0.17*DAP + 22.6     for 100%RY 
Prior to 80 DAP Petiole K (%) = -0.14*DAP + 15.7     for 90%RY 
 
After 80 DAP  Petiole K (%) = -0.18*DAP + 29.0     for 100%RY 
After 80 DAP  Petiole K (%) = -0.17*DAP + 23.1     for 90%RY 
 
     Sample values for optimal petiole K are also given in Table 6 for dates between 60 and 125 
DAP. 
 
Table 6. Suggested optimal Russet Burbank petiole nutrient (NO3-N, P, and K) contents based 
on information from southern Alberta (2004, 2005, and 2007). 

Optimal Petiole Nutrient Concentrations 
NO3-N (ppm) P (%) K (%) 

Days After 
Planting 
(DAP) 90%RY 100%RY 90%RY 100%RY 90%RY 100%RY 

60 13000 21400 0.15 0.30 7.3 12.4 
65 11550 19950 0.15 0.28 6.6 11.6 
70 10100 18500 0.14 0.27 5.9 10.7 
75 8650 17050 0.14 0.25 5.2 9.9 
80 7200 15600 0.13 0.24 4.5 9.0 
85 12978 20378 0.13 0.22 8.8 14.1 
90 11756 19156 0.13 0.21 7.9 13.2 
95 10533 17933 0.12 0.19 7.1 12.4 

100 9311 16711 0.12 0.18 6.2 11.5 
105 8089 15489 0.12 0.16 5.4 10.6 
110 6867 14267 0.11 0.15 4.5 9.7 
115 5644 13044 0.11 0.13 3.7 8.9 
120 4422 11822 0.10 0.12 2.8 8.0 
125 3200 10600 0.10 0.10 2.0 7.1 

 
 



31 

Figure 17. Suggested optimal petiole NO3-N, P, and K concentrations for southern Alberta 
compared to current northwest USA recommendations and to the 100%RY and 90%RY data 
collected in 2004, 2005, and 2007. 
 
  
 

b) Phosphorus (%)

0.0

0.2

0.4

0.6

60 70 80 90 100 110 120

Days After Planting (DAP)

Pe
tio

le
 P

 (%
)

100%RY 90%RY Suggested Alberta Standards Current NW USA Standards

c) Potassium (%)

0.0

4.0

8.0

12.0

16.0

20.0

60 70 80 90 100 110 120

Days After Planting (DAP)

Pe
tio

le
 K

 (%
)

100%RY 90%RY Suggested Alberta Standards Current NW USA Standards

a) Nitrate Nitrogen (ppm)

0

5000

10000

15000

20000

25000

30000

60 70 80 90 100 110 120
Days After Planting (DAP)

Pe
tio

le
 N

O
3-N

 (p
pm

)

100%RY 90%RY Suggested Alberta Standards Current NW USA Standards



32 

Comparison to Previously Collected Data 
 
     The Belanger technique was adapted and applied to existing data sets accumulated from 
previous PGA-sponsored studies, where plot-scale petiole and corresponding yield and specific 
gravity data were available. These studies included projects on the precision farming of potatoes 
(McKenzie et al. 2002), effects of phosphorus and compost on Russet Burbank potatoes (Woods 
et al. 2002), and the effects of potassium on Russet Burbank potatoes (Konschuh 2001).  
 
     None of these studies consisted of variable rates of fertilizer N. In all cases, N was held 
constant for all treatments; therefore, results were inconclusive for N. The precision farming 
study demonstrated that spatial variability exists across any field, even if the entire field receives 
identical fertilizer application (McKenzie et al. 2002). The phosphorus and compost study 
(Woods et al. 2002) had variable rates of P, so the results of this study were used for P 
assessment. For this study, six experiments were conducted during three years (1999-2001). In 
all cases, P fertilizer rates were varied while other nutrients were held constant. Fig. 18 shows 
the 100%RY and 90%RY petiole P concentration as a function of days after planting for these 
six sites. There was variability in the results, but overall the new standards seem to fit quite well, 
especially early in the growing season. 

Figure 18. 100% relative yield (RY) phosphorus concentration as a function of days after 
planting, for six previously-completed PGA-sponsored studies. 
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     The NO3-N results show (Fig. 19a) a great deal of scatter and that the suggested Alberta 
optimal range is about in the middle of the data points. Again, the N fertilizer rates were held 
constant for all of these studies, so the results from these data and this simplified technique are 
uncertain.  
 
     The P results for this simplified method (Fig. 19b) support the previous results, using the 
Belanger technique, and fit within the suggested Alberta optimal range for petiole P quite well.  
 
     The K results for the simplified method (Fig. 19c) indicate that the suggested Alberta optimal 
range for petiole K may be too high for data from the P project.  
 
     One point to bear in mind regarding Fig. 19 is that this simplified technique for determining 
optimal petiole concentrations only takes into account the actual rates used in the study and does 
not “fill-in the blanks” for concentrations between the tested rates. So if one of the treatments did 
not achieve the exact optimal concentration-yield combination, it may have over or under 
estimated the optimal concentration and yield by just choosing the best one. The Belanger 
technique fits a curve to the data to determine the precise point at which the optimal yield should 
occur. 
 
Effects of Climate 
 
     Although it was not a part of the initial objectives of the project, the effects of climate were 
examined using data from previously-completed PGA-sponsored studies done between 1997 and 
2001 and using data from this study (2004, 2005, and 2007). The petiole NO3-N data as a 
function of DAP were fit to a single linear regression equation, for each individual year. The 
intercept and slope of the best-fit line were then compared to temperature and precipitation data 
for the entire growing season and for various combinations of months during the growing season. 
Although the results of this analysis were not highly significant, there were some overall trends 
that were notable. Fig. 20 shows the results compared to average temperatures of June and July. 
The 40-yr mean temperature (1950-1990) for June and July was 17.4 °C and only the 2005 
average was below this value. 
 
     In years when June and July are hotter than average, petiole NO3-N concentrations may be 
greater than usual at the start of the measuring dates, as indicated by a greater intercept (Fig. 20a) 
from the petiole NO3-N versus DAP best-fit line. Comparison of the slope of the petiole NO3-N 
versus DAP best-fit line to temperature (Fig. 20b) indicates that petiole NO3-N concentrations 
may decrease at a greater rate in hotter than average years than in cooler years. This may be due 
to the plant growing faster in hotter June-July weather and being unable to sustain sufficient rates 
of nitrogen uptake or it may be an artefact of heat-stress. Regardless, these trends hint at the 
impact of climate on petiole nitrate nitrogen concentrations. 
 
     Temperature effects could possibly be seen in other petiole nutrients. Only a cursory analysis 
of the effects of climate data was done here and it is recommended that the effects of climate on 
petiole nutrients be examined in more detail.
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Figure 19. Petiole (a) nitrate nitrogen, (b) phosphorus, and (c) potassium concentration for 
treatment with highest yield as a function of days after planting for previously-completed PGA-
sponsored studies. 
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     The potential effects of climate reinforces the notion that petiole nutrient recommendations 
should only be treated as guidelines that will be impacted by climate, soil, and other 
environmental factors, as well as human factors.  
 

Figure 20. Climate effects on petiole nitrate nitrogen as exhibited by the relationship between 
the (a) intercept and (b) slope of the NO3-N versus DAP best-fit lines as a function of mean 
temperatures in June and July for each year that data were available.  
 
Petiole Nutrient Concentration Recommendations 
 
     Current Alberta Russet Burbank potato petiole NO3-N, P, and K recommendations are based 
on information from the northwest United States (Table 1; Fig. 21). A technique for determining 
critical petiole nitrate nitrogen concentrations from experimental data (Belanger et al. 2001 and 
2003) was applied to three years of data collected in southern Alberta in 2004, 2005, and 2007. 
Based on these data, new petiole nutrient concentration ranges have been proposed (Fig. 22). 
When these suggested petiole nutrient recommendations were compared to previously-collected 
data, they gave reasonable results for P and K. There was a great deal of scatter in the 
previously-collected N data, as petiole NO3-N can be affected by many factors. 
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Figure 21. Current petiole nutrient (NO3-N, P, and K) concentration recommendations based on 
information from the northwest United States (NW USA). 
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Figure 22. Suggested Russet Burbank petiole nutrient (NO3-N, P, and K) concentration 
recommendations based on information from southern Alberta. 
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CONCLUSIONS 
 
     New optimal petiole nutrient concentration ranges for optimal marketable yield have been 
developed that are specific to Russet Burbank potatoes grown in southern Alberta’s soil and 
climatic conditions. These proposed optimal petiole nutrient concentrations were compared to 
data collected in previously-completed studies and were found to be valid. No consistent or 
significant relationships between petiole nutrient concentration and specific gravity were 
observed. Potassium fertilizer did not have a consistent impact on specific gravity. 
 
     The suggested petiole nitrate nitrogen range is slightly lower than the northwest USA 
standards at the beginning of the growing season (DAP < 80) and late in the growing season 
(DAP > 105). The revised optimal petiole phosphorus ranges are substantially lower than the 
northwest USA standards. The recommended petiole potassium ranges are wider than the 
northwest USA standards overall and are similar early in the growing season (DAP < 80). Later 
in the growing season, the upper limits of the new recommendations are greater than for the 
northwest USA standards. 
 
     The new suggested optimal ranges should be considered as guidelines only and should be 
viewed in the context of previous years’ data from any given site. Petiole nutrient concentrations 
will be affected by many factors, in addition to available soil nutrients. Some of these factors 
include temperature, precipitation, soil texture, and other environmental factors, as well as 
human factors such as petiole sampling technique, irrigation management, location of samples 
within the field, and laboratory analysis. Petiole nutrient concentrations should be considered on 
a field-specific basis. Spatial variability exists across any field, so care must be taken to choose 
petioles from benchmark locations that are representative of the field, in terms of location and 
plant appearance. 
 
     The conclusions drawn in this study are based on three years of experimental data and it is 
suggested that the PGA, along with growers and processors, continue to refine these 
recommendations based on petiole nutrient concentrations they observe currently and in the 
future. 
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Petiole Nutrient (N, P and K) Recommendations for Russet 
Burbank Potatoes Grown in Southern Alberta (2007)
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Background

• Precise fertilizer application rates are critical for optimal
potato production. Sufficient nutrients are necessary to
maximize tuber yield, quality and uniformity, while issues
of economy and environment make excess fertilizer
undesirable.
• The analysis of potato petioles has been used to monitor
nutrient status throughout the growing season; a useful
and timely technique for monitoring mid-season nutrient
deficiencies.
• Currently recommended petiole nutrient concentrations
are from research conducted in the northwest United
States, where longer growing seasons and different soil
and climate conditions prevail.
• Results from previous studies in southern Alberta
indicated that the current recommendations may be high
for K and somewhat high for P, especially early in the
growing season. Results also indicated that recommended
NO3-N concentrations may need fine-tuning to suit
southern Alberta growing conditions.

Project Treatments and Layout

Ten rates (Table 1) of N, P and K fertilizer were
applied (April 17/07) to strips in a small portion of a field
of grower-managed Russet Burbank potatoes, near
Coaldale, Alberta. Each plot was 6 rows wide (18 ft) by
115 ft long (Figure 1) and there were 4 replicates. Due to
an error in the application rate of K on several plots in
Rep 2, data from 4 plots was not used in results
calculations. Petiole samples (Figure 2) were collected and
analyzed for each plot 7 times throughout the 2007
growing season. Tuber samples (2x25 ft strips) were
collected (September 13-14/07), graded for marketable
yield and analyzed for specific gravity.

The crop was planted April 22/07 and it had begun
flowering by July 11/07. Grower fertilizer and fertigation
amounts and dates have not yet been provided, however
the plot area was avoided by the grower during the
spring fertilizer application. The field was affected by a
hail storm on August 10, 2007 (Figure 3). Crop damage
was more extensive on the north half of the field.

Results Summary

Nitrogen: There was an increasing concentration of
petiole N with increasing fertilizer N and this was
seen in all three years of the study. All but the lowest
N fertilizer treatment fell within the USA standards.
The highest three N treatments had very similar
petiole N concentrations, despite representing a range
in fertilizer N. There was no significant yield
difference between treatments, however there was a
trend to increasing yield with increased fertilizer, with
a decreased yield at the highest rate of N. There was a
slight trend to decreasing specific gravity with
increased fertilizer N. A similar trend was also seen in
2005 but the opposite was seen in 2004.
Phosphorus: All petiole P results were in the low
range, within and slightly below the USA standards,
similar to both previous years. There was no
relationship between fertilizer P and petiole P.
Potassium: Similar to previous years, petiole K results
were above the USA adequate range and there was no
relationship between fertilizer K and petiole K. There
was no statistically significant trend in specific gravity
with increasing fertilizer K.

Objectives

In 2004, a 3-year study was initiated. The objectives are to
• determine the optimal petiole nutrient concentrations
for Russet Burbank potatoes, specific to southern Alberta
• determine the relationship, if any, between potato
petiole nutrient concentrations and tuber specific gravity
• compare these relationships to those found in field-scale
petiole data.

Table 1. Fertilizer rates 2007.
Treatment Experiment Applied

Apr 17/07 (lb/ac)
N P2O5 K2O

a) N
itrogen

1 24 101 75
2 151 101 75
3 200 101 75
4 250 101 75

b)Phosphorus

5 200 0 75
3 200 101 75
6 201 151 75
7 200 201 75

c) Potassium

8 200 101 0
3 200 101 75
9 200 101 152

10 200 101 206

Acknowledgements

This project was made possible with the financial support of the Potato Growers of Alberta and
Alberta Agriculture and Food. McCain Foods provided funding to allow an additional date of petiole
sampling to be added and Sandberg Laboratories provided a research rate for petiole analysis. Tony Bos is
kindly acknowledged for hosting the trial. Lucinda Noronha managed the collection of petiole samples and
Corrine Thiessen Hepher, Brent Nicol, Jonathan Peters, Darren Peterson and Rod Bennett assisted. Mitchell
Froyman, Miranda Mathies, Ryan Moeller and Ralaina Virostek assisted with the tuber harvest.

Full reports of the 2004 and 2005 results are available on the PGA web site and a final report, consisting of
the 2004-2007 results will be made available to the PGA in January 2008.

Figure 2. Russet Burbank 4th

leaf stem before (a) and after 
(b) removal of leaves.

a) b) petiole

Figure 3. Hail damage Aug 2007.

Figure 1. Plot layout 2007.
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Nutrient Recommendations 

for Russet Burbank Potatoes in Southern Alberta 
 
This research shows that optimal nutrient requirements for Russet Burbank potatoes, as measured 

in the plant petioles, may be different than traditionally recommended.  The new recommended 

nitrate nitrogen range for southern Alberta is slightly lower than the northwest USA standard, both 

early and late in the growing season. Optimal phosphorus ranges are substantially less than the 

standard recommendation. The optimal potassium ranges are similar early in the season, but may 

be higher late in the growing season. 

 

Why is this research important to potato growers? 

The collection and analysis of potato petiole (leaf stem) samples can be a useful and 
timely technique for identifying crop deficiencies that may occur mid-season, however, the 
currently recommended petiole nutrient concentrations for Russet Burbank potatoes are 

based on data collected in the northwest United States. Previous studies in southern 
Alberta indicate these recommendations may be high for potassium (K) and slightly high 

for phosphorus (P), especially in the early part of the growing season. While sufficient 
nutrients are necessary to maximize tuber yield, quality, and uniformity, excess fertilizer 
is undesirable from both an economic and an environmental perspective. 

 
A three-year project was conducted by Alberta Agriculture and Food, with financial 

support from the Potato Growers of Alberta, to determine the optimal petiole nutrient 
concentrations for Russet Burbanks grown in southern Alberta and the relationship, if any, 
between potato petiole nutrient concentrations and tuber specific gravity.  

 
How was the research conducted? 

Ten different rates of N, P, and K fertilizers were surface applied on replicated plots at 
three different sites in southern Alberta during three growing seasons. The plots were 
located on a coarse-textured Orthic Brown Chernozemic soil (2004), a medium-textured 

Orthic Brown Chernozemic soil (2005) and a medium-textured Orthic Dark Brown 
Chernozemic soil (2007). The fertilizer rates for the treatments were chosen to create four 

increasing amounts of one nutrient, while holding the other two constant. 
 

Petiole samples were collected and analyzed for each plot on seven occasions, starting in 
late June and ending in mid-August, using the fourth petiole from the top of the main 
stem. Approximately 80 petioles were collected from each plot, at each sampling date. 

Samples were ground and sent to a laboratory for analysis of nitrate nitrogen (NO3-N), 
phosphorus (P), and potassium (K). Tuber samples were collected in mid September, 

using the PGA two-row harvester. The samples were graded and weighed to calculate total 
yield (short tons per acre), marketable yield, mean tuber weight, and the percentage of 
smalls (potatoes less than 17/8 in. diameter). Marketable yield was defined as total yield 



 

 

minus the yield of undersize tubers. Specific gravity was calculated as the weight in air 
divided by the weight in water. 

 
 
 

Specific gravity is the most widely accepted measurement of potato quality. There is a high 

correlation between the specific gravity and the starch content and percentage of dry matter or 

total solids in the potato. Specific gravity is important to the processor because it affects the 

quality and yield of the processed product. Where potatoes are fried, it affects processing costs, as 

oil absorption rates are inversely related to dry matter levels. 

 
What were the research findings? 

The suggested petiole nitrate-nitrogen range is slightly lower than the northwest USA 
standards both at the beginning of the growing season and late in the growing season. 

The revised optimal petiole ranges for phosphorus are substantially lower than the 
northwest USA standards. The recommended potassium ranges are wider than the 
northwest USA standards overall. They are similar early in the growing season, but the 

upper limits of the new potassium recommendations are greater than for the northwest 
USA standards later in the growing season. 

 

Recommended Russet Burbank  

Petiole Nutrient (NO3-N, P, and K) Concentrations for Southern Alberta  

 

Days After 

Planting 

Optimal Petiole Nutrient Concentrations 

NO3-N (ppm) P (%) K (%) 

90%RY 100%RY 90%RY 100%RY 90%RY 100%RY 

60 13000 21400 0.15 0.30 7.3 12.4 

65 11550 19950 0.15 0.28 6.6 11.6 

70 10100 18500 0.14 0.27 5.9 10.7 

75 8650 17050 0.14 0.25 5.2 9.9 

80 7200 15600 0.13 0.24 4.5 9.0 

85 12978 20378 0.13 0.22 8.8 14.1 

90 11756 19156 0.13 0.21 7.9 13.2 

95 10533 17933 0.12 0.19 7.1 12.4 

100 9311 16711 0.12 0.18 6.2 11.5 

105 8089 15489 0.12 0.16 5.4 10.6 

110 6867 14267 0.11 0.15 4.5 9.7 

115 5644 13044 0.11 0.13 3.7 8.9 

120 4422 11822 0.10 0.12 2.8 8.0 

125 3200 10600 0.10 0.10 2.0 7.1 

NO3-N = nitrate nitrogen, P = phosphorus, K = potassium, RY = relative yield 

 

Potato growers should determine petiole nutrient concentrations on a field-by-field basis, 

considering precipitation, soil texture, sampling technique, irrigation management, and 
other factors, and using the new recommendations as guidelines only.  
 

Though many growers believe increased potassium applications have an effect on specific 
gravity, the researchers observed no consistent or significant relationship to exist. 

 
For more information contact: 
Shelley Woods (Shelley.A.Woods@gov.ab.ca) or   

Michele Konschuh, (Michele.Konschuh@gov.ab.ca) 
Alberta Agriculture and Food 

mailto:Michele.Konschuh@gov.ab.ca
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1.0 Background 

 
Nitrogen (N) fertilization in potatoes, as in most annual crops, is key to maximizing yield and 
quality. Potatoes are high users of N, and optimization of N application can offer economic and 
environmental advantages.  Excessive N can lead to delayed tuber set, increased incidence of 
deformed tubers, hollow heart, low specific gravity of the tubers, and physiologically immature 
tubers all of which can result in economic loss. In addition, over fertilization can potentially 
have a high environmental cost as a result of contamination of both surface and groundwater 
resources. The majority of potatoes are grown on coarse-textured soils and excessive irrigation 
or rainfall can result in N leaching. In contrast, too little N leads to stunted growth, premature 
death of the vines, increased susceptibility to diseases such as early blight or Verticillium and 
consequently reduced yields and economic return (Waterer and Heard, 2005).   

Although N fertilizer is applied in the seeding preparations, in-season N fertilizer may also be 
required to maximize yield. Whether additional N is applied through fertigation, banding or top-
dressing, it is usually initiated following nitrate (NO3-N) analyses of petiole samples (Zhang et al. 
1996, Waterer and Heard 2005). Guidelines for petiole NO3-N levels, which vary with the age of 
the crop, are available (Figure 1) and currently undergoing review1. Although  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Target range for petiole NO3-N in potato petioles (Source: Waterer and Heard 2005). 
 
petiole sampling is the “standard” for in-season monitoring of N levels in potato, there are 
some disadvantages to this technique. The NO3-N levels can vary with the experience of the 
sampler, the time of day of sampling, the method of sampling, and the laboratory assay 
                                                      
1
 PGA Funded project. Woods S.A. Petiole Nutrient (N, P and K) Recommendations for Russet Burbank Potatoes 

Grown in Southern Alberta.   
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methods employed. There is also a delay between petiole sampling and obtaining the necessary 
information for management decisions.  

In recent years, there had been considerable interest in the use of alternative “real-time” 
methods for estimating N levels in a variety of crops.  These methods include the use of the 
Greenseeker, chlorophyll meter (SPAD-502 or Hydro-N Tester), and Dualex hand-held 
instruments (Figure 2). Depending on the crop, cost savings have been estimated at $10 to $20 
per acres using in-season fertilization (Anon 2005).   
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Greenseeker, SPAD 502 and Dualex pinciples of operation. 
 
Research has been conducted on the use of the Greenseeker for improving N management in 
primarily wheat, forages and corn (Anon 2005). The Greenseeker consists of two diodes which 
emit energy in 671 and 780 nm wavelengths. The light reflected back from the crop is measured 
by a photodiode and the normalized difference vegetation index (NDVI) is computed ([R780-
R671]/ [R780+R671]). The principle is that NDVI relates to biomass and greenness (i.e. chlorophyll 
levels) and thus N management (Figure 2(a)).  Studies suggest that the use of the Greenseeker 
may enable growers to optimize N use (Raun et al. 2001) and be useful in predicting in-season N 
requirements in potatoes (Bowen et al. 2005). 

The chlorophyll meter is a hand held instrument which provides a simple, fast and non-
destructive method for estimating relative amounts of chlorophyll. The chlorphyll meter 
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measures transmittance of leaves in two wavelengths (650 and 940 nm) which are differentially 
absorbed by chlorophyll (Figure 2(b)).  The chlorophyll meter readings can be related to 
chlorophyll levels and then indirectly to N management (Schepers et al. 1992, Varvel et al. 
1997). This instrument has been widely used in N management research in a variety of crops 
(Wood et al. 1992, Follet et al. 1992, Sing et al. 2002) including potatoes (Vos and Bom 1993, 
Minotti et al. 1994, Denuit et al. 2002, Rodrigues 2004).  A study in Belgium, involving field level 
production, indicated the potential use of a chlorophyll meter to monitor potato plant N status 
and aid in split applications of N fertilizer (Olivier et al. 2006).  

More recently, investigations into the use of fluorescence excitation and the Dualex field 
portable instrument for N management have appeared in the literature (Cartelat et al. 2005).  
The Dualex (dual excitation) which measures leaf levels of polyphenolics and chlorophyll, 
operates in full daylight with an UV beam at 375 nm and a red reference beam at 650 nm 
(Figure 2(c)). Under conditions of N stress the concentration of polyphenolic compounds in 
leaves increases while chlorophyll content. The potential of this instrument as a tool for in-
season nitrogen management in corn and wheat has recently been shown (Tremblay et al. 
2007, Tremblay and Bélec 2006, Cerovic et al. 2005) but to date data for potatoes are very 
limited. 

The use of the newly developed Dualex instrument in combination with a chlorophyll meter 
may offer even greater potential than either instrument individually to identify N stress due to 
measurement of both chlorophyll and polyphenolic compounds (Cartelat et al. 2005, Cerovic et 
al. 2005, Meyer et al. 2006).   

Objective 
(1) To conduct a second year pilot study to evaluate the use of the Greenseeker, SPAD, and 

Dualex meters for measuring in-season N deficiency in potatoes. 
(2) To determine the relationship amongst the Greenseeker, SPAD and Dualex readings and 

petiole N values.   

2.0 Methods  

2.1. Experiment 1 and 2 

 
2.1.1. Study sites 

There were two study sites, Brooks (Experiment 1) and Vauxhall (Experiment 2), Alberta. The 
study sites were established and maintained by Dr. Michele Konschuh and were part of an on-
going study into the effects of urea as opposed to ESN (slow release fertilizer) applications on 
potato productivity.   There were 10 treatments in each trial of which only the five urea 
treatments were sampled (Tables 1 and 2, Figure X).  The residual soil N level at both Brooks 
and Vauxhall resulted in a higher than anticipated N level in the check treatment. At Vauxhall, 
the residual N level was such that planned lowest N application of 115 kg/ha was not possible 
and the treatment was replaced by 123 kg/ha residue soil N.  There were 5 replicates per 
treatments. Each plot consisted of two rows containing 20 Russett Burbank tubers per row (40 
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tubers per plot). The potato tubers were planted on May 13 at Vauxhall and May 14 at Brooks. 
Management of the plots is described in Konschuh (2009). 
 
Table 1: Differential nitrogen fertilizer application (kg/ha N) in the five treatments at Brooks. 

Trt # Residual 
Soil N (top 
60 cm) 

Urea 
(Pre-
plant) 

Urea 
(Top-
dressed) 

Total N % of STD 

    

1* 92 0 0 92 71% 

2 92 133 0 225 100% 

3 92 78 0 170 75% 

4 92 23 0 115 50% 

10** 92 88 65 245 109% 

* No N added, residual N in the soil from soil testing. 
** Standard treatment 
 
Table 2: Differential nitrogen fertilizer application (kg/ha N) in the five treatments at Vauxhall. 

Trt # Residual 
Soil N 

Urea  
(Pre-
plant) 

Urea  
(Top-
dressed) 

Total N % of STD 

    

1* 123 0 0 123 54% 

2 123 102 0 225 100% 

3 123 47 0 170 75% 

4 123 0 0 115 50% 

10** 123 90 65 278 124% 

* No N added, residual N in the soil from soil testing. 
** Standard treatment 
 

2.1.2. Petiole sampling 

Petiole samples were taken three times during the 2008 season to determine NO3-N. At Brooks 
samples were taken 44 (June 26), 66 (July 18) and 86 (August 8) days after planting (DAP) while 
at Vauxhall sampling was conducted 46 (June 27), 71 (July 22) and 85 (August 6) DAP. The July 
sampling at Vauxhall was delayed one week due to a hailstorm.  The protocol used is described 
in Konschuh (2009). 
 

2.1.3. Greenseeker, SPAD and Dualex measurements 

Greenseeker, SPAD and Dualex measurements were taken 44 (June 26), 64 (July 16) and 87 
(August 7) DAP at CDC South, Brooks and 44 (June 25), 64 (July 15), 71 (July 24) and 85 (August 
5) DAP at Vauxhall. As there was a hail storm at Vauxhall 64 DAP (July 15) the plots were re-
sampled 73 DAP (July 24) to provide closer sampling to the petiole NO3-N measurements.   
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The Greenseeker NDVI measurements were taken over the area that included the 4th, 10th and 
16th plant in each row. Particular attention was paid to keeping the sensor height in relation to 
the top of the crop canopy the same on each date. Six NDVI readings were recorded per plot to 
provide a measure of in-plot variability as well as between plot variability.    
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1001 T1 1007 T4 1013 T2 1019 T5 2005 T3 2011 T5 2017 T6 3003 T4 3009 T8

  

1002 T1 1008 T4 1014 T2 1020 T5 2006 T3 2012 T5 2018 T6 3004 T4 3010 T8

  

1003 T9 1009 T7 1015 T10 2001 T10 2007 T8 2013 T4 2019 T9 3005 T9 3011 T2

  

1004 T9 1010 T7 1016 T10 2002 T10 2008 T8 2014 T4 2020 T9 3006 T9 3012 T2

 Treatment 1

110 kg/ha N

Treatment 2

225 kg/ha N

1005 T3 1011 T6 1017 T8 2003 T7 2009 T1 2015 T2 3001 T5 3007 T7 3013 T1

 Treatment 3

1006 T3 1012 T6 1018 T8 2004 T7 2010 T1 2016 T2 3002 T5 3008 T7 3014 T1 170 kg/ha N

  

Treatment 4

115 kg/ha N

6m 3m 

10 m Treatment 10

225 kg/ha N (Split)

3015 T3 4001 T4 4007 T7 4013 T1 4019 T3 5005 T9 5011 T2 5017 T4

3016 T3 4002 T4 4008 T7 4014 T1 4020 T3 5006 T9 5012 T2 5018 T4

3017 T6 4003 T9 4009 T8 4015 T5 5001 T7 5007 T3 5013 T6 5019 T8

3018 T6 4004 T9 4010 T8 4016 T5 5002 T7 5008 T3 5014 T6 5020 T8

3019 T10 4005 T10 4011 T6 4017 T2 5003 T10 5009 T1 5015 T5

3020 T10 4006 T10 4012 T6 4018 T2 5004 T10 5010 T1 5016 T5

7 m 3m

87 m

Guard

Guard

Guard

Guard Guard Guard Guard Guard Guard Guard

GuardGuard

GuardGuard

GuardGuard

Guard

Guard

Guard

Guard Guard Guard

Guard Guard

Guard

Guard Guard Guard

Guard Guard Guard Guard Guard

1
9

2
0

Guard

Guard

Guard

Guard

Guard

Guard

Guard

Guard

4

Guard

Guard

1
1
2

1
3

Guard Guard Guard

1
8

GuardGuard

ESN - 2008

1
4

1
5

Guard Guard Guard

2
3

Guard Guard

Lysimeters

1
6 Guard

1
7 Guard

Watchdogs
GuardGuard

Guard Guard Guard Guard

GuardGuard Guard Guard Guard Guard

2
3 Guard

Guard

2
4

2
1 Guard

2
2 Guard

Guard Guard

Guard Guard Guard Guard

Guard Guard Guard Guard

Guard Guard Guard

6

Guard Guard Guard

5

Guard Guard

Guard Guard Guard Guard

7
8

Guard Guard

Guard

1
0

Guard Guard Guard

9

Guard Guard Guard Guard

1
1

Guard Guard Guard

Guard GuardGuard Guard

Guard GuardGuard Guard Guard Guard

 
Figure 3: Plot layout at Brooks and Vauxhall. 
 
Consistent with the Greenseeker measurements the SPAD and Dualex readings were taken at 
the midpoint of the terminal three leaflets on the 4th fully expanded compound leaf of the 4th, 
10th and 16th plant of each row within a plot (Figure 4).  The SPAD readings were taken on the 
upper surface of the leaflets while the Dualex readings were taken on both the upper and lower 
surface of the leaflets. The three SPAD and the six Dualex readings per plant were averaged as 
were the readings from the six plants per plot to provide a mean value per plot. In order that 
the SPAD and Dualex readings could be compared and used to create a SPAD/Dualex ratio, the 
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measurements were always made in the same order (i.e. the 1st, followed by the 2nd followed 
by the 3rd leaflets).  

Due to variations in the soil, water supply, growth stage, sampling protocols, variety, seasonal 
environmental conditions, and variations amongst the machines themselves, it is generally 
accepted that absolute values for Greenseeker, SPAD and Dualex are unsuitable.  Accordingly, it 
is generally accepted that the values measured with these instruments are ratioed to those 
obtained from plants within a nutrient rich reference area (Tremblay and Bélec 2006).  The 
results for the Greenseeker, SPAD and Dualex measurements are expressed as a ratio where 
the denominator is the mean value obtained in the 245 and 278 kg/ha split N application 
treatment at Brooks and Vauxhall respectively, as these treatments were deemed to be 
nutrient rich.   

 
Figure 4: Diagram of petiole and sampling sites. 
 

2.2. Experiment 3.  

2.2.1. Study site 

The third experiment was conducted in an irrigated commercial potato field. Pre-plant N was 
applied based upon initial soil tests and with the exception of two areas in the field (Figure 5) 
in-season N was applied based upon petiole sampling. In the two areas set aside, based upon 
petiole sampling, 0 and 50% of the in-season required N rate was applied. To achieve these 
treatments, fertigation was withheld in the 0% treatment and occurred only every second time 
in the 50% rate.   
 

2.2.2. Greenseeker, SPAD, Dualex and petiole sampling 

Three areas were identified and flagged in each of the fertility treatments. At each location, 10 
Greenseeker measurements were taken as described above. The measurements were taken in 
a random pattern around the flags but ensuring that there was a minimum of 10 paces (approx 
7.5 meters) between samples.  Thus, a total of 30 measurements were made in each fertility 
treatment.  

1 

2 
3 

4th fully expanded compound leaf 
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SPAD and Dualex measurements were taken as described previously. There were 10 plants per 
sample flag for a total of 30 plants and 180 individual measurements per treatment. The same 
plants were sampled on each date. Measurements are taken at the same time as the petiole 
sampling. Typically this occured between 7:30 and 9:30 AM. Petiole samples and hand held 
instrument measurements were taken weekly over the growing season (June 28, July 5, 12, 18 
and 25, and August 2, 9, 16 and 23).  
 

  
Figure 5: Experimental set-up in the commerical potato field. 

3.0 Results  

3.1. Experiment 1 and 2  

3.1.1. Yield 

At Brooks there was no significant difference in marketable yield amongst the various N 
treatments.  However, total potato yield, when compared to the standard 245 kg/ha N split 
application, was significantly greater in the 170 kg/ha treatment which could be attributed to 
the greater yield of large potatoes. The yield of small and medium potatoes, compared to the 
standard 245 kg/ha split N application was unaffected by the various N treatments (Figure 6).  
 
A hailstorm at Vauxhall on 64 DAP resulted in damage to the aboveground plant material and 
likely contributed to the lower yields at Vauxhall compared to Brooks.  Total, marketable and 

Optimal as per the producer’s 
usual prototocols 

0 additional N 
½ the optimal level as 
determined by the producer 
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medium sized potato yields were unaffected by N treatment at Vauxhall. However, compared 
to the standard 278 kg/ha split application of N, large tuber yield was significantly lower and 
small tuber yield significantly greater in the 123 and 170 kg/ha N treatments (Figure 7). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: The effect of varying N application rates on potato yield at Brooks, AB. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7:  The effect of varying N application rates on potato yield at Vauxhall. 
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3.1.2. Petiole NO3-N 

Petiole NO3-N levels decreased over the season at Brooks. With the exception of the single pre-
plant 225 kg/ha N application 44 DAP, the 225 kg/ha split N treatment showed significantly 
higher petiole NO3-N levels compared to the other treatments.  44 and 64 DAP, the reduction in 
petiole NO3-N level increased with decreasing N application rate but 86 DAP there was no 
significant difference in the petiole NO3-N levels amongst the single N application treatments. 
With the exception of the 225 kg/ha split application of N 44 DAP, the petiole NO3-N was below 
the lower recommended level (Woods et al. 2008). 

Petiole NO3-N levels at Vauxhall were highest 44 DAP but lowest 71 DAP rather than 87 DAP 

(Figure X). This latter observation may be attributed to the effects of the hailstorm on July 15th 
which set back potato growth.  With the exception of 44 DAP, the petiole NO3-N levels in the 
225 kg/ha split and single pre-plant applications were not significantly different from each 
other. The 123 and 170 kg/ha N applications rates resulted in a significant reduction in petiole 
NO3-N levels, the level of reduction tending to increase with decreasing N application rate.   It 
was noted that the petiole NO3-N levels were below the lower limit of the optimal levels 
suggested by Woods et al. 2008. 

3.1.3. Greenseeker  

In all treatments at Brooks, the Greenseeker NDVI values increased from 44 to 64 DAP when full 
canopy closure was achieved. Thereafter the Greenseeker values remained constant. With 
respect to the various N treatments, the results were variable amongst dates. The Greenseeker 
value for the 92 kg/ha treatment was significantly lower than for any other treatment 44 DAP.  
With time, this difference was reduced and 86 DAP there was no significant difference in the 
Greenseeker values amongst the various treatments (Figure 10A).   

At Vauxhall, in all treatments the Greenseeker NDVI values increased from 44 to 64 DAP when 
full canopy closure was achieved.  With respect to the various N treatments, the results were 
variable amongst dates. 44 and 85 DAP there was no significant difference amongst treatments 
while 64 DAP compared to the standard 278 kg/ha split application the Greenseeker values 
were significantly lower for the other N treatments (Figure 11A).  The NDVI values tended to be 
lower with the lower N rates.   

3.1.4. SPAD 

At Brooks, in all treatments, the SPAD remained fairly constant through the experimental 
period. On all measurement days the SPAD readings for the 92 and 115 kg/ha N treatments 
were significantly lower than for the standard 245 kg/ha split application of N. The 170 kg/ha N 
application also showed a reduction in SPAD readings 44 and 86 DAP but not 64 DAP (Figure 
10B). Generally the level of reduction in SPAD readings increased with decreasing N application 
rate.   

At Vauxhall, in all treatments, the SPAD values decreased with DAP. Early in the season, 44 DAP, 
compared to the 278 kg/ha split N application, the 123 and 170 kg/ha N treatments showed a 
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significant decrease in the SPAD value, the SPAD value decreased with decreasing N application 
rate (Figure 11B). However, there was no significant difference in the SPAD values amongst all 
N treatments 71 and 85 DAP.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: The effect of N application rate on potato petiole NO3-N levels at Brooks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9: The effect of N application rate on potato petiole NO3-N levels at Vauxhall. 
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3.1.5. Dualex 

Consistently on each sampling date at Brooks, the two lowest application rates of 92 and 115 
kg/ha N showed a significant increase in the potato leaf Dualex values compared to all other N 
treatments. There was no significant difference in the Dualex values amongst the 170 kg/ha, 
225 kg/ha single N treatments and the 245 kg/ha split N application.   

Within treatments at Vauxhall, the greatest change in Dualex readings occurred from 44 to 73 
DAP when the values increased.  From 71 DAP to 85 DAP only a slight increase was observed in 
the Dualex readings. With the exception of 85 DAP and the 225 kg/ha single N application, 
relative to the 278 kg/ha split N application, the Dualex readings significantly increased with a 
decrease in N application rate (Figure 11C). There was no significant difference in the Dualex 
readings amongst the 123 and 170 kg/ha N treatments.   

3.1.6. SPAD/Dualex ratio 

At Brooks, the results were similar to those with the Dualex instrument alone with the 92 and 
115 kg/ha treatments showing a significant decrease in the SPAD/Dualex ratio compared to all 
other treatments.  There was no significant difference between the SPAD/Dualex ratios in the 
92 and 115 kg/ha N treatments. Unlike the Dualex alone, the SPAD/Dualex ratio showed a 
significant effect for the 170 kg/ha, the value being significantly lower than for the 245 kg/ha N 
split application treatment (Figure 10D).  

In all treatments, the SPAD/Dualex ratio at Vauxhall decreased with DAP.  The results were 
similar to those with the Dualex instrument alone. With the exception of 85 DAP and the 225 
kg/ha single N application, relative to the 278 kg/ha split N application, the SPAD/Dualex ratio 
significantly decreased with a decrease in N application rate (Figure 11D). There was no 
significant difference in the SPAD/Dualex ratios amongst the 123 and 170 kg/ha N treatments.   

3.1.7. Relationship hand held instruments and petiole sampling. 

At Brooks there was no relationship between petiole NO3-N and Greenseeker measurements on 
any date (Figure 12).  The SPAD and SPAD/Dualex showed a strong relationship with petiole 
NO3-N both 44 and 64 DAP while the Dualex alone only showed a significant relationship with 
the petiole NO3-N 64 DAP. On the last date of measurement 86 DAP there were no significant 
relationships between petiole NO3-N and any of the instrument readings.  At Vauxhall, on each 
date a strong relationship was found between the petiole NO3-N and the Dualex, SPAD/Dualex 
and Greenseeker measurements but only 44 DAP was a significant relationship observed 
between petiole NO3-N and the SPAD measurements (Figure 13).  
 
Overall at Brooks there was a significant relationship between the petiole NO3-N and all 
instrument measurements except the SPAD while at Vauxhall a significant relationship was 
evident between the petiole NO3-N and all instrument readings (Table 3). 
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Table 3: The relationship between the hand-held instrument measurements (independent 
variable) and potato petiole NO3-N (dependent variable). 
 

Location 
Independent 

variable 
Intercept Slope R2 RMSE 

Brooks 

Dualex 44132 -39067 0.47 3958 

SPAD - - - - 

SPAD/Dualex -13416 448 0.37 4324 

Greenseeker 45714 -46370 0.41 4183 

Vauxhall 

Dualex -28352 -22733 0.68 2742 

SPAD -27375 877 0.72 2542 

SPAD/Dualex -5819 265 0.70 2650 

Greenseeker 37953 -39563 0.33 3941 

Vauxhall + 
Brooks 

Dualex 32487 -26805 0.55 2742 

SPAD -24360 780 0.38 2542 

SPAD/Dualex -7146 304 0.50 2650 

Greenseeker 40181 -40973 0.36 3941 
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Figure 10: The effect of N application rate on potato canopy Greenseeker (A), potato leaf SPAD (B) and Dualex (C) and SPAD/Dualex  
ratio (D) values at Brooks.  
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Figure 11: The effect of N application rate on potato canopy Greenseeker (A), potato leaf SPAD (B) and Dualex (C) and SPAD/Dualex 
ratio (D) values at Vauxhall. 
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Figure 12: The relationship between the Greenseeker (A), SPAD (B), Dualex (C) and SPAD/Dualex ratio (D) and potato petiole NO3-N 
at Brooks in 2008.  
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Figure 13: The relationship between the Greenseeker (A), SPAD (B), Dualex (C) and SPAD/Dualex ratio (D) and potato petiole NO3-N 
at Vauxhall in 2008.
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3.2. Experiment 3. 

3.2.1. Yield  

The total yield of potatoes in each of the three N treatment levels was similar. Unfortunately, 
the harvested potatoes were not separated into small, medium, and large tubers so marketable 
yield could not be determined. 

3.2.2. Petiole NO3-N 

The potato petiole NO3-N levels fluctuated throughout the season for all three treatments, but 
with few exceptions, the levels were within the optimal target for petiole NO3-N (Figure 14).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14: Petiole NO3-N levels in the 0, 50 and 100% fertility treatments in the commercial 
field. 

3.2.3. Greenseeker, SPAD, Dualex and SPAD/Dualex 

With few exceptions the Greeenseeker, SPAD, and Dualex readings and, the SPAD/Dualex ratio 
values were similar amongst the three fertigation levels (Figure 15).  
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Figure 15:  The effect of fertigation treatment on Greenseeker (A), SPAD (B), Dualex (C) and SPAD/Dualex (D) ratio values. 
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4.0 Discussion 

 
Interestingly, at both Brooks and Vauxhall, although the petiole NO3-N values were, with few 
exceptions, well below the acceptable minimum level for target yield (Table 4), the yields were 
acceptable. In Vauxhall, although the marketable yield of potatoes was unaffected by N 
treatment, there was the suggestion that the 123 and 170 kg/ha N rates altered yield with the 
weight of small and large sized tubers increasing and decreasing respectively. This effect on 
yield was mirrored in a decrease in petiole NO3-N and SPAD/Dualex ratio values and an increase 
in Dualex values in plants subjected to 123 and 170 lb/ac N.  
 
At Brooks, yield was unaffected by the various N treatments, yet the petiole NO3-N results 
showed differences with respect to the differential N rates. The trends in the results for the 
Dualex and SPAD/Dualex combination were similar to those for petiole sampling and suggest 
the potential of these instruments to replace destructive sampling. This is further exemplified 
by the reasonable relationship observed between the petiole NO3-N levels and both the Dualex 
readings and the SPAD/Dualex ratio at Vauxhall and Brooks.  With respect to the SPAD and the 
Greenseeker, the trend in the results with respect to yields and petiole NO3-N were not 
consistent over time and site. The Greenseeker readings are a measure of greenness which is a 
function not only of the colour of the canopy but also the amount of vegetation present. The 
presence of bare soil in the field of view of the instrument influences the Greenseeker readings 
which is not the case for the SPAD and the Dualex leaf level instruments.   
 
Table 4: Optimal petiole NO3-N levels for Russet Burbank potatoes in southern Alberta (from  
Woods et al. 2008). 
   

Days after 
planting 

Optimal NO3-N levels (ppm) 

Upper limit Lower limit 

44 26040 17640 

46 25460 17060 

67 19370 10970 

71 18210 9810 

86 20172 12772 

87 19928 12528 

 
 
Calibration of the hand-held instruments is an issue. In previous studies involving other crops 
an over fertilised reference strip is used to develop a sufficiency index approach to N 
requirement.  The reference strip eliminates the influence of environment and cultivar 
differences in the results.  In the case of potatoes, petiole NO3-N curves have been developed 
for a number of cultivars which are regularly used by producers to manage in-season 
applications of N. It may be possible to calibrate the hand held instrument readings based upon 
the petiole NO3-N levels to derive sufficiency indices.     
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5.0 Recommendations and potential impact of the study 

 
The results of the two years of this study require to be integrated. However, as in 2007, the 
Dualex and SPAD/Dualex readings appeared to mirror trends in yield and in petiole NO3-N 
levels.  The Dualex and SPAD/Dualex ratio show a good correlation with petiole NO3-N levels 
despite the fact that the handheld instruments provide a measure of cumulative N levels while 
the petiole NO3-N provides a measure of N available at the time of measurement.  The Dualex 
and SPAD/Dualex may be less susceptible to time of day, hydration of the plant etc.  
The results suggest that research into the use of the Dualex instrument should be continued 
and data gathered to relate Dualex readings to N deficiency and N requirements in potatoes.    
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Purpose
• The purpose of this research project was to determine whether 

polymer-coated urea (ESN – environmentally smart nitrogen) can be 
used in southern Alberta potato production to improve nitrogen use 
efficiency while maintaining yield and quality.

Some potential benefits include:
• Maintaining or reducing costs of production by increasing N-use 

efficiency and reducing one or more in-season N applications
• Reducing N losses due to de-nitrification and leaching
• Reducing potential for nitrate contamination of surface and ground 

water supplies
• Providing a fertility-based approach to capping specific gravity in the 

optimal range for processing

• For ESN to be a useful tool for potato N management in Alberta, local 
information for producers is essential. We needed to determine the 
best approach to optimize potato yield and quality without significantly 
increasing costs of production.

Trt 
# 

Soil 
N 

Urea  
(Pre-
plant) 

ESN  
(Pre-
plant) 

Urea  
(Top-
dressed) 

ESN  
(Top-
dressed) 

Total 
N 

% of 
STD 

1 75 0 0 0 0 75 37% 
2 75 125 0 0 0 200 100% 
3 75 75 0 0 0 150 75% 
4 75 25 0 0 0 100 50% 
5 75 0 125 0 0 200 100% 
6 75 0 75 0 0 150 75% 
7 75 0 25 0 0 100 50% 
8 75 0 0 0 75 150 75% 
9 75 38 0 0 37 150 75% 
10 75 63 0 62 0 200 100% 
 

Treatments

Progress
• 2009 was the final year of this three-year trial. The trial was conducted in 

plots at CDCS (Brooks) and at the AAFC Vauxhall Sub-Station.  A total of 
6 site years of data were generated and should provide sufficient 
information to develop recommendations for incorporating ESN as part 
of a nitrogen management strategy for Russet Burbank potato.

• In 2007, the best economic return at CDCS was observed in the split 
urea treatment (GSP), while in Vauxhall, the best economic return was 
observed with a split application (urea pre-plant and ESN at emergence) 
at the 75% rate.

• In 2008, the best economic return at CDCS was observed with 75% urea 
pre-plant, while in Vauxhall, the best economic return was observed with 
an application of ESN (75%) at emergence.

• Differences between sites were related to environmental conditions and 
irrigation management, while differences between years were related to 
environmental conditions and the price of fertilizer products.

• ESN can provide a similar or better economic return to a split urea 
application.

• Statistical and economic analyses of the 2009 results are planned. A 
final report will be available by March. 

Vauxhall

2009 Example

CDCS - Brooks

Petiole sampling

Agriculture and Rural Development
Agriculture Research Division

Food and Bio-Industrial Crops Branch

Prepared for the Potato Growers of Alberta AGM, November 17-19, 2009, Kananaskis, AB

Ground water sampling


		Trt #

		Soil N

		Urea 


(Pre-plant)

		ESN 


(Pre-plant)

		Urea 


(Top-dressed)

		ESN 


(Top-dressed)

		Total N

		% of STD
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1. Performance Story 
Recent work in other potato production areas with polymer-coated-urea products 

demonstrated improved nitrogen-use efficiency and decreased nitrate leaching.  This 

project involved growing Russet Burbank potatoes at two southern Alberta research 

stations to evaluate the use of a polymer coated urea product locally.  The purpose of the 

trial was to determine whether environmentally smart nitrogen (ESN, Agrium) could be 

used in potato production to reduce the total amount of nitrogen (N) or the number of N 

applications without sacrificing yield or processing quality.  Various quantities of urea 

and ESN were applied pre-plant and compared with urea applied at planting followed by 

top-dressing at emergence.   

 
Results indicate that ESN can be used in place of or in concert with urea as an N source 

for Russet Burbank production in southern Alberta.  Six site years of data were generated 

during the trial.  Marketable yields from treatments involving ESN were greater or not 

significantly different from the split urea (STD) treatment each year of the trial, even 

when 25% less N was applied.  Average tuber size and tuber count in a 10 kg sample 

were affected more by environmental conditions each year than by N treatments. 

Applying N as ESN at emergence tended to reduce average tuber size relative to other 

comparable treatments applied pre-plant or as split applications.   In general, the more N 

applied, the lower the specific gravity and the fewer tubers over 10 oz.  ESN has less of 

an effect on tuber specific gravity than the same quantity of urea.     

 
When economic return was taken into account, marketable yield had a greater impact on 

crop value than fertilizer price, average tuber size or specific gravity bonuses.  That is, 

the treatments resulting in the greatest marketable yield, also resulted in the greatest 

economic returns.  Most treatments with a better economic return than the STD used a 

reduced rate of N.  Based on the results of this trial, it is feasible to reduce overall N 

applications by 25%.  It is also feasible to use ESN to eliminate the need for in-season N 

applications.  Reducing the quantity of N applied and splitting N applications between 

pre-plant urea and ESN at emergence gave good marketable yields and good economic 

returns 4 out of 6 site years. 
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In my opinion, the project was successful.  This information allows us to make 

recommendations to growers about the effective use of ESN in the nitrogen management 

of Russet Burbank potatoes.  The reduction in applied N and the potential for fewer in-

season applications should compensate for the price premium on ESN.     

 

2. Acknowledgements 
Funding for the project was provided by Ag & Food Council, Agrium, Alberta 

Agriculture and Rural Development, and Potato Growers of Alberta. 

 

Special thanks to Ross May and McCain Foods Canada for grading and assessing crop 

quality each year of the trial, Sandberg Laboratories for petiole nitrate analyses and Dr. 

Ted Harms for statistical analyses.  Technical support from Simone Dalpé, Allan 

Middleton, Pat Pfiffner, and Len Hingley (ARD), Jim Sukeroff and Ron Gregus (AAFC) 

was essential for the success of the project. 

 

3. Introduction 
Potatoes managed for maximum productivity exert a heavy demand on soil fertility 

(Hopkins et al. 2008, Westermann 2005, Waterer and Heard 2001).  Nitrogen (N) 

management affects vine and tuber biomass production as well as tuber size, grade, 

specific gravity and internal and external quality (Hopkins et al. 2008, Stark and 

Westermann 2003).  Insufficient available N leads to insufficient canopy establishment, 

decreased yield, increased disease susceptibility and early crop senescence.  Excessive N 

before tuber formation can delay tuber bulking and reduce yield, while excessive late-

season N usually reduces specific gravity and delays skin set (Stark and Westermann 

2003). 

 

Potato producers use a number of tools to manage nitrogen such as soil sampling, 

fertilizer formulations, timing and placement of fertilizer, and in-season crop monitoring 

through tissue testing (Hopkins et al. 2009, Zebarth and Rosen 2007).  The potential for 

leaching of nitrogen is closely related to the efficiency of the N management program 

(Shock et al. 2007, Stark and Westermann 2003).  Strategies that match crop N needs 

with applications during the first 60 days of emergence, improve N-use efficiency 

(Hopkins et al 2009, Munoz et al. 2005,Westermann 2005, Vos 1999).  In recent years, 

split or periodic N application procedures have become common in many potato-

producing regions (Wilson et al. 2009, Hopkins et al. 2008, Love et al. 2005).  Splitting 

the N application is an effective strategy to increase fertilizer use efficiency while 

limiting nitrate leaching (Zebarth and Rosen 2007, Waterer and Heard 2001) and nitrous 

oxide emissions (Hyatt et al. 2010, Shoji et al. 2001).   

 

Another tool that is available for N management is polymer-coated urea fertilizers.  Urea 

is an economical source of nitrogen that is converted by soil microbes to ammonium 

nitrogen.  Ammonium forms of nitrogen become available to plants as microbes convert 

it to nitrate forms.  Coated urea products are part of a larger group of controlled-release 

fertilizers (CRF’s), but the release rate is mostly influenced by soil temperature and is 

less affected by soil moisture than other CRFs.  Earlier versions of controlled release 

fertilizers did not closely match N release with plant demand and resulted in less than 
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satisfactory results.  This coupled with higher costs of CRFs has limited their use to high 

value greenhouse and nursery crops (Munoz et al. 2005, Simonne and Hutchinson 2005). 

 

ESN, environmentally smart nitrogen (44-0-0), is a made in Alberta polymer-coated urea 

fertilizer.  ESN provides a steady N supply for the growing plants while reducing losses 

due to leaching and denitrification.  Both Munoz et al. (2005) and Zvomuya and Rosen 

(2001) reported that a synchronous association between availability and demand of N 

could be achieved with just one fertilizer application of a polymer-coated urea at potato 

planting.  Such products can reduce fertilizer application costs because a single 

application can replace multiple fertilizer applications (Wilson et al. 2009, Zebarth and 

Rosen 2007).  Spring applied ESN could potentially be used to replace broadcast 

fertilizer at the time of hilling and replace the need for in-season fertigation applications.  

Recent work in other potato production areas with polymer-coated urea products, have 

demonstrated improved N-use efficiency and decreased nitrate leaching (Hopkins et al. 

2009, Hutchinson 2005, Shoji et al. 2001, Zvomuya and Rosen 2001).  Coated urea 

products range in their peak release dates, and the maximum N release for ESN is 

approximately 45 days after application.  Results from Alberta petiole-N research 

indicate that N uptake by the potato crop increases dramatically as the plant switches 

from flowering and tuber initiation to tuber bulking around 75 to 80 days after planting 

(Woods et al., 2008).  Local evaluation is needed to identify products or blends that 

match the uptake patterns for potato plants. 

 

Project Description: 

The trial was conducted on Russet Burbank potatoes at two southern Alberta research 

stations to ensure that background N was moderate and that N applications could be 

controlled.  One set of replicated plots was established at the Crop Diversification Centre 

South (CDCS), Brooks and the other was established at the AAFC Substation, Vauxhall, 

AB. The trial was planned for a total of 3 years to determine the impact of the treatments 

under a variety of environmental conditions.  A total of 6 site years of data was generated 

and provided sufficient information to develop recommendations for incorporating ESN 

as part of an N management strategy for Russet Burbank potato producers. 

 

The purpose of the current research was to determine whether ESN could be used in 

potato production to improve nitrogen use efficiency while maintaining yield and 

processing quality. The use of polymer coated urea in potato production could potentially 

reduce the total amount of nitrogen required to grow a high quality processing potato 

crop. 

 

4. Objectives 
 To determine the effect of combinations of urea and polymer-coated urea on 

yield, specific gravity and quality of Russet Burbank potatoes; and  

 To determine whether polymer-coated urea could replace the need for in-

season N applications (top-dressing, side-dressing or fertigation), and 

 To determine whether polymer-coated urea reduced the risk of nitrate leaching 

in irrigated potato production; and 
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 To determine whether polymer-coated urea could be used as a tool for better 

nitrogen management in Alberta potato production. 

 

 

5. Methods 
This study was conducted for three years (2007 – 2009) at two research facilities in 

southern Alberta; the Crop Diversification Centre South (CDCS) in Brooks, AB and the 

Vauxhall substation of the Lethbridge Research Station in Vauxhall, AB.  The soils at the 

CDCS station are Orthic Brown Chernozem with soil textures ranging from loam to silt 

loam.  The soils at the Vauxhall site are also Brown Chernozemic with a sandy loam 

texture.  Composite soil samples were taken at three depths (0 to 15 cm, 15 – 30 cm and 

30 – 60 cm) in the spring before planting to test for available nitrate N.  Results for each 

site are presented in Table 10. 

 

Table 10: Selected chemical properties of soils at the Brooks, AB and Vauxhall, 

AB sites each year.  Composite samples were collected before establishing treatments 

(April / May) from three depths (0 to 15 cm, 15 – 30 cm and 30 – 60 cm).    
 Brooks, AB Vauxhall, AB 

0 – 15 cm 2007 2008 2009 2007 2008 2009 

pH 7.7 8.2 7.6 7.7 6.9 7.5 

Electrical conductivity mS/cm 0.66 0.41 0.52 0.99 0.66 1.18 

Organic Matter % 1.2 1.5 <1.2 2.4 1.9 3.0 

Nitrate Nitrogen (NO3-N) lb/ac 40 22 20 24 51 53 

Phosphorus (P) lb/ac 102 196 78 73 110 55 

Potassium (K) lb/ac 690 760 520 860 1000 980 

Sulfate-sulfur (SO4-S) lb/ac <10 <10 <10 70 24 39 

       

15 – 30 cm       

pH 7.9 8.2 7.6 7.9 7.5 734 

Electrical conductivity mS/cm 0.74 0.45 0.50 0.91 0.76 1.75 

Nitrate Nitrogen (NO3-N) lb/ac 20 20 27 25 27 38 

Sulfate-sulfur (SO4-S) lb/ac 76 <10 <10 69 25 >200 

       

30 – 60 cm       

pH 8.1 8.3 8.2 8.1 8.0 7.3 

Electrical conductivity mS/cm 1.01 1.11 0.50 1.36 0.72 6.21 

Nitrate Nitrogen (NO3-N) lb/ac 30 40 28 26 32 36 

Sulfate-sulfur (SO4-S) lb/ac >400 348 20 >400 120 >400 
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Ten N treatments were replicated 5 times in a randomized complete block design.  Two 

sources of N, a 45-day release polymer coated urea (ESN, 44-0-0) manufactured by 

Agrium Inc. and granular urea (45-0-0) were compared across several rates and 

application strategies to determine if ESN could be used to reduce nitrogen application 

costs in-season.  Nitrogen treatments were applied using banding equipment in 2007.  

The nitrogen treatments were banded using a direct seeder at both locations May 9, 2008 

and May 15, 2009.  Treatments included: 

1. No additional nitrogen – check 

2. Urea applied pre-plant to bring available N to 225 kg/ha – urea 100% pp 

3. Urea applied pre-plant to bring available N to 170 kg/ha – urea 75% pp 

4. Urea applied pre-plant to bring available N to 115 kg/ha – urea 50% pp 

5. ESN applied pre-plant to bring available N to 225 kg/ha – ESN 100% pp 

6. ESN applied pre-plant to bring available N to 170 kg/ha – ESN 75% pp 

7. ESN applied pre-plant to bring available N to 115 kg/ha – ESN 50% pp 

8. No additional N at planting; plus ESN applied and cultivated in at emergence (Idaho) 

– ESN 75% td 

9. Urea applied pre-plant to bring available N to 115 kg/ha plus ESN applied to bring 

available N to 170 kg/ha and cultivated in at emergence - Urea/ESN split 

10. Urea applied pre-plant to bring available N to 170 kg/ha plus urea applied to bring 

available N to 225 kg/ha and cultivated in at emergence - Urea split –  STD 100% 

 

Potatoes were planted approximately 13 – 15 cm deep using a two-row wheel planter in 

Brooks on May 10, 2007, May 14, 2008, and May 19, 2009 and in Vauxhall on May 11, 

2007, May 13, 2008 and May 22, 2009. Russet Burbank seed (E3) of the same seed lot 

was used for both locations each year. Seed was cut (70 – 85g seed pieces), suberized, 

treated with Maxim
TM

 seed piece treatment (500g/100kg seed) in 2007, and Maxim MZ 

PSP seed piece treatment (500g/100kg seed) in 2008 and 2009.  Potatoes were planted 30 

cm apart in 6 m rows spaced 0.90 m apart. Each treatment was 4 rows wide. Only one of 

the centre rows was harvested for yield estimates and tuber evaluations. Each treatment 

was replicated 5 times to reduce some of the variability inherent in small plot research 

(see plot plan in Appendix).  

 

Wireless temperature loggers (Model 150 Watchdog, Spectrum Technologies, Plainfield, 

IL) were attached to the first seed piece in one row of each rep at both locations.  Soil 

temperature data was recorded every two hours for the entire growing season.  The data 

loggers were recovered just prior to harvest and daily maximum, minimum and mean 

temperature data from each device were retrieved. 

 

Lysimeters (61 cm Soil Water Sampler, Soilmoisture Equipment Corp., Santa Barbara, 

CA) were installed in four replicates of six treatments (Trt #1, 2, 5, 8, 9, and 10) at the 

CDCS site each year to compare the potential for nitrate leaching between treatments. 

Lysimeters were positioned between adjacent potato plants within a potato row in each 

treatment. A vacuum was established is each tube using a Vacuum Test Hand Pump and 

Extraction Kit (Soilmoisture Equipment Corp.).  Ground water samples were collected 

from each lysimeter starting June 14 (2007), July 4 (2008) and July 22 (2009) and 
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approximately every two weeks throughout the growing season. Samples were analyzed 

for nitrate concentration at Lakeside Research Labs, Brooks, AB. 

 

In Brooks, the plots were managed following the guidelines for the Western Canadian 

Potato Breeding Program. Eptam (2.0 L/ac) and Sencor (150 g/ac) were applied (April 

30, 2007; May 7, 2008 and April 29, 2009) to control weeds prior to planting. Additional 

ESN and urea were applied (top-dressed) to treatments 8, 9, and 10 prior to power hilling 

June 5, 2007 (Tables 1), May 29, 2008 (Table 2) and June 15, 2009 (Table 4).  The plots 

were irrigated with solid set sprinklers to maintain adequate soil moisture. 

 

Foliar fungicides were applied at the Brooks location during the growing season to 

prevent early blight and late blight from developing (Tables 1 – 3). In Brooks, Decis 5 

EC (60 ml/ac) was applied July 13, 2007, Thionex (0.60 L/ac) was applied July 7, 2008 

and Thionex (0.60 L/ac) was applied July 7, 2009 to control Colorado Potato Beetles. 

 

Table 1: Foliar fungicides applied to the 2007 ESN potato trial to prevent early 

blight and late blight development in Brooks, AB. 

Date of Application Fungicide Rate 

July 13 Dithane DG Rainshield 0.70 kg/ac 

July 26 Bravo 500 0.80 L/ac 

Aug 24 Ridomil Gold/Bravo 883 mls/ac 

 

Table 2:  Foliar fungicides applied to the 2008 ESN potato trial to prevent early blight 

and late blight development in Brooks, AB. 

Date of Application Fungicide Rate 

July 7 Quadris 324 mL/ac 

July 25 Dithance DG Rainshield 0.70 kg/ac 

Aug 20 Ridomil Gold with Bravo 883 mL/ac 

 

Table 3:  Foliar fungicides applied to the 2009 ESN potato trial to prevent early blight 

and late blight development in Brooks, AB. 

Date of Application Fungicide Rate 

July 8 Quadris 324 mL/ac 

July 30 Ridomil Gold with Bravo 883 mL/ac 

Aug 24 Bravo 500 0.65 L/ac 

 

In Vauxhall, the plots were managed by sub-station staff. Eptam (3.0 L/ac) was applied 

(May 7, 2007, April 28, 2008 and May 21, 2009) to control weeds prior to planting. 

Additional ESN and urea were applied (top-dressed) to treatments 8, 9, and 10 prior to 

hilling June 8, 2007, June 3, 2008 and June 16, 2009.  The plots were irrigated with a 

combination of solid set sprinklers in 2007 and 2008 and with wheel move and solid set 

sprinklers in 2009.  Soil moisture monitoring equipment was installed in 2008 and 2009 

to track soil moisture and recommend irrigation events to maintain soil moisture near 

70%.   
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Foliar fungicides were applied at the Vauxhall location during each growing season to 

prevent early blight and late blight from developing (Tables 4 – 6).  

 

Table 4:  Foliar fungicides applied to the 2007 ESN potato trial in Vauxhall, AB to 

prevent early blight and late blight development.  

Date of Application Fungicide Rate 

June 19, 2007 Bravo 500 0.8 L/ac 

July 3 Ridomil Gold/Bravo 883 mL/ac 

July 11 Bravo 500 0.8 L/ac 

July 20 Tattoo 1.1 L/ac 

Aug 1 Bravo 500 0.80 L/ac 

Aug 13 Bravo 500 0.8 L/ac 

Aug 22 Bravo 500 0.8 L/ac 

 

Table 5:  Foliar fungicides applied to the 2008 ESN potato trial in Vauxhall, AB to 

prevent early blight and late blight development.   

Date of Application Fungicide Rate 

June 23 Bravo 0.8 L/ac 

July 3 Bravo 0.8 L/ac 

July 18 Bravo 0.8 L/ac 

Aug 5 Ridomil Gold with Bravo 883 mL/ac 

Aug 18 Bravo 0.8 L/ac 

  

Table 6:  Foliar fungicides applied to the 2009 ESN potato trial in Vauxhall, AB to 

prevent early blight and late blight development.   

Date of Application Fungicide Rate 

July 16 Bravo 0.8 L/ac 

July 30 Bravo Ridomil Gold 883 mL/ac 

Aug 12 Bravo 0.8 L/ac 

Aug 20 Bravo 0.8 L/ac 

 

Foliar insecticides were applied at the Vauxhall location during each growing season to 

control aphids and Colorado Potato Beetles (Tables 7 – 9). 

 

Table 7:  Foliar insecticides applied to the 2007 ESN potato trial in Vauxhall, AB to 

control aphids and Colorado Potato Beetles. 

Date of Application Fungicide Rate 

June 19, 2007 Monitor 0.8 L/ac 

June 26 Admire 80 mL/ac 

July 11 Monitor 0.8 L/ac 

July 20 Monitor 0.8 L/ac 

Aug 1 Admire 80 mL/ac 

Aug 13 Monitor 0.8 L/ac 

Aug 22 Monitor 0.8 L/ac 
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Table 8:  Foliar insecticides applied to the 2008 ESN potato trial in Vauxhall, AB to 

control aphids and Colorado Potato Beetles. 

Date of Application Insecticide Rate 

June 23 Admire 80 mL/ac 

July 3 Monitor 0.8 L/ac 

July 18 Success 40 mL/ac 

Aug 5 Admire 80 mL/ac 

Aug 18 Monitor 0.8 L/ac 

 

Table 9:  Foliar insecticides applied to the 2009 ESN potato trial in Vauxhall, AB to 

control aphids and Colorado Potato Beetles. 

Date of Application Insecticide Rate 

July 16 Monitor 0.8 L/ac 

July 30 Admire 80 mL/ac 

Aug 12 Admire 80 mL/ac 

Aug 20 Monitor 0.8 L/ac 

 

Petiole samples were taken at three dates during each season (Brooks: July 4, July 25 and 

August 8, 2007; June 26, July 18 and August 8, 2008; July 7, July 21 and August 11, 

2009 and Vauxhall: July 5, July 26, and August 10, 2007;  June 27, July 22, and August 

6, 2008 and  July 9, July 23, and August 13, 2009) to ascertain the N status of the crop 

and determine any effects of treatments on N levels in petioles.  

 

Reglone (1.4 L/ac) was applied Sept 5, 2007, Sept 12, 2008 and Sept 11, 2009 in Brooks 

to desiccate potato vines. All treatments were harvested mechanically with a one-row 

Grimme harvester September 21, 2007, Sept 18, 2008, and Sept 23, 2009 at the Brooks 

location.  Reglone (1.0 L/ac) was applied Sept 11, 2007, Sept 11, 2008 and Sept 9, 2009 

in Vauxhall to desiccate potato vines. Treatments were dug mechanically and hand 

collected September 18, 2007 at the Vauxhall location.   Treatments were harvested with 

a one-row Grimme harvester Sept 18, 2008.  Treatments were dug with a one-row chain 

digger and hand collected September 24, 2009.  At both locations a greater number of 

small tubers were harvested than with commercial harvesting equipment. This tended to 

inflate the percentage of small tubers, but did not affect marketable yield figures. 

 

Yield, grade, specific gravity and defects for both sites were determined by McCain 

Foods Canada after harvest. Yield estimates are presented in tons/acre.  An economic 

analysis of the crop was conducted by McCain using a base price per ton based on 

delivery from storage prior to Nov 15.  It does not include bonus for color or payment for 

smalls.  For the analysis, urea was estimated to cost $400/ton in 2007, $800/ton in 2008 

and $600/ton in 2009 and a 15% premium was added for ESN pricing.  Each field 

application was estimated to cost $5 per acre in 2007 and 2008 and $7 per acre in 2009. 

 

Statistical analysis of the petiole nitrate data included analysis of variance (ANOVA) and 

separation of means by Tukey’s multiple means comparison test using Sigma Stat 

statistical software (SPSS, Chicago, IL).  Nitrate concentrations from lysimeter samples 
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were analyzed using a Kruskal-Wallis one-way analysis of variance on ranked data (p ≤ 

0.05). 

 

The yield data presented here were statistically analyzed in SAS using generalized linear 

model (GLM) and means separation was done using the Duncan’s Multiple Range Test 

(p ≤ 0.05). 

 

6. Results 
 

Weather Data 

Mean temperature and rainfall for the 2007, 2008 and 2009 growing season (May through 

September) are shown for both sites in Table 10.  There were some differences in the 

weather conditions between growing seasons each year of the trial (Table 10).  Mean 

temperatures in July in 2007 were warmer than normal at both locations.  Accumulated 

precipitation was lower in 2007 than 2008 or 2009 at both sites, but irrigation was used to 

maintain adequate soil moisture.   

 

 

Table 10: Mean monthly temperature, rainfall and physiological days (P-days*) for 

2007 – 2009 at the Brooks, AB and Vauxhall, AB sites.   
 Brooks, AB Vauxhall, AB 

Temperature (mean, ˚C) 2007 2008 2009 2007 2008 2009 

May 12.0 11.9 11.1 12.2 11.7 11.5 

June 16.4 14.9 15.1 16.4 15.1 14.9 

July 22.8 18.1 17.8 22.7 18.0 17.8 

August 17.1 17.8 16.8 17.3 17.8 17.0 

September 10.9 11.3 15.3 11.3 11.6 15.8 

Rainfall (mm)       

May 59.4 65.9 14.1 57.3 66.5 30.0 

June 43.1 68.3 57.7 35.0 85.2 44.8 

July  5.2 61.6 135.6 11.0 56.7 47.5 

August 41.7 15.8 41.8 28.4 36.3 85.1 

September 31.7 32.1 2.0 14.8 48.3 3.7 

Total 181.1 243.7 251.2 146.5 293.0 211.1 

P-Days*       

May 137.2 136.0 122.3 143.3 135.9 123.3 

June 207.4 181.9 173.2 210.2 185.3 172.4 

July 211.9 235.0 235.2 216.3 238.4 241.4 

August 213.8 207.1 218.3 212.0 209.9 220.3 

September 123.2 137.9 171.5 125.5 140.4 173.4 

Total 893.5 897.9 920.2 907.3 909.9 930.8 

* P-days: an indexing system, widely used in potatoes for determining stage of development and initiation 

of disease. With the P-Day approach, the minimum temperature for potato growth and development is 7°C, 

while the most rapid growth and development takes place at 21°C. The growth rate decreases with the 

increase in temperature and finally stops at 30°C.  
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Physiological-days (P-days, Sands et al. 1979) were calculated from the weather data as a 

method of comparing the growing seasons for potato production (Table 10).  An initial 

comparison of total P-days in each growing season did not indicate much difference 

between the seasons.  However, an evaluation of P-days accumulated within each month 

of the growing season emphasized differences during specific parts of the season (Table 

10).  Differences experienced during key stages of growth and development of the tubers 

are expected to have a greater impact on yield and size profiles than differences very 

early or very late in the season.  Comparing the month of July, there were 21 days over 

30˚C in 2007, 3 days in 2008, and 4 days in 2009 (data not shown).  The difference in 

temperatures is reflected in the P-days accumulated in June and July of each year.  In 

2007, approximately 25 to 30 more P-days were accumulated in June of 2007 than 2008 

or 2009 and 20 fewer P-days were accumulated in July than in 2008 and 2009.  

September was also much cooler in 2007 and may have affected tuber bulking.   

 

Maximum, minimum and mean soil temperatures were collected within the hills each 

year (data not shown).  In 2007, soil temperatures at the Brooks location ranged from 

approximately 5 C at planting to almost 35˚C before row close. Throughout most of the 

growing season, soil temperatures fluctuated between 10˚C and 25˚C with cooler soil 

temperatures evident at harvest.  Soil temperatures in Vauxhall were slightly warmer 

than in Brooks. Soil temperatures in Vauxhall ranged from 7˚C to over 30˚C until row 

close. As in Brooks, soil temperatures fluctuated less after row closure and cooled off 

toward harvest. 

 

In 2008, soil temperatures at the Brooks location ranged from approximately 10˚C at 

planting to over 30˚C before row close.  Throughout most of the growing season, soil 

temperatures fluctuated between 10˚C and 20˚C with cooler soil temperatures evident in 

September.  Soil temperatures in Vauxhall fluctuated in a narrower range than in Brooks.  

Soil temperatures in Vauxhall ranged from 10˚C to 25˚C until row close and between 

12˚C and 22˚C through most of July and August.  Somewhat cooler soil temperatures 

were evident in September. 

 

In 2009, soil temperatures at the Brooks location ranged from less than 5˚C at planting to 

over 30˚C before row close.  Once plants were up and row-close had occurred, soil 

temperatures fluctuated between 10˚C and 26˚C.  August was cooler than July and 

September was warmer than normal.  Soil temperatures in Vauxhall plots fluctuated in a 

narrower range than in Brooks.  Soil temperatures in Vauxhall ranged from 5˚C to 28˚C 

until row close and between 12˚C and 22˚C through most of July and August.  

Differences between locations may have been due, in part, to the use of different hilling 

equipment as well as to differences in the growing season. 

 

 

Nitrate Leaching 

 

There were no rainfall events in 2007 or 2008 that would have lead to nitrate leaching 

during the time frame that lysimeters were monitored in the plots. In 2009, there was one 
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potential leaching event in mid-July (Table 10).  Lysimeters were installed in early June 

in 2007 and June 5, 2008 just prior to emergence of the potato plants and June 26, 2009 

just after emergence of the potato plants.  Lysimeters were removed in September prior to 

harvest each year. In 2007, rainfall while monitoring for nitrate leaching totaled 70.8 mm, 

well below the 30-year average, especially for July. In 2008, rainfall during this period 

totaled 163.8 mm and in 2009 rainfall during this period totaled 180.3 mm. Irrigation was 

necessary and was scheduled to produce optimal yield of potatoes based on estimated soil 

moisture. Irrigation sufficient to incur leaching would have been counter-productive to 

the primary objectives of the trial. 

 

In 2007, the median background levels of nitrate in ground water collected from a 60 cm 

depth ranged from 11 ppm to 360 ppm depending on the location of the replicate in the 

field and the time of sampling (Fig 7). In 2008, the median background levels of nitrate in 

leachate ranged from 32 ppm to 170 ppm depending on the location of the replicate in the 

field (Fig 8).   In 2009, the median background levels of nitrate in leachate ranged from 

30 ppm to 80 ppm depending on the location of the replicate in the field (Fig 9).    

 

2007:  Treatment 1 (check), 2 (100% urea pre-plant), 5 (100% ESN pre-plant) and 8 

(75% ESN at emergence) showed fluctuations between sampling dates of up to 20 ppm 

but the net change was small (Fig. 7). Treatments 9 (75% urea/ESN split) and 10 (100 

%split urea) both resulted in greater fluctuation. Only the split urea treatment (Trt #10) 

showed a consistent increase in nitrate concentration relative to the background level by 

the end of the season. Data presented are the mean of four replicate samples. None of the 

nitrate values were significantly different from one another in 2007. 

 

2008:  For all of the treatments, median nitrate levels decreased between the June 20 and 

the July 7 sampling dates in all of the treatments (Fig. 8).  The pattern of nitrate 

concentrations under each treatment was similar.  Sampling was discontinued after the 

August 15 sampling date because ground water samples were not recovered from over 

50% of the lysimeters on Aug 15.  As of August 15, there was no indication that any of 

the treatments resulted in a consistent increase in ground water nitrate concentrations.  

Data presented are the means of four replicate samples. None of the nitrate values were 

significantly different from one another in 2008. 

 

 

2009:  The median nitrate concentration decreased in the check treatment and in the ESN 

treatments for dates that samples were analyzed (Fig 9).  Unfortunately, data was not 

available for samples collected July 27 and Aug 20 as there was turn-over in the 

ownership of the analytical laboratory.   Sampling was discontinued after the August 20 

sampling date because ground water samples were not recovered from over 50% of the 

lysimeters on Aug 12.  As of August 12, there was no indication that any of the 

treatments resulted in a consistent increase in ground water nitrate concentrations.  Data 

presented are the means of up to four replicate samples. None of the nitrate values were 

significantly different from one another in 2009. 
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Figure 7: Nitrate concentration in samples of ground water recovered from 

lysimeters installed within treated areas of the field in 2007. 
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Figure 8: Nitrate concentration in samples of ground water recovered from 

lysimeters installed in 2008 within treated areas of the field. 
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Figure 9: Nitrate concentration in samples of ground water recovered from 

lysimeters installed in 2009 within treated areas of the field. 

 

 

Petiole Nitrates 

 

Petiole nitrate concentrations in all treatments decreased throughout the growing season 

each year in Brooks.  The first petiole sampling date was selected to coincide with the 

maximum release date of pre-plant ESN, approximately 45 to 50 days after incorporation.  

At the first sampling date in 2007, nitrate levels in the petioles ranged from about 16,000 

ppm for the check to over 20,000 ppm for treatments with optimal nitrogen applied 

(Table 11). By the first sampling date in 2008, nitrate levels in the petioles ranged from 

just over 10,000 ppm for the check to over 17,000 ppm for the split urea (STD) treatment.  

In 2009, petiole nitrate concentrations at the first sampling date ranged from around 

17,000 ppm for the check to over 20,000 ppm for treatment with adequate N. With the 

exception of the check treatments, the petiole nitrate concentrations at the beginning of 

each season fell within recommended levels for Russet Burbank production in southern 

Alberta (Woods et al., 2008). 

 

In 2007, petiole nitrates collected at the Brooks location dropped off gradually 

throughout the growing season.  In 2008 and 2009, petiole nitrates fell rapidly between 

the first and the second sampling dates even though no leaching events occurred during 

the season.  This may reflect rapid vegetative growth of the plants rather than any 

deficiencies in N availability.  By the second sampling date in 2009 and the third 

sampling date in 2008 and 2009, petiole nitrates for most treatments fell below 
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recommendations by Woods et al. (2008) for southern Alberta.  As expected, treatments 

with less N applied pre-plant started out with lower petiole nitrate levels and treatments 

with the greatest applied N levels, whether ESN or urea, maintained the highest petiole 

nitrate concentrations throughout the season.  Split N applications typically maintained 

petiole nitrates at higher levels through the season than pre-plant applications, although 

some exceptions were observed.  Wilson et al. (2009) also noted higher petiole nitrate 

concentrations as N rate increased and higher petiole nitrate concentrations with split N 

applications. 
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Table 11: Petiole nitrate levels for each treatment at the Brooks, AB and Vauxhall, 

AB locations.  Samples were taken from the fourth petiole from up to eighty stems at 

three times during each growing season:  
Treatment Brooks, AB Vauxhall, AB 

2007 July 4 July 25 Aug 8 July 5 July 26 Aug 10 

Check 15600 b 10600 a 6760 a 11160 e     12100 b 5200 a 

100% urea PP 20640 a 12800 a 8260 a 19120 ab   16880 ab 7800 a 

75% urea PP 19440 ab 12220 a 6300 a 18960 b  17400 ab 7880 a 

50% urea PP 17600 ab 9500 a 5760 a 13360 de   14040 ab 4480 a 

100% ESN PP 19040 ab 13200 a 8360a  17840 abc   18960 a 8400 a 

75% ESN PP 18840 ab  12560 a 6600 a 17260 abc  16520 ab 8240 a 

50% ESN PP 18240 ab 10380 a 6460 a 14560 de   15360 ab 6160 a 

75% ESN TD 17720 ab 14340 a 9000 a 15360 cd   16460 ab 7440 a 

75% urea/ESN split 19360 ab 12800 a 9980 a 17660 abc   16080 ab 6720 a 

100% urea split (STD)  20440 a 13800 a 9920 a 20320 a  20440 a 10800 a 

2008 Jun 26 July 18 Aug 8 June 27 July 22 Aug 6 

Check 10460 b 3215 d 383 a 4500 d  394 a 1564 b 

100% urea PP 15640 ab 9386 ab 2297 a 13360 ab 2758 a 5084 ab 

75% urea PP 12700 ab 6821 bcd 383 a 12620 abc 394 a 5476 ab 

50% urea PP 11460 b 4489 cd 383 a 7860 cd  591 a 1956 ab 

100% ESN PP 15820 ab 8261 abc 1531a 14880 a 2364 a 4302 ab 

75% ESN PP 14480 ab 5403 bcd 766 a 11420 abc 591 a 3129 ab 

50% ESN PP 12680 ab 4680 cd 766 a 8740 bcd  591 a 1760 ab  

75% ESN TD 13980 ab 8969 ab 1531 a 12460 abc 6697 a 7822 ab 

75% urea/ESN split 13240 ab 8582 abc 766 a 13680 ab 1576 a 3716 ab 

100% urea split (STD)  17320 a 11093 a 8040 a 16280 a 6697 a 7822 a 

2009 July 7 July 21 Aug 11 July 9 July 23 Aug 13 

Check 18560 b 1160 c  1620 a 7980 a 4540 b 1400 a 

100% urea PP 22720 ab 6760 abc 6000 a 14260 a 8520 ab 6600 a 

75% urea PP 22880 ab 4020 abc 3140 a 12000 a 6440 ab 3100 a 

50% urea PP 19280 b 1280 c 2140 a 5750 a 4160 b  8000 a 

100% ESN PP 23840 ab 9260 ab 6480 a 12725 a 8080 ab 2900 a 

75% ESN PP 26360 a 3000 cb 2600 a 9775 a 6925 ab 2350 a 

50% ESN PP 21920 ab 2440 c 2300 a 10580 a 4025 b 1000 a 

75% ESN TD 22700 ab 3250 bc 1700 a 11500 a  6650 ab  3100 a  

75% urea/ESN split 23360 ab  5620 abc 4200 a 13420 a 5080 ab 1400 a 

100% urea split (STD)  22760 ab 9780 a 6800 a 16740 a 15800 a 11600 a 

 

 

Petiole nitrate levels in Vauxhall followed a different pattern in each year of the trial.  In 

2007, petiole N levels from the Vauxhall plots ranged from 11,000 to 20,000 on the first 

sampling date in early July (Table 11). As we observed in Brooks, treatments with the 
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highest pre-plant applications of nitrogen had the highest petiole nitrate levels. Petiole 

nitrates remained high for the second sampling date and decreased by the third sampling 

date. Petiole nitrates appeared to be somewhat independent of the amount of N applied in 

2007.  Additional nitrogen may have become available during the growing season as a 

result of mineralization of organic matter.  

 

In 2008, petiole nitrate levels ranged from around 4500 ppm for the check to around 

16,000 ppm for the split urea (STD) treatment (Table 11).  As with samples from the 

Brooks location, petiole nitrate concentrations were higher for treatments with 100% N 

than 75% or 50% N.  In Vauxhall, the 100% treatments, 75% urea treatment and the split 

applications had petiole nitrate concentrations in the recommended range at the first 

sampling date.  The crop in Vauxhall was damaged by hail July 16, 2008 and the up to 

40% of the foliage was damaged.  Petiole nitrate levels at the second sampling date were 

much lower for all treatments, and lower than the nitrate levels observed from the third 

sampling event.  The replacement of vegetative tissue likely resulted in a re-allocation of 

N within the potato plants.  By the third sampling date, petiole nitrates were higher than 

similar treatments in Brooks.  The interruption of growth and development caused by the 

hail storm affected the nitrate concentration in the fourth petiole.  Petiole nitrate 

concentrations for most of the treatments were below the recommended range in early 

August (Woods et al., 2008). 

 

In 2009, petiole nitrate levels from the Vauxhall plots decreased throughout the season 

(Table 11).  Nitrate levels ranged from around 8,000 ppm for the check to around 16,000 

ppm for the split urea (STD) application treatment in early July.  As with the samples 

from the Brooks location, petiole nitrate concentrations were generally higher for 

treatments with 100% N than 75% or 50% N.  In Vauxhall, the 100% treatments, 75% 

urea treatment and the split applications had sufficient petiole-N at the first sampling 

date.  Petiole nitrate levels at the second sampling date were lower for all treatments than 

the first sampling date and only petioles from the split urea (STD) treatment had 

sufficient nitrate based on southern Alberta recommendations (Woods et al., 2008).  By 

the third sampling date, only petioles from the 100% urea pre-plant, 100% ESN pre-plant 

and the STD had nitrate levels within recommended levels.  The check and treatments 

supplied with 50 to 75% N had inadequate N based on the 2008 recommendations. 

 

Potato Yield and Grade 

 

Potato yield, grade and estimated crop value relative to the STD are presented in Table 12 

for each treatment harvested in Brooks during the three year trial. There were no 

significant differences in marketable yield or average tuber size between treatments in 

2007 or 2009 and a few significant differences in 2008.  Polymer-coated urea products 

have been shown by others (Wilson et al. 2009, Hopkins et al. 2008, Shoji et al. 2001) to 

produce similar or greater yields than soluble N at equivalent rates.  Average tuber size in 

2007 was quite small and a high percentage of tubers were undersized.  In 2008, 

however, some statistical differences were observed in marketable tuber yields and yields 

of specific size categories.   Pre-plant application of urea at 75% of the STD rate yielded 

the most marketable tubers, while the check and the 50% ESN pre-plant treatments 
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yielded the least.  Wilson et al. (2009) reported that an increase in the N rate applied 

resulted in a greater percentage of tubers over 6 oz., an economically important size class. 

Average tuber size was lower with pre-plant or top-dressed ESN applications in 2008 

than with pre-plant urea or the urea/ESN split.  The split urea application resulted in 

average tuber sizes that were not significantly different from the ESN treatments, while 

the urea/ESN split application resulted in an average tuber size similar to the check and 

the urea pre-plant treatments. In general, urea treatments resulted in a higher percentage 

of tubers over 10 oz compared to ESN treatments in 2008.   In 2009, around 10% of the 

tubers were small (under 3 oz.) and fewer than 20% of the tubers were over 10 oz.  The 

weather may have played a role in the size distribution of the crop.  There were delays in 

the spring as a result of cool weather, August was more moderate and September was 

warmer than usual.  Our trial was desiccated September 11 and we likely lost 2 weeks of 

potential bulking that might have helped differentiate between treatments. 

 

All of the treatments in 2007 resulted in a lower net crop value than the STD treatment. 

In 2008, all of the treatments yielded a higher net crop value than the STD treatment, and 

in 2009, all treatments in Brooks, except the check treatment, gave similar or better gross 

economic return on a sample contract than the STD (Table 12).  The greatest net crop 

value in 2008 was achieved with 75% urea applied pre-plant.  For economic return in 

2009, the best treatment in Brooks was 50% ESN applied pre-plant. Applying ESN 

(75%) at emergence and the urea/ESN split application gave better economic returns than 

the STD.  Wilson et al. (2009) provided a simple economic analysis for their work with 

various rates of polymer-coated urea and split applied N treatments.  Their analysis 

suggests that the use of polymer-coated urea could reduce or eliminate the need for 

fertigation on coarse-textured soils.  In this study, each of the treatments with a better 

economic return than the STD used a reduced rate of N. The best economic return may 

shift with urea price changes. 

 

Specific gravity of tubers was affected by N source and timing each year as well as by 

environmental factors (Table 12).  Wilson et al. (2009) reported that N treatments did not 

significantly affect specific gravity, but that other factors, such as temperature or 

irrigation, may have contributed to differences between years.  In this study, and in work 

reported by Belanger et al. (2002), the greater the quantity of N applied, the lower the 

specific gravity.  The highest specific gravity tubers were usually observed in the check 

treatment and the 50% rate of urea and ESN.  The lowest specific gravity was observed 

from treatments with 100% N applied whether pre-plant or split application (STD).  Pre-

plant N had a greater impact on specific gravity than top-dressed N.  The trend was that 

urea reduced specific gravity more than ESN, although differences between treatments 

were not always statistically significant.   
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Table 12: Yield and grade of potatoes harvested from plots in Brooks, AB grown 

with different nitrogen sources in 2007, 2008 and 2009.  Data in each column followed 

by the same letter in a given year are not significantly different from one another. 
Treatment % 

under-

sized 

Mkt 

Yld 

(ton/ac) 

>10 oz. 

(%) 

Avg 

Tuber 

size 

(oz) 

Tuber 

count 

(10 kg) 

SG Crop 

Value 

(% of 

STD) 

2007        

Check 19.5 ab 21.8 a 3.7 a 3.9 a 86.8 ab 1.085 abc 83.1 

100% urea PP 14.5 ab 24.2 a 4.2 a 4.5 a 89.4 ab 1.079 c 87.4 

75% urea PP 10.4 b 26.1 a 4.6 a 4.8 a 83.6 ab 1.082 bc 96.3 

50% urea PP 16.3 ab 22.4 a 4.2 a 4.3 a 80.6 ab 1.089 a 86.0 

100% ESN PP 11.7 ab 26.7 a 4.5 a 4.5 a 84.6 ab 1.082 bc 97.7 

75% ESN PP 13.8 ab 22.8 a 3.9 a 4.4 a 92.0 ab 1.086 ab 86.8 

50% ESN PP 15.4 ab 24.1 a 4.2 a 4.2 a 78.4 b 1.083 abc 89.2 

75% ESN TD 21.6 a 20.7 a 3.6 a 3.9 a 81.4 ab 1.082 bc 75.9 

75% urea/ESN split 15.6 ab 23.3 a 3.5 a 4.3 a 74.4 b 1.085 abc 87.5 

100% urea split (STD)  10.9 ab 26.7 a 4.9 a 4.8 a 98.6 a 1.084 abc 100.0 

2008        

Check 4.3 abc 27.2 b 51.5 ab 8.9 a 40.6 b 1.094 a 100.4 

100% urea PP 2.9 c 32.1 ab 49.6 abc 8.9 a 39.8 b 1.088 abc 117.1 

75% urea PP 2.6 c 33.8 a 51.5 ab 8.7 a 40.6 b 1.088 bc 124.2 

50% urea PP 2.5 c 32.0 ab 59.6 a 9.3 a 38.0 b 1.093 a 117.9 

100% ESN PP 6.1 a 32.4 ab 40.1 cd 7.2 c 49.2 a 1.088 abc 117.7 

75% ESN PP 5.0 ab 30.4 ab 37.2 d 7.2 c 49.6 a 1.093 ab 111.3 

50% ESN PP 4.9 ab 27.3 b 46.3 bcd 7.6 bc 47.2 a 1.093 ab 100.6 

75% ESN TD 4.4 ab 30.9 ab 41.5 bcd 7.2 c 48.8 a 1.089 abc 112.3 

75% urea/ESN split 3.7 bc 32.3 ab 51.5 ab 8.4 ab 42.0 b 1.088 abc 117.8 

100% urea split (STD)  5.4 ab 28.0 b 47.0 bcd 7.6 bc 47.2 a 1.085 c 100.0 

2009        

Check 12.3 a 21.4 a 18.6 a 4.53 a 80.0 a 1.096 ab 98.7 

100% urea PP 11.1 a 22.7 a 17.3 a 4.79 a 75.7 a 1.091 bcd 102.1 

75% urea PP 11.7 a 22.9 a 17.1 a 4.67 a 75.8 a 1.092 bcd 104.6 

50% urea PP 10.4 a 23.7 a 18.8 a 4.87 a 73.5 a 1.099 a 104.5 

100% ESN PP 13.6 a 22.9 a 12.7 a 4.37 a 81.2 a 1.088 d 101.8 

75% ESN PP 
9.6 a 23.6 a 17.1 a 5.06 a 71.4 a 

1.094 

abcd 
105.4 

50% ESN PP 
8.8 a 25.4 a 16.9 a 4.57 a 77.7 a 

1.095 

abcd 
115.8 

75% ESN TD 10.4 a 24.4 a 16.1 a 4.49 a 78.9 a 1.095 abc 110.8 

75% urea/ESN split 
11.5 a 24.1 a 19.1 a 4.76 a 75.5 a 

1.095 

abcd 
107.8 

100% urea split (STD)  9.6 a 22.3 a 19.8 a 4.83 a 73.5 a 1.089 cd 100.0 
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Potato yield, grade and estimated crop value relative to the STD are presented in Table 13 

for each treatment harvested in Vauxhall during the three year trial. Potato yields from 

the Vauxhall site were lower than yields at the Brooks site all three years of the trial, 

possibly a result of the different irrigation strategies between the two locations.  In 2007, 

the greatest marketable yield in Vauxhall was observed with the urea/ESN split 

application.  The split urea application resulted in the greatest yield of undersized tubers, 

and the smallest yield of marketable tubers.  There was good separation between 

treatments in data from the Vauxhall plots in 2008 in spite of higher background N 

(Table 13) and a hail event in mid-July. In 2008, the greatest marketable yield was 

observed when ESN was applied at emergence (ESN 75% TD).  The 100% ESN pre-

plant and split application treatments also resulted in very good marketable yield in 2008.  

In 2008 and 2009 marketable yield for the check was not significantly different from the 

50% urea and ESN treatments because of high background N levels.  The check and 50% 

N treatments resulted in the fewest tubers over 10 oz in 2008, while split treatments and 

ESN at emergence resulted in the greatest yield of tubers over 10 oz.  The largest average 

tuber size was observed with the split application treatments, the 75% ESN treatment and 

when ESN was applied at emergence.  This treatment (ESN 75% TD) was similar to the 

ESN recommendations developed in Idaho for Russet Burbank production.  There was 

some separation between treatments in data from the Vauxhall plots in 2009 in spite of 

higher background N. In general, the more N applied, the better the yield and size profile 

(fewer smalls, higher mean tubers size, etc.).  In 2009, the greatest marketable yield was 

observed with 100% urea pre-plant and the split urea application (STD). Relative to the 

check, the STD resulted in significantly greater yield, greater mean tuber size, and more 

tubers over 10 oz.  Many of the differences observed between other treatments were not 

statistically significant. 

 

Specific gravities of tubers from the various nitrogen treatments were not significantly 

different from the check in 2007, although some treatments showed significant 

differences from one another (Table 13). In 2008, generally the higher the N applied, the 

lower the specific gravity. The highest specific gravity values were observed from the 

check and the 50% urea and ESN treatments, while the lowest specific gravity values 

were observed with the STD treatment and when ESN was applied at emergence.  In 

2009, the highest specific gravity values were observed from the check, the 50% and 75% 

treatments, while the lowest specific gravity values were observed with the STD 

treatment, 100% pre-plant urea and 100% pre-plant ESN. As with samples from the 

Brooks location, the trend indicates that urea affects specific gravity more than ESN.  

 

In 2007, the best economic return in Vauxhall was observed when 75% ESN was applied 

at emergence and with a split urea/ESN application was used.  Economic return depends 

in part on the yield and profile of the crop, and in part on the price for urea and ESN 

fertilizers.  In 2008, most of the treatments at Vauxhall resulted in a lower economic 

return than the STD treatment.  Overall, the best economic return in Vauxhall was 

observed when urea (100%) was applied pre-plant. In this case, other agronomic factors, 

such as irrigation, likely played a greater role than the source and timing of N in the yield 

and grade of the crop. 
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In 2009, only the 100% urea pre-plant treatment resulted in an economic return greater 

than the STD split urea application.  The check resulted in the lowest economic return.  

Although efforts were made to improve the irrigation practices at Vauxhall throughout 

the trial, irrigation efficiency was still quite variable.  In the event that irrigation is not 

optimized, it is unlikely that the timing and quantity of N applied will make significant 

improvements in the yield or quality the potato crop. 

 

 



Konschuh  #2007F065R 

ESN ACAAF Final Report v3.doc 21 of 27   

Table 13: Yield and grade of potatoes harvested from plots in Vauxhall, AB grown 

with different nitrogen sources in 2007, 2008 and 2009.  Data in each column followed 

by the same letter in a given year are not significantly different from one another. 
Treatment % 

under-

sized 

Mkt 

Yld 

(ton/ac) 

>10 oz. 

(%) 

Avg 

Tuber 

size 

(oz) 

Tuber 

count 

(10 kg) 

SG Crop 

Value 

(% of 

STD) 

2007        

Check 14.2 b 16.7 b 3.0 ab 4.1 ab 86.8 ab 1.095 ab 83.1 

100% urea PP 14.6 ab 17.6 b 2.9 ab 4.0 ab 89.4 ab 1.094 ab 87.4 

75% urea PP 12.9 b 18.1 ab 3.1 ab 4.3 ab 83.6 ab 1.094 ab 96.3 

50% urea PP 12.7 b 19.7 ab 4.0 ab 4.5 ab 80.6 ab 1.098 ab 86.0 

100% ESN PP 14.0 b 16.9 b 3.2 ab 4.4 ab 84.6 ab 1.096 ab 97.7 

75% ESN PP 15.5 ab 16.8 b 2.8 ab 3.9 ab 92.0 ab 1.100 a 86.8 

50% ESN PP 12.3 b 20.2 ab 4.1 ab 4.5 ab 78.4 b 1.098 ab 89.2 

75% ESN TD 11.4 b 18.8 ab 3.0 ab 4.4 ab 81.4 ab 1.092 b 75.9 

75% urea/ESN split 11.2 b 22.3 a 4.8 a 4.8 a 74.4 b 1.096 ab 87.5 

100% urea split (STD)  19.3 a 16.4 b 2.1 b 3.7 b 98.6 a 1.094 ab 100.0 

2008        

Check 
9.0 ab 21.6 c 25.6 bc 6.2 ab 

57.8 

abc 
1.088 abc 90.1 

100% urea PP 
6.3 ab 22.8 bc 34.5 abc 6.4 ab 

55.6 

abc 
1.086 abc 93.2 

75% urea PP 10.6 a 23.4 bc 26.0 bc 5.8 b 62.4 a 1.087 abc 96.0 

50% urea PP 10.5 a 21.4 c 23.0 c 5.8 b 61.6 ab 1.090 ab 87.4 

100% ESN PP 
6.6 ab 

25.7 

abc 
27.9 abc 6.5 ab 

54.6 

abc 
1.086 bc 103.4 

75% ESN PP 8.7 ab 22.7 bc 27.2 bc 7.1 a 61.0 ab 1.088 ab 93.7 

50% ESN PP 10.3 a 21.2 c 26.6 bc 5.8 b 61.4 ab 1.090 a 88.8 

75% ESN TD 5.4 b 29.3 a 42.1 a 7.1 a 49.8 bc 1.083 c 115.4 

75% urea/ESN split 
7.0 ab 27.5 ab 39.2 ab 6.9 ab 

52.0 

abc 
1.086 bc 111.8 

100% urea split (STD)  
4.6 b 

24.8 

abc 
41.6 a 7.3 a 48.6 c 1.083 c 100.0 

2009        

Check 15.7 a 13.5 b 13.8 ab 4.2 b 84.9 a 1.088 abcd 76.5 

100% urea PP 10.5 a 20.4 a 18.1 ab 4.9 ab 72.9 ab 1.084 d 107.3 

75% urea PP 8.4 a 17.7 ab 20.2 ab 4.9 ab 71.6 ab 1.086 abcd 99.1 

50% urea PP 13.8 a 17.4 ab 11.1 b 4.7 ab 76.1 ab 1.090 abc 98.4 

100% ESN PP 13.7 a 17.9 ab 20.6 ab 4.8 ab 76.5 ab 1.084 cd 92.9 

75% ESN PP 14.7 a 16.7 ab 15.7 ab 4.8 ab 74.5 ab 1.091 a 93.1 

50% ESN PP 11.7 a 15.8 ab 20.3 ab 4.7 ab 74.9 ab 1.090 abc 89.3 

75% ESN TD 7.9 a 16.7 ab 17.5 ab 5.0 ab 70.7 b 1.090 ab 93.1 

75% urea/ESN split 10.2 a 16.1 ab 19.9 ab 5.0 ab 71.5 ab 1.087 abcd 89.6 

100% urea split (STD)  8.0 a 19.1 a 22.6 a 5.10 a 69.9 b 1.085 bcd 100.0 
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Potato yield from the Brooks site was higher each year than yield at the Vauxhall site for 

all treatments. Very different responses to the nitrogen treatments were observed at the 

two research locations in 2007. These differences were thought to be related to different 

agronomic practices, soil types or environmental conditions. In 2008, a severe hail storm 

in mid-July in Vauxhall likely reduced yield relative to Brooks.  Similar responses to the 

nitrogen treatments were observed at the two research locations in 2008 in spite of hail 

damage at the Vauxhall site.  Soil moisture was monitored at both sites in 2008 and 2009 

to try to ensure that irrigation management was more consistent between the two sites.  In 

2009, a combination of solid set and wheel move sprinklers was set up at the Vauxhall 

site which increased variability between replicates.  The 2009 crop was smaller than 

expected at both locations.  A significant amount of bulking may have taken place in 

September if the crops had not been desiccated.  Differences between treatments would 

likely have been more apparent if the crop had additional time to bulk.  

 

Yield variation was evident between years at each location as well (Tables 12 & 13).  An 

initial evaluation of cumulative physiological days (P-Days, Sands et al. 1979) for each 

season did not reveal any clues, but P-day accumulation at key growth stages provided a 

plausible explanation.  A higher percentage of small tubers were harvested from both 

locations in 2007 compared to 2008 and 2009.  As reported earlier, there were 21 days 

over 30˚C in July of  2007, 3 days in 2008, and 4 days in 2009 (data not shown).  The 

difference in temperatures is reflected in the P-days accumulated in June and July of each 

year Table 10).  In 2007, approximately 25 to 30 more P-days were accumulated in June 

of 2007 than 2008 or 2009 and 20 fewer P-days were accumulated in July than in 2008 

and 2009.  Heat in June may have affected tuber initiation.  Excessive heat in July likely 

reduced growth and development of the potato plants.  September was also much cooler 

in 2007 and may have reduced tuber bulking.   

 

 

7. Conclusions 
ESN can be used in place of or in concert with urea as an N source for Russet 

Burbank production in southern Alberta.  Six site years of data were generated during the 

trial.  Lysimeters were installed within treatments at the Brooks location of the trial to 

monitor nitrate levels below the root zone in each treatment.  Plots were irrigated to 

maximize yield rather than to encourage leaching and there were no significant leaching 

events during the trial.  Few differences were observed between treatments. 

Petiole nitrates were monitored each year of the trial.  Petioles nitrates from all 

treatments except the check fell within the recommended range for processing potatoes in 

southern Alberta at the first sampling date in late June or early July.  Depending on the 

year and the location, petioles often dropped below the recommended range by the 

second or third sampling date.  As expected, treatments with less N applied pre-plant 

reflected lower petiole nitrate concentrations and treatments with the greatest applied N, 

whether ESN or urea, maintained the highest petiole nitrate concentrations throughout the 

season.  Split applications typically maintained petiole nitrates at higher levels through 

the season than pre-plant applications, although some exceptions were observed. 
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Treatments involving ESN resulted in marketable yields that were greater or not 

significantly different than yields from the split urea (STD) treatment. Average tuber size 

and tuber count in a 10 kg sample were affected more by environmental conditions each 

year than by N treatments.  Applying N as ESN at emergence tended to reduce average 

tuber size relative to other comparable treatments applied pre-plant or as split 

applications.  In general, though, the more N applied, the lower the average tuber size and 

the fewer tubers over 10 oz.  The more N applied, the lower the specific gravity of tubers.  

ESN had less of an effect on tuber specific gravity than the same quantity of urea.  ESN 

applied at hilling reduced specific gravity more than pre-plant application of ESN. 

In this study, tuber size profiles, specific gravity and price of fertilizer were all taken 

into account for the crop value calculations.  Base price assumed November delivery and 

fry colour bonuses were not taken into account.  Marketable yield had the greatest impact 

on relative crop value in this study.  That is, the treatments resulting in the greatest 

marketable yield, also resulted in the greatest economic return.  Treatments where only 

75% of the STD N rate was applied gave better economic returns than the STD treatment 

4 out of 6 site years.  Based on the results of this trial, it is feasible to reduce overall N 

applications by 25%.  It is also feasible to use ESN to eliminate the need for in-season N 

applications.  Reducing the quantity of N applied and splitting N applications between 

pre-plant urea and ESN at emergence gave good marketable yields and good economic 

returns 4 out of 6 site years. 

 

8. Project Reach 

 
Processing potato growers in southern Alberta are one target audience for this research.  

Producers need tools to improve nitrogen use efficiency and reduce cost of production for 

potatoes to remain competitive.  The Potato Growers of Alberta (PGA) comprises more 

than 106 potato producers, 70 of whom grow processing potatoes. The PGA sponsored a 

portion of the project.  Information was provided annually to the growers via the AGM 

and producer meetings. 

 

Potato processors may also benefit by keeping contract prices in a range that maintains 

their competitiveness in a global market.  Improvements in crop quality may also be 

realized with timely nitrogen applications.  One Alberta processing company, McCain 

Foods, is partnering with us in the evaluation of the potato crops.  Other processors will 

be kept apprised of the results of the project via PGA meetings. 

 

Indirectly, members of the public may benefit from the efficient use of resources and the 

prudent use of nitrogen fertilizers.  The impact of the study on this group is difficult to 

estimate.  The results of the trial may be disseminated via popular press articles at the end 

of the research project depending on the outcome of the trials. 

 

 

9. Project Impact 
 

For ESN to be a useful tool for potato N management in Alberta, local information for 

producers is essential.  There is a need to determine the best approach to optimize potato 
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yield and quality while refining costs of production.  The data generated over the past 

three years of the trial will: 

- be useful in BMP development for potato production in Alberta;  

- determine whether polymer coated urea can reduce total nitrogen applied or reduce the 

number of in-season nitrogen applications required for optimal potato yield and quality 

- provide economic evaluations of the use of polymer coated urea 

- potentially reduce nitrogen losses to leaching and denitrification processes 

- will address using the ESN technology under soil type and environmental conditions 

specific to southern Alberta. 

 

The short and long-term outcomes depend heavily on the information generated from the 

trials.  Adoption by growers can be monitored through ESN sales.  Growers must be able 

to realize benefits to using ESN that exceed the price premium on ESN over urea 

fertilizer prices.  Potato growers are asking questions about how to incorporate ESN in 

their nitrogen management strategy for potatoes and some early adopters have already 

experimented with polymer coated urea. 
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11. Summary 
Recent work in other potato production areas with polymer-coated-urea products have 

demonstrated improved nitrogen-use efficiency and decreased nitrate leaching (Hopkins 

et al 2009, Hutchinson 2005, Shoji et al. 2001, Zvomuya and Rosen 2001).  This project 

involved growing Russet Burbank potatoes at two southern Alberta research stations to 

evaluate the use of a polymer-coated urea product locally.  The purpose of the trial was to 

determine whether environmentally smart nitrogen (ESN, Agrium) could be used in 

potato production to reduce the total amount of N or the number of N applications 

without sacrificing yield or processing quality.  Various quantities of urea and ESN were 

applied pre-plant and compared with urea at planting followed by top-dressing at 

emergence.  Marketable yields from treatments involving ESN were greater or not 

significantly different from the split urea (STD) treatment each year of the trial, even 

when 25% less N was applied.  In general, the more N applied, the lower the specific 

gravity and the fewer tubers over 10 oz.  When economic return was taken into account, 

marketable yield had a greater impact on crop value than fertilizer price, average tuber 

size or specific gravity bonuses.  Each treatment with a better economic return than the 

STD used a reduced rate of N.  Based on the results of the trial, it is feasible to reduce 

overall N applications by 25%.  Employing a split application with urea pre-plant and 

ESN at emergence gave good results in 2008 and 2009 provided that irrigation was 

timely and sufficient.   
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Year Applicant / 

Industry 

Cash 

Applicant / 

Industry 

In-kind 

Provincial 

Government 

Cash 

Provincial 

Government 

In-kind 

Federal 

Government 

Cash 

Federal 

Government 

In-kind 

2007-08 18,000 2,500 0 14,500 15,800 9,500 

2008-09 12,000 2,500 0 14,500 13,000 9,500 

2009-10 12,000 2,500 0 14,500 13,700 9,500 
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Figure A1:  Sample plot plan of ESN Trial.  Plot plans were similar for both locations 

each year of the trial. 



ESN on Russet Burbank
PAA Meeting
Corvallis, OR

August 17, 2010
Michele Konschuh, Ross McKenzie and 

Francis Zvomuya



Objectives:
• To determine:

– the effect of combinations of urea and ESN on yield, 
specific gravity and quality of Russet Burbank potatoes in 
Alberta; and 

– whether ESN can replace the need for in‐season N 
applications (top‐dressing, side‐dressing or fertigation); 
and

– whether ESN reduces the risk of nitrate leaching in 
irrigated potato production; and

– whether ESN can be used as a tool for better nitrogen 
management in Alberta potato production.



Approach Taken:

• Plot research at CDCS and Vauxhall
• Temperature sensors in hills at both locations
• Lysimeters in Brooks to monitor potential nitrate 
leaching

• Petiole samples in late June, mid‐July and early 
August

• Crop quality and value assessed by McCain Foods



Treatments:
• Check ‐ no additional nitrogen 
• Urea ‐ pre‐plant ‐ 100% (225 kg/ha total) 
• Urea ‐ pre‐plant ‐ 75% kg/ha (170 kg/ha total)
• Urea ‐ pre‐plant ‐ 50% (115 kg/ha total)
• ESN ‐ pre‐plant ‐ 100% (225 kg/ha total)
• ESN ‐ pre‐plant ‐ 75% (170 kg/ha total)
• ESN ‐ pre‐plant ‐ 50% (115 kg/ha total) 
• Idaho ‐ ESN – at emergence – 75% (170 lbs/ac total)
• Urea/ESN Split ‐ Urea ‐ pre‐plant plus ESN at emergence –

75%  (50:50)
• STD ‐ Urea ‐ pre‐plant ‐ plus urea at emergence – 100% 

(50:50) 



Pre‐plant Treatments



Planting
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Nitrate Leaching

• There were no rainfall events in 2007 or 2008 that 
would have lead to nitrate leaching during the time 
frame that lysimeters were monitored in the plots.

• In 2009, there was one potential leaching event in 
mid‐July .

• None of the nitrate values were significantly 
different from one another in any of the trial years.



Petiole Sampling



Petiole Nitrates

• By the second sampling date in 2009 and the third sampling date in 
2007 and 2008, petiole nitrates for most treatments fell below 
regional recommendations for southern Alberta.

• As expected, treatments with less N applied pre‐plant started out 
with lower petiole nitrate levels and treatments with the greatest 
applied N levels, whether ESN or urea, maintained the highest 
petiole nitrate concentrations throughout the season.

• Split N applications typically maintained petiole nitrates at higher 
levels through the season than pre‐plant applications, although 
some exceptions were observed. 
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Harvesting
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Marketable Yield

• In 2 out of 3 years, ESN treatments resulted in a 
greater marketable yield than the STD treatment 
(split urea).  

• Pre‐plant urea at 75% resulted in equal or greater 
marketable yield than 100% pre‐plant, and near 
equal or greater marketable yield than the STD 
treatment.
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Tuber Size and Count

• Average tuber size and tuber count in a 10 kg sample 
are affected more by weather conditions in a given 
year than by N treatments.

• Applying 75% ESN all at emergence tended to reduce 
average tuber size and increase the tuber count.
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P Days

Month 2007 2008 2009
May 137.2 136.0 122.3
June 207.4 181.9 173.2
July 211.9* 235.0 235.2
August 213.8 207.1 218.0
September 123.2 137.9 171.5
Total 893.5 897.9 920.2



Tubers over 10 oz.

• The type of year we had affected the percentage of 
tubers over 10 oz. more than the N treatments.

• In general, the more N, the fewer tubers over 10 oz.
• In general, split applications result in more tubers 
over 10 oz. than equivalent pre‐plant applications.



Specific Gravity

1.074

1.076

1.078

1.08

1.082

1.084

1.086

1.088

1.09

1.092

1.094

1.096

STD (urea pre‐
plant, urea at
emergence)

75% urea pre‐
plant

75% ESN pre‐
plant

75% split (urea
pre‐plant, ESN at
emergence)

75% ( ESN at
emergence)

Sp
ec
ifi
c 
G
ra
vi
ty

Brooks 2007 Brooks 2008 Brooks 2009



Specific Gravity

• The greater the quantity of N applied, the lower the SG: 
– The highest SG tubers were usually observed in the check treatment 

and the 50% rate of urea and ESN. 
– The lowest SG was observed from treatments with 100% N applied 

whether pre‐plant or split application (STD).  

• Pre‐plant N had a greater impact on SG than top‐dressed N. 
• The trend was that urea reduced SG more than ESN, although 

differences between treatments were not always statistically 
significant.  
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Estimated Crop Value
• In this study, tuber size profiles, SG and price of fertilizer were 

taken into account for the crop value calculations. 
• Marketable yield had the greatest impact on relative crop 

value in this study. 
• That is, the treatments resulting in the greatest marketable 

yield, also resulted in the greatest economic return.  
• Treatments where only 75% of the STD N rate was applied 

gave better economic returns than the STD treatment 4 out of 
6 site years. 



Conclusions

• Based on the results of this trial, it is feasible to 
reduce overall N applications in Alberta by 25%. 

• It is also feasible to use ESN to eliminate the need for 
in‐season N applications. 

• Reducing the quantity of N applied and splitting N 
applications between pre‐plant urea and ESN at 
emergence gave good marketable yields and good 
economic returns 4 out of 6 site years.
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Project Description: 

 

Introduction 

The competitiveness of Canada’s potato industry is dependent upon the production of 

high quality tubers in the most cost-efficient manner possible. Management of nitrogen 

fertilizer additions is one of the most practical means by which growers have to improve 

the economics of their production system and limit environmental impacts of potato 

production (Zebarth and Rosen 2007). Reviews of nitrogen management in potato stress 

the importance of matching crop demand for N by controlling the timing, placement, 

source and rate of additions and considering the N supply capacity of soil (Davenport et 

al. 2005, Monoz et al. 2005, Zebarth and Rosen 2007, Vos 2009).  

 

Matching crop N demand with N availability in soil is the best means of optimizing 

nitrogen use efficiency and marketable yield of potato (Zebarth and Rosen 2007). 

Splitting the application of N to applying some at planting and then later as top-dressing 

at hilling or in irrigation water as fertigation can improve nitrogen use efficiency in soils 

prone to leaching of nitrate (Errebhi et al. 1998) and similar to conditions in eastern 

Canada and irrigated potato in the west. How to assess in crop N status to set fertigation 

amounts however is uncertain. Tools such as nitrate concentration of petioles (Goffart et 

al. 2008), reflectance of the crop (van Evert et al. 2012), and chlorophyll content (Olivier 

et al. 2006) relate well to N status of the crop. How to use these in crop measures to best 

adjust N additions at hilling or with fertigation however remains to be resolved. A 

different approach to matching N demand and N availability relies upon slowing the 

release of N from fertilizer added at planting such banding products near the seed so it is 

less prone to leaching prior to the period of greatest N demand, tuber bulking 

(Westermann and Sojka (1996). Recently available enhanced efficiency fertilizers that 

either stabilize N for longer in soil as ammonium with soil enzyme inhibitors or retard 

release of urea by coating granules with polymer (Trenkel 2010), are new options to 

growers. If the price premium of these products over regular urea granules is warranted 

remains to be resolved for our growing conditions.   

 

Matching the availability of added fertilizer to potato N demand should result in 

maximizing nitrogen use efficiency. It is recommended that potato growers apply 

fertilizer N partly at planting and later once plants have emerged (Province of Manitoba 

Soil Fertility Guide). This is usually achieved by split application of fertilizer with some 

at planting and remainder at hilling or fertigated with irrigation water. Split application of 

fertilizer N is beneficial in soils prone to leaching of nitrate such as in sand soil and 

humid conditions (Errebhi et al. 1998). Split application of fertilizer increases production 

costs such as labour and fuel. Thus, it is important to growers to insure maximal return in 

investment for these added costs. One example is of increased production costs is the 

increasing use of fertigation in the Prairie Provinces though hard evidence to the benefit 

to nitrogen use efficiency and returns is lacking. Further, fertigation during hot summer 



periods likely will promote volatilization of urea in the urea ammonium nitrate solution 

applied. Fertigation is actively promoted in the Pacific NorthWest of the U.S.A. (Lang et 

al. 1999) and the processers familiar with that production system are promoting the 

practice in the Prairies where they also manage processing facilities.  

 

Recently, enhanced efficiency fertilizers such as SuperU (slow release urea with urease 

and nitrification inhibitors) and ESN (controlled release with polymer coated urea) have 

become available to growers. It remains uncertain if the price premium for the products is 

justified by increased returns. In Minnesota, Hyatt et al. (2010) reported polymer coated 

urea did not increase yield but did decrease emissions of the greenhouse gas, nitrous 

oxide. In the same state, Wilson et al. (2009) reported lower N rates with polymer coated 

urea (ESN) were required to achieve maximum. However, Kelling et al. (2011) reported 

that for 3 of 6 site years in Wisconsin, the nitrification inhibitor, DCD with ammonium 

sulfate, increased gross yield but for 4 of 6 sites years marketable yield decreased. The 

decrease was because of ammonium accumulation in soil deforming tubers resulting 

increased culls. 

 

A problem with elucidating if controlled released or stabilized products increase yield in 

the aforementioned studies has been the lack of comparison of the performance of the 

same N form (ex. urea) with or without being controlled release (ESN) or stabilized (ex. 

SuperU). Thus, it is difficult to determine the impact of the enhanced efficiency fertilizers 

when treatment comparisons vary in the form of the N.  

 

The purpose of the current research is to provide data to determine whether ESN, split 

applications, fertigation or a combination of these strategies can be used in potato 

production to improve nitrogen use efficiency while maintaining yield and quality. 

 

The objectives include: 

1. Determine optimal timing and source of N fertilizers for irrigated potato. 

2. Evaluate the effectiveness of monitoring plant N status to adjust fertigation 

additions. 

3.  To determine the effect of combinations of urea and polymer coated urea on 

yield, specific gravity and quality of Russet Burbank potatoes; and  

4. To determine whether polymer coated urea can replace the need for in-season N 

applications (top-dressing, side-dressing or fertigation). 

 

Approach Taken 

 

The trial was conducted on Russet Burbank potatoes at the Alberta Irrigation Technology 

Centre in Lethbridge, AB to ensure that background N was low, N applications could be 

controlled, and the crop was irrigated using a pivot system.  The trial is planned for 2 - 4 

years to determine the impact of the treatments under a variety of environmental 

conditions.  This trial is part of a larger initiative being led by Dr. Mario Tenuta of the 

University of Manitoba.   



Six soil samples were taken at depths of 0 to 15cm and 15 to 120cm to make a composite 

soil sample in the fall of 2013.  Soil N was taken into account when calculating N 

applications for each treatment. 

 

Various quantities of urea and ESN (polymer-coated urea) were used pre-plant.  Some of 

the treatments also involved N applications at the time of hilling and others included 

simulated fertigation treatments to reach the same total N applied. The nitrogen 

treatments were applied using a Conserv-a-Pak machine May 23 at both locations, Top-

dressed N was applied by hand prior to power hilling June 27 and fertigation was 

simulated by applying ammonium nitrate and irrigating on three dates, July 22, August 8 

and August 21, 2014 (Table 1).  All treatments included an application of mono-

ammonium phosphate (MAP) to provide starter P.  Approximately 10 kg/ha N was 

supplied with the MAP and is included in the total N column (soil plus applied).  The 

target N was intended to be approximately 80% of an agronomist recommended rate for 

Russet Burbank Production in southern Alberta, but was inadvertently applied at 100% as 

soil test N was not accounted for at the time of application.   

 

Table 1: Nitrogen treatments (kg/ha) used to determine the effects of fertilization 

strategies on irrigated Russet Burbank in Alberta. 

  Pre-plant Hilling Simulated Fertigation  

 Treatments Urea ESN 
Top-
Dressed 22 Jul 8 Aug 21 Aug Applied 

1 Untreated Check       0 

2 
Urea Pre-Plant Broadcast; 
100% 190      190 

3 Urea Split (60:40) 115  75    190 

4 Urea/ESN Split (60:40) 115  75    190 

5 ESN + Fertigation D (60:40)  115  25 25 25 190 

6 ESN Broadcast; 100%  190     190 

7 
50% ESN / 50% Urea 
Broadcast 95 95     

190 

8 
High Broadcast + 
Fertigation A 115   25 25 25 

190 

9 
Urea/ESN 60:40 Split + 
Fertigation B 70  45 25 25 25 

190 

10 
ESN:Urea 50:50 Split + 
Fertigation C 58 58  25 25 25 

190 

 

Treatments included: 

1. No additional nitrogen (approximately 73 kg/ha soil test plus MAP) – check 

2. Urea applied pre-plant (190 kg/ha) – urea 100% pp 

3. 60% N applied as urea pre-plant; 40% N applied as urea at hilling – urea split 

4. 60 % N applied as urea pre-plant; 40% N applied as ESN at hilling – urea/ESN split 

5. 60% N applied pre-plant as ESN; 40% N applied via three fertigation events – ESN + 

fertigation 

6. ESN applied pre-plant (190 kg/ha) – ESN 100% pp 



7. Urea:ESN (50:50) applied pre-plant (95 kg/ha urea and 95 kg/ac ESN) – Pre-plant 

50:50 

8. 60% N applied pre-plant as urea; 40% N applied via three fertigation events – Urea + 

fertigation A 

9. Urea applied pre-plant; ESN applied at hilling; three fertigation events – Split + 

fertigation B 

10. Urea and ESN applied pre-plant; three fertigation events – 50:50 + fertigation C 

 

 

2014 

Russet Burbank seed (E3) was cut (approximately 70 to 85 g seed pieces), suberized, and 

treated with MaximMZTM seed piece treatment (500g/100kg seed) prior to planting.  

Tubers were planted approximately 13 to 14 cm deep and 30 cm apart in rows spaced 

0.90 metres apart using a four-row cup planter in Lethbridge on May 27, 2014.   

Treatments were set up as a split plot, with pre-plant N as a main treatment.  Each 

treatment was 4 rows wide.  The centre two rows were used for petiole sampling.  Only 

one of the centre rows was harvested for yield estimates and tuber evaluations.  Each 

treatment was replicated 4 times to reduce some of the variability inherent in small plot 

research (Appendix A).   

 

The plots were scouted and managed following recommendations of a contract 

agronomist, ProMax Agronomy Services.  The plots were irrigated with a centre pivot 

and low-pressure nozzles as required to maintain soil moisture close to 70% capacity, 

typically once or twice per week.   

 

Roundup (1 L/ac) was sprayed prior to planting (May 21) to reduce weed pressure.  Seed 

of standard cultivars was provided by Edmonton Potato Growers and seed of test 

cultivars was provided by each participant.  Potatoes were planted June 5, 2014 

approximately 5 to 5½"deep using a two-row tuber unit planter.  Seed was planted at 

30cm spacing in 6m rows spaced 90cm apart.  

 

The potatoes were hilled June 27 with a power hiller.  Sencor 75DF (100 g/ac) and 

Centurion (76 mL/ac) were applied prior to emergence (June 3) to control weeds.  The 

plots were irrigated to maintain soil moisture close to 70%. Foliar fungicides were 

applied several times during the growing season to prevent early and late blight from 

developing (Table 2).  

 

Table 2: Foliar fungicides applied to the potato crop in 2014 to prevent early and late 

blight development. 

Date of Application Fungicide Rate 

16 July Bravo 1 L/ac 

26 July Dithane 900 g/ac 

5 Aug Bravo 1 L/ac 

12 Aug Dithane 900 g/ac 



19 Aug Dithane 900 g/ac 

27 Aug Bravo 1 L/ac 

2 Sept Bravo 1 L/ac 

8 Sept Bravo 1 L/ac 

 

 

Additional ESN and urea were applied (top-dressed) to treatments 3, 4, and 9 prior to 

hilling June 27th. 

 

Petiole samples were taken at three times (July 23, August 8 and August 21 during the 

season to follow the N-status of the crop throughout the season.  Simulated fertigation 

treatments (ammonium nitrate broadcast) were applied immediately after petiole 

sampling (July 23, August 8, and August 21) and irrigated in. 

 

Soil samples were taken at depths of 0 to 30cm prior to the first (July 21) and second 

(Aug. 8) petiole sampling and fertigation events.  Twelve cores were taken from each plot 

to make a composite sample.  Four core samples were taken from the top of the hills, and 

eight were taken from the shoulder of the hills within each plot.  Samples were dried at 

50C for approximately 1 week and ground, then stores at 4C until they were analyzed. 

 

Approximately 1 week prior to desiccation, two whole potato plants were removed from 

the field.  Fresh biomass was measured and the plants were dried in a forage dryer at 

50C.  Dry biomass was measured and the plant material was ground using a plant tissue 

grinder and held at 4C until analyzed for N. 

 

Reglone (1.0 L/ac) was applied Sept 15 and again September 19 to desiccate potato vines.  

All treatments were harvested mechanically September 29 using a one-row Grimme 

harvester.  Immediately following the potato harvest, soil samples were taken from the 

soil disturbed by the harvester.  These samples were dried and ground and stored at 4C 

until analyzed. 

 

Tubers were stored at 8˚C until graded. Tubers were graded into size categories (less than 

113g, 113 - 170g, 171 – 284g over 284g and deformed). A sample of twenty-five tubers 

(113 – 284g) from each replicate was used to determine specific gravity using the weight 

in air over weight in water method. The tubers in the specific gravity sample were cut 

longitudinally to assess internal defects.  Another sub-sample of 25 tubers was washed, 

diced, freeze dried and ground.  Tuber tissue was analyzed for N content as well. 

 

The data presented here have been statistically analyzed using ANOVA and Tukey’s 

Multiple Range Test; (p≤0.05). 

 

 



Results: 

 

 

Petiole Nitrates 

 

In Brooks, petiole nitrate levels for all treatments declined between the first and second 

sampling date.  For pre-plant applied treatments, nitrogen declined between the second 

and third sampling as well.  Treatments including fertigation showed much less of a 

decline, and in one treatment an increase between the second and third sampling date.  

Nitrate levels in the petioles at the first sampling date in mid-July ranged from about 

9,000 ppm for the check to over 20,000 ppm for treatments with the majority of the N 

applied pre-plant (Fig 1).  As expected, treatments with less nitrogen applied pre-plant 

started out with lower petiole nitrate levels.   

 

 
Figure 1: Petiole nitrate levels for each treatment at the Lethbridge, AB location.  

Samples were taken from the fourth petiole from up to eighty stems at three times during 

the 2015 growing season.  

 

 

 

Potato Yield and Grade 

 

Total yield, mean tuber size and specific gravity are presented in Table 3 for each 

treatment harvested in Lethbridge in 2015. Only Treatment 6 (ESN 100% pre-plant) 

resulted in total yield that was significantly greater than the check.  Mean tuber size for 

Treatment #2 (Urea 100% pre-plant), #7 (50% urea and 50% ESN pre-plant) and #9 (urea 



plus ESN pre-plant followed by fertigation) was significantly greater than the check.  

This implies that supplying too little N (check) or providing N later in the growing season 

can reduce the mean tuber size.  Only Treatment #2 (100% Urea pre-plant) reduced 

specific gravity significantly relative to the check.  Highest specific gravity was measured 

for the check (Treatments #1), the 100% ESN pre-plant (Treatments #6), and the 

urea/ESN split application (Treatment #4). 

 

 

Table 3: Total yield (estimated ton/ac), mean tuber size (oz.) and specific gravity of 

potatoes harvested from plots in Lethbridge, AB grown with different nitrogen strategies 

in 2014 
Trt 
# 

 Treatment Total Yld  
(ton/ac) 

Mean 
tuber 
size 
(oz.) 

SG 

1 
Untreated Check Untreated Check 

12.6 b 5.7 c 1.088 a 

2 Urea Pre-Plant Broadcast; 
100% 

Urea Pre-Plant Broadcast; 
100% 

14.7 ab 7.5 a 1.078 b 

3 

Urea Split (60:40) Urea Split (60:40) 
15.5 ab 6.7 abc 1.084 

ab 
4 

Urea/ESN Split (60:40) Urea/ESN Split (60:40) 
15.9 ab 6.0 bc 1.086 a 

5 ESN + Fertigation D 
(60:40) ESN + Fertigation (60:40) 

16.8 ab 6.3 abc 1.084 
ab 

6 
ESN Broadcast; 100% ESN Broadcast; 100% 

18.6 a 6.2 abc 1.089 a 

7 50% ESN / 50% Urea 
Broadcast 

50% ESN / 50% Urea 
Broadcast 

14.3 b 7.6 a 1.083 
ab 

8 High Broadcast + 
Fertigation A 

Fertigation A High 
Broadcast 

14.0 b 6.2 abc 1.081 
ab 

9 Urea/ESN 60:40 Split + 
Fertigation B 

Urea/ESN Split + 
Fertigation 

13.4 b 7.3 ab 1.084 
ab 

10 ESN:Urea 50:50 Split + 
Fertigation C Fertigation C ESN:Urea 

12.7 b 6.5 abc 1.081 
ab 

 

 

Yield of potatoes in different size categories and marketable yield are summarized in 

Table 4.  Marketable yield (over 4 oz.) was significantly greater for most of the 

treatments relative to the check.  Three of the treatments that included fertigation 

(Treatments 8, 9 and 10) resulted in marketable yields that were not significantly better 

than the check.  This is likely related to the shorter growing season and the relative 

lateness of the applied fertigation treatments.  The greatest marketable yield was 

observed with Treatment #6 (100% ESN pre-plant), but this yield was nor statistically 

different treatments other than the check. Treatments #2 (100% urea pre-plant), #7 (50% 

urea/50% ESN pre-plant), and Treatment #9 (Urea/ESN split plus fertigation) resulted in 

the largest tuber profiles.  None of the treatments affected the yield of deformed tubers.  



The data suggests that urea applied earlier in the season encourages larger tubers, while 

treatments with less N available after planting may produce more small tubers.  



Table 4:   Estimated yield (ton/ac) in each weight category (< 4oz., 4 to 6 oz., 6 to 10 oz. 

> 10 oz., and deformed) for each variety grown at Lethbridge, AB in 2014.  Data shown 

is the mean of four replicates. Data followed by the same letter in each column of the 

table are not significantly different at the p < 0.05 level. 

 

  < 4oz.   4 to 6 oz.  6 to 10 oz.  > 10 oz.  Deformed  Marketable Yield 

Treatment       

Untreated Check 5.5 a 4.2 ab 2.1 b 0.2 c 0.5 a 6.6 c 
Urea Pre-Plant 
Broadcast; 100% 2.9 cd 3.2 b 5.2 a 2.3 ab 1.1 a 10.7 ab 

Urea Split (60:40) 3.6 bcd 4.0 ab  5.5 a 1.9 abc 0.6 a 11.3 ab 
Urea/ESN Split 
(60:40) 4.3 abc 5.0 ab 5.4 a 0.8 bc 0.5 a 11.1 ab 
ESN + Fertigation 
(60:40) 5.2 a 4.6 ab  5.0 a 1.3 bc 0.7 a 11.0 ab 

ESN Broadcast; 100% 4.9 ab 6.6 a 5.3 a 1.2 bc 0.7 a 13.0 a 
50% ESN / 50% Urea 
Broadcast 2.6 d 2.9 b 4.5 a 3.3 a 1.0 a 10.7 ab 
Fertigation A High 
Broadcast 3.3 cd 4.3 ab 4.6 a 1.3 bc 0.4 a 10.3 abc 
Urea/ESN Split + 
Fertigation 2.8 cd 2.8 b 4.7 a 2.5 ab 0.5 a 10.1 abc 
Fertigation C 
ESN:Urea 3.6 bcd 3.8 ab 3.5 ab 1.2 bc 0.6 a 8.5 bc 

 

 

This data is from the first year of a four-year trial. A minimum of 2 and a maximum of 4 

site years of data will be generated and should provide sufficient information to develop 

recommendations for various fertilizer approaches as part of a nitrogen management 

strategy for Russet Burbank.  An economic analysis of the results is planned.  Nitrogen 

use efficiency will also be calculated once plant and tuber N data has been analyzed. 

 



Project Reach: 

 

A target audience for this research is the processing potato growers in southern Alberta.  

Producers need tools to improve nitrogen use efficiency and reduce cost of production for 

potatoes.  The Potato Growers of Alberta (PGA) comprises more than 120 potato 

producers, 70 of whom grow processing potatoes. The PGA provided research funding 

toward this project.  Information will provided annually to the growers via producer 

meetings. 

 

Potato processors may also benefit by keeping contract prices in a range that maintains 

their competitiveness in a global market.  Improvements in crop quality may also be 

realized with timely nitrogen applications.  Processors will be kept apprised of the results 

of the project via PGA meetings. 

 

Indirectly, members of the public may benefit from the efficient use of resources and the 

prudent use of nitrogen fertilizers.  The impact of the study on this group is difficult to 

estimate.  The results of the trial may be disseminated via popular press articles at the end 

of the research project depending on the outcome of the trials. 

 

 

Project Impact: 

 

 With new tools becoming available to producers, timing is as important as 

quantity for producing good yield and good processing quality.  There has been some 

contradictory information about the use of ESN and fertigation for potato N management 

and impartial information for Alberta producers is essential.  There is a need to determine 

the best approach to optimize potato yield and quality while refining costs of production.  

Additional data from the second and third year of the trial will: 

• be useful in the development of Beneficial N Management Practices for potato 

production in Alberta;  

• determine whether polymer coated urea can reduce total nitrogen applied or reduce 

the number of in-season nitrogen applications required for optimal potato yield and 

quality; 

• provide economic evaluations of the use of polymer coated urea; 

• determine whether fertigation is necessary or beneficial for optimal potato yield and 

quality; and 

• address using the fertilizer strategies under soil type and environmental conditions 

specific to Alberta. 
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 The competitiveness of Canada’s potato industry is 
dependent upon the production of high quality tubers 
in the most cost-efficient manner possible.

 Management of nitrogen fertilizer additions is one of 
the most practical means by which growers have to 
improve the economics of their production system 
and limit environmental impacts of potato production.



Nitrogen Uptake



Environmental Impact

 If nitrogen is not applied as the crops uses it, N is 
subject to environmental losses:
 Volatilization (greenhouse gases)

 Denitrification (greenhouse gases)

 Leaching (ground water contamination) 

 Runoff (surface water contaimination)



Nitrogen Cycle



Fertilizer Strategies

 Fall applied; fall bedding

 Pre-plant incorporated

 Banded at planting (Manitoba)

 Broadcast at hilling (forms of N); incorporated

 Fertigation periodically; often conducted based on 
petiole sampling results

 Alternate products (slow-release, controlled release, 
urease inhibitors, nitrification inhibitors)



Objectives

 Determine optimal timing and source of N fertilizers for 
irrigated potato.

 Evaluate the effectiveness of monitoring plant N status 
to adjust fertigation additions.

 To determine the effect of combinations of urea and 
polymer coated urea on yield, specific gravity and 
quality of Russet Burbank potatoes; and 

 To determine whether polymer coated urea can 
replace the need for in-season N applications (top-
dressing, side-dressing or fertigation).



Treatments

Treatments 2015 Planned applications
Top-Dress

Urea ESN
1 Untreated Check 0 0 0
2 Urea Pre-Plant Broadcast; 100% 150 150
3 Urea Split (60:40) 90 60 150
4 Urea/ESN Split (60:40) 90 60 150
5 ESN + Fertigation (60:40) 90 20 20 20 150
6 ESN Broadcast; 100% 150 150
7 50% ESN / 50% Urea Broadcast 75 75 150
8 Fertigation A High Broadcast 90 20 20 20 150
9 Urea/ESN Split + Fertigation 54 36 20 20 20 150

10 Fertigation C ESN:Urea 45 45 20 20 20 150
11 NJB1 0 0 90:60 150
12 NJB2 0 0 60:90 150

Pre-plant
Simulated Fertigation (AN)



Fertilizer applications



Trial at AITC - Lethbridge



Petiole sampling



Petioles



Petiole N

 All fertilizer treatments resulted in higher petiole nitrates 
than the check

 Fertigation treatments maintained higher petiole N 
throughout the season

 Split applications of N were almost as effective at 
maintaining petiole N as fertigation treatments

 ESN treatments typically had lower petiole N 



Total Yield/Marketable Yield



Graded yield



Potato Yield

 Fertilizer strategy affects tuber size distribution

 Split application N and most fertigation treatments 
resulted in greater total yield

 Greatest marketable yield was achieved with 
fertigation and with a split N treatment using urea and 
ESN



Specific Gravity



Potato quality

 The use of ESN seems to affect specific gravity less 
than urea and ammonium nitrate



Nitrogen Use Efficiency

 Efficiency = more N taken up by the crop

 Nitrogen applied is taken up in the plants (biomass) or 
the tubers (yield), left behind in the soil (soil test) or lost

 Greater yield with less N is higher NUE

 Greater yield reduces environmental footprint

 Less “leftover” N means less potential for negative 
environmental impacts



Next steps

 Use best nitrogen application strategies to fine-tune 
rates for different varieties of potato

 Share strategies with producers

 Explore some of the other strategies for improving NUE 
and reducing environmental impact
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Project Description: 

 

Introduction 

The competitiveness of Canada’s potato industry is dependent upon the production of high quality tubers in the 

most cost-efficient manner possible. Management of nitrogen fertilizer additions is one of the most practical 

means by which growers have to improve the economics of their production system and limit environmental 

impacts of potato production (Zebarth and Rosen 2007). Reviews of nitrogen management in potato stress the 

importance of matching crop demand for N by controlling the timing, placement, source and rate of additions and 

considering the N supply capacity of soil (Davenport et al. 2005, Monoz et al. 2005, Zebarth and Rosen 2007, 

Vos 2009).  

 

Matching crop N demand with N availability in soil is the best means of optimizing nitrogen use efficiency and 

marketable yield of potato (Zebarth and Rosen 2007). Splitting the application of N to applying some at planting 

and then later as top-dressing at hilling or in irrigation water as fertigation can improve nitrogen use efficiency in 

soils prone to leaching of nitrate (Errebhi et al. 1998) and similar to conditions in eastern Canada and irrigated 

potato in the west. How to assess in crop N status to set fertigation amounts however is uncertain. Tools such as 

nitrate concentration of petioles (Goffart et al. 2008), reflectance of the crop (van Evert et al. 2012), and 

chlorophyll content (Olivier et al. 2006) relate well to N status of the crop. How to use these in crop measures to 

best adjust N additions at hilling or with fertigation however remains to be resolved. A different approach to 

matching N demand and N availability relies upon slowing the release of N from fertilizer added at planting such 

banding products near the seed so it is less prone to leaching prior to the period of greatest N demand, tuber 

bulking (Westermann and Sojka (1996). Recently available enhanced efficiency fertilizers that either stabilize N 

for longer in soil as ammonium with soil enzyme inhibitors or retard release of urea by coating granules with 

polymer (Trenkel 2010), are new options to growers. If the price premium of these products over regular urea 

granules is warranted remains to be resolved for our growing conditions.   

 

Matching the availability of added fertilizer to potato N demand should result in maximizing nitrogen use 

efficiency. It is recommended that potato growers apply fertilizer N partly at planting and later once plants have 

emerged (Province of Manitoba Soil Fertility Guide). This is usually achieved by split application of fertilizer 

with some at planting and remainder at hilling or fertigated with irrigation water. Split application of fertilizer N 

is beneficial in soils prone to leaching of nitrate such as in sand soil and humid conditions (Errebhi et al. 1998). 

Split application of fertilizer increases production costs such as labour and fuel. Thus, it is important to growers 

to insure maximal return in investment for these added costs. One example is of increased production costs is 

the increasing use of fertigation in the Prairie Provinces though hard evidence to the benefit to nitrogen use 

efficiency and returns is lacking. Further, fertigation during hot summer periods likely will promote 

volatilization of urea in the urea ammonium nitrate solution applied. Fertigation is actively promoted in the 

Pacific NorthWest of the U.S.A. (Lang et al. 1999) and the processers familiar with that production system are 

promoting the practice in the Prairies where they also manage processing facilities.  

 

Recently, enhanced efficiency fertilizers such as SuperU (slow release urea with urease and nitrification 

inhibitors) and ESN (controlled release with polymer coated urea) have become available to growers. It remains 

uncertain if the price premium for the products is justified by increased returns. In Minnesota, Hyatt et al. 

(2010) reported polymer coated urea did not increase yield but did decrease emissions of the greenhouse gas, 

nitrous oxide. In the same state, Wilson et al. (2009) reported lower N rates with polymer coated urea (ESN) 

were required to achieve maximum. However, Kelling et al. (2011) reported that for 3 of 6 site years in 

Wisconsin, the nitrification inhibitor, DCD with ammonium sulfate, increased gross yield but for 4 of 6 site 

year’s marketable yield decreased. The decrease was because of ammonium accumulation in soil deforming 

tubers resulting increased culls. 



 

The purpose of the current research is to provide data to determine whether ESN, split applications, fertigation 

or a combination of these strategies can be used in potato production to improve nitrogen use efficiency while 

maintaining yield and quality. 

 

The objectives include: 

1. Determine optimal timing and source of N fertilizers for irrigated potato. 

2. Evaluate the effectiveness of monitoring plant N status to adjust fertigation additions. 

3.  To determine the effect of combinations of urea and polymer coated urea on yield, specific gravity and 

quality of Russet Burbank potatoes; and  

4. To determine whether polymer coated urea can replace the need for in-season N applications (top-

dressing, side-dressing or fertigation). 

 

Approach Taken 

 

The trial was conducted on Russet Burbank potatoes at the Alberta Irrigation Technology Centre in Lethbridge, 

AB to ensure that background N was low, N applications could be controlled, and the crop was irrigated using a 

pivot system.  The trial is planned for 2 - 4 years to determine the impact of the treatments under a variety of 

environmental conditions.  This trial is part of a larger initiative being led by Dr. Mario Tenuta of the University 

of Manitoba.   

 

Six soil samples were taken at depths of 0 to 15cm and 15 to 120cm to make a composite soil sample in the fall 

of 2015.  Soil N (35 kg/ha) was taken into account when calculating N applications for each treatment. 

 

Various quantities of urea and ESN (polymer-coated urea) were used pre-plant.  Some of the treatments also 

involved N applications at the time of hilling and others included simulated fertigation treatments to reach the 

same total N applied. The nitrogen treatments were applied using a Conserv-a-Pak machine May 2, 2016.  Top-

dressed N was applied by hand prior to power hilling May 18 and fertigation was simulated by applying 

ammonium nitrate and irrigating on three dates, June 30, July 21 and August 15, 2016 (Table 1).  All treatments 

included an application of mono-ammonium phosphate (MAP) to provide starter P.  Approximately 10 kg/ha N 

was supplied with the MAP and is included in the total N column (soil plus applied).  The target N was intended 

to be approximately 80% of an agronomist recommended rate for Russet Burbank Production in southern 

Alberta (200 kg/ha).   

 

Table 1: Nitrogen treatments (kg/ha) used to determine the effects of fertilization strategies on irrigated 

Russet Burbank in Alberta. 

  Pre-plant At Hilling Simulated Fertigation  

 Treatments Urea ESN Urea ESN 30 Jun 21 Jul 15 Aug pplied 

1 Untreated Check 0 0      10 

2 Urea Pre-Plant Broadcast; 100% 157       160 

3 Urea Split (60:40) 95  62     160 

4 Urea/ESN Split (60:40) 95   62    160 

5 ESN + Fertigation (60:40)  95   23 21 18 160 

6 ESN Broadcast; 100%  157      160 

8 Fertigation A High Broadcast 95    23 21 18 160 

9 Urea/ESN Split + Fertigation 57   38 23 21 18 160 

10 Fertigation C ESN:Urea 48 48   23 21 18 160 

11 NJB1 0 0 95 62     

          

 



 

Treatments included: 

1. No additional nitrogen (approximately 35 kg/ha soil test plus MAP) – check 

2. Urea applied pre-plant (157 kg/ha N) – urea 100% pp 

3. 60% N applied as urea pre-plant; 40% N applied as urea at hilling – urea split 

4. 60 % N applied as urea pre-plant; 40% N applied as ESN at hilling – urea/ESN split 

5. 60% N applied pre-plant as ESN; 40% N applied via three fertigation events – ESN + fertigation 

6. ESN applied pre-plant (157 kg/ha) – ESN 100% pp 

7. Omitted in 2016 

8. 60% N applied pre-plant as urea; 40% N applied via three fertigation events – Urea + fertigation A 

9. Urea applied pre-plant; ESN applied at hilling; three fertigation events – Split + fertigation B 

10. Urea and ESN applied pre-plant; three fertigation events – 50:50 + fertigation C 

11. NJB1 – Urea:ESN blend (60:40) at hilling  

12. Omitted in 2016 

 

 

2016 

Russet Burbank seed (E3) was cut (approximately 70 to 85 g seed pieces), suberized, and treated with 

MaximMZTM seed piece treatment (500g/100kg seed) prior to planting.  Tubers were planted approximately 13 

to 14 cm deep and 30 cm apart in rows spaced 0.90 metres apart using a four-row cup planter in Lethbridge on 

April 28, 2016.   Treatments were set up as a split plot, with pre-plant N as a main treatment.  Each treatment 

was 4 rows wide.  The centre two rows were used for petiole sampling.  Only one of the centre rows was 

harvested for yield estimates and tuber evaluations.  Each treatment was replicated 4 times to reduce some of 

the variability inherent in small plot research (Appendix A).   

 

The plots were scouted and managed following recommendations of a contract agronomist, ProMax Agronomy 

Services.  The plots were irrigated with a centre pivot and low-pressure nozzles as required to maintain soil 

moisture close to 70% capacity, typically once or twice per week.   

 

The potatoes were hilled May 18 with a power hiller.  Lorox (1L/ac) was applied prior to emergence (May 25) 

to control weeds.  Sencor 75DF (125 g/ac) and Select (76mL/ac + Amigo 0.5% v/v) were applied June 8 to 

control weeds.  The plots were irrigated to maintain soil moisture close to 70%. Plots were sprayed with Prism 

(24 g/ac) with Amigo (0.5%) post-emergence (June 23) to control weeds.   

Foliar fungicides were applied several times during the growing season to prevent early and late blight from 

developing (Table 2).  

 

  



Table 2: Foliar fungicides applied to the potato crop in 2016 to prevent early and late blight development. 

Date of Application Fungicide Rate 

30 June Luna Tranquility 240 mL/ac 

30 June Bravo 0.88 L/ac 

8 July Dithane 900 g/ac 

15 July Dithane 900 g/ac 

22 July Bravo 0.88 L/ac 

28 July Dithane 880 g/ac 

5 Aug Bravo 1 L/ac 

12 Aug Dithane 880 g/ac 

19 Aug Dithane 880 g/ac 

26 Aug Dithane 880 g/ac 

7 Sept Bravo 1 L/ac 

 

 

Additional ESN and urea were applied (top-dressed) to treatments 3, 4, and 9 prior to hilling May 18th. 

 

Petiole samples were taken at three times (June 28, July 19 and August 9, 2016) during the season to follow the 

N-status of the crop throughout the season.  Soil samples were taken at depths of 0 to 30cm shortly after the 

petiole samples were collected (June 30, July 21 and August 15) and before the fertigation events.  Twelve 

cores were taken from each plot to make a composite sample.  Four core samples were taken from the top of the 

hills, and eight were taken from the shoulder of the hills within each plot.  Samples were dried at 50C for 

approximately 1 week and ground, then stored at 4C until they were analyzed.  Simulated fertigation treatments 

(ammonium nitrate broadcast) were applied immediately after soil sampling (June 30, July 21, and August 15) 

and irrigated in. 

 

 

Prior to desiccation (Sept. 6), two whole potato plants were removed from the field.  Fresh biomass was 

measured and the plants were dried in a forage dryer at 50C.  Dry biomass was measured and the plant material 

was ground using a plant tissue grinder and held at 4C until analyzed for N. 

 

Reglone (1.4 L/ac) was applied Sept 7 to desiccate potato vines.  All treatments were harvested mechanically 

September 14 using a one-row Grimme harvester.  Immediately following the potato harvest, soil samples were 

taken from the soil disturbed by the harvester.  These samples were dried and ground and stored at 4C until 

analyzed. 

 

Tubers were stored at 8˚C until graded. Tubers were graded into size categories (less than 113g, 113 - 170g, 171 

– 284g over 284g and deformed). A sample of twenty-five tubers (113 – 284g) from each replicate was used to 

determine specific gravity using the weight in air over weight in water method. The tubers in the specific 

gravity sample were cut longitudinally to assess internal defects.  Another sub-sample of 8 tubers was washed, 

diced, freeze dried and ground.  Tuber tissue was analyzed for N content as well. 

 

The data presented here have been statistically analyzed using ANOVA and Tukey’s Multiple Range Test; 

(p≤0.05). 

  



Results: 

 

 

Petiole Nitrates 

 

Petiole nitrate levels for all treatments declined between the first and second sampling date.  The decline was 

less dramatic for split N treatments and treatments involving fertigation.  Nitrogen declined between the second 

and third sampling as well, but treatments involving fertigation maintained higher petiole N at the third 

sampling date than treatments where N was all applied pre-plant.  Treatments including fertigation showed 

much less of a decline, and in several treatments an increase between the second and third sampling date.  

Nitrate levels in the petioles at the first sampling date in mid-July ranged from about 15,000 ppm for the check 

to over 20,000 ppm for most of the fertilized treatments (Fig 1).  As expected, treatments with ESN applied pre-

plant started out with slightly lower petiole nitrate levels.   

 

 
 

Figure 1: Petiole nitrate levels for each treatment at the Lethbridge, AB location.  Samples were taken 

from the fourth petiole from up to eighty stems at three times during the 2016 growing season.  

 

 

  



Potato Yield and Grade 

 

Total yield, mean tuber size and specific gravity are presented in Table 3 for each treatment harvested in 

Lethbridge in 2016.  In 2016, there were no significant differences in total yield or mean tuber size between 

treatments.  There were no statistically significant differences in specific gravity between treatments in 2016 

either.  The trial was harvested earlier in 2016 than in other years, possibly before tubers had finished bulking. 

 

 

Table 3: Total yield (estimated ton/ac), mean tuber size (oz.) and specific gravity of potatoes harvested 

from plots in Lethbridge, AB grown with different nitrogen strategies in 2016 
Trt #  Total Yld  

(ton/ac) 
Mean tuber 
size (oz.) 

SG 

1 
Untreated Check 

18.8 a 6.2 a 1.090 a 

2 
Urea Pre-Plant Broadcast; 100% 

20.0 a 6.7 a 1.089 a 

3 
Urea Split (60:40) 

20.1 a 6.6 a 1.088 a 

4 
Urea/ESN Split (60:40) 

19.7 a 6.5 a 1.090 a 

5 
ESN + Fertigation D (60:40) 

18.1 a 6.5 a 1.087 a 

6 
ESN Broadcast; 100% 

17.1 a 6.2 a 1.088 a 

8 
High Broadcast + Fertigation A 

19.7 a 6.8 a 1.084 a 

9 
Urea/ESN 60:40 Split + Fertigation B 

21.2 a 6.5 a 1.088 a 

10 
ESN:Urea 50:50 Split + Fertigation C 

19.3 a 6.0 a 1.088 a 

11 
NJB1 – urea:ESN (60:40) at hilling 

19.9 a 6.5 a 1.089 a 

 

 

Yield of potatoes in different size categories and marketable yield are summarized in Table 4.  None of the size 

categories yielded statistically significant differences from one another or the check.  There was more 

variability in the data collected in 2016 and the crop was harvested before many of the potatoes had bulked up.  

The size profile in the check treatments was shifted toward smaller tubers, but was not statistically different 

from the other treatments.  The greatest marketable yield was harvested from Treatments 2 (urea pre-plant), 3 

urea split application), 4 urea/ESN split application), 8 (urea plus fertigation) and 11 (urea and ESN at hilling).  

There was no significant difference in yield of tubers in each size category, although shifts were evident with 

the different nitrogen strategies.  As with previous years, treatments with the highest marketable yield, tended to 

have greater yields of tubers in the larger size categories as well. 

 

 

  



Table 4:   Estimated yield (ton/ac) in each weight category (< 4oz., 4 to 6 oz., 6 to 10 oz. > 10 oz., and 

deformed) for each variety grown at Lethbridge, AB in 2016.  Data shown is the mean of four replicates. Data 

followed by the same letter in each column of the table are not significantly different at the p < 0.05 level. 

 

  < 4oz.   4 to 6 oz.  6 to 10 oz.  > 10 oz.  Deformed  Marketable Yield 

Treatment       

Untreated Check 5.3 a 5.7 a 5.9 a 1.2 a 0.6 a 12.9 a 
Urea Pre-Plant 
Broadcast; 100% 3.4 a 5.0 a 8.0 a 2.8 a 0.8 a 15.8 a 

Urea Split (60:40) 4.3 a 5.7 a 7.3 a 2.4 a 0.4 a 15.4 a 

Urea/ESN Split (60:40) 3.2 a 5.1 a 7.6 a 2.9 a 0.9 a 15.6 a 
ESN + Fertigation 
(60:40) 4.0 a 4.8 a 6.2 a 2.5 a 0.5 a 13.6 a 

ESN Broadcast; 100% 4.9 a 5.2 a 4.9 a 1.4 a 0.7 a 11.5 a 
Fertigation A High 
Broadcast 4.0 a 5.4 a 6.9 a 2.5 a 0.9 a 14.8 a 
Urea/ESN Split + 
Fertigation 4.6 a 6.2 a 6.7 a 2.8 a 0.8 a 15.7 a 

Fertigation C ESN:Urea 5.7 a 6.2 a 5.4 a 1.2 a 0.9 a 12.8 a 
NJB1 – urea:ESN (60:40) 
at hilling 3.9 a 5.8 a 7.0 a 2.5 a 0.6 a 15.4 a 
 

 

This data is from the third year of a four-year trial. Four site years of data will be generated and should provide 

sufficient information to develop recommendations for various fertilizer approaches as part of a nitrogen 

management strategy for Russet Burbank.  An economic analysis of the results is planned.  Nitrogen 

partitioning and nitrogen use efficiency will also be calculated once plant and tuber N data has been analyzed. 

 



Project Reach: 

 

A target audience for this research is the processing potato growers in southern Alberta.  Producers need tools to 

improve nitrogen use efficiency and reduce cost of production for potatoes.  The Potato Growers of Alberta 

(PGA) comprises more than 120 potato producers, 70 of whom grow processing potatoes. The PGA provided 

research funding toward this project.  Information will be provided annually to the growers via producer 

meetings. 

 

Potato processors may also benefit by keeping contract prices in a range that maintains their competitiveness in 

a global market.  Improvements in crop quality may also be realized with timely nitrogen applications.  

Processors will be kept apprised of the results of the project via PGA meetings. 

 

Indirectly, members of the public may benefit from the efficient use of resources and the prudent use of 

nitrogen fertilizers.  The impact of the study on this group is difficult to estimate.  The results of the trial may be 

disseminated via popular press articles at the end of the research project depending on the outcome of the trials. 

 

 

Project Impact: 

 

 With new tools becoming available to producers, timing is as important as quantity for producing good 

yield and good processing quality.  There has been some contradictory information about the use of ESN and 

fertigation for potato N management and impartial information for Alberta producers is essential.  There is a 

need to determine the best approach to optimize potato yield and quality while refining costs of production.  

Additional data from the third and fourth years of the trial will: 

• be useful in the development of Beneficial N Management Practices for potato production in Alberta;  

• determine whether polymer coated urea can reduce total nitrogen applied or reduce the number of in-season 

nitrogen applications required for optimal potato yield and quality; 

• provide economic evaluations of the use of polymer coated urea; 

• determine whether fertigation is necessary or beneficial for optimal potato yield and quality; and 

• address using the fertilizer strategies under soil type and environmental conditions specific to Alberta. 
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Appendix A:  Plot plan of AITC Nitrogen Trial 2016. 
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Applications April 28 Planted 

1 Treatment 1 Untreated check.  11-52-0 at 96 lbs/ac (50 lbs/ac P)
2 Treatment 2 Urea Broadcast pre-plant 46-0-0 (341 kg/ha)
3 Treatment 3 Urea split application 46-0-0 207 kg/ha pre-plant
4 Treatment 4 Urea /ESN split application 46-0-0 207 kg/ha pre-plant 
5 Treatment 5 ESN + fertigation 44-0-0 205 kg/ha pre-plant 
6 Treatment 6 ESN boradcast 44-0-0 341 kg/ha (2 passes of XXX) 
8 Treatment 8 High broadcast + fertigation 117 kg/ha urea pre-plant
9 Treatment 9 Urea/ESN + fertigation 104 kg/ha 46-0-0 pre-plant

10 Treatment 10 Urea/ESN  + fertigation 48kg/ha of 46-0-0 and 48 kg/ha ESN pre-plant 
11 NJB1 MAP at Planting + Urea:ESN at Hilling 60:40 (95:62)

T8 T5

T4 T8 T2 T9 T10 T6 T3 T5
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Project Description: 

 

Introduction 

The competitiveness of Canada’s potato industry is dependent upon the production of high quality tubers in the 

most cost-efficient manner possible. Management of nitrogen fertilizer additions is one of the most practical 

means by which growers have to improve the economics of their production system and limit environmental 

impacts of potato production (Zebarth and Rosen 2007). Reviews of nitrogen management in potato stress the 

importance of matching crop demand for N by controlling the timing, placement, source and rate of additions and 

considering the N supply capacity of soil (Davenport et al. 2005, Monoz et al. 2005, Zebarth and Rosen 2007, 

Vos 2009).  

 

Matching crop N demand with N availability in soil is the best means of optimizing nitrogen use efficiency and 

marketable yield of potato (Zebarth and Rosen 2007). Splitting the application of N to applying some at planting 

and then later as top-dressing at hilling or in irrigation water as fertigation can improve nitrogen use efficiency in 

soils prone to leaching of nitrate (Errebhi et al. 1998) and similar to conditions in eastern Canada and irrigated 

potato in the west. How to assess in crop N status to set fertigation amounts however is uncertain. Tools such as 

nitrate concentration of petioles (Goffart et al. 2008), reflectance of the crop (van Evert et al. 2012), and 

chlorophyll content (Olivier et al. 2006) relate well to N status of the crop. How to use these in crop measures to 

best adjust N additions at hilling or with fertigation however remains to be resolved. A different approach to 

matching N demand and N availability relies upon slowing the release of N from fertilizer added at planting such 

banding products near the seed so it is less prone to leaching prior to the period of greatest N demand, tuber 

bulking (Westermann and Sojka (1996). Recently available enhanced efficiency fertilizers that either stabilize N 

for longer in soil as ammonium with soil enzyme inhibitors or retard release of urea by coating granules with 

polymer (Trenkel 2010), are new options to growers. If the price premium of these products over regular urea 

granules is warranted remains to be resolved for our growing conditions.   

 

Matching the availability of added fertilizer to potato N demand should result in maximizing nitrogen use 

efficiency. It is recommended that potato growers apply fertilizer N partly at planting and later once plants have 

emerged (Province of Manitoba Soil Fertility Guide). This is usually achieved by split application of fertilizer 

with some at planting and remainder at hilling or fertigated with irrigation water. Split application of fertilizer N 

is beneficial in soils prone to leaching of nitrate such as in sand soil and humid conditions (Errebhi et al. 1998). 

Split application of fertilizer increases production costs such as labour and fuel. Thus, it is important to growers 

to insure maximal return in investment for these added costs. One example is of increased production costs is 

the increasing use of fertigation in the Prairie Provinces though hard evidence to the benefit to nitrogen use 

efficiency and returns is lacking. Further, fertigation during hot summer periods likely will promote 

volatilization of urea in the urea ammonium nitrate solution applied. Fertigation is actively promoted in the 

Pacific NorthWest of the U.S.A. (Lang et al. 1999) and the processers familiar with that production system are 

promoting the practice in the Prairies where they also manage processing facilities.  

 

Recently, enhanced efficiency fertilizers such as SuperU (slow release urea with urease and nitrification 

inhibitors) and ESN (controlled release with polymer coated urea) have become available to growers. It remains 

uncertain if the price premium for the products is justified by increased returns. In Minnesota, Hyatt et al. 

(2010) reported polymer coated urea did not increase yield but did decrease emissions of the greenhouse gas, 

nitrous oxide. In the same state, Wilson et al. (2009) reported lower N rates with polymer coated urea (ESN) 

were required to achieve maximum. However, Kelling et al. (2011) reported that for 3 of 6 site years in 

Wisconsin, the nitrification inhibitor, DCD with ammonium sulfate, increased gross yield but for 4 of 6 site 

year’s marketable yield decreased. The decrease was because of ammonium accumulation in soil deforming 

tubers resulting increased culls. 



 

A problem with elucidating if controlled released or stabilized products increase yield in the aforementioned 

studies has been the lack of comparison of the performance of the same N form (ex. urea) with or without being 

controlled release (ESN) or stabilized (ex. SuperU). Thus, it is difficult to determine the impact of the enhanced 

efficiency fertilizers when treatment comparisons vary in the form of the N.  

 

The purpose of the current research is to provide data to determine whether ESN, split applications, fertigation 

or a combination of these strategies can be used in potato production to improve nitrogen use efficiency while 

maintaining yield and quality. 

 

The objectives include: 

1. Determine optimal timing and source of N fertilizers for irrigated potato. 

2. Evaluate the effectiveness of monitoring plant N status to adjust fertigation additions. 

3.  To determine the effect of combinations of urea and polymer coated urea on yield, specific gravity and 

quality of Russet Burbank potatoes; and  

4. To determine whether polymer coated urea can replace the need for in-season N applications (top-

dressing, side-dressing or fertigation). 

 

Approach Taken 

 

The trial was conducted on Russet Burbank potatoes at the Alberta Irrigation Technology Centre in Lethbridge, 

AB to ensure that background N was low, N applications could be controlled, and the crop was irrigated using a 

pivot system.  The trial is planned for 2 - 4 years to determine the impact of the treatments under a variety of 

environmental conditions.  This trial is part of a larger initiative being led by Dr. Mario Tenuta of the University 

of Manitoba.   

 

Six soil samples were taken at depths of 0 to 15cm and 15 to 120cm to make a composite soil sample in the fall 

of 2015.  Soil N (35 kg/ha) was taken into account when calculating N applications for each treatment. 

 

Various quantities of urea and ESN (polymer-coated urea) were used pre-plant.  Some of the treatments also 

involved N applications at the time of hilling and others included simulated fertigation treatments to reach the 

same total N applied. The nitrogen treatments were applied using a Conserv-a-Pak machine April 27, Top-

dressed N was applied by hand prior to power hilling May 18 and fertigation was simulated by applying 

ammonium nitrate and irrigating on three dates, June 30, July 21 and August 15, 2016 (Table 1).  All treatments 

included an application of mono-ammonium phosphate (MAP) to provide starter P.  Approximately 10 kg/ha N 

was supplied with the MAP and is included in the total N column (soil plus applied).  The target N was intended 

to be approximately 80% of an agronomist recommended rate for Russet Burbank Production in southern 

Alberta (193 kg/ha).   

 

  



Table 1: Nitrogen treatments (kg/ha) used to determine the effects of fertilization strategies on irrigated 

Russet Burbank in Alberta. 

Treatments 2016 Planned applications 
    

Total N   
Pre-plant Top-Dress 

   
Kg/ha   

Urea ESN 
 

Simulated 

Fertigation (AN) 

 
 

1 Untreated Check 0 0 
    

0 46 

2 Urea Pre-Plant Broadcast; 

100% 

157 
     

157 203 

3 Urea Split (60:40) 95 
 

62 
   

157 203 

4 Urea/ESN Split (60:40) 95 
 

62 
   

157 203 

5 ESN + Fertigation (60:40) 
 

95 
 

23 21 18 157 198 

6 ESN Broadcast; 100% 
 

157 
    

157 196 

8 Fertigation A High 

Broadcast 

95 
  

23 21 18 157 203 

9 Urea/ESN Split + 

Fertigation 

57 
 

38 23 21 18 157 196 

10 Fertigation C ESN:Urea 48 48 
 

23 21 18 158 200 

11 NJB1 0 0 95:62 
   

157 203 

 

 

 

Treatments included: 

1. No additional nitrogen (approximately 36 kg/ha soil test plus MAP) – check 

2. Urea applied pre-plant (193 kg/ha) – urea 100% pp 

3. 60% N applied as urea pre-plant; 40% N applied as urea at hilling – urea split 

4. 60 % N applied as urea pre-plant; 40% N applied as ESN at hilling – urea/ESN split 

5. 60% N applied pre-plant as ESN; 40% N applied via three fertigation events – ESN + fertigation 

6. ESN applied pre-plant (193 kg/ha) – ESN 100% pp 

7. Omitted in 2106 

8. 60% N applied pre-plant as urea; 40% N applied via three fertigation events – Urea + fertigation A 

9. Urea applied pre-plant; ESN applied at hilling; three fertigation events – Split + fertigation B 

10. Urea and ESN applied pre-plant; three fertigation events – 50:50 + fertigation C 

11. NJB1 – Urea:ESN blend (60:40) at hilling  

12. Omitted in 2016 

 

 

2016 
Russet Burbank seed (E3) was cut (approximately 70 to 85 g seed pieces), suberized, and treated with 

MaximMZTM seed piece treatment (500g/100kg seed) prior to planting.  Tubers were planted approximately 13 

to 14 cm deep and 30 cm apart in rows spaced 0.90 metres apart using a four-row cup planter in Lethbridge on 

April 28, 2016.   Treatments were set up as a split plot, with pre-plant N as a main treatment.  Each treatment 

was 4 rows wide.  The centre two rows were used for petiole sampling.  Only one of the centre rows was 

harvested for yield estimates and tuber evaluations.  Each treatment was replicated 4 times to reduce some of 

the variability inherent in small plot research (Appendix A).   

 

The plots were scouted and managed following recommendations of a contract agronomist, ProMax Agronomy 

Services.  The plots were irrigated with a centre pivot and low-pressure nozzles as required to maintain soil 

moisture close to 70% capacity, typically once or twice per week.   

 



The potatoes were hilled May 18 with a power hiller.  Lorox (1L/ac) was applied prior to emergence (May 25) 

to control weeds.  Sencor 75DF (125 g/ac) and Select (76 mL/ac + Amigo 0.5% v/v) were applied June 8 to 

control weeds.  The plots were irrigated to maintain soil moisture close to 70%. Plots were sprayed with Prism 

(24 g/ac) with Amigo (0.5%) post-emergence (June 23) to control weeds.   

Foliar fungicides were applied several times during the growing season to prevent early and late blight from 

developing (Table 2).  

 

  



Table 2: Foliar fungicides applied to the potato crop in 2016 to prevent early and late blight development. 

Date of Application Fungicide Rate 

30 June Luna Tranquility 240 mL/ac 

30 June Bravo 0.88 L/ac 

8 July Dithane 900 g/ac 

15 July Dithane 900 g/ac 

22 July Bravo 0.88 L/ac 

28 July Dithane 880 g/ac 

5 Aug Bravo 1 L/ac 

12 Aug Dithane 880 g/ac 

19 Aug Dithane 880 g/ac 

26 Aug Dithane 880 g/ac 

25 Aug Bravo 0.8 L/ac 

 

 

Additional ESN and urea were applied (top-dressed) to treatments 3, 4, and 9 prior to hilling May 18th. 

 

Petiole samples were taken at three times (June 28, July 19 and August 9, 2016) during the season to follow the 

N-status of the crop throughout the season.  Soil samples were taken at depths of 0 to 30cm shortly after the 

petiole samples were collected (June 30, July 21 and August 15) and before the fertigation events.  Twelve 

cores were taken from each plot to make a composite sample.  Four core samples were taken from the top of the 

hills, and eight were taken from the shoulder of the hills within each plot.  Samples were dried at 50C for 

approximately 1 week and ground, then stores at 4C until they were analyzed.  Simulated fertigation treatments 

(ammonium nitrate broadcast) were applied immediately after soil sampling (June 30, July 21, and August 15) 

and irrigated in. 

 

 

Prior to desiccation (Sept. 6), two whole potato plants were removed from the field.  Fresh biomass was 

measured and the plants were dried in a forage dryer at 50C.  Dry biomass was measured and the plant material 

was ground using a plant tissue grinder and held at 4C until analyzed for N. 

 

Reglone (1.4 L/ac) was applied Sept 7 to desiccate potato vines.  All treatments were harvested mechanically 

September 14 using a one-row Grimme harvester.  Immediately following the potato harvest, soil samples were 

taken from the soil disturbed by the harvester.  These samples were dried and ground and stored at 4C until 

analyzed. 

 

Tubers were stored at 8˚C until graded. Tubers were graded into size categories (less than 113g, 113 - 170g, 171 

– 284g over 284g and deformed). A sample of twenty-five tubers (113 – 284g) from each replicate was used to 

determine specific gravity using the weight in air over weight in water method. The tubers in the specific 

gravity sample were cut longitudinally to assess internal defects.  Another sub-sample of 8 tubers was washed, 

diced, freeze dried and ground.  Tuber tissue was analyzed for N content as well. 

 

The data presented here have been statistically analyzed using ANOVA and Tukey’s Multiple Range Test; 

(p≤0.05). 

 

 

Results: 

 

 

Petiole Nitrates 

 



Petiole nitrate levels for all treatments declined between the first and second sampling date.  The decline was 

less dramatic for split N treatments and treatments involving fertigation.  Nitrogen declined between the second 

and third sampling as well, but treatments involving fertigation maintained higher petiole N at the third 

sampling date than treatments where N was all applied pre-plant.  Treatments including fertigation showed 

much less of a decline, and in several treatments an increase between the second and third sampling date.  

Nitrate levels in the petioles at the first sampling date in mid-July ranged from about 15,000 ppm for the check 

to over 20,000 ppm for most of the fertilized treatments (Fig 1).  As expected, treatments with ESN applied pre-

plant started out with slightly lower petiole nitrate levels.   

 

 
 

Figure 1: Petiole nitrate levels for each treatment at the Lethbridge, AB location.  Samples were taken 

from the fourth petiole from up to eighty stems at three times during the 2016 growing season.  

 

 

 

  



Potato Yield and Grade 

 

Total yield, mean tuber size and specific gravity are presented in Table 3 for each treatment harvested in 

Lethbridge in 2016. In 2016, there were no significant differences in total yield or mean tuber size between 

treatments.  There were not statistically significant differences in specific gravity between treatments in 2016 

either.  The trial was harvested earlier in 2016 than in other years, possibly before tubers had finished bulking. 

 

 

Table 3: Total yield (estimated ton/ac), mean tuber size (oz.) and specific gravity of potatoes harvested 

from plots in Lethbridge, AB grown with different nitrogen strategies in 2016 

Trt #  Total Yld  
(ton/ac) 

Mean tuber 
size (oz.) 

SG 

1 
Untreated Check 

18.8 a 6.2 a 1.090 a 

2 
Urea Pre-Plant Broadcast; 100% 

20.0 a 6.7 a 1.089 a 

3 
Urea Split (60:40) 

20.1 a 6.6 a 1.088 a 

4 
Urea/ESN Split (60:40) 

19.7 a 6.5 a 1.090 a 

5 
ESN + Fertigation D (60:40) 

18.1 a 6.5 a 1.087 a 

6 
ESN Broadcast; 100% 

17.1 a 6.2 a 1.088 a 

8 
High Broadcast + Fertigation A 

19.7 a 6.8 a 1.084 a 

9 
Urea/ESN 60:40 Split + Fertigation B 

21.2 a 6.5 a 1.088 a 

10 
ESN:Urea 50:50 Split + Fertigation C 

19.3 a 6.0 a 1.088 a 

11 
NJB1 – urea:ESN (60:40) at hilling 

19.9 a 6.5 a 1.089 a 

 

 

Yield of potatoes in different size categories and marketable yield are summarized in Table 4.  None of the size 

categories yielded statistically significant differences from one another or the check.  There was more 

variability in the data collected in 2016 and the crop was harvested before many of the potatoes had bulked up.  

The size profile in the check treatments was shifted toward smaller tubers, but was not statistically different 

from the other treatments.  The greatest marketable yield was harvested from Treatments 2 (pre-plant urea), 3 

(urea split application), 4 (urea/ESN split application), 8 (urea plus fertigation) and 11 (urea and ESN at hilling).  

There was no significant difference in yield of tubers in each size category, although shifts were evident with 

the different nitrogen strategies.  As with previous years, treatments with the highest marketable yield, tended to 

have greater yields of tubers in the larger size categories as well. 

 

 

  



Table 4:   Estimated yield (ton/ac) in each weight category (< 4oz., 4 to 6 oz., 6 to 10 oz. > 10 oz., and 

deformed) for each variety grown at Lethbridge, AB in 2016.  Data shown is the mean of four replicates. Data 

followed by the same letter in each column of the table are not significantly different at the p < 0.05 level. 

 

  < 4oz.   4 to 6 oz.  6 to 10 oz.  > 10 oz.  Deformed  Marketable Yield 

Treatment       

Untreated Check 5.3 a 5.7 a 5.9a  1.2 a 0.6 a 12.9 a 
Urea Pre-Plant 
Broadcast; 100% 3.4 a 5.0 a 8.0 a 2.8 a 0.8 a 15.8 a 

Urea Split (60:40) 4.3 a 5.7 a 7.3 a 2.4 a 0.4 a 15.4 a 

Urea/ESN Split (60:40) 3.2 a 5.1 a 7.6 a 2.9 a 0.9 a 15.6 a 
ESN + Fertigation 
(60:40) 4.0 a 4.8 a 6.2 a 2.5 a 0.5 a 13.6 a 

ESN Broadcast; 100% 4.9 a 5.2 a 4.9 a 1.4a  0.7 a 11.5 a 
Fertigation A High 
Broadcast 4.0 a 5.4 a 6.9 a 2.5 a 0.9 a 14.8 a 
Urea/ESN Split + 
Fertigation 4.6 a 6.2 a 6.7 a 2.8 a 0.8 a 15.7 a 

Fertigation C ESN:Urea 5.7 a 6.2 a 5.4 a 1.2 a 0.9 a 12.8 a 
NJB1 – urea:ESN (60:40) 
at hilling 3.9 a 5.8 a 7.0 a 2.5 a 0.6 a 15.4 a 
 

 

This data is from the second year of a four-year trial. A minimum of 2 and a maximum of 4 site years of data 

will be generated and should provide sufficient information to develop recommendations for various fertilizer 

approaches as part of a nitrogen management strategy for Russet Burbank.  An economic analysis of the results 

is planned.  Nitrogen use efficiency will also be calculated once plant and tuber N data has been analyzed. 

 



Project Reach: 

 

A target audience for this research is the processing potato growers in southern Alberta.  Producers need tools to 

improve nitrogen use efficiency and reduce cost of production for potatoes.  The Potato Growers of Alberta 

(PGA) comprises more than 120 potato producers, 70 of whom grow processing potatoes. The PGA provided 

research funding toward this project.  Information will be provided annually to the growers via producer 

meetings. 

 

Potato processors may also benefit by keeping contract prices in a range that maintains their competitiveness in 

a global market.  Improvements in crop quality may also be realized with timely nitrogen applications.  

Processors will be kept apprised of the results of the project via PGA meetings. 

 

Indirectly, members of the public may benefit from the efficient use of resources and the prudent use of 

nitrogen fertilizers.  The impact of the study on this group is difficult to estimate.  The results of the trial may be 

disseminated via popular press articles at the end of the research project depending on the outcome of the trials. 

 

 

Project Impact: 

 

 With new tools becoming available to producers, timing is as important as quantity for producing good 

yield and good processing quality.  There has been some contradictory information about the use of ESN and 

fertigation for potato N management and impartial information for Alberta producers is essential.  There is a 

need to determine the best approach to optimize potato yield and quality while refining costs of production.  

Additional data from the third and fourth years of the trial will: 

 be useful in the development of Beneficial N Management Practices for potato production in Alberta;  

 determine whether polymer coated urea can reduce total nitrogen applied or reduce the number of in-season 

nitrogen applications required for optimal potato yield and quality; 

 provide economic evaluations of the use of polymer coated urea; 

 determine whether fertigation is necessary or beneficial for optimal potato yield and quality; and 

 address using the fertilizer strategies under soil type and environmental conditions specific to Alberta. 
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Appendix A:  Plot plan of AITC Nitrogen Trial 2016. 
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Project Description: 

 

Introduction 

The competitiveness of Canada’s potato industry is dependent upon the production of high quality tubers in the 

most cost-efficient manner possible. Management of nitrogen fertilizer additions is one of the most practical 

means by which growers have to improve the economics of their production system and limit environmental 

impacts of potato production (Zebarth and Rosen 2007). Reviews of nitrogen management in potato stress the 

importance of matching crop demand for N by controlling the timing, placement, source and rate of additions and 

considering the N supply capacity of soil (Davenport et al. 2005, Monoz et al. 2005, Zebarth and Rosen 2007, 

Vos 2009).  

 

Matching crop N demand with N availability in soil is the best means of optimizing nitrogen use efficiency and 

marketable yield of potato (Zebarth and Rosen 2007). Splitting the application of N to applying some at planting 

and then later as top-dressing at hilling or in irrigation water as fertigation can improve nitrogen use efficiency in 

soils prone to leaching of nitrate (Errebhi et al. 1998) and similar to conditions in eastern Canada and irrigated 

potato in the west. How to assess in crop N status to set fertigation amounts however is uncertain. Tools such as 

nitrate concentration of petioles (Goffart et al. 2008), reflectance of the crop (van Evert et al. 2012), and 

chlorophyll content (Olivier et al. 2006) relate well to N status of the crop. How to use these in crop measures to 

best adjust N additions at hilling or with fertigation however remains to be resolved. A different approach to 

matching N demand and N availability relies upon slowing the release of N from fertilizer added at planting such 

banding products near the seed so it is less prone to leaching prior to the period of greatest N demand, tuber 

bulking (Westermann and Sojka (1996). Recently available enhanced efficiency fertilizers that either stabilize N 

for longer in soil as ammonium with soil enzyme inhibitors or retard release of urea by coating granules with 

polymer (Trenkel 2010), are new options to growers. If the price premium of these products over regular urea 

granules is warranted remains to be resolved for our growing conditions.   

 

Matching the availability of added fertilizer to potato N demand should result in maximizing nitrogen use 

efficiency. It is recommended that potato growers apply fertilizer N partly at planting and later once plants have 

emerged (Province of Manitoba Soil Fertility Guide). This is usually achieved by split application of fertilizer 

with some at planting and remainder at hilling or fertigated with irrigation water. Split application of fertilizer N 

is beneficial in soils prone to leaching of nitrate such as in sand soil and humid conditions (Errebhi et al. 1998). 

Split application of fertilizer increases production costs such as labour and fuel. Thus, it is important to growers 

to insure maximal return in investment for these added costs. One example of increased production costs is the 

increasing use of fertigation in the Prairie Provinces though hard evidence to the benefit to nitrogen use 

efficiency and returns is lacking. Further, fertigation during hot summer periods likely will promote 

volatilization of urea in the urea ammonium nitrate solution applied. Fertigation is actively promoted in the 

Pacific NorthWest of the U.S.A. (Lang et al. 1999) and the processers familiar with that production system are 

promoting the practice in the Prairies where they also manage processing facilities.  

 

Recently, enhanced efficiency fertilizers such as SuperU (slow release urea with urease and nitrification 

inhibitors) and ESN (controlled release with polymer coated urea) have become available to growers. It remains 

uncertain if the price premium for the products is justified by increased returns. In Minnesota, Hyatt et al. 

(2010) reported polymer coated urea did not increase yield but did decrease emissions of the greenhouse gas, 

nitrous oxide. In the same state, Wilson et al. (2009) reported lower N rates with polymer coated urea (ESN) 

were required to achieve maximum yield.  Kelling et al. (2011) reported that for 3 of 6 site years in Wisconsin, 

the nitrification inhibitor, DCD with ammonium sulfate, increased gross yield but for 4 of 6 site year’s 

marketable yield decreased. The decrease was because of ammonium accumulation in soil deforming tubers 

resulting increased culls. 



 

The purpose of the current research is to provide data to determine whether ESN, split applications, fertigation 

or a combination of these strategies can be used in potato production to improve nitrogen use efficiency while 

maintaining yield and quality. 

 

The objectives include: 

1. Determine optimal timing and source of N fertilizers for irrigated potato. 

2. Evaluate the effectiveness of monitoring plant N status to adjust fertigation additions. 

3.  To determine the effect of combinations of urea and polymer coated urea on yield, specific gravity and 

quality of Russet Burbank potatoes; and  

4. To determine whether polymer coated urea can replace the need for in-season N applications (top-

dressing, side-dressing or fertigation). 

 

Approach Taken 

 

The trial was conducted on Russet Burbank potatoes at the Alberta Irrigation Technology Centre in Lethbridge, 

AB to ensure that background N was low, N applications could be controlled, and the crop was irrigated using a 

pivot system.  The trial was planned for 2 - 4 years to determine the impact of the treatments under a variety of 

environmental conditions.  This trial is part of a larger initiative being led by Dr. Mario Tenuta of the University 

of Manitoba.   

 

Six soil samples were taken at depths of 0 to 15cm and 15 to 120cm to make a composite soil sample in the fall 

of 2016.  Soil N (77 kg/ha) was taken into account when calculating N applications for each treatment. 

 

Various quantities of urea and ESN (polymer-coated urea) were used pre-plant.  Some of the treatments also 

involved N applications at the time of hilling and others included simulated fertigation treatments to reach the 

same total N applied. The nitrogen treatments were applied using a Conserv-a-Pak machine May 3, 2017.  Top-

dressed N was applied by hand prior to power hilling May 31 and fertigation was simulated by applying 

ammonium nitrate and irrigating on three dates, July 5, July 26 and August 16, 2017 (Table 1).  All treatments 

included an application of mono-ammonium phosphate (MAP) to provide starter P.  Approximately 10 kg/ha N 

was supplied with the MAP and is included in the total N column (soil plus applied).  The target N was intended 

to be approximately 80% of an agronomist recommended rate for Russet Burbank Production in southern 

Alberta (200 kg/ha).   

 

Table 1: Nitrogen treatments (kg/ha) used in 2017 to determine the effects of fertilization strategies on 

irrigated Russet Burbank in Alberta. 

  Pre-plant At Hilling Simulated Fertigation  

 Treatments Urea ESN Urea ESN 5 Jul 26 Jul 16 Aug pplied 

1 Check 0 0      10 

2 Urea Pre-Plant Broadcast; 100% 105       160 

3 Urea Split (60:40) 63  42     160 

4 Urea/ESN Split (60:40) 63   42    160 

5 ESN + Fertigation D  63   15 14 13 160 

6 ESN Pre-plant Broadcast; 100%  105      160 

8 High Broadcast +Fertigation A 63    15 14 13 160 

9 Urea/ESN Split + Fertigation B 38   25 15 14 13 160 

10  

ESN/Urea pre-plant+ Fertigation 
C 32 32   15 14 13 

160 

11 Urea: ESN (60:40) at Hilling 0 0 63 42     

          



 

 

Treatments included: 

1. No additional nitrogen (approximately 88 kg/ha soil test plus MAP) – check 

2. Urea applied pre-plant (105 kg/ha N) – urea 100% pp 

3. 60% N applied as urea pre-plant; 40% N applied as urea at hilling – urea split 

4. 60 % N applied as urea pre-plant; 40% N applied as ESN at hilling – urea/ESN split 

5. 60% N applied pre-plant as ESN; 40% N applied via three fertigation events – ESN + fertigation 

6. ESN applied pre-plant (105 kg/ha) – ESN 100% pp 

7. Omitted in 2017 

8. 60% N applied pre-plant as urea; 40% N applied via three fertigation events – Urea + fertigation A 

9. Urea applied pre-plant; ESN applied at hilling; three fertigation events – Split + fertigation B 

10. Urea and ESN applied pre-plant; three fertigation events – 50:50 + fertigation C 

11. No pre-plant N; Urea:ESN blend (60:40) at hilling  

12. Omitted in 2017 

 

 

2017 

Russet Burbank seed (E2 was cut (approximately 70 to 85 g seed pieces), suberized, and treated with 

MaximDTM seed piece treatment (500g/100kg seed) prior to planting.  Tubers were planted approximately 13 to 

14 cm deep and 30 cm apart in rows spaced 0.90 metres apart using a four-row cup planter in Lethbridge on 

May 10, 2017.   Treatments were set up as a split plot, with pre-plant N as a main treatment.  Each treatment 

was 4 rows wide.  The centre two rows were used for petiole sampling.  Only one of the centre rows was 

harvested for yield estimates and tuber evaluations.  Each treatment was replicated 4 times to reduce some of 

the variability inherent in small plot research (Appendix A).   

 

The plots were scouted and managed following recommendations of a contract agronomist, ProMax Agronomy 

Services.  The plots were irrigated with a centre pivot and low-pressure nozzles as required to maintain soil 

moisture close to 70% capacity, typically once or twice per week.   

 

The potatoes were hilled May 31 with a power hiller.  Roundup (0.48L/ac) was applied prior to planting (May 

26) to control weeds.  Sencor 75DF (125 g/ac) and Prism (24 g/ac + Agral 90 0.2% v/v) were applied June 22 to 

control weeds.  The plots were irrigated to maintain soil moisture close to 70% (25 irrigation events between 

June 20 and September 23; total of 386mm).  

Foliar fungicides were applied several times during the growing season to prevent early and late blight from 

developing (Table 2).  

 

  



Table 2: Foliar fungicides applied to the potato crop in 2017 to prevent early and late blight development. 

Date of Application Fungicide Rate 

6 July Luna Tranquility 240 mL/ac 

6 July Penncozeb 0.91 kg/ac 

20 July Penncozeb 0.88 kg/ac 

8 Aug Bravo 0.88 L/ac 

10 Aug Penncozeb 0.88 kg/ac 

17 Aug Bravo 0.88 L/ac 

25 Aug Penncozeb 0.91 kg/ac 

1 Sept Bravo 0.88 L/ac 

8 Sept Bravo 0.88 L/ac 

 

 

Additional ESN and urea were applied (top-dressed) to treatments 3, 4, and 9 prior to hilling May 31st. 

 

Petiole samples were taken at three times (July 5, July 26 and August 15, 2017) during the season to follow the 

N-status of the crop throughout the season.  Soil samples were taken at depths of 0 to 30cm around the same 

time as the petiole samples were collected (July 4, July 27 and August 16) and before the fertigation events.  

Twelve cores were taken from each plot to make a composite sample.  Four core samples were taken from the 

top of the hills, and eight were taken from the shoulder of the hills within each plot.  Samples were dried at 50C 

for approximately 1 week and ground, then stored at 4C until they were analyzed.  Simulated fertigation 

treatments (ammonium nitrate broadcast) were applied immediately after soil sampling (July 5, July 27, and 

August 16) and irrigated in. 

 

 

Prior to desiccation (Sept. 20), two whole potato plants were removed from the field.  Fresh biomass was 

measured and the plants were dried in a forage dryer at 50C.  Dry biomass was measured and the plant material 

was ground using a plant tissue grinder and held at 4C until analyzed for N. 

 

No desiccation was required in 2017 as a light frost helped condition potato vines.  All treatments were 

harvested mechanically September 27 using a one-row Grimme harvester.  Immediately following the potato 

harvest, soil samples were taken from the soil disturbed by the harvester.  These samples were dried and ground 

and stored at 4C until analyzed. 

 

Tubers were stored at 8˚C until graded. Tubers were graded into size categories (less than 113g, 113 - 170g, 171 

– 284g over 284g and deformed). A sample of twenty-five tubers (113 – 284g) from each replicate was used to 

determine specific gravity using the weight in air over weight in water method. The tubers in the specific 

gravity sample were cut longitudinally to assess internal defects.  Another sub-sample of 8 tubers was washed, 

diced, freeze dried and ground.  Tuber tissue was analyzed for N content as well. 

 

The data presented here have been statistically analyzed using ANOVA and Tukey’s Multiple Range Test; 

(p≤0.05). 

  



Results: 

 

 

Petiole Nitrates 

 

Petiole nitrate levels for all treatments declined between the first and second sampling date.  The decline was 

less dramatic for split N treatments and treatments involving fertigation.  Nitrogen declined between the second 

and third sampling as well, but treatments involving fertigation maintained higher petiole N at the third 

sampling date than treatments where N was all applied pre-plant.  Treatments including fertigation showed 

much less of a decline, and in several treatments an increase between the second and third sampling date.  

Nitrate levels in the petioles at the first sampling date in mid-July ranged from about 15,000 ppm for the check 

to over 20,000 ppm for most of the fertilized treatments (Fig 1).  As expected, treatments with ESN applied pre-

plant started out with slightly lower petiole nitrate levels.   

 

 

 

Figure 1: Petiole nitrate levels for each treatment at the Lethbridge, AB location.  Samples were taken 

from the fourth petiole from up to eighty stems at three times during the 2017 growing season.  

 

 

  



Potato Yield and Grade 

 

Total yield, mean tuber size and specific gravity are presented in Table 3 for each treatment harvested in 

Lethbridge in 2017.  In 2017, there were no significant differences in total yield between treatments.  Mean 

tuber size ranged from 6.0 oz. for the split urea treatment (Trt. 3) to 7.9 oz. for the urea pre-plant treatment (Trt. 

2).  Mean tuber size from other treatments were not statistically different from these or one another.  There were 

no statistically significant differences in specific gravity between treatments in 2017. 

 

 

Table 3: Total yield (estimated ton/ac), mean tuber size (oz.) and specific gravity of potatoes harvested 

from plots in Lethbridge, AB grown with different nitrogen strategies in 2017 
Trt #  Total Yld  

(ton/ac) 
Mean tuber 
size (oz.) 

SG 

1 
Untreated Check 

22.1 a 6.4 ab 1.087 a 

2 
Urea Pre-Plant Broadcast; 100% 

18.7 a 7.9 b 1.082 a 

3 
Urea Split (60:40) 

19.3 a 6.0 a 1.085 a 

4 
Urea/ESN Split (60:40) 

20.5 a 7.1 ab 1.086 a 

5 
ESN + Fertigation D (60:40) 

19.5 a 7.0 ab 1.087 a 

6 
ESN Broadcast; 100% 

20.8 a 7.1 ab 1.084 a 

8 
High Broadcast + Fertigation A 

20.2 a 7.2 ab 1.084 a 

9 
Urea/ESN 60:40 Split + Fertigation B 

21.1 a 7.1 ab 1.085 a 

10 
ESN:Urea 50:50 Split + Fertigation C 

20.9 a 6.9 ab 1.086 a 

11 
NJB1 – urea:ESN (60:40) at hilling 

22.6 a 7.0 ab 1.085 a 

 

 

Yield of potatoes in different size categories and marketable yield are summarized in Table 4.  There were some 

significant differences in yield of specific size categories.  The check treatment and the urea broadcast pre-plant 

were shifted toward the smaller categories.  A significantly greater yield of small potatoes was observed in the 

check treatment compared to Trt 2 (urea broadcast pre-plant) and the high broadcast plus fertigation (Trt 8).  

There were no significant differences between treatments in size categories over 6 oz., and no significant 

differences in the marketable yield.   

 

  



Table 4:   Estimated yield (ton/ac) in each weight category (< 4oz., 4 to 6 oz., 6 to 10 oz. > 10 oz., and 

deformed) for each variety grown at Lethbridge, AB in 2017.  Data shown is the mean of four replicates. Data 

followed by the same letter in each column of the table are not significantly different at the p < 0.05 level. 

 

  < 4oz.   4 to 6 oz.  6 to 10 oz.  > 10 oz.  Deformed  Marketable Yield 

Treatment       

Untreated Check 5.1 a 6.7 a 7.3 a 2.1 a 0.8 a 16.1 a 
Urea Pre-Plant 
Broadcast; 100% 2.3 c 3.2 b 7.8 a 4.6 a 0.7 a 15.6 a 

Urea Split (60:40) 4.3 abc 4.4 ab 7.4 a 2.4 a 0.7 a 14.3 a 

Urea/ESN Split (60:40) 3.9 bca 4.9 ab 7.3 a 3.6 a 0.8 a 15.8 a 
ESN + Fertigation 
(60:40) 3.5 abc 5.2 ab 7.8 a 2.6 a 0.5 a 15.5 a 

ESN Broadcast; 100% 3.1 abc 5.1 ab 8.0 a 3.9 a 0.6 a 17.0 a 
Fertigation A High 
Broadcast 2.9 bc 4.9 ab 7.9 a 3.8 a 0.7 a 16.6 a 
Urea/ESN Split + 
Fertigation 4.0 abc 5.2 ab 7.8 a 3.6 a 0.6 a 16.5 a 

Fertigation C ESN:Urea 3.9 abc 5.5 ab 8.3 a 2.7 a 0.4 a 16.6 a 
NJB1 – urea:ESN (60:40) 
at hilling 4.6 ab 5.2 ab 8.4 a 3.5 a 0.9 a 17.1 a 
 

 

This data is from the fourth year of a four-year trial. Four site years of data were generated and provide 

information to develop recommendations for various fertilizer approaches as part of a nitrogen management 

strategy for Russet Burbank.  An economic analysis of the results is planned.  Nitrogen partitioning and 

nitrogen use efficiency will also be calculated once plant and tuber N data has been analyzed. 

 



Project Reach: 

 

A target audience for this research is the processing potato growers in southern Alberta.  Producers need tools to 

improve nitrogen use efficiency and reduce cost of production for potatoes.  The Potato Growers of Alberta 

(PGA) comprises more than 120 potato producers, 70 of whom grow processing potatoes. The PGA provided 

research funding toward this project.  Information will be provided annually to the growers via producer 

meetings. 

 

Potato processors may also benefit by keeping contract prices in a range that maintains their competitiveness in 

a global market.  Improvements in crop quality may also be realized with timely nitrogen applications.  

Processors will be kept apprised of the results of the project via PGA meetings. 

 

Indirectly, members of the public may benefit from the efficient use of resources and the prudent use of 

nitrogen fertilizers.  The impact of the study on this group is difficult to estimate.  The results of the trial may be 

disseminated via popular press articles at the end of the research project depending on the outcome of the trials. 

 

 

Project Impact: 

 

 With new tools becoming available to producers, timing is as important as quantity for producing good 

yield and good processing quality.  There has been some contradictory information about the use of ESN and 

fertigation for potato N management and impartial information for Alberta producers is essential.  There is a 

need to determine the best approach to optimize potato yield and quality while refining costs of production.  

Data from the trial will: 

• be useful in the development of Beneficial N Management Practices for potato production in Alberta;  

• determine whether polymer coated urea can reduce total nitrogen applied or reduce the number of in-season 

nitrogen applications required for optimal potato yield and quality; 

• provide economic evaluations of the use of polymer coated urea; 

• determine whether fertigation is necessary or beneficial for optimal potato yield and quality; and 

• address fertilizer strategies under soil type and environmental conditions specific to Alberta. 

 

   



References 

Davenport, J.R., P.H. Milburn, C.J. Rosen, and R.E. Thornton. 2005. Environmental impacts of potato nutrient 

management. Am. J. Potato Res. 82:321-328. 

Errebhi, M., C.J. Rosen, S.C. Gupta, and D.E. Birong. 1998. Potato yield resonse and ntirate leaching as 

influenced by nitrogen management. Agron. J. 90:10-15. 

Goffart, J.P., M. Olivier, and M. Frankinet. 2008. Potato crop nitrogen status assessment to improve N fertilization 

management and efficiency: Past-present-future. Potato Res. 51:355-383. 

Kelling, K.A., R.P. Wolkowski, and M.D. Ruark. 2011. Potato response to nitrogen form and nitrification 

inhibitors. Am. J. Pot. Res. 88:459-469. 

Lang, N.S., R.G. Stevens, R.E. Thornton, W.L. Pan, and S. Victory. 1999. Potato nutrient management for 

central Washington. Cooperative Extension, Washington State University, EB1871. 

Monoz, F., R.S. Mylavarapu, and C.M. Hutchinson. 2005. Environmentally responsible potato production 

systems: A review. J. Plant Nutr. 28:1287-1309. 

Trenkel, M.E. 2010. Slow- and controlled-release and stabilized fertilizers: An option for enhancing nutrient use 

efficiency in agriculture. International Fertilizer Industry Association (IFA). Paris, France. 

van Evert, F.K., R. Booij, J.N. Jukema, H.F.M. ten Berge, D. Uenk, E.J.J. Meurs, W.C.A. van Geel, K.H. 

Wijnholds, and J.J. Slabbekoorn. 2012. Using crop reflectence to determine sidedress N rate in potato saves 

N and maintains yield. Europ. J. Agron. 43:58-67. 

Westermann, D.T., and R.E. Sojka. 1996. Tillage and nitrogen placement effects on nutrient uptake by potato. 

Soil Sci. Soc. Am. J. 60:1448-1453. 

Wilson, M.L., C.J. Rosen, and J.R. Moncrief. 2010. Effects of polymer-coated urea on nitrate leaching and 

nitrogen uptake by potato. J. Env. Qual. 39:492-499. 

Zebarth, B.J., and C.J. Rosen. 2007. Research perspective on nitrogen BMP development for potato. Amer. J. 

Potato Res. 84:3-18. 

Zebarth, B.J., C.F. Drury, N. Tremblay, and A.N. Cambouris.2009. Opportunities for improved fertilizer nitrogen 

management in production of arable crops in eastern Canada: a review. Can J Soil Sci. 89:113–132. 

  



 

Appendix A:  Plot plan of AITC Nitrogen Trial 2017. 
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Applications   May 3 Planted 

1 Treatment 1 Untreated check.  11-52-0 at 96 lbs/ac (50 lbs/ac P)
2 Treatment 2 Urea Broadcast pre-plant 46-0-0 (228 kg/ha)
3 Treatment 3 Urea split application 46-0-0 (137 kg/ha) pre-plant
4 Treatment 4 Urea /ESN split application 46-0-0 (137 kg/ha) pre-plant 
5 Treatment 5 ESN + fertigation 44-0-0 (143 kg/ha) pre-plant 
6 Treatment 6 ESN boradcast 44-0-0 (239 kg/ha) (2 passes of XXX) 
8 Treatment 8 High broadcast + fertigation (137 kg/ha) urea pre-plant
9 Treatment 9 Urea/ESN + fertigation (83 kg/ha) 46-0-0 pre-plant

10 Treatment 10 Urea/ESN  + fertigation (70 kg/ha) of 46-0-0 and (73 kg/ha) ESN pre-plant 
11 NJB1 MAP at Planting + Urea:ESN at Hilling 60:40 (63:42)
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A COST BENEFIT ANALYSIS OF SELECTED

NITROGEN FERTILIZER TREATMENTS FOR

COMMERCIAL POTATO PRODUCTION
 

The profitability of 11 different nitrogen treatments were examined based on the results of a four-year
research study conducted at AITC, Lethbridge, AB from 2014-2017. 

 

Using a cost-benefit analysis of the study data, the most beneficial
treatment was Treatment 4 - Urea/ESN split, where 60% N applied as

urea pre-plant and 40% N applied as ESN (slow release polymer
coated urea) at the time of hilling.

 

Figure 1. This graph displays the treatments ranked from
highest profitability to lowest.

 

TOP

RANKED
 

Based on field research conducted at Alberta Irrigation Technology Centre (AITC), Lethbridge,

AB, by Michele Konshuch, Alberta Agriculture and Forestry
 

The lowest ranked treatment is the control
treatment, which reaffirms the importance of N
fertilization for commercial potato production. 

  
Ranked by timing, split treatments (pre-plant +
hilling) averaged about twice the return of pre-

plant and fertigation treatments.
  

Ranked by type of fertilizer, returns for Urea/ESN
combinations averaged $699/ha, more than twice
the returns for ESN alone ($321/ha) or Urea alone

($316/ha). 
 

For more info please contact Michele Konshuch
 michele.konshuch@gov.ab.ca       403-362-1314

Katherine Rogers & Ron Gietz, Alberta Agriculture and Forestry
 

 
Treatment #

  
1
  

2
  

3
  

4
  

5
  

6
  

7
  

8
  

9
  

10
  

11
 

 
Description

  
Check

  
Urea pre-plant

  
Urea split

  
Urea/ESN split

  
ESN + Fertigation

  
ESN pre-plant

  
Urea/ESN pre-plant

  
Pre-plant Urea + fertigation

  
Urea/ESN split + fertigation

  
Urea/ESN pre-plant + fertigation

  
Urea/ESN @ hilling

 

Following closely behind is Treatment 9 - Urea/ESN split + fertigation. Treatment 7 - Urea/ESN
pre-plant came in third.

 

Based on these data and assumptions, the application of 60% of N as Urea at time of planting,
followed by the application of 40% of recommended N as ESN at hilling is expected to result in

the highest producer returns.
 The economics of fertigation, a common industry practice, are not apparent.
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Highlights 48 

N2O emissions from furrow positions were typically greater than from potato hills 49 

Admixing the inhibitor DMPSA with N fertilizers decreased N2O fluxes and increased yield 50 

Polymer-coated urea also increased potato harvest, but did not reduce the N2O fluxes  51 

Fertilizer options did not influence the nitrogen use-efficiency or harvest indexes 52 

Potato petiole nitrate concentrations were closely linked with availability of soil N  53 

 54 

 55 

  56 
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Abstract 57 

Improved nitrogen management options are needed in intensive agricultural systems to mitigate 58 

the risk for N2O emissions while sustaining high yields. We assessed the effectiveness of a 59 

polymer-coated urea (Environmentally Smart N™, ESN), a new nitrification inhibitor 2,4-60 

dimethylpyrazol succinic acid (DMPSA), a novel biostimulant (an existing bacterial and 61 

enzymatic combination), and their combinations with granular urea and ammonium sulfate 62 

nitrate (ASN) fertilizers to decrease nitrous oxide (N2O) emissions and to improve potato 63 

(Solanum tuberosum L.) productivity under irrigation in Southern Alberta, Canada. We measured 64 

the emissions of N2O from potato hills and furrows at two field sites throughout two growing 65 

seasons using the manual chamber method. Tuber yield and grade as well as N uptake were also 66 

quantified. Peak N2O emissions as well as increased N concentrations in potato petiole and soils 67 

occurred shortly after N fertilizer applications. Although the effects were not always evident, the 68 

urea alone treatment generally exhibited the highest N2O fluxes, whereas the DMPSA inhibitor 69 

admixed with either urea or ASN resulted in lower N2O emissions. In one of the growing seasons 70 

at the Brooks site, adding DMPSA reduced the N2O emissions from urea-amended fields by 57 71 

%. At the Lethbridge site, the N2O emissions from furrow positions were greater than from hills 72 

by 3.2 times in 2017 and 1.7 times in 2018. Compared to the unfertilized controls, 36% higher 73 

potato marketable yields were obtained when applying either ASN treated with DMPSA or ESN 74 

fertilization options in one of the four experimental site-years (33 versus 45 Mg ha-1). The 75 

overall average of growing-season N2O emission factor was 0.056 %, after accounting for 76 

considerable background emissions from unfertilized controls. Results showed that N application 77 

strategies utilizing DMPSA admixed with either urea or ASN can maintain high potato yields 78 

while reducing N2O emissions relative to soils receiving these fertilizers without this additive.  79 
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Keywords: 80 

Potato, Nitrous oxide, Nitrogen fertilizer, Nitrification inhibitor, Irrigation 81 

 82 

Introduction 83 

Global food security and climate change are two crucial challenges inherently associated with land 84 

management options. Agricultural lands that receive intensive nitrogen fertilization are important sources of 85 

food commodities and also detrimental greenhouse gases such as the potent nitrous oxide (N2O) (Lin et al., 86 

2017; Thilakarathna et al., 2021; Chai et al., 2020). In fact, the outcomes of N2O emissions and crop 87 

productivity can trade off with each other (Thilakarathna et al., 2021) or even increase concurrently (Chai 88 

et al., 2020) under the driving influence of N fertilization choices. Furthermore, in irrigated fertilized 89 

croplands (Chai et al., 2020), soils can experience high availabilities of N and moisture simultaneously, which 90 

can exacerbate production of N2O from both exogenous and native N pools (Roman-Perez and Hernandez-91 

Ramirez, 2021). Concerns about N2O as a greenhouse gas exist because N2O is 300 times more 92 

powerful than CO2 on mass basis (Daly and Hernandez-Ramirez, 2020). As a highly stable gas, 93 

N2O can persist in the atmosphere for 120 years and depletes the stratospheric ozone layer 94 

through catalyzed reactions (Ravishankara et al., 2009). In addition to N2O emissions, other 95 

losses of applied fertilizer-N to the environment can involve dinitrogen from complete 96 

denitrification, ammonia (NH3) volatilization, eutrophication in surface water, and groundwater 97 

contamination from nitrate leaching (Hernandez-Ramirez et al., 2011; Lin et al., 2017; Liang et al., 98 

2019). 99 

As a high productivity crop, potato (Solanum tuberosum L.) requires significant inputs of N and water 100 

to optimize yield, maintain tuber quality, and tolerate diseases (Ghosh et al., 2019). Within Canada, one 101 

of the largest concentrations of potato cropping is located in southern Alberta, with a planting area of 22,424 102 

ha (Agricultural Statistics Alberta, 2018). Generally, the application rates of N fertilizer for irrigated 103 

potato cropping in the Canadian Prairies are greater than 200 kg N ha-1 (Gao et al., 2013); hence, high-input 104 
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intensity potato cropping can likely be characterized as hot spot for greenhouse gas (GHG) 105 

emissions and potentially reduced nutrient use efficiency (NUE). This net outcome from potato 106 

production could become detrimental from agronomic, economic, and environmental 107 

perspectives. Reduced NUE increases the cost of production and decreases yield per unit area, 108 

creating challenges in meeting the global demand for food production (Thilakarathna et al., 109 

2021).  110 

Enhanced crop productivity and a reduced environmental footprint are closely related to 111 

efficient N cycling and transformations that result from well-timed nutrient availability in close 112 

synchrony with plant requirements (Venterea et al., 2012). Improving N management in 113 

intensified cropping systems can create opportunities to simultaneously achieve both sustained 114 

productivity and reduced environmental impacts. Such management improvements can emerge 115 

through the split application of N fertilizers (Gao et al., 2017; Souza et al., 2020), addition of 116 

controlled-release N fertilizers (Akiyama et al., 2010; Thilakarathna et al., 2021), nitrification 117 

inhibitors admixed with N fertilizers (Lin et al., 2017; Thilakarathna et al., 2021), and novel 118 

biostimulants of the soil N cycling that can combine beneficial bacterial and enzymatic actions 119 

(Calvo et al., 2013; Calvo et al., 2014; Souza et al., 2019). A microbial biostimulant containing 120 

beneficial free-living N-fixing and mineralizing microbes could potentially increase the amount 121 

and availability of N for crops while stimulating root growth and increased nutrient uptake 122 

(Souza et al., 2019; Zarzecka et al., 2019). 123 

Compared to the common use of urea fertilizer in agriculture (Guenette et al., 2019), 124 

ammonium sulfate nitrate (ASN) could potentially deliver higher N availability per added N unit 125 

to crops as an alternative fertilizer. Furthermore, treating urea or ammonium-based fertilizers 126 

with a nitrification inhibitor, such as 2,4-dimethylpyrazol succinic acid (DMPSA), has the 127 
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capacity to retain available N in ammonium form (Guardia et al., 2017; Thilakarathna and 128 

Hernandez-Ramirez, 2021). After evaluating urea treated with the inhibitor 2,4-dimethylpyrazol 129 

phosphate in a potato crop in Minnesota, Souza et al. (2019) reported that N2O emissions 130 

decreased by half compared with urea alone. To the best of our knowledge, there is a paucity of 131 

studies examining the effects of the newly-formulated inhibitor DMPSA on potato production. It 132 

is unclear how beneficial implementing DMPSA additive would be on both potato yield and N2O 133 

emissions. Our study endeavors to address this knowledge gap.  134 

Controlled-release N fertilizers may also prevent N losses and improve timely N 135 

availability in cropping systems (Li et al., 2012; Li et al., 2016; Thilakarathna et al., 2021; Ziadi 136 

et al., 2011). A common controlled-release fertilizer is the polymer-coated urea (PCU) known as 137 

Environmentally Smart N™ (ESN). To date, only a few studies have determined the 138 

effectiveness of ESN on N2O emissions in potato production fields, and these existing studies 139 

reported inconsistent results (Motavalli et al., 2008; Perron et al., 2019; Ziadi et al., 2011). Hyatt 140 

et al. (2010) reported that PCU reduced N2O emissions or had no effect in irrigated potato in 141 

Minnesota, while Zebarth et al. (2012) found no significant effect of PCU on N2O emissions 142 

from rain-fed potato production on a medium-textured soil in Eastern Canada. These 143 

inconsistent, scarce reports point to the need for further research to determine the effectiveness 144 

of ESN as available results were highly influenced by specific soil, weather, and management 145 

practices. 146 

The N2O emissions within potato fields are highly spatially variable because of the 147 

creation of hills and furrows during hilling operations (Burton et al., 2008; Gao et al., 2013). 148 

Burton et al. (2008) reported N2O emissions from potato hills to be greater than furrows during 149 

the first two years of an N banded field experiment conducted in Orthic Humo Ferric Podzols in 150 
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Eastern Canada. By contrast, both Ruser et al. (2006) in Southern Germany and Smith et al. 151 

(1998) in the United Kingdom observed higher N2O emissions from furrows relative to potato 152 

hills. These conflicting reports highlight the need for better understanding of spatial and temporal 153 

patterns of N2O fluxes from hills and furrows within potato fields across a range of 154 

environments. This investigation needs to be conducted along with examination of N availability 155 

in soils during the growing season in order to identify, develop and improve mitigation options. 156 

The objectives of this study were (i) to determine the N2O emission reduction potential of 157 

several N fertilization options in irrigated potato production, (ii) assess the temporal fluctuations 158 

over the cropping season and spatial variability of N2O emissions in hills and furrows within the 159 

potato management zone, and (iii) to evaluate the effects of the several N fertilizer formulations 160 

on potato productivity and N utilization. 161 

 162 

Materials and methods 163 

Site Description  164 

Field experiments were conducted during the growing seasons of 2017 and 2018 near Lethbridge 165 

(49° 41' 12.12'' N, 112° 44' 41.64'' W) and Brooks (50° 32' 60'' N, 111° 50' 60'' W), Alberta, 166 

Canada. Soil classifications are Dark Brown Chernozem for Lethbridge and Brown Chernozem 167 

for Brooks. Initial soil properties of the 0-15 cm depth increment were pH of 7.6 and 7.8 (1:5 168 

soil: water), electric conductivity of 0.50 and 0.62 dS m-1, total organic carbon content of 14±0.7 169 

and 10±0.9 g C kg-1, and a total N content of 1.4±0.1 and 1.1±0.1 g N kg–1 for Lethbridge and 170 

Brooks, respectively. Organic C and total N were measured via dry combustion method (Li et al., 171 

2018). Both sites were characterized with a sandy clay loam soil texture as measured with the 172 

hydrometer method. 173 

Experimental Design 174 
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The experiments used a randomized complete block design with four replicates. 175 

Experimental plots had dimensions of 3.6 m wide and 9 m long for a plot area of 32 m2. 176 

Blocks were separated from each other by a 4 m wide buffer zone. 177 

Eleven experimental treatments were applied consistently within each of the four 178 

site-years in the study. The assessed treatments were: (1) control (no fertilizer or additives), 179 

(2) biostimulant (Eurochem Group, Mannheim, Germany) (no N fertilizer added), (3) granular 180 

urea (46% N), (4) urea + DMPSA (Eurochem Group, Germany), (5) urea + biostimulant, (6) urea 181 

+ DMPSA + biostimulant, (7) ammonium sulfate nitrate (ASN) (26% N), (8) ASN + DMPSA, 182 

(9) ASN + biostimulant, (10) ASN + DMPSA + biostimulant, and (11) ESN 44% N (polymer 183 

coated urea) (Nutrien, Saskatoon, SK, Canada). The nitrification inhibitor DMPSA was admixed 184 

with urea and ASN a rate of 0.8 kg a.i. ha-1. The biostimulant was surface sprayed at a rate of 2.5 185 

L ha-1 and incorporated at the time of hilling.  186 

All N fertilizer treatments were applied at the uniform rate of 200 kg N ha-1 yr-1, which 187 

was 80% of the commercially-recommended rate based on soil sampling and N analyses. For all 188 

N fertilizer treatments with the sole exception of ESN, split N fertilization was conducted with 189 

65% of the N at pre-planting and 35% as post-planting N at hilling operation. In the only case of 190 

ESN, all N was applied at pre-planting. Pre-planting N additions were applied and incorporated 191 

mechanically with a Conserva-Pak. Subsequently, a Russet Burbank potato cultivar was planted 192 

at a soil depth of 15 cm and four rows per experimental plot, with a 2-row Checci tuber-unit 193 

planter at Brooks and a 4 row cup planter at Lethbridge. Seed potato were planted at a rate of 1 194 

Mg ha-1 with 0.9 m row spacing and 0.3 m seed spacing. Hilling operation was conducted with a 195 

mechanical power hiller. This hilling operation aims at preventing tuber greening as well as it 196 

facilitates weed control and subsequent potato harvesting. The fertilizer-N added at hilling was 197 
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surface applied with a portable broadcasting device just prior to the mechanical hilling operation. 198 

Harvest was done with a one-row Grimme harvester. In both experimental years, tuber grading 199 

was done by weighing and separating tubers into the following mass categories of <113, 113-200 

170, 170-284 and >284 g. All tubers >113 g were considered as marketable tubers. Water 201 

content in the potato tubers was measured by oven-drying samples. 202 

Other fertilizers such as phosphorus (triple super phosphate), potassium, and sulphur 203 

were broadcasted and incorporated prior to planting at Lethbridge at a rate of 136 kg P ha–1, 136 204 

kg K ha-1, and 18 kg S ha-1, respectively. The Brooks site received broadcasted and incorporated 205 

phosphorus in the form of monoammonium phosphate (MAP).  206 

Irrigation water was added to both study sites. This represents a common agronomic 207 

management as commercial potato crops in Southern Alberta can be grown only under irrigation. 208 

All experimental fields were irrigated via overhead low-pressure sprinklers. Irrigation water was 209 

sourced from the St. Mary’s River Irrigation District near Lethbridge, and from the Eastern 210 

Irrigation District near Brooks. The frequency and amount of irrigation were based on 211 

evapotranspiration replacement and estimated by the Alberta irrigation management model (AIMM) − an 212 

evapotranspiration-based method of determining irrigation requirements.  213 

Weeds, insects, and fungal diseases in the potato fields were controlled using 214 

recommended pesticides and rates.  215 

In the first experimental year, the Lethbridge site received N fertilizer treatments on 8-9 216 

May 2017, while fertilizer application at the Brooks site was on 23 May 2017. Planting took 217 

place on 10 and 26 May in 2017 at Lethbridge and Brooks, respectively. Post-planting N 218 

fertilizer addition and hilling operation were conducted on 31 May 2017 at Lethbridge and 8 219 
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June 2017 at Brooks. At the end of the growing season, potatoes were harvested on 27 and 29 220 

Sept. 2017 at Lethbridge and Brooks, respectively. 221 

For the second study year 2018, experimental plots were moved to a new adjacent 222 

location within a distance of 200 m. All fertilizer treatments and agronomic practices were 223 

conducted in 2018 in the same manner as in 2017. Pre-planting N fertilizers were applied on 8 224 

and 15 May 2018 at Brooks and Lethbridge, respectively. Planting occurred on 17 and 25 May 225 

2018 at Lethbridge and Brooks, respectively. Post-planting fertilization and hilling operation 226 

were conducted on 4 and 7 June 2018 at Lethbridge and Brooks, respectively. Potato was 227 

harvested mechanically on 26 and 28 Sept. 2018 at Lethbridge and Brooks, respectively.   228 

Soil moisture and temperature was recorded every 30 minutes using dataloggers and 229 

sensors (5TM, Meter, Pullman, WA) at the soil depths of 10 and 22.5 cm in hills, and 7.5 and 230 

22.5 cm in the furrow. 231 

Nitrous oxide flux measurements 232 

The N2O fluxes at the soil surface were measured using a manual nonsteady-state closed 233 

chamber methodology (Lin et al., 2017; Thilakarathna et al., 2021). To capture N2O emissions in 234 

the hills and furrows of the potato fields, sets of chambers were installed separately at potato hill 235 

and furrow positions. Within an experimental plot, one chamber base was placed in the potato 236 

hill, and one chamber in the furrow position. Chamber bases in the hills were installed in the 237 

middle potato rows and at a 7 cm soil depth after planting. Chamber bases were removed prior to 238 

post-planting fertilization and hilling operation as well as for potato harvesting and reinstalled 239 

immediately in the same locations.  240 

We used circular chamber bases with 10 cm in height and 20 cm in inner diameter. 241 

Circular detachable chamber lids with 10 cm in height were used to generate a headspace for gas 242 

sample collection. Three gas samples of 20 mL were collected through a rubber septum port 243 
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fitted in the chamber lid with a syringe. Gas samples were withdrawn at 11, 22, and 33 minutes 244 

following chamber enclosure. The collected gas samples were immediately injected into a 12 mL 245 

pre-evacuated glass vial (Exetainer, Labco, UK). To estimate the gas concentrations at time zero 246 

(Time 0), ambient air samples from outside of the headspace at chamber height were collected at 247 

the start, middle, and end of the sampling period.  248 

Flux measurements were conducted weekly. Depending on the weather (e.g., heavy 249 

rainfall events) and farming activities (e.g., hilling, post planting fertilization), gas sampling 250 

frequency was increased to twice per week. On dates of gas sample collection, flux 251 

measurements were conducted between 1030 and 1430 h. On every sampling date during the 252 

growing season, we collected gas samples from chambers located in both hills and furrows. Post-253 

harvest fluxes were measured from each experimental plot using one chamber per plot as there 254 

were no hills and furrows after potato harvesting.  255 

In 2017, fluxes were quantified in all experimental treatments. Based on the flux results 256 

quantified in 2017, flux measurements in 2018 specifically focused in six selected experimental 257 

treatments − i.e., treatments 1, 3, 4, 7, 8, and 11 as listed above.  258 

The N2O concentration of gas samples were analyzed using an electron capture detector 259 

in a Varian 3800 gas chromatograph system (Varian Inc., Walnut Creek, CA) (Lin et al., 2017). 260 

The minimum analytical detectable concentrations was 10 ppb precision for N2O (n= 30) (Lin 261 

and Hernandez-Ramirez, 2020). To further ensure quality control, the gas chromatography in 262 

each analytical run was calibrated with certified reference gases of N2O with concentrations 263 

ranging from 0.25 to 4.84 μL L–1 and N2 as balance (Praxair Specialty Gases, Edmonton, AB). 264 

Fluxes were determined using the change of N2O concentration over the 33-minute chamber 265 

enclosure period (with four gas sample collection times of 0, 11, 22, and 33 min) (Lin et al., 266 
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2017; Chai et al., 2020; Thilakarathna et al., 2021). Fluxes were estimated via fitting linear or 267 

quadratic relationships basis of the highest coefficient of determination (R2) and the lowest p-268 

value. An alpha critical value of 0.20 was used to determine the non-significant fluxes, which 269 

were retained in the data set. The N2O flux was calculated as: 270 

 𝑁2𝑂 𝐹𝑙𝑢𝑥 =
𝑆×𝑃×𝑉

𝑅×𝑇×𝐴
                                                                                                                    [1] 271 

The N2O flux is the flux rate of N2O (μmol m–2 min–1), S is the slope of the line from 272 

either the simple linear regression or the first-order derivative at Time 0 from the quadratic curve 273 

(μL L–1 min–1), P is the gas pressure (Pa), V is the volume of the chamber (L), A is the surface 274 

area of the chamber (m2), R is the gas constant (Pa μL K–1 μmol–1), and T is the temperature of 275 

the gas (K) (Thilakarathna et al., 2021).  276 

The cumulative N2O emissions for each growing season were calculated using simple 277 

linear interpolations of the time series of flux measurements. The integration of fluxes from hills 278 

and furrows into a flux representative of the whole management zone in potato was done by 279 

averaging the N2O emissions from hills and furrows. This accounts for 50% of the potato fields 280 

being represented by flux measurements taken in the potato hills and with the other 50% of the 281 

field area corresponding to furrows. 282 

Area-based emission factors (EFarea) are the percentages of N applied as fertilizer emitted 283 

as N2O-N and calculated accounting for baseline N2O-N emissions from the control plot within 284 

each experimental block in every site-year as follows: 285 

𝐸𝐹𝑎𝑟𝑒𝑎 =
(𝑁2𝑂 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡− 𝑁2𝑂 𝑐𝑜𝑛𝑡𝑟𝑜𝑙)

𝑓𝑒𝑟𝑡𝑖𝑙𝑖𝑧𝑒𝑟 𝑎𝑝𝑝𝑙𝑖𝑒𝑑 
∗ 100                                                [2] 286 

For comparison purposes, N2O EF were also estimated as a function of total water 287 

addition of rainfall and irrigation based on the exponential equation postulated by Rochette et al. 288 

(2018) and Liang et al. (2020) as follows: N2O EF % = e (0.00558×H2O−7.701) × 100. 289 



16 

 

Soil N measurements 290 

 Composite baseline soil samples (four cores per block replicate) were collected from the 291 

depth increments of 0-15, 15-30, 30-60, and 60-90 cm prior to the beginning of the growing 292 

season. Baseline soil samples were analyzed for ammonium and nitrate concentrations. These 293 

baseline N results were taking into consideration when establishing the N fertilization rate.  294 

To capture N transformations and changes in ammonium and nitrate concentrations 295 

during the growing seasons, soil samples were repeatedly collected from the 0 to 15 cm depth 296 

increments with a push probe (2.5 cm inner diameter). From each plot, composite samples (n= 3) 297 

were collected separately from potato hills and furrows.  298 

All soil samples were air-dried, ground, and passed through a 2 mm sieve. A 5 g 299 

subsample was extracted with 50 mL of 2 M KCl (1:10 soil:extractant) with 30 minutes of 300 

horizontal reciprocal shaking. The concentrations of NO3–N and NH4–N were measured 301 

colorimetrically on a SmartChem discrete wet chemistry analyzer (Westco Scientific Instruments 302 

Inc., Brookfield, CT).   303 

Plant N measurements 304 

Similar to soil samples, potato petiole samples were also collected and analyzed for 305 

nitrate concentration to examine the plant N status throughout the growing season. In 2017, field 306 

sample collections of both soils and petioles from each experimental plot were performed on 12 307 

July, 3 and 17 of Aug. at Brooks, and on 28 June, 17 July and 8 Aug. at Lethbridge. In 2018, 308 

soils and petioles were collected on 6 and 24 July and 15 Aug at Brooks, and on 26 June, 17 July 309 

and 7 Aug. at Lethbridge.  310 

Petioles were collected from the fourth leaf from the growing tip of the potato plants. 311 

During field collection of petiole samples, the corresponding leaflets were removed. Petiole 312 

tissue samples were kept in a cooler on ice until delivered to the analytical laboratory within 24 h 313 
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of sample collection. Petioles were oven dried at 55ᵒC to determine the dry matter content. 314 

Samples were ground with a Wiley grinding mill, and N concentrations in the petiole were 315 

measured using a nitrate-ion specific electrode (Vitosh and Silva, 1994). Results were expressed 316 

as mg nitrate-N per kg dry matter (DM) petiole tissue. 317 

Composite samples of aboveground whole plants were collected from each experimental 318 

plot immediately prior to harvest, and subsequently oven dried, weighted and ground. A 319 

subsample of plant material was analyzed by total Kjeldahl N digestion-distillation-titration 320 

method. Eight marketable potato tubers were randomly collected after grading, hand-washed and 321 

diced using a Hobbart commercial mixer with a dicing attachment. A subsample of diced tubers 322 

was freeze dried and ground before conducting total N analyses. N uptake in potato tubers and 323 

canopy were determined as the product using DM and N content data. 324 

Yield-based emission factors (EFyield), which is growing-season N2O emission per kg of 325 

potato tuber, were estimated (Chai et al., 2020; Thilakarathna et al., 2021). The partitioning of DM 326 

and N between tubers and aboveground canopy was calculated as harvest index (HI) and N 327 

harvest index (NHI), respectively (Geremew et al., 2007; Hernandez-Ramirez et al., 2011). Since 328 

the parameters of marketable yield can vary between geographic regions worldwide, NUE, HI, 329 

NHI and EFyield calculations were done based on the total tuber yield (Milroy et al., 2019). The 330 

yield-based emission factor (EFyield), fertilizer NUE, HI, and NHI were determined as: 331 

𝐸𝐹𝑦𝑖𝑒𝑙𝑑 =
𝑁2𝑂  𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡

𝑇𝑢𝑏𝑒𝑟 𝑦𝑖𝑒𝑙𝑑
         [3] 332 

𝐹𝑒𝑟𝑡𝑖𝑙𝑖𝑧𝑒𝑟 𝑁𝑈𝐸 =
𝑇𝑢𝑏𝑒𝑟 𝑦𝑖𝑒𝑙𝑑𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 − 𝑇𝑢𝑏𝑒𝑟 𝑦𝑖𝑒𝑙𝑑𝑐𝑜𝑛𝑡𝑟𝑜𝑙 

𝑁 𝑟𝑎𝑡𝑒
∗ 100     [4] 333 

𝐻𝐼 =
𝑇𝑢𝑏𝑒𝑟 𝑦𝑖𝑒𝑙𝑑 𝐷𝑀 

𝑇𝑜𝑡𝑎𝑙 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 𝐷𝑀
          [5] 334 

𝑁𝐻𝐼 =
𝑇𝑢𝑏𝑒𝑟 𝑁 

𝑇𝑜𝑡𝑎𝑙 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 𝑁
          [6] 335 
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Statistical analyses 336 

All the data were tested for the assumptions of normality and homoscedasticity using the 337 

Shapiro-Wilk and Bartlett tests, respectively. Data was Box-Cox transformed when needed to 338 

meet the assumptions. The effects of the fertilizer treatment, hill vs. furrow positions and their 339 

interaction on N2O emissions and soil available N was assessed using two-way analysis of 340 

variance (ANOVA). The treatment effects on cumulative N2O emissions, potato tuber 341 

productivity, and petiole nitrate concentrations were tested using one-way ANOVA. Post-hoc 342 

tests were conducted with Tukey’s Honest Significant Difference (HSD). Simple regressions 343 

were performed to assess the strength of relationships between soil available N and petiole N. All 344 

statistical analyses were conducted with SigmaStat (4.0) software at an alpha critical level of 345 

0.05. 346 

 347 

Results  348 

Heat and water inputs over the growing seasons 349 

The thirty-year normal mean air temperature for May to September (growing season) at 350 

Lethbridge and Brooks are 14.9 ᵒC and 15.2 ᵒC, respectively. During the growing season of May-351 

September 2017 and 2018, the average monthly air temperature in both study sites were slightly 352 

greater than the thirty-year normal monthly averages (Fig. 1).  353 

Lethbridge and Brooks have a thirty-year normal total growing season (May to 354 

September) precipitations of 252 mm and 211 mm, respectively. The distribution of precipitation 355 

differed between the years 2017 and 2018. In 2017, May and June received high rainfall at both 356 

sites whereas throughout July-September the sites experienced lower precipitation (Fig. 1). 357 

Moreover, during the growing season 2018, overall precipitation was lower than normal.  358 
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The Lethbridge site received 368 mm of irrigation water in 2017 and 379 mm in 2018. 359 

The amount of irrigation for the Brooks site were 366 mm in 2017 and 322 mm in 2018. It is 360 

noted that the Lethbridge site received more irrigation and total water input (i.e., rainfall + 361 

irrigation) in comparison to the Brooks (Table 1). 362 

Based on heat units available for potato growth within the two growing seasons during 363 

the study, potato physiological days (P-Days) at Lethbridge in 2017 and 2018 were 911.9 and 364 

917.4, respectively. The Brooks site received 895.2 of P-Days in 2017 and 859.4 in 2018.  365 

Daily and growing-season N2O emissions in response to N additions 366 

In both years (2017 and 2018) and experimental sites (Lethbridge and Brooks), episodes 367 

of N2O emissions occurred after pre-planting fertilizer and post-planting fertilizer applications 368 

(Fig. 2E, Fig. 2F, Fig. 3E, and Fig. 3F). The magnitude of the N2O emission peaks in response to 369 

the pre-planting fertilizer application was greater than after the post-planting fertilizer addition. 370 

Furthermore, the N2O emission peaks following the post-planting N addition were more evident 371 

in the furrow positions than in the potato hills. The urea alone treatment displayed the highest 372 

fluxes in the hill position at both experimental sites. At Lethbridge, on 24 May 2018, the N2O 373 

flux from the urea alone treatment in the hill position was significantly greater than the control, 374 

urea + DMPSA, ASN + DMPSA, and ESN treatments (P< 0.011) (Fig. 2E and Fig. 2F). On 7 375 

June 2018, at Lethbridge, we also observed significantly higher emissions from the urea alone 376 

treatment over the control treatment by 6-fold (P< 0.031) (Fig. 2E and 2F). Likewise, the urea 377 

alone treatment exhibited an elevated N2O flux at Brooks on 20 June 2018 that was significantly 378 

greater than the control, urea + DMPSA, ASN, and ASN + DMPSA treatments (P< 0.007) (Fig. 379 

3E and Fig. 3F). Even though no statistically significant difference was detected, N2O emissions 380 
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from the urea + biostimulant treatment were noticeably elevated on 6 June 2017 in both the hill 381 

and furrow positions at Lethbridge.  382 

The application of urea largely increased the growing-season cumulative N2O emissions 383 

regardless of the study site (Fig. 4). In the hill positions at the Lethbridge site, the mean 384 

cumulative N2O emissions from the urea treatment (289 g N2O-N ha-1) were significantly greater 385 

than the control treatment (101 g N2O-N ha-1) (P< 0.015). In 2018, the highest cumulative N2O 386 

emissions at Brooks were observed in the urea treatment (352 g N2O-N ha-1), which was 387 

significantly greater than all the other N treatments in the hill position (P< 0.001). In the furrow 388 

position, N2O emissions from ASN (186 g N2O-N ha-1) were 3.8 times greater than the control 389 

treatment (46 g N2O-N ha-1) (P< 0.032) (Fig. 3). It is noticeable that significant higher N2O 390 

emissions were observed from the furrow position in comparison to the hill position at 391 

Lethbridge, reporting 3.2 times greater emissions in 2017 and 1.7 times greater in 2018 (Fig. 4). 392 

There were no significant differences between the hill or furrow positions at Brooks.  393 

The average growing-season cumulative emissions across all treatments in the Lethbridge 394 

site was 578 g N2O ha-1 in 2017 and 256 g N2O ha-1 in 2018. The mean cumulative emissions for 395 

the Brooks site was 94 g N2O ha-1 in 2017 and 165 g N2O ha-1 in 2018. The mean cumulative 396 

emissions for all treatments were significantly different between the two experimental years at 397 

both sites. In 2017 at the Lethbridge site, the average growing-season cumulative emission of all 398 

treatments were significantly higher than in 2018 (P< 0.001), whereas opposite results were 399 

observed for the Brooks site (2017 < 2018) (P< 0.001). When N2O emissions in both 400 

experimental years were averaged across experimental sites, the mean cumulative N2O emissions 401 

at Lethbridge were higher than at Brooks (P< 0.001). 402 

Area- and yield-based N2O emission factors 403 
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Across N fertilizers, experimental years and sites, the area-based emission factors (EFarea) 404 

were consistent and low, with an overall average of 0.056 % and with treatment means ranging 405 

between -0.079 and 0.100 % kg N2O-N kg-1 N fertilizer (Table 2). During the experimental year 406 

2017, all N fertilizer treatments in the Lethbridge site exhibited a high EFyield, which differed 407 

significantly across experimental years and sites (P< 0.05) (Table 2).  408 

Nitrogen dynamics in soil solution and plant tissues  409 

Available soil N (NH4 + NO3) became high with the pre-planting fertilization and 410 

decreased over the growing season (Fig. 2C and Fig. 3C). Even though higher N2O fluxes were 411 

observed at Lethbridge furrow positions than hill positions, no significant differences were found 412 

in available N between hill and furrow positions. Comparing the two study sites, overall 413 

available N concentrations trended higher at Lethbridge than at Brooks. 414 

Similar to available soil N, petiole nitrate concentrations for all treatments gradually 415 

declined over the growing season (Fig. 2D and Fig. 3D). As expected, the control treatment had 416 

the lowest petiole nitrate concentrations in all four site-years. At Brooks-2018, petiole nitrate 417 

concentrations were significantly higher in the urea, ASN, and ESN treatments than the 418 

unamended control (P< 0.001) (Fig. 3D). Likewise, at Brooks-2017, several fertilized treatments 419 

had significantly greater petiole nitrate than the control and biostimulant alone treatments in the 420 

first (i.e., urea, urea + biostimulant, urea + DMPSA + biostimulant, ASN, and ASN + DMPSA) 421 

and second (i.e., urea + DMPSA, urea + biostimulant, ASN, and ESN) sample collections over 422 

the growing season (P< 0.001). Petiole nitrate concentrations in 2018 at Lethbridge were overall 423 

significantly greater than in 2017 (P< 0.001) (Fig. 2D). Overall, petiole nitrate concentrations at 424 

Lethbridge were greater than at Brooks. At Brooks, the nitrate concentrations in potato petiole at 425 

the first tissue sample collections (early July) in 2017 and 2018 were similar; however, the N 426 
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decline between second and third tissue sample collections was more pronounced in 2018 than in 427 

2017 (P< 0.001). At the third petiole sample collection date within the two growing seasons, the 428 

range of nitrate concentrations showed a significant difference between 2017 (3000-8000 mg N 429 

kg-1) and 2018 (250-3000 mg N kg-1).  430 

Since soil available N and petiole N both declined over the growing season (Fig. 2 and 431 

Fig. 3), their inter-relationship was evaluated. Significant linear regressions were found between 432 

soil available N (ammonium plus nitrate) and petiole nitrate concentration for each of the four 433 

site-years in our study (P< 0.001) (Fig. 5).  434 

Within each experimental site and year, total N contents (%) in tuber and canopy at 435 

potato maturity stage were not statistically different across N treatments (Table 3). At the 436 

Lethbridge site, N in both canopy and tuber were significantly different between experimental 437 

years (2017 vs. 2018) (P< 0.001), where tuber N concentration was lower and canopy N 438 

concentration was higher in 2018 than in 2017.  439 

Potato productivity, NUE, N uptake, HI and NHI 440 

In all experimental sites and years, both urea with DMPSA and ASN generated the 441 

highest total and marketable tuber yields while the control and biostimulant treatments resulted 442 

in the lowest (Table 4). The mean tuber mass of both ASN and ESN treatments (193 g) at the 443 

Lethbridge site in 2018 were significantly greater than the ASN + biostimulant (162 g). The N 444 

fertilizer sources did not significantly affect total yield, marketable yield, or specific gravity; 445 

except for the above noted differences in mean tuber mass in Lethbridge-2018 (Table 4).  446 

Among year comparisons, potato productivity at both sites were numerically greater in 447 

2018 than in 2017. Statistically significant differences in mean total yield and marketable yield at 448 

Brooks were observed between 2018 (57 Mg ha-1, 38 Mg ha-1) and 2017 (77 Mg ha-1, 64 Mg ha-449 
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1), respectively (P< 0.001) (Table 4). When comparing the two experimental sites, the mean total 450 

yield in 2017 and marketable yield in 2018 were significantly greater at Brooks than at 451 

Lethbridge (P< 0.001). 452 

The total N uptake, encompassing both tuber-N and canopy-N, differed across treatments 453 

in one of the four site-years. In Brooks-2018, urea + DMPSA resulted in a much greater total N 454 

uptake than that of biostimulant alone treatment (i.e., 407 vs. 293 kg N ha-1; Table 5). Across the 455 

four site-years, potato tuber N uptake at harvest average 181 ± 6 kg N ha-1 yr-1, which is 456 

comparable to the applied rate of N fertilizer (i.e., 200 kg N ha-1 yr-1). 457 

The estimates of NUE, HI and NHI in our study showed no significant effects across 458 

fertilizer treatments (Table 6). Overall, NUE varied between experimental years at Lethbridge 459 

(2017 < 2018) and between sites in 2017 (Lethbridge < Brooks) (P< 0.001). The treatment means 460 

of HI and NHI ranged from 0.55 to 0.71 and 0.41 to 0.67, respectively (Table 6). 461 

 462 

Discussion 463 

Impacts of N fertilization options on N2O emissions 464 

Major N2O effluxes following N fertilizer addition in our study showed that the 465 

availability of soil N strongly influences the occurrence of peak N2O emissions, which is 466 

consistent with previous studies (Burton et al., 2008; Gao et al., 2013). Most of these earlier 467 

studies evaluated only the influence of conventional fertilizers such as urea on N2O emissions. 468 

Hutchinson et al. (2003) assessed the effect of ammonium nitrate (AN), urea, sulfur-coated urea 469 

and PCU on potato, but they focused only on the influence of these N sources on N use 470 

efficiency. Perron et al. (2019) measured denitrification rate from irrigated potato production on 471 

a coarse-textured soil in Eastern Canada when using fertilizers such as ammonium sulfate, AN 472 

and PCU. Our study documents, for the first time in the literature, how alternative N fertilizer 473 
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formulations such as granular ASN and the novel DMPSA inhibitor impacts both N2O fluxes and 474 

productivity in potato fields. When focusing on mitigation of N2O emissions, the fact that the 475 

DMPSA inhibitor admixed with granular urea resulted in N2O emissions comparable in 476 

magnitude with the emissions from unfertilized fields, and also much lower than in fields 477 

receiving urea alone supports the effectiveness of this new inhibitor formulation (Table 2, Fig. 478 

4D). In one of the four site-years at Brooks-2018, DMPSA reduced the N2O emissions from 479 

urea-amended fields by 57% (Table 2, Fig. 4D). Thilakarathna and Hernandez-Ramirez (2021) 480 

asserted that DMPSA effectively delivers emission reductions, conserves N in the soil, and 481 

inhibits the first enzymatic step of nitrification in part because the presence of the succinyl group 482 

in DMPSA decreases molecule volatility and extends its activity (Lin and Hernandez-Ramirez, 483 

2020; Thilakarathna and Hernandez-Ramirez, 2021). 484 

Among the different fertilizer treatments, both urea and ASN were applied with and 485 

without additives in this study. Overall, the urea treatment showed more N2O emissions than the 486 

ASN treatment. Urea alone treatment resulted in greater concentrations of available N in both the 487 

soil solution and plant petioles in comparison to ASN (Fig. 2C and Fig. 2D). Van Groenigen et 488 

al. (2010) and Chai et al. (2020) concurrently reported that N surpluses can raise N2O emissions 489 

by generating a higher risk for N losses. Although the mitigating effects of DMPSA were not 490 

always evident, using DMPSA admixed with either urea or ASN tended to reduce overall N2O 491 

emissions. 492 

Previous studies have shown the beneficial role of ESN in enhancing potato yield and 493 

simultaneously reducing N2O emissions (Gao et al., 2015; Ghosh et al., 2019; Hutchinson et al., 494 

2003). In contrast, some studies showed no significant reduction of N2O emissions and yield 495 

improvement when using ESN (Gao et al., 2017; Zebarth et al., 2012). In our study, even though 496 
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N2O emissions from ESN were not statistically different from other treatments, the magnitude of 497 

N2O emissions from the furrows in 2017 at Lethbridge was considerably high. The N released 498 

from ESN involves movement of soil water to the fertilizer granule, dissolution of urea inside the 499 

ESN granule, and diffusion of urea-N to the soil solution. In other words, the role of ESN in 500 

minimizing N2O emissions and enhancing NUE is highly regulated by soil moisture fluctuations 501 

(Thilakarathna et al., 2021). Sharp moisture increases in the furrows following a major rainfall or 502 

irrigation event can contribute to high N2O fluxes in Lethbridge as triggered by higher soil 503 

moisture. The ESN in our study was also applied all as a single pre-planting fertilizer 504 

application, which may have resulted under certain cases in no significant reduction of N2O 505 

emissions and null yield improvement by ESN. Hence, future research could evaluate the 506 

responses of coated N fertilizers applied at the emergence of potato seedlings instead of full 507 

applications at pre-planting.  508 

Our field data provide regional N2O EFarea for potato crops under a broad range of N 509 

fertilizer formulation options (Table 2). Thilakarathna et al. (2021) reported EFarea for numerous 510 

fertilizer formulations in spring wheat fields fertilized at 100 kg N kg-1 in Central Alberta. Their 511 

study estimated mean EFarea of 0.31% while accounting for the whole annual cycle. In the 512 

present study, EFs were much lower than reported by both Thilakarathna et al. (2021) and Chai 513 

et al. (2020) based on EFarea calculated encompassing flux measurements during the potato 514 

growing seasons (i.e., ~May to October). It is noted that the relatively elevated cumulative N2O 515 

emissions from our control plots were also drivers of the low growing-season EFarea found in the 516 

present study, which averaged 0.056 % (Table 2). By contrast, based on estimations of EF using 517 

an exponential equation model proposed by Rochette et al. (2018) and Liang et al. (2020), the 518 

growing-season 2-year mean N2O EF as a function of total water addition (rainfall + irrigation) 519 
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resulted in 0.77% and 0.60% at Lethbridge and Brooks, respectively (Table 1). In comparison to 520 

our study, Chai et al. (2020) recently reported a lower estimate of N2O EF (0.41%) as a function 521 

of total water input in irrigated wheat and canola sites also located in Lethbridge. Essentially, 522 

irrigations of 373 mm in Lethbridge and 344 mm in Brooks (Table 1) are much higher than the 523 

162 mm irrigation used by Chai et al. (2020). Compared to other irrigated crops such as wheat 524 

and canola, irrigated potato soils can stay relatively wetter over longer periods – a condition 525 

known to be conducive to increase N2O production (Roman-Perez and Hernandez-Ramirez, 526 

2021; Thilakarathna et al., 2021). 527 

Distinct microenvironments between hills and furrows within potato fields affect N2O 528 

emissions (Burton et al., 2008). In our study, calculations of EFs for hill and furrow positions 529 

separately (data not shown) further showed that emissions from furrows (e.g., Lethbridge-2017; 530 

Fig. 4) were the main contributors to high EFs. This clearly indicated the need of implementing 531 

management practices targeted at mitigating these hot spots of N2O emissions from the furrows.  532 

In potato production, the in-crop hilling operation is done to further provide loosened and 533 

well aerated soils for better tuber growth, tuber greening prevention by covering from sunlight, 534 

weed control, and to subsequently facilitate potato harvesting (Gao et al., 2013). Additionally, 535 

hilling can also cause the formation of differential microsites within potato fields (i.e., hills vs. 536 

furrows within the crop management zone). These differences between hills and furrows include 537 

soil bulk density, aeration, water-filled pore space, C and N concentrations, microbial 538 

communities, and N2O production processes (Zebarth and Milburn, 2003). Greater N2O 539 

emissions observed from furrows at Lethbridge can be primarily associated with denitrification 540 

source. Water from rainfall and irrigation accumulates more in furrows than in potato hills 541 

(Harms and Konschuh, 2010). Broadcast N fertilizer enters furrows as well as N runoff from 542 
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hills. The water and N accumulation in furrows can be further enhanced by the low uptake of 543 

water and N from the furrows by potato plants as the root systems are mainly concentrated in the 544 

hills. It is postulated that precise placement of pre-plant N fertilizer localized only where potato 545 

hills would be formed can increase N utilization by plants and probably reduce losses to the 546 

environment. This hypothesis requires further field testing. 547 

In comparison to Brooks, Lethbridge soils have greater C and N substrates (10 ± 0.9 vs. 548 

14 ± 0.7 g C kg-1 soil, and 1.1 ± 0.1 vs. 1.4 ± 0.1 g N kg–1, respectively). This different across 549 

sites in soil organic C and N concentrations can imply greater mineralization of organic matter 550 

and associated N, leading to increased background N in Lethbridge soils, which likely contribute 551 

to overall N2O production over the growing seasons (Daly and Hernandez-Ramirez, 2020; 552 

Roman-Perez and Hernandez-Ramirez, 2021). When C and N are available simultaneously in 553 

hypoxic furrows, greater fluxes of N2O can be produced due to denitrification (Smith et al., 554 

1998; Thilakarathna and Hernandez-Ramirez, 2021). When comparing the two experimental 555 

sites, C availability could become a limiting factor for N2O production from furrows at Brooks. 556 

When a soil is characterized by relatively lower C, the potato rhizosphere in the hills, being an 557 

important C source in the hills in comparison to the furrows, can enhance the N2O production 558 

from hills via heterotrophic denitrification. Furthermore, it is possible that any produced N2O can 559 

easily escape from the hills because mechanical soil loosening had temporally improved porosity 560 

and pore connectivity (Burton et al., 2008). 561 

Our experiment examined a biostimulant that contained primary N-fixing 562 

microorganisms (Azotobacter vinelandii and Clostridium pasteurianum) as well as secondary 563 

microbes (e.g., Nitrosomonas, Nitrobacter, Nitrococcus, Rhizobium) with the aim of raising soil 564 

N availability, root growth and plant uptake. These putative effects were collectively expected to 565 
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increase plant productivity, which was not found in our study. Moreover, it was observed that the 566 

biostimulant alone as well as the biostimulant in combination with urea or ASN had overall no 567 

effect on N2O emissions. However, in certain cases, these biostimulant treatments even seemed 568 

to increase N2O emissions numerically. For instance, this was noted when comparing cumulative 569 

fluxes from biostimulant-urea vs. urea alone. This finding is in line with Souza et al. (2019) who 570 

reported increased N2O emissions in potato fields that had received additions of an N-fixing 571 

biostimulant. Additionally, when a biostimulant is applied in fields that also receiving urea 572 

additions, the production of toxic NH3 from urea hydrolysis can detrimentally impact inoculated 573 

microbes (Calvo et al., 2013; Calvo et al., 2014). These earlier studies had actually shown a 574 

beneficial role of certain biostimulants that contained phenolic compounds in minimizing N2O 575 

emissions when applied specifically with urea-ammonium nitrate (Calvo et al., 2013; Calvo et 576 

al., 2014); however, this effect was absent in our study. Furthermore, potato production systems 577 

are characterized by high input, productivity, nutrient extraction, and soil disturbance. Therefore, 578 

these soils under potato cropping can have a distinct microbial community that has been selected 579 

and trained over time to these unfavorable, fluctuating conditions. Adapting rapidly to such 580 

adverse environment can be a challenge for the microbes present in applied biostimulants.  581 

Potato productivity as a function of N fertilization choices 582 

This study found that marketable yield of potato was equally enhanced by both ASN 583 

admixed with DMPSA and ESN fertilization options, with 36% consistently higher productivity 584 

than the unfertilized fields in one of the four site-years (i.e., Lethbridge-2018; 45 vs. 33 Mg ha-1, 585 

Table 4). The fact that these two fertilizer alternatives to using urea alone resulted in this 586 

coherent productivity advantage is insightful for enhancing N management in potato. For several 587 

practical reasons, granular is the most commonly used N fertilizer across Western Canada 588 
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(Guenette et al., 2019; Thilakarathna et al., 2021), and hence, this represents an opportunity to 589 

enhance potato productivity regionally, with a 25% likelihood based on the four available site-590 

years in our study.   591 

Even though the potato cultivar and seed source were the same at both study sites, we 592 

initially expected higher yields from Lethbridge than Brooks. The seeding of potato in 593 

Lethbridge took place earlier than Brooks, and Lethbridge also experienced a growing season 594 

with more cumulative physiological growing degree days (P-Days). Differences in 595 

environmental conditions and soils as noted above can have caused variations in potato 596 

productivity between the four experimental site-years in our study. For instance, the Lethbridge 597 

site contained high concentrations of organic matter as noted above, which may have also 598 

generated additional N mineralization and availability. 599 

In 2017, the marketable yields from both sites were similar. Total yield is in part the 600 

reflection of the capacity of the mechanical harvesting equipment to pick up undersized tubers. 601 

Different harvesters were used at the two experimental sites in 2017. The harvester used at 602 

Lethbridge may have left more small tubers in the field relative to Brooks, which likely resulted 603 

in a lower total yield at Lethbridge. In 2018, due to the previous observation of leftover tubers in 604 

the field in 2017, tubers missed by the mechanical harvester at both sites were collected by hand 605 

to assure improved accountability of potato productivity during the experimental year 2018. 606 

Biomass production, accumulation and partitioning of crops depend on multiple factors 607 

such as the cultivar, air temperature, availability of water and nitrogen, and photoperiod 608 

(Geremew et al., 2007; Hernandez-Ramirez et al., 2011). In our study, overall potato DM 609 

partition to tubers averaged 63%, ranging from 55% to 71% (Table 6). These results were 610 

slightly lower than HIs previously reported by Bélanger et al. (2001) who found HIs between 611 
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0.62 and 0.77 for potato crops receiving 250 kg fertilizer-N ha-1 across varying genotypes and 612 

irrigation managements. 613 

In general, potato N use-efficiencies were 3 % of applied fertilizer-N at Lethbridge and 7 614 

% at Brooks. The NUE calculations in our study involved the subtraction of potato productivity 615 

from the control in the N fertilizer treatment. The low NUE results observed across the four site-616 

years can be explained by the high total tuber yield measured in the unfertilized control fields. 617 

More specifically, focusing on the overall lowest NUE result of -0.13 % at Lethbridge-2017 618 

(Table 4), the total tuber yield of the control fields was greater than total tuber yield of most 619 

fertilizer treatments, which also indicates greater availability of mineralized N in the Lethbridge 620 

soils as noted above. 621 

Plant petioles store and transport nitrate (Vitosh and Silva, 1994). Petiole nitrate analysis 622 

has proven to be a sensitive indicator of potato N status temporally throughout the growing 623 

season (Meyer and Marcum, 1998). Similar to previous studies, petiole nitrate in our two 624 

experimental sites during both years were highest in the early growing season and gradually 625 

declined thereafter. High petiole nitrate concentrations in the beginning of the growing season 626 

can be caused by the accumulation of soluble N in the haulm prior to potato tuberization. The 627 

rapid decrease of petiole N later over the growing seasons indicated the translocation and 628 

redistribution of accumulated N as both tuber formation and size expansion gradually become 629 

larger N sinks within the plants (Porter and Sisson, 1993). In our study, petiole nitrate 630 

concentrations increased in response to N fertilization, which provides evidence for the 631 

availability of broadcast-incorporated N in the root zone. Variation of petiole nitrate 632 

concentrations across the study sites can indicate the difference in soil and weather conditions 633 
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among sites to supply available N. It became clearly evident that high N availability in these 634 

soils results in greater petiole nitrate concentrations based on established relationships (Fig. 5). 635 

 636 

Conclusion 637 

Urea alone typically resulted in the highest N2O fluxes. This finding is concerning 638 

because urea is the most common N fertilizer used in potato production, and also overall within 639 

Western Canada across all cropping systems. Nevertheless, the results from our study further 640 

showed that DMPSA inhibitor admixed with either granular urea or ASN can effectively reduce 641 

N2O emissions while maintaining potato tuber yield. This supports a change towards improved 642 

recommendations in fertilization management. The increased N2O emissions associated with C 643 

and N rich soils and likely-hypoxic furrows suggest that irrigation water can be managed more 644 

precisely to minimize water accumulation in furrows, perhaps through localized and variable rate 645 

irrigation. Also, more water infiltration into the potato hill can be hypothetically increased by 646 

altering hills from the standard round shape into a flat-topped design. By comprehensively 647 

assessing the effect of N fertilizer options on N2O emissions, N dynamics in soil solution and 648 

plant tissues, as well as potato productivity and NUE, the present study offers insights and 649 

inclusive recommendations for better management of recurrent N fertilization. 650 
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Table 1. Estimated N2O EF as a function of total water addition of rainfall and irrigation based on exponential equation N2O EF % = e (0.00558×H2O−7.701) × 100 (Rochette et al., 2018; Liang et al., 2020). 827 

 828  
Lethbridge Brooks 

Water addition 2017 2018 2-yr mean 2017 2018 2-yr mean 

May to Oct 
      

Rainfall (mm) 175 150 163 148 127 138 

Irrigation (mm) 368 378 373 366 322 344 

Rainfall + 

irrigation (mm) 

543 529 536 514 450 482 

EFH2O (% kg N2O-

N kg-1 fertilizer) 

0.936 0.865 0.901 0.798 0.557 0.677 

May to Sep 
      

Rainfall (mm) 128 136 132 120 117 118 

Irrigation (mm) 368 379 373 366 322 344 

Rainfall + 

irrigation (mm) 

496 515 506 486 439 462 

EFH2O (% kg N2O-

N kg-1 fertilizer) 

0.719 0.801 0.760 0.680 0.525 0.602 

 829 

 830 
  831 
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Table 2. Cumulative growing season N2O emissions (g N2O-N ha-1), area-based N2O emission factors (EFarea) (% kg N2O-N kg-1 N fertilizer) and yield-based emission factors (EF yield) (g N2O-N Mg-1 tuber) of potato fields 832 

at Lethbridge and Brooks during 2017 and 2018. SE stands for standard error of the means (n= 4). 833 

 834 

N treatment Cumulative N2O emissions (g N2O-N ha-1)  EFarea (% kg N2O-N kg-1 N fertilizer) EF yield (g N2O-N Mg-1 tuber) 

 Lethbridge  Brooks  Lethbridge Brooks Lethbridge Brooks 

 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 

Control 515 208 85 64a§     11.045 3.705 1.641 0.945a 

Biostimulant  543 n.d. 73 n.d. -0.018 n.d. -0.011 n.d. 11.025 n.d. 1.449 n.d. 

Urea  623 279 87 256c 0.023 0.020 -0.004 0.010b 13.782 5.105 1.550 3.098b 

Urea + DMPSA † 778 252 85 154a 0.100 -0.001 -0.005 -0.009a 14.454 4.539 1.592 1.774ab 

Urea + Biostimulant 544 n.d. 131 n.d. -0.017 n.d. 0.018 n.d. 11.605 n.d. 2.278 n.d. 

Urea + DMPSA + Biostimulant 588 n.d. 85 n.d. 0.005 n.d. -0.005 n.d. 12.241 n.d. 1.448 n.d. 

Ammonium sulfate nitrate (ASN)  443 241 85 171b -0.067 -0.006 -0.005 0.003ab 9.232 4.363 1.544 2.412ab 

ASN + DMPSA  420 260 76 168b -0.079 0.002 -0.009 0.002ab 9.085 4.333 1.297 1.971ab 

ESN‡ (polymer coated urea) 745 296 143 192b 0.084 0.012 0.024 0.040ab 15.373 5.077 2.574 2.310ab 

Overall mean ± SE 578±96 256±41 94±27 165±16 0.004±0.05 0.006±0.01 0.001±0.01 0.009±0.008 11.982±2.39 4.683±0.538 1.708±0.532 2.313±0.327 

ANOVA P-value             

N treatment 0.300 0.726 0.557 0.001 0.209 0.820 0.460 0.031 0.573 0.110 0.719 0.008 

§ Differences across treatments, indicated by different lowercase letters, were determined via Tukey’s Honest Significant Difference after significant ANOVAs at the alpha critical level of 0.05. 835 

† DMPSA stands for 2,4-dimethylpyrazol succinic acid. 836 

‡ ESN stands for Environmentally Smart N. 837 

 838 

 839 

 840 

  841 
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Table 3. Potato tuber and canopy total N concentration at maturity at Lethbridge and Brooks in 2017 and 2018. SE stands for standard error of the means (n= 4). 842 

 843 

N treatment Lethbridge Brooks 

 2017 2018 
 

2017 2018 
 

 Tuber N (%) Canopy N (%) Tuber N (%) Canopy N (%) Tuber N (%) Canopy N (%) Tuber N (%) Canopy N (%) 

Control 1.58 1.61 0.83 2.00 1.30 1.59 1.36 1.61 

Biostimulant  1.73 1.45 1.03 1.97 1.40 1.58 1.20 1.61 

Urea  1.74 1.74 1.07 2.17 1.48 1.75 1.24 1.51 

Urea + DMPSA † 1.66 1.62 0.98 2.17 1.45 1.70 1.27 1.67 

Urea + Biostimulant 1.76 1.54 0.89 2.06 1.49 1.86 1.16 1.60 

Urea + DMPSA + Biostimulant 1.66 1.73 1.07 1.87 1.39 1.86 1.25 1.66 

Ammonium sulfate nitrate (ASN)  1.80 1.62 0.92 2.23 1.46 1.70 1.32 1.75 

ASN + DMPSA  1.61 1.65 1.07 2.11 1.53 1.84 1.27 1.46 

ASN + Biostimulant 1.57 1.52 1.14 2.07 1.37 1.80 1.24 1.51 

ASN + DMPSA + Biostimulant 1.65 1.64 0.86 2.01 1.44 1.85 1.30 1.62 

ESN ‡ (polymer coated urea) 1.61 1.57 0.99 2.14 1.51 1.85 1.30 1.76 

Overall mean ± SE 1.67±0.07 1.61±0.08 0.98±0.09 2.07±0.11 1.44±0.09 1.76±0.11 1.27±0.07 1.61±0.12 

ANOVA P-value         

N treatment 0.244 0.438 0.302 0.494 0.780 0.455 0.726 0.741 

† DMPSA stands for 2,4-dimethylpyrazol succinic acid. 844 

‡ ESN stands for Environmentally Smart N. 845 

 846 

 847 

  848 
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Table 4. Total yield mean tuber mass and specific gravity of potatoes harvested from experimental plots at Lethbridge and Brooks grown with alternative nitrogen fertilizer formulations in 2017 and 2018. These are fresh 849 

potato weights. SE stands for standard error of the means (n= 4). 850 

 851 

N treatment Lethbridge Brooks 

 Total yield  

(Mg ha-1) 

Total marketable yield  

(Mg ha-1) 

Mean tuber mass 

(g) 

Specific gravity 

(g mL-1) 

Total yield  

(Mg ha-1) 

Total marketable yield  

(Mg ha-1) 

Mean tuber 

mass (g) 

Specific gravity  

(g mL-1) 

 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 

Control 49 50 39 33b§ 195 167ab 1.082 1.092  54 69 30 51 187 196 1.098 1.098  

Biostimulant  48 53 36 34ab 201 170ab 1.083 1.093  51 68 30 53 191 198 1.095 1.097  

Urea  46 53 37 39ab 209 181ab 1.082 1.094  58 80 41 69 206 230 1.098 1.088  

Urea + DMPSA†  54 54 45 40ab 213 176ab 1.083 1.088  56 83 37 72 194 224 1.101 1.090  

Urea + Biostimulant 47 54 38 41ab 208 184ab 1.083 1.094  57 82 41 71 200 230 1.096 1.092  

Urea + DMPSA + 

Biostimulant 

51 54 40 38ab 202 176ab 1.084 1.092  59 77 38 64 208 232 1.095 1.090  

Ammonium sulfate 

nitrate (ASN)  

48 54 38 41ab 194 193a 1.083 1.093  57 71 39 59 204 218 1.095 1.093  

ASN + DMPSA  47 58 37 45a 203 184ab 1.079 1.089  60 84 39 69 196 218 1.092 1.091  

ASN + Biostimulant 50 56 43 42ab 222 162b 1.085 1.095  57 75 43 64 215 232 1.097 1.088  

ASN + DMPSA + 

Biostimulant 

50 57 38 41ab 197 167ab 1.085 1.091  62 76 43 65 219 221 1.093 1.090  

ESN‡ (polymer coated 

urea) 

52 58 43 45a 214 193a 1.083 1.091  57 78 40 67 202 227 1.095 1.093  

Overall mean ± SE 49±1 55±1 39±1 40±1 205±3 178±4 1.083±0.0005 1.092±0.0005 57±1 77±2 38±1 64±1 202±3 221±5 1.096±0.0007 1.092±0.0009 

ANOVA P-value                 

N treatment 0.829 0.434 0.730 0.017 0.593 0.005 0.146 0.271 0.645 0.234 0.329 0.490 0.258 0.690 0.217 0.201 

§ Differences across treatments, indicated by different lowercase letters, were determined via Tukey’s Honest Significant Difference after significant ANOVAs at the alpha critical level of 0.05. 852 

† DMPSA stands for 2,4-dimethylpyrazol succinic acid. 853 

‡ ESN stands for Environmentally Smart N. 854 

 855 

  856 



41 

 

Table 5. Potato tuber, canopy, and total N uptake at harvest at Lethbridge and Brooks in 2017 and 2018. SE stands for standard error of the means (n= 4). 857 

 858 

N treatment Lethbridge 
     

Brooks 
     

 
2017 

  
2018 

  
2017 

  
2018 

  

 
N canopy N tuber N uptake N canopy N tuber N uptake N canopy N tuber N uptake N canopy N tuber N uptake 

  ---------------------------------------------- kg N ha-1 --------------------------------------------- 

Control 93 179 272 134 95 230 113 159 273 104 214 318 ab§ 

Biostimulant  100 192 293 132 125 257 165 167 332 107 186 293 a 

Urea  91 184 275 175 133 308 152 194 345 165 228 394 ab 

Urea + DMPSA†  113 206 288 153 122 275 128 189 317 164 243 407 b 

Urea + Biostimulant 135 190 325 152 111 264 182 196 378 123 219 341 ab 

Urea + DMPSA + Biostimulant 100 192 293 128 130 258 204 188 392 164 220 385 ab 

Ammonium sulfate nitrate (ASN)  106 200 306 165 113 278 193 189 382 169 217 386 ab 

ASN + DMPSA  102 177 278 167 143 310 229 210 439 136 243 379 ab 

ASN + Biostimulant 90 178 267 138 147 285 162 181 343 125 213 337 ab 

ASN + DMPSA + Biostimulant 126 187 312 174 112 285 207 205 412 144 230 374 ab 

ESN‡ (polymer coated urea) 102 192 298 132 129 261 165 198 362 159 234 393 ab 

Mean 105 189 291 150 124 274 173 189 361 142 222 364 

S.E. 5 4 7 6 4 8 8 5 11 6 5 9 

ANOVA P-value for N treatment 0.737 0.883 0.618 0.779 0.204 0.716 0.102 0.554 0.064 0.098 0.420 0.027 

§ Differences across treatments, indicated by different lowercase letters, were determined via Tukey’s Honest Significant Difference after significant ANOVAs at the alpha critical level of 0.05. 859 

† DMPSA stands for 2,4-dimethylpyrazol succinic acid. 860 

‡ ESN stands for Environmentally Smart N. 861 

  862 
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Table 6. Nitrogen use efficiency (NUE), dry matter harvest index (DM HI), and NHI partitioning of potato crops at Lethbridge and Brooks in 2017 and 2018. SE stands for standard error of the means (n= 4). 863 

 864 

N treatment NUE (kg total potato tuber kg-1 N fertilizer) HI (kg tuber DM kg–1 tuber+canopy DM) NHI (kg tuber N kg–1 tuber+canopy N) 

 Lethbridge Brooks Lethbridge Brooks Lethbridge Brooks 

 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 

Control -- -- -- -- 0.66 0.64 0.64 0.71 0.66 0.42 0.60 0.68 

Biostimulant  -1.19 2.93 -2.82 -0.96 0.62 0.65 0.60 0.70 0.66 0.49 0.50 0.64 

Urea  -4.26 3.16 4.24 13.28 0.66 0.60 0.55 0.63 0.67 0.43 0.56 0.58 

Urea + DMPSA†  5.32 4.63 1.88 16.43 0.63 0.64 0.57 0.67 0.63 0.44 0.59 0.61 

Urea + Biostimulant -2.75 4.63 3.71 15.40 0.58 0.63 0.57 0.71 0.59 0.42 0.53 0.63 

Urea + DMPSA + 

Biostimulant 

1.51 4.10 6.14 9.30 0.66 0.65 0.58 0.65 0.66 0.51 0.49 0.58 

Ammonium sulfate nitrate 

(ASN)  

-1.53 4.28 3.25 2.89 0.63 0.63 0.58 0.63 0.66 0.41 0.50 0.56 

ASN + DMPSA  -2.44 8.86 6.69 17.06 0.63 0.63 0.60 0.67 0.63 0.46 0.48 0.64 

ASN + Biostimulant 0.92 6.76 3.98 7.21 0.66 0.66 0.56 0.67 0.67 0.51 0.53 0.63 

ASN + DMPSA + 

Biostimulant 

0.48 7.47 9.09 8.75 0.60 0.63 0.58 0.67 0.60 0.42 0.50 0.61 

ESN‡ (polymer coated 

urea) 

2.64 8.54 3.90 10.97 0.60 0.68 0.56 0.67 0.64 0.50 0.55 0.60 

Overall mean ± SE -0.13±4.28 5.54±2.64 4.01±3.48 10.03±5.04 0.63±0.01 0.64±0.01 0.58±0.01 0.67±0.01 0.64±0.01 0.46±0.01 0.53±0.01 0.62±0.01 

ANOVA P-value             

N treatment 0.806 0.692 0.594 0.396 0.921 0.633 0.834 0.099 0.905 0.300 0.412 0.402 

† DMPSA stands for 2,4-dimethylpyrazol succinic acid. 865 

‡ ESN stands for Environmentally Smart N866 
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Figures 

  
Fig. 1. Monthly average air temperature and cumulative precipitation and at Lethbridge (A, C) 

and Brooks (B, D) for year 2017, 2018 and the 30-year normal monthly data.
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Fig. 2. (A) Daily average air temperature and water inputs (precipitation and irrigation), (B) soil moisture and soil temperature in the 

potato hills at the depths of 10 and 22.5 cm as well as in the furrows at 7.5 and 22.5 cm, (C) soil ammonium and nitrate concentrations 

in potato hill and furrow, (D) potato petiole N concentration, daily N2O fluxes from (E) hills and (F) furrows across N treatments at 

Lethbridge during 2017 and 2018 growing seasons. All experimental treatments were measured in the growing season 2017, while a 

subset of selected treatments were measured in the growing season 2018. In panel B, VWC and ST stand for volumetric water content 

and soil temperature, respectively. In Panel E, the acronyms PN, NH and H near the horizontal axis indicate the dates of pre-planting 

N fertilization, post-planting N fertilization followed by hilling, and harvesting.  
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Fig. 3. (A) Daily average air temperature and water inputs (precipitation and irrigation), (B) soil moisture and soil temperature in the 

potato hills at the depths of 10 and 22.5 cm as well as in the furrows at 7.5 and 22.5 cm, (C) soil ammonium and nitrate concentrations 

in potato hill and furrow, (D) potato petiole N concentration, daily N2O fluxes from (E) hills and (F) furrows across N treatments at 

Brooks during 2017 and 2018 growing seasons. All experimental treatments were measured in the growing season 2017, while a 

subset of selected treatments were measured in the growing season 2018. In panel B, VWC and ST stand for volumetric water content 

and soil temperature, respectively. In Panel E, the acronyms PN, NH and H near the horizontal axis indicate the dates of pre-planting 

N fertilization, post-planting N fertilization followed by hilling, and harvesting.
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Fig. 4. Cumulative N2O emissions of different N fertilizers from hill and furrow at Lethbridge (A), (B) and Brooks (C), (D) during the 

growing seasons of 2017 and 2018. All treatments were measured in 2017, while a subset of selected treatments were measured in 

2018. The differences across treatments, indicated by different lowercase letters, were determined via Tukey’s Honest Significant 

Difference at the alpha level 0.05. Error bars correspond to standard errors of the means. In the legend, acronyms ASN, DMPSA, and 

ESN stand for ammonium sulfate nitrate, 2,4-dimethylpyrazol succinic acid, and Environmentally Smart N.
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  1 

 2 

Fig. 5. Relationships between potato petiole nitrate concentration and soil ammonium plus nitrate at Lethbridge (A and B) and Brooks 3 

(C and D) over 2017 (A and C) and 2018 (B and D). The datasets are shown as time series in Fig. 2C, Fig. 2D, Fig. 3C, and Fig. 3D. 4 

All treatments were measured in 2017, while a subset of selected treatments were measured in 2018. 5 

 6 
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