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Project Rationale: 

In recent years, a number of PEI potato growers have been interested in assessing the merit of 
planting only cover crops or “service crops” in the years between potato crops, compared with a 
traditional rotation of small grains underseeded with forage crops. Barley, for many years the #1 
rotation crop with potatoes, has been experiencing very low commodity prices as well as 
production challenges such as Fusarium head blight and mycotoxins. When combined with the 
rapidly increasing capital cost of combine harvesters that only get used on a subset of acres, there 
are a lot of questions being asked about the economic and soil health justification to not plant 
traditional cash crops in potato rotation. 

This trial was conceived in partnership with the participating grower, MacAulay Farms. It was 
initiated in 2023, with soil sampling taking place each spring. Below is the crop rotation for the three 
treatments: 

Treatment 2023 Crops 2024 Crops 2025 Crops 
GSP: Grower Standard Barley, underseeded with 

alfalfy/timothy 
Alfalfa/timothy, oilseed 
radish cover crop 

Potatoes 

ALF: Alfalfa/Timothy Direct-seeded 
alfalfa/timothy 

Alfalfa/timothy,  
oilseed radish cover crop 

Potatoes 

SSRAD: Annual Covers Sorghum Sudangrass Oilseed radish, oilseed 
radish cover crop 

Potatoes 

 

In 2025, potatoes (Payette Russet variety) were planted on May 30th and harvested on October 10th. 
Fertility plan was 300 lbs/ac of fall potash (0-0-60), pre-plant application of 90 lbs/acre of urea (46-
0-0), and then 1000 lbs/ac of 13-14.5-10-3Mg-0.1B-0.4Zn at planting.  Total nutrient application was 
171 lbs/ac N, 145 lbs/ac P2O5 and 280 lbs/ac K2O. 

Soil Sampling: 

Table 1. Baseline soil chemical and soil health observations at the start of the trial in 2023.  

Year P2O5 K2O OM pH Active 
C 

Soil 
Respiration 

Aggregate 
Stability 

BNA 

 ppm ppm %  µg/g mg/g % mg/kg 
ALF 826.5 198.8 2.3 5.9 344.8 0.36 19.6 25.2 
GSP 830.0 181.0 2.3 6.0 341.0 0.39 19.1 23.6 
SSRAD 767.0 179.8 2.3 6.2 332.3 0.38 23.0 17.2 

 
 

 



Starting observations: 

• Phosphorus levels are extremely high across all treatments, well in excess of need for all 
crops. 

• Potassium levels are also quite high and are largely similar across treatment areas. 
• Organic matter levels are identical across treatment areas. 
• Starting pH looked to be slightly higher in the SSRAD treatment area, but unlikely at a level 

to impact crop growth. 
• Starting observations for Active C and Soil Respiration are very similar.  
• Aggregate stability levels appear to be slightly higher in the SSRAD treatment area, nearly 

identical in the other two areas. 
• Inversely, Biological N Availability (BNA) appears lower in the SSRAD treatment area 

compared to the ALF and GSP areas. Percentage-wise, this is the largest starting difference 
for the observed variables. 

Table 2. SSRAD Treatment - comparison of soil variables across three years  

Year P2O5 K2O OM pH Active 
C 

Soil 
Respiration 

Aggregate 
Stability 

BNA 

 ppm ppm %  µg/g mg/g % mg/kg 
2023 767.0 179.8 2.3 6.2 332.3 0.38 23.0 17.2 
2024 666.0 137.0 2.3 6.1 317.3 0.35 33.6 17.7 
2025 659.3 294.5 2.3 5.9 346.3 0.46 22.8 20.7 
p-value 0.15 <0.001 0.90 0.12 0.57 0.001 0.11 0.06 

 

In comparing the SSRAD from 2023 to 2025, only two variables had a significant difference in 
observations: 

• Potassium concentration, which increased in 2025 due to fall potash application in 2024, 
and 

• Soil respiration, which increased significantly by spring 2025 ahead of potato planting. 
• Relative increases and decreases across years were not significant for the other treatments. 

An increase and then decrease in aggregate stability would be consistent with the fact that 
primary tillage was performed in fall 2024. 

 

 

 

 

 

 

 



Table 3. ALF Treatment - comparison of soil variables across three years 

Year P2O5 K2O OM pH Active 
C 

Soil 
Respiration 

Aggregate 
Stability 

BNA 

 ppm ppm %  µg/g mg/g % mg/kg 
2023 826.5 198.8 2.3 5.9 344.8 0.36 19.6 25.2 
2024 702.0 151.8 2.3 6.1 400.3 0.47 51.1 18.7 
2025 649.8 259.3 2.3 5.8 364.0 0.47 27.5 22.4 
p-value 0.01 0.001 0.18 0.05 0.05 0.01 <0.001 0.24 

 

In comparing the ALF treatment from 2023 to 2025, there were significant changes for a number of 
soil variables. 

• Phosphorus levels significantly decreased each year. As phosphorus was not applied during 
this period and some phosphorus would have been tied up in organic matter, this may 
provide an explanation. 

• Soil potassium levels also increased in 2025 following fall potash application in 2024. 
• There was a significant decrease in soil pH from 2024 to 2025. 
• Active carbon appeared to increase in 2024 before falling back somewhat in 2025. 
• Soil respiration increased significantly after the first year of alfalfa/timothy in 2023 and 

remained at the same level in spring 2025. 
• Aggregate stability increased significantly after the first year of alfalfa and then decreased 

following fall tillage in 2024. 

Table 4. GSP Treatment - comparison of soil variables across three years 

Year P2O5 K2O OM pH Active 
C 

Soil 
Respiration 

Aggregate 
Stability 

BNA 

 ppm ppm %  µg/g mg/g % mg/kg 
2023 830.0 181.0 2.3 6.0 341.0 0.39 19.1 23.6 
2024 645.8 124.0 2.3 6.2 377.8 0.46 55.8 20.9 
2025 649.5 238.5 2.4 6.1 376.5 0.47 32.2 16.1 
p-value 0.006 <0.001 0.15 0.002 0.60 0.01 0.002 0.06 

 

In comparing the GSP treatment from 2023 to 2025, there were significant changes for a number of 
soil variables. 

• Similarly to the ALF treatment, phosphorus concentration decreased significantly while 
potassium concentration increased. 

• While there was a statistically significant change in pH, the relative difference between 
years is not large enough to cause significant changes in crop growth. 

• Soil respiration observations were similar to the ALF treatment, with an increase after the 
first rotation year and then maintaining that level in the second year. 

• Aggregate stability observations also followed a very similar trend to the other two 
treatments, showing the impact of tillage on this soil health variable. 



• Unlike the other two treatments, BNA decreased significantly (p=0.06) in the final year of 
rotation. 

 

Table 5. Comparison of treatments in 2025  

Treatment P2O5 K2O OM pH Active 
C 

Soil 
Respiration 

Aggregate 
Stability 

BNA 

 ppm ppm %  µg/g mg/g % mg/kg 
ALF 649.8 259.3 ab 2.3 5.8 a 364.0 0.47 27.5 22.4 b 
GSP 649.5 238.5 a 2.4 6.1 b 376.5 0.47 32.2 16.1 a 
SSRAD  659.3 294.5 b 2.3 5.9 ab 346.3 0.46 22.8 20.7 ab 
p value 0.979 0.024 0.438 0.063 0.195 0.948 0.214 0.070 

 

In comparing the three treatments based solely on their 2025 soil samples: 

• Need p values. 
• There was a significant difference between the GSP and SSRAD treatments for potassium 

concentration. As only the GSP area had any crop removal (grain and straw in 2023), this 
may be a contributing factor. We can also not rule out over or under fertilization. 

• There was a significant difference in pH between the ALF and GSP treatment areas at 
p=0.063 if we assume that the only difference between the treatment areas was the crop 
rotation. However, as pH was not equal across the treatment areas at the start of the trial, it 
is difficult to attribute significant differences in pH to crop rotation alone. It should be noted 
that 2025 pH for the ALF and GSP treatments was within 0.1 of the 2023 readings, while the 
SSRAD mean was 0.3 lower than in 2023. 

• BNA for the ALF treatment was significantly higher (p=0.07) than the GSP treatment, despite 
both treatment areas having alfalfa/timothy in 2024. 

• The other soil variables were not significantly different. 

Table 6. Soil compaction measured in May 2025 prior to potato planting, measured in psi. 

 3 in 6 in 9 in 12 in 15 in Avg 
ALF 46 a 62 ab 237 b 306 a 338 a 197.8 ab 
GSP 42 a 83.5 b 240.5 b 325 a 365 a 211.3 b 

SSRAD 44 a 40 a 147.5 a 307.5 a 351.5 a 178.1 a 
p-value 0.57 <0.001 0.02 0.81 0.63 0.05 

 
When comparing mean compaction readings (in psi), a significant difference in compaction was 
only detected at two depths. At both six and nine inches, there was significantly lower psi readings 
from the penetrometer in the SSRAD treatment area. The significant root mass of both sudangrass 
in the 2023 may have played a part in this reduced compaction. Surprisingly, we did not see 
significantly lower compaction deeper in the soil profile in the alfalfa/timothy treatment area, 
despite the reputed deep taproots that alfalfa plants can produce. 

 



Table 7. Comparison of potato yield and quality across treatments in 2025. 

Treatment 
Total 
Yield 

Total 
Defects Smalls 

Marketable 
Yield 

Over 10 
oz 

Specific 
Gravity 

Crop 
Value 

 cwt/ac % % cwt/ac %  $ 
ALF 301.2 1.5 7.4 274.6 8.0 1.099 4748 
GSP 300.4 2.5 12.1 257.0 5.6 1.102 4497 

SSRAD 327.0 1.6 9.0 292.9 8.7 1.103 5081 
p-value 0.62 0.76 0.16 0.50 0.74 0.31 0.53 

 

No significant differences in total yield, size profile, tuber quality or marketable yield were identified 
between three treatments. While there is a slight positive numerical trend in favour of the SSRAD 
treatment for total yield, marketable yield and crop value, these differences were not statistically 
different. Additional observations over additional years may be necessary to determine whether 
these crop rotations have a significant impact on potato yield and quality. 

It should be noted that 2025 was an extremely dry growing season, with under 40% of normal rainfall 
in August and September in Eastern PEI. This is likely to have had a masking effect on teasing apart 
treatment differences in a trial such as this. While a $584 difference in crop value between the SSRAD 
and GSP treatments was not statistically significant in this trial, it would be a significant impact to 
the bottom line of farms. Therefore, additional research is needed to explore the impact of these 
rotations on potato yield. 

In addition, other AIM research indicates that having alfalfa planted in the year before potatoes can 
contribute a substantial nitrogen credit to the following potato crop. As applied nitrogen was not 
varied in this trial, it is possible that surplus nitrogen may have delayed tuberization in the ALF and 
GSP treatment areas. As an aside, when preview plots were dug in this field in late August, yields 
were significantly lower with a smaller size profile in the ALF treatment than in the other two 
treatment areas. As Payette Russet is a somewhat late maturing variety (partially indeterminate), 
excess nitrogen may have delayed tuberization somewhat in these treatments. If this trial is to be 
reproduced in future years, it would be recommended to include both a GSP nitrogen rate as well as 
a reduced nitrogen rate to assess the impact of legume-derived nitrogen. 

Summary Observations: 

• Large differences in soil organic matter and soil health metrics were not observed between 
treatments, except for biological nitrogen availability, which favoured the direct-seeded 
alfalfa/timothy treatment. 

• Soil compaction was lower in the sorghum sudangrass/oilseed radish treatment at six- and 
nine-inch soil depths than in the other two treatments in advance of potato planting. 

• There were no significant differences in potato yield and quality observed between the 
treatments; however, there is a numerical trend in favour of the SSRAD rotation that should 
be examined in future trials. 

• The impact of a significant nitrogen credit coming from alfalfa may not have been fully 
captured in this trial as executed. Future trials should account for this legume-derived 
nitrogen credit. 
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