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NUTRIENT REMOVAL IN HARVESTED MATERIAL 
Dustin Sawyer1 Amaya Atucha2 Charles Glenn3 

1 Rock River Laboratory, Inc. 2 University of Wisconsin-Madison Plant and Agroecosystem 
Sciences 3 Insight FS Cooperative 

 

Background and justification 
The University of Wisconsin Extension Publication A2809 Nutrient Application Guidelines 
for Field, Vegetable, and Fruit Crops in Wisconsin provides soil test interpretations and 
fertilizer recommendations for Wisconsin agriculture using a “build and maintain” 
ideology. Understanding nutrient (N, P, K) removal rates through harvest is crucial to 
properly calculating maintenance fertility, yet A2809 does not have cranberry nutrient 
removals. Though it is not the only driver of soil nutrient flux, harvest removals are an 
easy-to-measure component of a successful fertilizer strategy.  
 
Limited studies have been conducted to determine nutrient removals through cranberry 
harvest, but those have not investigated how production variables such as genetics, 
fertilization strategy, or soil test levels can impact the removal rates. These limited 
studies have focused only on the Stevens cultivar and no studies can be found that have 
attempted to quantify the nutrient removal that goes with the harvested trash. 
 
Methods 
This pilot study examined nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), 
magnesium (Mg), and sulfur (S) removals through both fruit and trash harvest by 
collecting samples and analyzing the mineral content, then pairing with yield. Information 
was also collected on berry genetics, and bed age to determine whether these have an 
impact on the mineral content of the harvested material. Sample collection was 
conducted by a combination of the cranberry growers and Insight FS staff and all 
analysis was conducted at Rock River Laboratory, Inc, Watertown, Wisconsin. 
 
Results 
Nutrient removals were standardized to the 2023 Wisconsin average yield of 262 
bbl/ac, 10.1% dry matter in the berries, and 25.5% dry matter in the trash. Significant 
differences in removal rates were associated with cultivar as well as marsh for all 
nutrients except nitrogen, however the cultivars varied across marshes so there may be a 
cultivar by marsh interaction. Figure 1 shows how these two variables may have 
interacted with K removal rates. 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
Table 1 shows the overall nutrient removal rates of fruit by cultivar, while Table 2 shows 
the same for trash. Values with different letters are statistically different from one 
another (α=0.05). 
 

Table 1: Nutrient removal rates through fruit harvest by cultivar, 
assuming a yield of 262 bbl/ac. Numbers in the same row with different 
letters are significantly different from one another (α=0.05) 
Nutrient 
(lbs/Ac) 

Mullica 
Queen 

Hy Red Stevens Sundance 

N 17.52(A) 16.55(A) 15.91(A) 14.44(A) 

P2O5 5.64(A) 5.08(B) 5.27(AB) 4.54(C) 

K2O 20.03(B) 22.31(A) 18.92(BC) 17.61(C) 

Ca 3.31(A) 1.89(B) 3.27(A) 2.46(AB) 

Mg 1.32(AB) 1.18(B) 1.38(A) 1.16(B) 

S 1.11(A) 1.04(AB) 1.08(A) 0.90(B) 

 

A B 
Figure 1: Elemental K removal rates by cultivar (A) and marsh (B) with an assumed fruit yield of 262bbl/ac; Hy 
Red cultivar and marsh C removed the most K, while Sundance and marsh E removed the least. The caveat is that 
marsh C reported 100% Hy Red cultivar while marsh C reported 0% Hy Red. 



Table 2: Nutrient removal rates through trash removal by cultivar, 
assuming a yield of 1 ton/ac. Numbers in the same row with different 
letters are significantly different from one another (α=0.05) 
Nutrient Mullica 

Queen 
Hy Red Stevens Sundance 

N 3.78(B) 4.41(B) 4.3(B) 5.34(A) 

P2O5 0.77(B) 0.95(A) 0.88(AB) 1.04(A) 

K2O 0.85(C) 1.35(A) 0.91(BC) 1.14(AB) 

Ca 5.59(B) 6.3(AB) 6.04(AB) 6.73(A) 

Mg 0.71(B) 0.79(A) 0.8(A) 0.86(A) 

S 0.38(B) 0.45(A) 0.45(A) 0.49(A) 

 
Data show that nutrient removals with the fruit harvest may be variable with the cultivar 
but is less than one pound per acre in all cases. The primary nutrients that are discarded 
with the trash are Ca and N, but these again are low.   
 
Conclusions 
Cranberry harvest removes only small amounts of mineral nutrients from the soil and 
may account for only a small portion of the total nutrient balance. It is possible that 
different cultivars remove nutrients at different rates, but more study will need to be 
conducted so that the marsh by cultivar interaction can be evaluated. 
  



INTERNAL STRUCTURE & FIRMNESS OF CRANBERRIES 
SHINYA IKEDA 

USDA-ARS VEGETABLE CROPS RESEARCH UNIT 

 

Cranberry fruit firmness 
There is an urgent need to comprehensively characterize the fruit quality of cranberries 
and understand how it is related to the quality of cranberry products such as sweetened 
dried cranberries (SDC). Fruit firmness is considered as one of the most important fruit 
characteristics relevant to the yield and product quality of SDC. Previous studies have 
revealed that the compressional force upon compression to 90% of its original size is the 
most reliable indicator of firmness and that firmness increases as fruit size increases. In 
this study, the relationship between the internal structure and the firmness of 
cranberries was investigated. 
 
X-ray micro-computed tomography (CT) 
X-ray micro-CT is an imaging technique to non-destructively visualize the internal 
structure of objects. X-rays are transmitted through the sample placed on the rotational 
stage at various angles to capture projection images from which cross-sectional images 
or slices are reconstructed. Reconstructed images can be analyzed to obtain quantitative 
information on internal structure at the micrometer scale. In this study, reconstructed CT 
images of cranberry fruits revealed the presence of numerous micrometer-sized pores 
within the fruit flesh, and total porosity was calculated as the percentage of the volume 
of pores within the fruit, including locules and pores within the flesh, to the total volume 
of the fruit. 
 
Effects of postharvest freezing 
Flash-freezing of cranberry fruits resulted in the formation of large internal cracks 
(Figure 1), a lower total porosity, and a lower firmness, which would negatively impact 
the efficiency of SDC production. Flash freezing induces extremely rapid nucleation and 
growth of ice crystals, which results in the formation of a large number of small ice 
crystals. In contrast, the nucleation of ice crystals in a freezer is a slow process resulting 
in a small number of large ice crystals. These large ice crystals would disrupt the intact 
cellular structure of the fruit flesh and enlarge pores filled with aqueous liquid. 
Disrupting the intact cellular structure is considered to be beneficial for processing since 
it is expected to facilitate juice extraction and infusion. 
 
Porosity, size, density, and firmness 
Total porosity correlated positively with fruit size. This is presumably because a larger 
fruit has larger locules. Total porosity correlated positively with not only fruit size but 
also firmness, which is consistent with the rule of thumb established in previous studies 
that the larger the fruit is, the firmer it is. In contrast, fruit density or the ratio of fruit 
weight to fruit volume correlated negatively with total porosity and firmness. The 



negative correlation between density and total porosity is intuitively understandable. 
Negative correlations between fruit density and firmness are frequently observed 
because it is frequently the case that, as fruit ripens, the sugar content increases to 
increase density and more pectin is degraded to soften the fruit. However, this is 
probably not the case with cranberries because the sugar content in cranberries is 
relatively low. 
 
Apparent modulus of elasticity 
The present study included one outlier which is small but firm cranberries. Firmness was 
unable to distinguish this sample group from other sample groups, while the apparent 
modulus of elasticity of this sample group was significantly higher than any other sample 
group. By definition, the modulus of elasticity is an intrinsic property of a material, 
meaning that it is independent of the size and shape of the material and also a measure 
of the resistance of the material to deformation under applied force. The present results 
indicate that the modulus of elasticity is another factor that contributes to fruit firmness. 
 

  
 
Figure 1 – X-ray micro-computed tomography images of Stevens berries frozen at -20 °C (left) and flash-
frozen using liquid nitrogen (right). 
 
Next Steps 
Not only fruit size but also the apparent modulus of elasticity was found to be a 
contributing factor to fruit firmness. Efforts will be continued to clarify the mechanism 
by which firmness is determined. 
 
Acknowledgements: I would like to thank Matthew D. Conner for mechanical and 
tomographic data collection and analysis, Tomomi Komatsu for collecting cranberry 
samples, and Chang Liu for statistical data analysis. 
  



VARIETY-DEPENDENCE OF PHYTOCHEMICAL CONTENTS IN CRANBERRIES 
Tomomi Komatsu1 and Shinya Ikeda2 

1 University of Wisconsin–Madison Department of Food Science 
2 USDA-ARS Vegetable Crops Research Unit 

 

Introduction 
The American cranberry (Vaccinium macrocarpon) is known for its health beneficial 
phytochemicals such as proanthocyanidins, anthocyanins, flavanols, and organic acids. 
Particularly, the cranberry has A-type proanthocyanidins that may contribute to its 
ability to inhibit urinary tract infection. However, little is known about variety-dependent 
variabilities in the phytochemical composition in cranberries. Therefore, this study aimed 
to investigate the phytochemical composition in 17 different varieties of fully ripened 
cranberry fruits to determine their phytochemical composition. The correlations among 
the chemical composition, the size, and the color of the cranberry fruits were also 
examined. 
 
Approaches 
Matured cranberry fruits were harvested between August 30 and September 27 in 2023 
from the variety trial bed at the Wisconsin Cranberry Research Station. This study 
included 17 cranberry varieties: #35, Stevens (ST), Bergman (BR), Ben Lear (BL), 
Demoranville (DE), Pilgrim (PI), Crimson Queen (CQ), GH1, HyRed (HR), BE4, Franklin 
(FR), Mullica Queen (MQ), BG, Howes (HO), Ruby Star (RS), Early Black (EB), and Yellow 
Bell. The Yellow Bell variety displayed two distinct phenotypes: completely yellow fruits, 
referred to as Yellow Bell Yellow (YBY), and partially red fruits, referred to as Yellow Bell 
Tint (YBT). Except for Yellow Bell, maturity was considered to be reached when most of 
the fruit surface was visibly pigmented red. For Yellow Bell, maturity was confirmed by 
the pigmentation of seeds of randomly selected nearby fruits. The fruits were stored at –
20℃ and freeze-dried prior to chemical analysis. 
 
Frozen fruit samples were lyophilized, powdered, and then combined with the solvent 
for extraction. Phenolic compounds and monomeric anthocyanins were extracted using a 
1:1 (v/v) mixture of 0.1% (v/v) hydrochloric acid in methanol and 0.1% (v/v) hydrochloric 
acid in ultrapure water. Soluble proanthocyanidins were extracted using an aqueous 
solution containing 70% (v/v) acetone and 2% (v/v) acetic acid. 
 
Total phenolic contents were determined using the Folin-Ciocalteu assay and expressed 
as gallic acid equivalents. Monomeric anthocyanins were quantified using the pH 
differential method and expressed as cyanidin-3-galactoside equivalents. Soluble 
proanthocyanidins were quantified colorimetrically using the DMAC method and 
expressed as catechin equivalents. 
 



Titratable acidity (TA) was determined using the standard method. Photographic image 
data of all fruits were taken immediately after harvest and analyzed using Python-based 
models, including YOLOv8 and Berry Portrait for fruit size and color. 
 
Results 
All quantified compounds showed significant differences among cranberry cultivars (p < 
0.05). The total phenolic content was the highest in Howe, which exceeded most other 
cultivars, followed by Early Black and Ruby Star (Figure 1). Monomeric anthocyanidin 
contents were the highest in Franklin, followed by Howes (Figure 2). Soluble 
proanthocyanidin levels were the highest in Early Black and the lowest in Bergman and 
Stevens (Figure 3). 
 
Statistical analyses among all examined fruit characteristics revealed several significant 
correlations (Figure 4). The Color_a* value, representing the degree of redness (positive) 
or greenness (negative), exhibited a positive correlation with the anthocyanin content. In 
contrast, the Color_R* value, which indicates the intensity of redness, showed a negative 
correlation with the anthocyanin content. Furthermore, fruit length and width were 
negatively correlated with total phenolic, monomeric anthocyanins, and soluble 
proanthocyanidin contents, whereas roundness displayed a slightly positive correlation. 

 
 
 
 
 

  
Figure 1 – Total phenolic contents expressed as milligrams of gallic acid equivalent per 100 grams of dry 
matter (n = 3). Different letters indicate significant varietal differences (p < 0.05). 

 



 
Figure 2 – Monomeric anthocyanins contents expressed as milligrams of cyanidin-3-galactoside equivalent 
per 100 grams of dry matter (n = 3). Different letters indicate significant varietal differences (p < 0.05). 
 
 
 
 
 

  
Figure 3 – Soluble proanthocyanidin contents expressed as milligrams of catechin equivalent per 100 
grams of dry matter (n = 3). Different letters indicate significant varietal differences (p < 0.05) 
 



 

Figure 4 - Heatmap showing Pearson’s correlation coefficients for each pair wise comparison between all 
examined fruit characteristics. Color_L, a, and b refer to the CIELAB color space, where L denotes 
lightness, a represents the red-green axis, and b corresponds to the yellow-blue axis. Color_R, G, and B 
refer to the RGB color scale, where R indicates the intensity of red, G represents the intensity of green, 
and B signifies the intensity of blue. 

 
Next Steps 
This study revealed variety-dependent differences in polyphenol profiles. However, 
there is limited study on how these differences would be related to compositional 
changes occurring during processing. Therefore, future work will focus on six varieties 
with the highest (Early Black, Yellow Bell Yellow, Ruby Star) or lowest (Bergman, 
Stevens, BG) proanthocyanidin levels and how heat treatments alter their chemical 
composition. Particular attention will be given to the retention or degradation of specific 
bioactive compounds during heat processing. 
 
Acknowledgements: I would like to thank my advisors, Dr. Shinya Ikeda and Dr. Bradly W. 
Bolling, for their guidance and support. I am also grateful to Matthew Conner for 
assistance with harvest, and to Dr. Juan Zalapa, his lab members, and the staff at the 
Wisconsin Cranberry Research Station for providing access to their fields and facilities, 
as well as their support during the study. 
 



COLD HARDINESS PREDICTION MODEL TO REDUCE CRANBERRY YIELD LOSSES 
Michael North1, Al Kovaleski1, Amaya Atucha1 

1University of Wisconsin–Madison, Department of Plant and Agroecosystem Sciences 
 

Summary 
Cranberry buds respond to environmental cues to coordinate the development and loss 
of cold hardiness during the dormant season. Understanding the magnitude and 
variability of bud cold hardiness is critical for appropriately implementing protective 
management practices to prevent low temperature damage and to forecast spring and 
summer phenology. In this study, we evaluated cold hardiness of V. macrocarpon 
‘Stevens’ apical reproductive buds using controlled freeze tests with (1) visual estimation 
of tissue browning (“visual browning”; Figure 1); and (2) electrolyte leakage (“EL”; Figure 
2). Both visual browning and EL quantified similar patterns of cold hardiness 
development and loss across the dormant season and were highly correlated (Figure 3). 
These results provide evidence that validates EL as a cold hardiness assessment 
technique for cranberry buds, which will expand and improve future cranberry cold 
hardiness research opportunities. EL is more efficiently scaled and therefore allows the 
inclusion of more measurement repetitions, more experimental sites, and more cultivars. 
EL is also less prone to subjective differences (e.g., slight deviations in evaluations 
performed by different individuals) as it provides a more objective measurement of 
injury. In this study, we also used the current cold hardiness dataset to develop a cold 
hardiness prediction model following a framework similar to that used for grapevines 
(Figure 4). We hope to continue improving and testing this cranberry cold hardiness 
prediction model through additional cold hardiness data collection. This model has the 
potential to inform cold stress mitigation practices and forecast key spring phenological 
development stages, such as budbreak and bloom. 
 
Plant material used to estimate cold hardiness 
We evaluated bud cold hardiness approximately every other week during two winter 
seasons (2022-2023 and 2023-2024) using a traditional method (visual browning) and a 
novel method (electrolyte leakage). For both methods, we collected ‘Stevens’ uprights 
from the Wisconsin Cranberry Research Station in plastic bags, and stored them in a 
cooler with ice while transporting them back to the lab at UW–Madison for processing. 
We sorted approximately 300 reproductive uprights to use across both cold hardiness 
methods. 
 
Visual browning method for estimating cold hardiness 
To prepare the visual browning method, we cut uprights to approximately 4-inch lengths, 
randomly sorted the uprights into groups of 5, wrapped their bases with wet paper 
towel, and sealed them in 50 mL plastic tubes. We moved the tubes with samples in a 
freezer programed to reach target temperatures according to a predetermined schedule. 
Target treatment temperatures for visual browning ranged from 0 °C (controls kept on 
ice) to -48 °C, but specific intervals varied slightly by collection date. To evaluate bud 



damage by the visual browning method, we observed samples using an Olympus SZX12 
dissection microscope with a 1X objective (Olympus Optical Company) and an attached 
Canon EOS Rebel T6i digital camera (Canon Inc.). Before dissecting, we removed leaves 
from the distal ends of uprights and excised the buds from the stem by cutting 
approximately 1/4-inch below the base of the bud. Then we cut the bud and attached 
stem portion longitudinally with a double-edged razor blade (Panel A in Figure 1). In this 
study, we evaluated only the bud axis for freezing damage severity. We scored damage 
based on the proportion of oxidative browning and water-soaked appearance, on a scale 
from 0 to 3, with 0 representing no damage and 3 representing complete damage in the 
structure. We used a nonlinear model to fit a logistic curve based on damage 
observations versus freezing temperature treatments on a given collection date and 
estimated visual browning cold hardiness values across several thresholds (0.5, 1, 1.5, 2, 
2.5, and 3; Panel B in Figure 1). We visualized the seasonal dynamics of bud cold 
hardiness changes by plotting the visual browning cold hardiness values across collection 
dates (Panel C in Figure 1). 
 

 
Figure 1. Visual browning for estimating cold hardiness. A. Example of dissected cranberry 
upright with browning in the bud axis region, which is outlined in red. Numbers that are larger 
(closer to 3) represent more cold damage. B. An example plot of visual browning data 
recorded for one collection date and colored lines indicating cold hardiness estimation values. 
C. Plots aggregating the visual browning cold hardiness estimations across two winter 
seasons. Colored points and lines represent varying degrees of estimated cold hardiness.  
 
Electrolyte leakage method for estimating cold hardiness 
To prepare the electrolyte leakage method, we removed leaves from the bud end of the 
upright and excised the bud with some stem by cutting approximately 1/8-inch below 
the bud, randomly sorted buds into groups of 5, and sealed them in 15 mL plastic tubes 
with 3 mL of nanopure water (Panel A Figure 2). Just as for the visual browning method, 
we placed the tubes in a freezer programed to reach target temperatures according to a 
predetermined schedule. Target treatment temperatures for electrolyte leakage were: 4 
°C (controls kept in a refrigerator); -5, -10, -15, -20, -25, -30, -40 °C, and -80 °C. After 
the freezing treatment, we moved all sample tubes to an incubating shaker programmed 
for 22 °C and 120 rpm overnight (for a minimum of 12 h). The following day, we 
measured conductivity of the solution in each tube with a conductivity probe (Vernier 



Software and Technology) set to a low-concentration range (0-200 µS/cm). Then we 
refroze all samples to -80 °C by moving tubes into a Fisher IsoTemp Ultra Low Freezer 
for at least 24 hours, but typically for 72 hours. After this, we placed the tubes on the 
incubating shaker overnight again and measured conductivity again the following day. 
We used the relative conductivity measurements (first measurement divided by second 
measurement) to quantify an electrolyte leakage value. We also used a nonlinear model 
to fit a logistic curve based on relative conductivity versus freezing temperature 
treatments on a given collection date and estimated cold hardiness values from 
electrolyte leakage across percentile thresholds (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, and 
0.9; Panel B in Figure 2). We visualized the seasonal dynamics of bud cold hardiness 
changes by plotting the electrolyte leakage cold hardiness values across collection dates 
(Panel C in Figure 2). 
 

 
Figure 2. Electrolyte leakage for estimating cold hardiness. A. Example of a tube with five 
excised cranberry buds submerged in nanopure water for conductivity measurement. 
Numbers that are larger (closer to 1) represent more cold damage. B. An example plot of 
electrolyte leakage data recorded for one collection date and colored lines indicating cold 
hardiness estimation values. C. Plots aggregating the electrolyte leakage cold hardiness 
estimations across two winter seasons. Colored points and lines represent varying degrees of 
estimated cold hardiness. 
 
Comparing methods for estimating cold hardiness 
There is evidence to support implementing electrolyte leakage in cranberry cold 
hardiness research moving forward, as the estimates from both methods are highly 
correlated, show minimal bias, and have a low root mean squared error. 
 



 
Figure 3. A matrix of statistics to compare 
visual browning and electrolyte leakage 
methods for estimating cold hardiness. Each 
square compares two quantiles of the cold 
hardiness estimates across all collection dates 
in both seasons. A. Pearson correlation: 
darker purple squares represent a higher 
linear relationship. B. Bias: squares with less 
color represent less over- or underestimating 
in cold hardiness estimates between both 
methods. C. Root mean squared error: darker 
purple squares represent less average 
difference between the two methods. 



 
 
 

 

 
Preliminary development of a cold hardiness prediction model 
Based on the estimated bud cold hardiness results from electrolyte leakage, we 
developed a model to predict cranberry bud cold hardiness using a mathematical 
framework we had previously developed for grapevine cold hardiness. In this model, bud 
cold hardiness dynamics are calculated based on changes in air temperature. For this 
study, we collected weather data (specifically, 2m air temperature) from the Wisconet 
station at the Wisconsin Cranberry Research Station. We calibrated parameters within 
the model based on the first year of the electrolyte leakage cold hardiness dataset and 
tested the best-fitting parameters using the second-year dataset. 
 

 
Figure 4. Measured and predicted seasonal bud cold hardiness in two winters. Daily 
maximum (red lines) and minimum (blue lines) air temperatures from September 1 to May 31. 
Observed cold hardiness based on the 0.5 percentile estimated by electrolyte leakage (open 
circles) and predicted cold hardiness (black line). In this preliminary model, the 2022-2023 
season’s data is used to calibrate the model parameters and the 2023-2024 season’s data is 
used to test the model. 
 
Future work in cranberry bud cold hardiness 

- Regrowth assays. We will grow cranberry uprights in a controlled environment 
after the freezing temperature experiments to observe bud viability following 
freezing treatment tests. This will provide evidence needed to select a bud cold 
hardiness value that is not only statistically optimal but also representative of the 
plant’s experience in the field. 

- Temperature characterization at the canopy level and under ice. Besides 
continuing to monitor air temperature at the Wisconet weather station, we also 
plan to measure air temperature at the canopy and soil levels, both when ice is 
present and when it is absent. Since temperature is the only cold hardiness model 
input, this will be important to more accurately represent the temperatures that 
cranberry buds are experiencing. 
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- Scaling up. We aim to expand our measured cold hardiness dataset to include 
collections from more locations in a given year and to include more cultivars. 
Larger datasets across sites and cultivars will strengthen validation of the model. 

- Grower access. The ultimate aim of this research is to create an app or web-based 
tool where growers can enter their marsh location and receive bud cold hardiness 
predictions in real time. 

 
Acknowledgements: We thank the staff at the Wisconsin Cranberry Research Station for 
maintaining wonderful field sites to collect samples from. This work was supported by 
the UW Gottschalk Endowed Chair Fund for Cranberry Research and the 2022 Specialty 
Crop Block Grant Program hosted by the Wisconsin Department of Agriculture, Trade, 
and Consumer Protection. 
 

INTERATIVE GROWER SURVEYS REGARDING THE 2024 WISCONSIN GROWING 
SEASON 

Allison Jonjak1 

1 University of Wisconsin-Madison Division of Extension 

Demographic Questions 
 

What county are you from?    
 Adams 0 0% 

 Buffalo 0 0% 

 Burnett 0 0% 

 Douglas 1 2% 

 Eau Claire 0 0% 

 Iron 0 0% 

 Jackson 10 24% 

 Juneau 0 0% 

 Lincoln 1 2% 

 Monroe 8 20% 

 Oneida 2 5% 

 Portage 2 5% 

 Price 2 5% 

 Richland 1 2% 

 Rusk 0 0% 

 Sawyer 1 2% 

 Vilas 3 7% 

 Washburn 0 0% 

 Wood 10 24% 
Has anyone from my farm participated on any boards or committees in the cranberry 
industry? (WSCGA, WCB, WCREF, CI, CMC, handler board, etc) 
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 Yes, within the last 10 years 23 53% 

 Yes, but longer than 10 years ago 2 5% 

 No 18 42% 
Do you use the Cranberry Forecast (GLWS forecast funded by WCB), and if so, how? 
(you can check multiple) 

 I use the GLWS Cranberry Forecast online website 46 87%    
 I use the GLWS Cranberry Forecast via the call-in number 10 19%    
 I do not use the GLWS Cranberry Forecast 1 2%    
How many months per year do you want the Cranberry Forecast to be prepared? 

 7 months (current) 30 61%    
 12 months 19 39%    
 not at all 0 0%    

 

Entomology Questions 
 

What was the main yield-reducing pest of the 2024 crop? 

 Insects 0 0% 

 Disease/rot 18 38% 

 Weeds 
2
9 62% 

Was your insect pressure in 2024:   
 Up from 2023 0 0% 

 Down from 2023 32 64% 

 Similar to 2023 18 36% 
How many insecticide sprays did you apply in the 2024 growing season? 

 0 1 2% 

 1 to 2 15 30% 

 3 to 4 
3
3 66% 

 5 to 6 1 2% 

 more than 6 0 0% 
Was the flea beetle population on your marsh in 2024: 

 up from 2023 2 4% 

 down from 2023 
3
3 70% 

 same as 2023 12 26% 
How many sprays did you apply specifically for flea beetle in 2024? 

 0 21 41% 

 1 23 45% 

 2 7 14% 

 3 0 0% 
What insecticide did you use for flea beetle control in 2024? 
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 Assail 0 0% 

 Diazinon 14 39% 

 Venom 12 33% 

 Altacor 5 14% 

 Actara 1 3% 

 Imidan 0 0% 

 other 4 11% 
Have you noticed a reduction in yield in areas where you had flea beetle pressure the 
previous year? 

 Yes 3 7% 

 No 31 70% 

 Maybe 10 23% 
How concerned are you about leafhoppers on your marsh? 

 Not concerned at all 19 37% 

 Slightly concerned 22 43% 

 Moderately concerned 9 18% 

 Very concerned 1 2% 
How many times did you spray for leafhoppers in 2024? 

 0 47 90% 

 1 5 10% 

 2 0 0% 

 3 or more 0 0% 
What do you plan to use in the early season instead of Lorsban to control insect pests? 

 Acephate (Orthene) 5 10% 

 Sevin (Carbaryl) 0 0% 

 Diamide (Altacor, Exirel, Verdepryn) 1 2% 

 A spinosyn (Delegate, Entrust) 4 8% 

 Phosmet (Imidan) 0 0% 

 A neonicotinoid (e.g., Actara, Venom, Assail, Admire Pro) 1 2% 

 Diazinon 0 0% 

 Fanfare 38 76% 

 Other 1 2% 
 

Physiology Questions  
 

In 2024 your yields were:   
 Higher than average 37 69% 

 Lower than average 4 7% 

 Similar to previous years 13 24% 
In 2024 your fruit size was:   
 Bigger than average 5 10% 

 Smaller than average 6 12% 
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 Similar to previous 40 78% 
In 2024, your fruit firmness was:   
 Similar to previous years 46 90% 

 Better than in previous years 1 2% 

 Worse than in previous years 4 8% 
In 2024, your fruit rot incidence was:  
 Similar to previous years 23 43% 

 Lower than in previous years 8 15% 

 Higher than in previous years 22 42% 
Did you have yield losses due to cold damage during 2024: 

 yes 14 27% 

 no 35 67% 

 I'm not sure 3 6% 
What kind of winter damage did you notice on your marsh? 

 Leaf drop on edges of bed 10 19% 

 Leaf drop on entire bed 9 17% 

 None 33 63% 
How many times did you flood your cranberry beds for winter protection last season? 

 0 times 0 0% 

 1 time 4 8% 

 2 times 7 14% 

 3 times or more times 40 78% 
How confident do you feel when making the decision to flood for winter protection? 

 Very confident 29 52% 

 Somewhat confident 21 38% 

 Neutral 5 9% 

 Not confident 1 2% 
On average, how much does flooding for winter protection cost in terms of time and 
resources? 

 Less than $500 and 5 hours or less 2 4% 

 $500–$1,000 and 5–10 hours 5 10% 

 $1,000–$2,000 and 10–20 hours 9 17% 

 More than $2,000 and over 20 hours 36 69% 
Do you believe the impact of flooding on plant health is well understood? 

 Yes, I feel well-informed 7 13% 

 Somewhat, but I have questions 15 28% 

 No, I think more information is needed 30 56% 

 I am unsure 2 4% 
Do you believe flooding impacts the long-term health or productivity of your cranberry 
beds? 

 Yes, positively 34 61% 

 Yes, negatively 4 7% 

 No noticeable effect 2 4% 
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 I’m not sure 16 29% 
Have you found yourself flooding more frequently during recent warmer winters? 

 Yes, significantly more often 25 45% 

 Yes, slightly more often 18 33% 

 No, my flooding practices have not changed 8 15% 

 No, I am flooding less frequently 4 7% 

 Unsure 0 0% 
How do you decide how long to keep the flood on for winter protection? 

 I follow science-based recommendations 9 16% 

 I rely on previous experience 40 73% 

 I ask other growers for advice 2 4% 

 I make an educated guess each year 3 5% 

 I am unsure 1 2% 
Were your 2024 tissue tests lower in N than usual? 

 Lower than usual 3 6% 

 Close to usual 42 86% 

 Higher than usual 4 8% 
 

Pathology Questions 
 

How many fungicide applications did you make in the 2024 growing season to control 
fruit rot? 

 0 13 23% 

 1 9 16% 

 2 27 48% 

 3 5 9% 

 more than 3 2 4% 
What were the fruit rot levels on your marsh in 2024? 

 < 5% 
4
3 77% 

 5-10% 12 21% 

 11-20% 1 2% 

 21-30% 0 0% 

 > 30% 0 0% 
When using fungicides and combining modes of action, do you primarily rely on tank 
mixing Indar + Abound (or another FRAC11) or using Quadris Top? 

 I tank mix Indar + Abound (or Satori or Aframe) 29 54% 

 I use the premix Quadris Top 10 19% 

 I do not use Indar, Abound/Satori/Aframe, or Quadris Top 5 9% 

 I do not apply fungicides 10 19% 
What is your level of confidence that fungicides applied during bloom provide good 
protection against fruit rot infections? 
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 Very confident 13 25% 

 Somewhat confident 31 58% 

 Not very confident 9 17% 

 Yes, absolutely 
3
9 70% 

 Possibly, depending on the evidence 13 23% 

 No, I prefer to stick with current practices 2 4% 

 Unsure 2 4% 
Would you consider adopting alternative fungicide timing patterns if research 
demonstrated they were more effective? 

 Yes, absolutely 
3
9 70% 

 Possibly, depending on the evidence 13 23% 

 No, I prefer to stick with current practices 2 4% 

 Unsure 2 4% 
Did you see symptoms of the cranberry viruses (Tobacco Streak Virus and/or Blueberry 
Shock Virus) in 2024? 

 Yes 22 39% 

 No 33 59% 

 Not sure, did not look 1 2% 
How concerned are you about the impact of Tobacco Streak Virus and Blueberry Shock 
Virus on your marsh? 

 Very concerned 12 21% 

 Somewhat concerned 31 55% 

 Not very concerned 13 23% 
 

Weed Science Questions 
 

Do you have moss on your marsh?  
 Yes, but only in a few beds; 33 60% 

 Yes, extensively across the marsh; 14 25% 

 No moss on my marsh! 8 15% 
Do you feel that your weed pressure impacts cranberry yield? 

 No impact 8 15% 

 Yes, by 10% or less 29 53% 

 Yes, by 11 to 25% 17 31% 

 Yes, by greater than 25% 1 2% 
Do you use Casoron in your established beds: 

 Yes, I use it every year 34 64% 

 Yes, but not every year 18 34% 

 No, I don’t use Casoron 1 2% 
When renovating, how concerned are you about weeds in the planting year? 
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Not concerned at all - I'm confident that the vines will outcompete early weeds 
and we have herbicides to catch up on weed control 4 7% 

 Mildly concerned 5 9% 

 Moderately concerned, but not the highest priority 15 28% 

 Very concerned - early weed control is a high priority 30 56% 
Did you use QuinStar herbicide in the 2024 growing season? 

 No 38 72% 

 On some but not all of my beds 13 25% 

 On all my beds 2 4% 
If there weren't handler MRL export concerns about QuinStar herbicide in the 2025 
growing season, would you use it? 

 Yes, likely two applications 10 19% 

 Yes, likely one application 17 32% 

 Maybe 25 47% 

 No 1 2% 
When considering surfactants with your pesticides: 

 I use the same surfactant product every year, if possible 40 75% 

 I use whatever the dealer delivers with the pesticide 6 11% 

 I’m not that concerned about which surfactant brand I use 7 13% 
Are you concerned about the development of herbicide-resistant weeds on your 
marsh? 

 Very concerned; 38 69% 

 Somewhat concerned; 16 29% 

 Not at all concerned. 1 2% 
What is your rate of Casoron application?   
 <20#/ac 0 0% 

 20-29#/ac 15 31% 

 30-39#/ac 27 56% 

 40#/ac or more 6 13% 
 

    
    

    

FRUIT ROT PATHOGEN PRESENCE IN EARLY CRANBERRY BED ESTABLISHMENT  
ANA MARIA VAZQUEZ-CATONI1 and LESLIE HOLLAND1  

1University of Wisconsin-Madison Department of Plant Pathology 

Fungal endophytes, fungi that live within plant tissues without causing immediate 
symptoms, are an often-overlooked component of the cranberry microbiome, 
particularly in propagation materials used to establish new beds. In this study, we 
investigated the fungal endophyte communities present in cranberry vines and berries 
collected from nine commercial farms in Wisconsin over two consecutive growing 
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seasons. The goal was to better understand which fungal genera are consistently 
associated with propagation material and whether they overlap with species known to 
contribute to the cranberry fruit rot (CFR) complex. 

Our sampling focused on both propagative bales stored for varying durations and young 
beds less than three years old. The analysis confirmed the presence of seven fungal 
genera, Allantophomopsis, Coleophoma, Colletotrichum, Godronia, Phomopsis, Phyllosticta, 
and Physalospora, all of which include species associated with CFR. The data revealed 
tissue-specific patterns in fungal distribution: Phyllosticta species were primarily found in 
leaf tissue, while Phomopsis and Godronia species were more frequently isolated from 
lignified tissues such as stems. 

Our findings suggest that environmental and seasonal factors play a key role in shaping 
endophyte communities. More importantly, the consistent presence of CFR-associated 
genera in propagation materials highlights a potential early source of disease inoculum in 
newly established beds. 

Although this study confirms an overlap between endophytes in propagation material 
and known CFR pathogens, the ecological roles of these fungi, and their actual 
contributions to disease development, remain unclear. By identifying which fungi are 
consistently present in cranberry plant tissues early in the production cycle, this research 
provides a foundation for future work aimed at understanding the transmission routes 
and life cycles of key fungal pathogens. Ultimately, improving our knowledge of fungal 
endophytes in propagation materials may support the development of more effective 
strategies for disease management in cranberry production systems. 

 
Acknowledgements: We would like to acknowledge Holland lab students and staff, the 
Wisconsin cranberry growers for their support during trial deployment and data 
collection. 
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Introduction 
Cranberries are grown in a unique production system where managing stress is key to 
keeping the fruit healthy and high-quality. To achieve good yields, it’s important to spot 
problems like pests, diseases, or water stress early, before they cause serious damage. 
Remote sensing tools especially multispectral and thermal imaging, give cranberry growers 
a way to see signs of stress that the eye can’t detect yet. In this study, we look at how 
these technologies can help cranberry growers make decisions that are more accurate, 
timely, and effective. 

Multispectral and Thermal Remote Sensing for Crop Monitoring  
Multispectral and thermal remote sensing have become valuable tools for monitoring 
cranberry crops, which are sensitive to microclimatic variation and stress. Multispectral 
imaging captures reflectance across visible and near-infrared wavelengths, enabling 
calculation of vegetation indices such as NDVI that indicate canopy vigor, nutrient status, 
and photosynthetic activity. In cranberry production, drones equipped with multispectral 
sensors have been used to evaluate fertilizer application efficiency and detect spatial 
variability in crop health, thereby supporting precision management (Mupambi & Wicks, 
2023). 

Thermal imaging complements these measurements by mapping canopy temperature, a 
proxy for water status and physiological stress. This approach is particularly relevant in 
cranberries, where overheating and water deficits can reduce yield and quality. UAV-
based thermal imaging has been applied to improve frost protection by identifying 
temperature heterogeneity within beds and guiding sensor placement (Mupambi & Wicks, 
2023). While much thermal research has focused on other crops, studies in grapevines 
have shown strong relationships between canopy temperature, stomatal conductance, 
and yield (Espinoza et al., 2017), highlighting the transferability of these methods. 
Similarly, Akiva et al. (2021) introduced an AI-based system that uses drone imagery and 
weather data to predict internal berry temperature and identify sun-exposed fruit. Such 
systems provide cranberry growers with a proactive means of managing heat stress and 
optimizing irrigation.  

Collectively, these advancements demonstrate that combining multispectral and thermal 
sensing offers a holistic perspective on cranberry crop performance, enabling more 
efficient input use and earlier detection of stress across production systems. 

Vegetation Indices 
Vegetation indices (VIs) are mathematical calculations derived from plant images captured 
by satellites, drones, or other sensors. They use wavelengths beyond human vision, 
particularly near-infrared light to provide valuable insights into plant health, since healthy 
and stressed plants reflect light differently. 
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Figure 1 illustrates how leaves at different health stages reflect light differently across the 
visible and near-infrared (NIR) spectrum. Healthy leaves strongly absorb red and blue light 
for photosynthesis, reflect more green light, and exhibit very high reflectance in the NIR 
region, which is a strong indicator of plant vigor. Stressed leaves, however, show reduced 
absorption and lower NIR reflectance, signaling limited photosynthetic activity and 
declining health. Dead leaves display minimal absorption and reflectance overall, 
particularly in the NIR region, indicating a loss of physiological function. These spectral 
differences form the basis for vegetation indices (VIs), which use multispectral data to 
assess crop health and detect stress before visual symptoms appear. 

 
Image Source: https://midopt.com/new-triple-bandpass-filters-for-ndvi-and-endvi/ 

Figure 1. Spectral reflectance patterns of leaves in different health conditions. 

 
Role of Vegetation Indices in Cranberry Cultivation  
Vegetation indices (VIs) emphasize specific physiological or structural traits of crops and 
have become integral to monitoring cranberries. In this study, fifteen VIs were evaluated 
for their ability to capture canopy dynamics and detect stress across different growth 
stages. The Normalized Difference Red Edge (NDRE), which is highly sensitive to 
chlorophyll concentration, was particularly valuable for diagnosing nutrient deficiencies 
and monitoring overall plant stress. The Modified Chlorophyll Absorption in Reflectance 
Index (MCARI) enabled precise identification of vegetative patches within cranberry beds 
which are not transitioning from vegetative to reproductive growth, making it a reliable 
tool for assessing crop development. These findings indicate that no single vegetation 
index is universally optimal for cranberries. Instead, a combination of indices tailored to 
growth stage and management objectives provides the most comprehensive insights into 
canopy health, nutrient status, and developmental transitions. 

 
Multi-Scale Remote Sensing Approaches: Satellite Vs Aircraft Vs Drones 
In this study, three aerial platforms such as satellite, aircraft, and drones were evaluated 
to determine the most effective approach for identifying biotic and abiotic stress factors 
in cranberry production. 

https://midopt.com/new-triple-bandpass-filters-for-ndvi-and-endvi/
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Satellite Imagery  
Satellite imagery, while offering lower spatial resolution, provided a wide-scale and long-
term view of cranberry health across entire marshes. The MODIS AQUA satellite, for 
instance, supplied NDVI and EVI data (Figure 2A) at 16-day intervals, enabling seasonal 
and interannual trend analysis. This imagery was particularly valuable for monitoring large 
areas efficiently and cost-effectively. Satellite analysis was conducted for the Wisconsin 
Cranberry Research Station located at W8510 County Rd O, Black River Falls. These maps 
revealed seasonal transitions in canopy condition, from dormancy and snow cover in early 
spring to vigorous greening during the summer months. By highlighting areas of low vigor 
(orange–red zones) and high vigor (green zones), the imagery identified patterns of uneven 
growth, nutrient stress, waterlogging, or frost-prone locations that were not always 
apparent from ground scouting alone. 

For management, this spatial information was critical in guiding decisions on irrigation 
scheduling, frost protection, and fertilizer applications. Persistent stress zones identified 
in multiple images were prioritized for soil sampling, drainage improvement, or targeted 
nutrient supplementation. At the research station, such imagery also supported the design 
and placement of field experiments by ensuring that treatment plots were distributed 
across representative canopy conditions. Importantly, the long-term record provided by 
freely available satellite data enabled researchers to track interannual variability, evaluate 
the impacts of different management practices, and assess broader climate-related effects 
on cranberry production.  

Aircraft Imagery 
Aircraft-based multispectral imagery provided a balance between spatial resolution and 
coverage, making it suitable for medium-scale monitoring of cranberry beds. High-
resolution NDVI maps derived from these flights (Figure 2B) were particularly effective in 
evaluating cranberry plant health by comparing near-infrared and red-light reflectance. 
The imagery revealed distinct spatial gradients across the marsh: extensive areas of 
uniform green indicated healthy cranberry uprights with vigorous canopy growth, while 
scattered yellow and red patches marked localized stress. These stressed zones 
corresponded to nutrient deficiencies, which were subsequently confirmed through leaf 
tissue analysis. By depicting stress levels as color gradients, the aircraft imagery enabled 
researchers to identify problem areas within otherwise healthy beds, offering a level of 
diagnostic precision not achievable with satellite data alone. 

Drone Imagery 
Drone-based imaging provided the highest spatial resolution among the three platforms 
(satellite, aircraft, and drone), capturing fine-scale variability at the cranberry bed’s plot 
level. Equipped with multispectral and thermal sensors, drones enabled near real-time 
monitoring and highly detailed assessments of localized issues such as weed infestations, 
irrigation inefficiencies, and nutrient stress in cranberry beds. Because drones could be 
deployed on demand, they will allow growers and researchers to investigate specific 
problem areas quickly and cost-effectively. The Green Normalized Difference Vegetation 
Index (GNDVI) (Figure 2C) proved particularly effective for detecting weed infestations in 
cranberry beds, as it highlighted subtle differences in canopy reflectance associated with 
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chlorophyll content. This level of precision made drones especially valuable for guiding 
targeted management actions, although their limited flight range and operational 
requirements reduced their suitability for large-scale or continuous monitoring compared 
to satellites and aircraft. 

 
Figure 2. Comparison of remote sensing platforms for monitoring cranberry field health. 
(A) Satellite imagery (MODIS) showing vegetation stress maps from March 21, 2023, and 
June 25, 2023, highlighting seasonal changes across an entire cranberry marsh. 
(B) Aircraft-based imagery comparing a visual RGB map with an NDVI map, where 
distinct regions of high, medium, and low stress are identified. 
(C) Drone-based imagery provides ultra-high-resolution views at the bed level, with RGB 
imagery (left) and a corresponding GNDVI-derived weed infestation map (right) 
highlighting localized variability. 
Validation of Remote Sensing Insights 
Multispectral imagery was validated using ground-truth data, including leaf nutrient 
concentrations, soil moisture, soil nutrient levels, and chlorophyll fluorescence 
measurements. Sampling was conducted throughout the growing season, with 
georeferenced field data collected after each flight to verify imagery accuracy across 
different crop stages. The validation confirmed that the ADVI multispectral maps clearly 
revealed nutrient deficiency zones, particularly areas with low nitrogen levels in cranberry 
beds. Importantly, these stress regions were not always visually apparent in the field, beds 
often appeared healthy to the eye, but laboratory analysis of leaf samples matched the 
ADVIs-derived stress patterns. This finding demonstrated that multispectral maps could 
reliably detect hidden stress conditions, allowing earlier identification of nutrient 
limitations and other physiological challenges in cranberry production. 
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Turnaround Time of Processed Maps Using Drones 
The workflow from image capture to map generation was highly efficient, with processed 
outputs available within 24–48 hours. This rapid turnaround provided growers with timely, 
non-invasive information to support early stress detection and informed management 
decisions in cranberry production. By delivering actionable insights within one to two days 
of data collection, drone-based mapping enhanced the ability to respond quickly to 
emerging issues such as nutrient deficiencies, water stress, or weed infestations.  

Advantages 
Multispectral and thermal remote sensing offers several benefits for cranberry production. 
Its greatest strength lies in the ability to detect crop stress before symptoms become 
visible, enabling growers to take action proactively rather than reactively. The technology 
also provides non-invasive and repeatable monitoring throughout the growing season, 
allowing plant health to be tracked across different developmental stages. By precisely 
identifying problem areas, it supports more efficient use of water, nutrients, and pest 
control measures. These advantages not only improve decision-making but also promote 
more sustainable practices and increase profitability for growers. A key contribution of 
this study was the comparison of three aerial platforms—satellite, aircraft, and drones—
demonstrating that each has complementary strengths. If data collection from one 
platform was not feasible due to weather, cost, or logistical constraints, another platform 
could be used to ensure continuity of monitoring. This flexibility enhances the robustness 
and reliability of remote sensing in cranberry production systems. 

Challenges 
Despite these benefits, several challenges must be considered. The technology requires 
an initial investment in equipment, sensors, and software, which may pose a barrier for 
some growers. Data collection is also dependent on favorable weather and flight 
conditions, which can limit coverage at critical growth stages. Furthermore, proper use of 
the technology requires training so that growers can confidently interpret imagery and 
translate insights into management decisions. While these challenges exist, this study 
demonstrated that integrating satellite, aircraft, and drone imagery offers a resilient 
framework for stress detection and crop monitoring in cranberry production. 

Conclusion 
Multispectral and thermal remote sensing provided a proactive and effective approach to 
cranberry crop management by enabling early detection of stressors such as nutrient 
deficiencies, waterlogging, frost-prone zones, and weed infestations—factors that are 
particularly critical in the unique flooded bed system of cranberry production. The ability 
to identify these conditions before visible symptoms appeared allowed for more precise 
interventions in irrigation, drainage, and nutrient management, ultimately reducing yield 
losses and improving fruit quality. Importantly, this study demonstrated that satellite, 
aircraft, and drone platforms each offered distinct but complementary advantages: 
satellites enabled long-term and cost-effective marsh-scale monitoring, aircraft provided 
medium-scale imagery for capturing spatial variability with high precision, and drones 
delivered ultra-high-resolution maps for bed-level stress detection. By combining these 
tools, cranberry growers and researchers can establish a flexible, multi-scale monitoring 
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framework that ensures continuity of data collection under varying conditions. Beyond 
immediate management benefits, the integration of remote sensing in cranberry 
production contributes to long-term sustainability. It supports more efficient use of inputs, 
thereby enhancing both the sustainability and profitability of cranberry agriculture. 

Acknowledgements: We gratefully acknowledge and extend our appreciation to all 
collaborators, lab team members, and Madeline Bilbrey, an undergraduate student helper, 
for their valuable support.  
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Microbes such as bacteria, fungi, and other organisms live in soils independently and in 
association with plant roots. They can provide an array of benefits in this system, 
including mobilizing chemically unavailable nutrients, producing hormones that enhance 
plant growth and health, and protecting plants from disease causing pathogens (Van Der 
Heijden et al., 2008). To investigate the bacterial communities associated with 
cranberries, we isolated more than 200 bacterial strains from cranberry roots, soils, and 
leaves, in wild, organic, and conventional marshes. We included different ecosystems to 
capture the widest possible diversity of beneficial bacteria. These isolates were screened 
for their ability to solubilize insoluble forms of phosphorus (P) and to produce the plant 
hormone Indole-3-acetic acid (IAA.) In addition, we plan to investigate the role of sulfur 
oxidizing bacteria in cranberry marsh management, given their importance in nutrient 
cycling, soil health, and long-term sustainability (Ranadev et al., 2023.) 
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When phosphorus fertilizers are added to the soil, they are usually applied in forms 
readily available to plants. However, phosphorus precipitates out of the soil solution 
through reaction with metal ions. In neutral to alkaline soils, phosphorus binds with 
calcium (Ca) to precipitate, while in acidic soils such as cranberry marshes, it is 
predominantly immobilized through sorption and precipitation with iron (Fe) or 
aluminum (Al). The release of P from these mineral bound forms is generally too slow to 
meet crop demands. Bacteria can enhance P availability by solubilizing these bound 
forms, thereby improving plant nutrition and growth (Richardson and Simpson, 2011). To 
evaluate this potential, we screened our bacterial isolates for P solubilizing activity using 
a malachite green assay (Fig 1), including both inorganic (Ca, Fe, and Al) and organically 
bound P (Wang et al 2021). Of the 102 potential phosphorus solubilizing strains, 94 
solubilized measurable phosphorus in at least one of our malachite green assays. The 
highest levels of solubilization were observed with Ca bound P, 0-26725 µM (Fig 2), 
which is consistent with its relatively low energetic barrier to mobilization. Several 
strains also demonstrated solubilization of organically bound phosphorus. In contrast, 
solubilization of iron and aluminum bound P was comparatively low, with the range 
between 0-2245 µM. However, the detection of solubilization activity against these 
recalcitrant P pools is encouraging, as it suggests the presence of bacterial taxa with the 
molecular mechanisms capable of mobilizing otherwise inaccessible nutrient forms. 
These strains warrant further investigation of their potential application in cranberry 
production. 

 

Bacteria can promote plant growth by producing plant hormones, like IAA, a form of 
auxin that encourages root development. This is particularly valuable in the greenhouse 
industry for increasing the rooting rate of cuttings. We quantified IAA production by 
bacterial isolates after three days of culture in media supplemented with L-tryptophan, 
the precursor to IAA, using Salkowski’s Reagent (Park et al, 2021). Over 50% of the 
isolates produced high levels of IAA in culture exceeding 10 µg/mL, indicating 
substantial potential for auxin mediated growth promotion in cranberries. Future 

Figure 1 Malachite green reaction with P  Figure 2 Results of Ca3(PO4)2 assay 
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research will evaluate the application of these IAA producing bacteria in greenhouse 
trials to assess their impact on rooting and early growth in new planting establishment. 

Effective soil pH management is important for cranberry production, as cranberries 
thrive in acidic soils with a pH range of 4.0 to 5.5. Elemental sulfur applied as insoluble 
pellets to cranberry requires microbial oxidation to transform into soluble sulfate, which 
reduces soil pH. Sulfur oxidizing bacteria facilitate this process by colonizing the sulfur 
pellet and catalyzing conversion, thereby lowering pH (Lee et al., 2021). We have 
isolated bacteria from cranberry marshes that are potentially involved in sulfur oxidation, 
and plan to investigate their efficiency as active inoculants. By accelerating sulfur 
oxidation, these bacteria could enable rapid pH adjustments, and, therefore, greater 
control over soil pH for marsh management. Future studies will explore the kinetics of 
sulfur oxidation by these isolates and their impact on cranberry production.  

In conclusion, bacteria play a vital role in soil ecosystems by performing a range of 
beneficial activities. In this study, we have identified cranberry associated bacterial 
isolates with the ability to solubilize phosphorus, produce IAA, and potentially oxidize 
sulfur. In the future, we aim to integrate microbial community data to gain deeper 
insights into the ecological functions of these bacteria in cranberry marshes. In addition, 
we plan to evaluate the most promising isolates, such as Bacillus amyloliquefaciens and 
Pseudomonas mosselii, for their potential application as biofertilizers to enhance 
cranberry production. 
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Introduction 
Cranberries benefit from insect-mediated pollination for successful fruit set, resulting in 
more berries per upright, and heavier berries. To successfully set fruit, cranberry flowers 
must receive at least 8 pollen tetrads. Wisconsin cranberries are pollinated by a 
combination of native, wild pollinators and managed honey and bumble bees. As wild 
pollinators naturally occur within the landscape, they provide valuable pollination 
services to cranberry at no additional cost to growers.  
 
A common strategy to promote wild bees within crop landscapes is to add supplemental 
wildflower plantings near the target crop. Supplemental wildflower plantings near 
cranberry flowers have been shown to increase the diversity of wild bees found on 
cranberry marshes. Wild pollinators may also be more efficient pollinators of cranberry, 
depositing more pollen per visit, than honey bees, increasing fruit set with fewer flower 
visits.  
 
To understand the role that wild pollinators play in Wisconsin cranberry production, we 
pursued the following objectives: 
 
1. Characterize the community of insect visitors to cranberry flowers and nearby 

pollinator gardens using Autonomous Pollinator Sampler (AutoPollS; Fig. 1) camera 
traps  

2. Quantify pollination services provided by honey bees and other bees close to and far 
from pollinator gardens.  
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Study Logistics 
Obj. 1: Characterizing cranberry flower visitors: In 2024, we set up a total of 24 AutoPollS 
camera traps on 4 cranberry marshes near Millston and Warrens, WI. On each farm, we 
set up 6 AutoPollS, each equipped with four cameras, 2 in the pollinator garden, 2 in 
cranberry close to and 2 in cranberry far from the pollinator garden. We collected data 
on flower visitation with AutoPollS for the duration of bloom (June –July). After images 
were collected they were processed using a custom-designed computer vision pipeline 
to detect and identify any insects present in the images.  

To validate that what each AutoPollS camera trap was documenting was an accurate 
representation of the cranberry flower visitors, we also performed 5-min human 
observations of flower visitors.  

 

Obj 2: Quantifying pollination services: To determine if the presence of the pollinator 
garden altered which pollinators were providing pollination services to cranberry, we 
first quantified the average amount of pollen deposited per visit by the dominant flower 
visitors to cranberry: honey and bumble bees. We placed organza bags around uprights 
when they were in bud, then once in flower, presented the upright to a flower visitor. 
After a single insect visited the flower, we removed the stigma and mounted it in fuchsin 
jelly, a pollen stain, on a microscope slide, then counted the number of cranberry pollen 
tetrads left behind.  
 
To quantify pollination services provided by honey and bumble bees, we determined the 
relative abundance of each type of bee (using data collected in Obj. 1) and multiplied this 
by the average amount of pollen deposited per visit. From this value, we could calculate 
the proportion of pollination services provided by each bee type close to and far from 
the pollinator gardens.  
 
Results 
Obj. 1: Characterizing cranberry flower visitors: With the camera traps, we collected 
856,432 images over 92,415 minutes. In total, after filtering the data set to include only 
pollinator species found in Wisconsin and high-quality data (i.e., images where we are 
confident that we have detected and correctly identified the insect) we were left with a 

Figure 1: Schematic showing (left) an Autonomous Pollinator Sampler (AutoPollS) deployed in an 
apple orchard (center) a detailed schematic of the components that make up the AutoPollS camera 
trap; and (right) a photo of an AutoPollS camera pointed at cranberry flowers. The AutoPollS uses 
automated, AI-based tools to monitor pollinator visitation at cranberry flowers. 
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total of 9,966 automatically-detected insect visits. Through human observations, we 
observed 2,045 flower visitors over 865 minutes.  
 
The pollinator gardens supported the largest proportion of wild pollinator diversity (Fig 
2) as well as a large proportion of honey bees. Cranberry flowers close to the pollinator 
garden had a higher proportion of wild pollinators than cranberry flowers far from the 
pollinator garden. While honey bees were the dominant visitor in all three locations, we 
see more bumble bees close to the pollinator garden than far from it.  
 

 
Figure 2: Bar charts depicting the community composition of flower visitors to the pollinator garden 
and to cranberry flowers close to and far from the pollinator garden from the (left) AutoPollS camera 
traps (right) and from human observations. 
 
Obj. 2: Quantifying pollination services: We obtained single visit pollen deposition data 
from 49 honey and 40 bumble bees, which deposited an average of 15.3 and 41 pollen 
tetrads per visit, respectively (Fig 3). Honey bee visits deposit enough pollen to set fruit 
28% of the time, while depositing no pollen 21% of the time. In contrast, bumble bees 
deposit enough pollen to set fruit 68% of the time and deposit no pollen 2.5% of the 
time.  
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Figure 3: Average number of cranberry pollen tetrads 
deposited by honey and bumble bees per visit.   
 
When we evaluated pollination services close to 
and far from the pollinator gardens, we found 
that close to the pollinator gardens, honey and 
bumble bees are both providing about half of the 
pollination services to cranberry (56% and 44%, 
respectively). Far from the pollinator gardens, 
however, honey bees are providing nearly all 
(96%) of the pollination services.  
 
  
 
 
 

 

Proximity to 
garden Bee Pollen deposited 

per visit 
Relative 

abundance 
Pollination 
provided 

Close Honey  15.3 71% 56% 

Bumble  41 17% 44% 

Far Honey  15.3 94% 96% 

Bumble  41 2% 4% 

 
Table 1: Summary of pollination services provided by honey and bumble bees close to and far from the 
pollinator gardens.  
 
Conclusions 
In this study, the AutoPollS camera traps proved to be an effective and accurate tool for 
collecting visitation data throughout bloom. When cranberry is near a pollinator garden, 
their flowers receive more visits from wild pollinators than cranberry flowers far from 
the pollinator garden. We found that bumble bees deposited more pollen per visit and 
were more likely to leave enough pollen behind to set fruit than honey bees. Close to the 
pollinator garden, bumble and honey bees are each providing about 50% of the 
pollination services, but honey bees become the dominant provider of pollination 
services far from the pollinator gardens.  
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Cranberry fruit rot in Wisconsin has been managed primarily with single-site fungicides, 
yet the long-term effects of this approach on pathogen sensitivity has received little 
attention. Our study presents the first comprehensive assessment of Colletotrichum 
fioriniae, a key fruit rot pathogen, from Wisconsin cranberries, evaluating their in vitro 
sensitivity to commonly used fungicides and screening for mutations linked to resistance, 
specifically to FRAC 11 quinone-outside inhibitor (QoI) fungicides. Our findings reveal 
reduced sensitivity to several key fungicides among some isolates, along with the 
presence of the F129L mutation, a well-documented marker of QoI resistance. These 
results suggest that ongoing fungicide use may be driving the selection of resistant traits 
within local Colletotrichum populations. 

A clear pattern emerged in this study showing that Colletotrichum fioriniae isolates from 
marshes with little to no recent fungicide use (zero or one spray per year since 2020) 
were more sensitive to fungicides than those from marshes with increased spray 
histories. While there was one exception, the overall trend strongly supports a link 
between higher fungicide use and reduced pathogen sensitivity, consistent with what is 
commonly seen in the development of fungicide resistance. Notably, some isolates with 
reduced sensitivity did not carry known resistance mutations, suggesting that other 
mechanisms may also be contributing. 

The isolate with the highest resistance in this study carried the F129L mutation, a 
genetic marker of resistance. It was collected from a marsh where fungicide use 
exceeded current recommendations for fruit rot management. This finding emphasizes 
the risk of overusing fungicides and highlights the importance of resistance management 
strategies to preserve the effectiveness of available products. However, detection of this 
mutation in a single isolate does not indicate that this mutation or fungicide resistance is 
widespread in Wisconsin, further testing will be needed before more conclusions can be 
drawn. 

Current fungicide spray programs in cranberry production may be increasing the 
selection pressure on pathogens, leading to reduced sensitivity to fungicides, but this 
does not always mean that genetic resistance is developing. As shown in this study, a 
drop in sensitivity does not necessarily come from known resistance mutations, which 
means other, more subtle mechanisms could be at play. 

This work marks the first in-depth look at fungicide sensitivity and possible resistance 
pathways in Colletotrichum fioriniae populations from Wisconsin cranberries. As growers 
continue to rely on chemical control, and with few new fungicide options on the horizon, 
ongoing monitoring is essential. To maintain longterm effectiveness of fruit rot 
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management tools, it is crucial to take a proactive approach. This includes rotating 
fungicide modes of action and using integrated disease management practices to help 
reduce the risk of resistance buildup in local pathogen populations. 
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Yield prediction is important for breeding programs aiming to improve yield as well as for 
cranberry production for harvest planning and processing. Flower development and fruit 
set are important components of cranberry yield that can be utilized to predict yield. 
Therefore, in this study flowering and fruit set were characterized using an eight-session 
imaging time series, taken of 266 cranberry individual breeding plots using an 
autonomous cranberry imaging robot denominated cranbot (Figure 1). The time series 
included different flowering and fruit set stages, and the images were analyzed with 
machine learning to track flowering counts and timing as well as fruit set and 
development. This flowering and fruiting dataset along with ground truthing yield 
information will allow the creation of a model to predict cranberry yield.  The images 
were collected with an automated ground based robotic imaging platform, which 
decreases the sampling time and effort as well as increasing the data sampling rate. The 
resulting images provide a wealth of phenotypic information which is extracted by 
annotating through identification of flowers manually and using the information to train 
a machine learning model on the Roboflow platform. This model can then be used either 
in-field during image capture or on stored images to create a database of flowering 
counts and timing as well as fruiting.  
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Analysis of this early data shows a difference in flowering counting and timing between 
plots and correlation between flowering concentration and fruit set. In the future, the 
system will allow comprehensive year-round yield-related trait data collection based on 
imaging, saving growers and researchers time and money and allowing yield prediction 
for selection and breeding as well as harvest planning. Finally, the system allows modular 
implementation of additional sensors carried on the platform that will provide additional 
potential uses in many areas of crop management from weed and pest management to 
phenotypic selection for cranberry breeding purposes. 
 

 
Figure 1. Development of cranbot for bloom to fruit data collection in cranberry 
 

MICROWAVE RESONANCE IN CRANBERRY YIELD MONITORING PROJECT 
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Abstract 
Cranberry (Vaccinium macrocarpon Ait.) is a North American fruit crop known for its 
nutritional and health benefits. Wisconsin is the leading producer, accounting for over 
60% of U.S. cranberry production. Accurate yield prediction is essential for selecting 
high-performing genotypes in breeding programs and for growers to plan harvest 
logistics and infrastructure. The Wisconsin Cranberry Research Station (WCRS) 
maintains approximately 5,000 genetically diverse cranberry genotypes, making efficient 
yield assessment critical. Current methods rely on manual inspections and the square-
plot harvest technique, which are labor-intensive, expensive, time-consuming, and prone 
to error due to limited replication across such a large collection. To address these 
challenges, alternative technologies such as microwave resonance have been explored 
for yield estimation. The following section describes how microwave technology can 
support more efficient cranberry yield assessment. 
 
Microwave Technology 
Microwave energy is absorbed by cranberry flesh due to its high-water content (~89%). 
During the harvest season, cranberries typically account for approximately 80% of the 
canopy mass, while leaves represent the remaining 20%. The sensor has an effective 
sensing range of up to two inches, which allows it to penetrate the cranberry canopy. 
Importantly, the low-power microwave signal does not harm cranberry fruits. 
 
 
Materials and Methods 
A low-power microwave resonator was used to collect data during the 2023 and 2024 
seasons at the WCRS and in two growers’ housing breeding plots to measure yield. For 
each plot, a square foot area was first marked. Sensor readings were then taken five 
times, once at each corner of the square and once at the center. After sensor 
measurement, all cranberries within the marked area were manually harvested, counted, 
and weighed. Each sample was subsequently sorted into rotten, partially rotten, and non-
rotten berries. Data were collected from 266 plots. For each sample, peak amplitude 
attenuation and peak frequency shift of the microwave signal were recorded (Figure 1), 
along with the plot temperature measured using a thermal camera. 
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Figure 1. Microwave signal amplitude attenuation and frequency shift showing 
differences between uprights, and between low- and high-yield plots. 
 
Results 
The results showed a strong correlation between cranberry yield and the peak amplitude 
measured by the microwave resonator under field conditions Figure 2. A multivariable 
regression model (Equation 1), incorporating peak amplitude attenuation, frequency 
shift, and the percentage of rotten berries, explained up to 72% of the yield variation (P 
< 0.001). In contrast, fruit weight and plot temperature did not show statistically 
significant correlations with yield. 
 

 
 
Figure 2. Linear regression model amplitude attenuation vs berry yield. 
 



Page 45 of 60 
 

𝒀𝒀 = −𝟏𝟏𝟏𝟏𝟏𝟏.𝟑𝟑𝟑𝟑𝟑𝟑 + (𝟔𝟔𝟔𝟔.𝟓𝟓𝟓𝟓𝟓𝟓 ∗ 𝑨𝑨) − (𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏.𝟕𝟕𝟕𝟕𝟕𝟕 ∗ 𝑭𝑭) − (𝟏𝟏.𝟐𝟐𝟐𝟐𝟐𝟐 ∗ 𝑹𝑹)     Equation (1) 
 
Where: 𝒀𝒀=Predicted yield; 𝑨𝑨=Amplitude attenuation; 𝑭𝑭=Frequency shift; 𝑹𝑹=Percentage 
of rotten berries. 
 
 
Next Steps 
In the long term, this technology will benefit farmers by providing a predictive yield 
estimation system, allowing for more informed planning and resource allocation. This 
study represents a significant advancement, as it replaces labor-intensive manual 
measurements with a cost-effective and scalable solution, reducing expenditure for 
researchers and farmers. Furthermore, the application of this methodology could 
facilitate the development of time-series data collection for cranberry growth, enabling 
the identification of additional important crop traits. 
 
 
Acknowledgements: We would like to acknowledge Wisconsin State Cranberry Growers 
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Creek, Valley Corporation, and Wisconsin Cranberry Research Station for their support 
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Abstract 
Fruit texture is a key trait ensuring the economic sustainability of the cranberry industry 
as it directly influences storage potential, processing efficiency, and consumer 
preferences. Until now, a reliable and standardized method for evaluating cranberry 
firmness has not been available. Thus, we developed a texture evaluation methodology 
specifically tailored for cranberry to accurately assess fruit quality for sweetened dried 
cranberry (SDC) production. We examined the key methodologies, texture traits, 
parameters, and conditions that are crucial to achieve a correct and efficient 
measurement of texture in cranberry fruits. Double compression, single compression, 
puncture, shearing and Kramer shear cell methodologies were successfully implemented 
in cranberry resulting in a set of useful cranberry traits. Relevant information about 
factors that affect the performance of texture measurements such as optimal sample 
size, storage time, fruit texture-size correlation, fruit temperature and orientation, 
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optimal speed/strain combination, and the effect of probe diameter was investigated. To 
further develop a standard methodology to measure texture in cranberries, we 
conducted an additional comparative analysis of 22 textural traits using five different 
methods under both harvest and post-harvest conditions in 10 representative cranberry 
cultivars. A set of textural traits from the 10%-strain compression and puncture methods 
were identified that differentiate between cultivars primarily based on 
hardness/stiffness and elasticity properties. The complementary use of both 
methodologies allowed for a detailed evaluation by capturing the effect of key texture-
determining factors such as structure, flesh, and skin. Furthermore, the high 
effectiveness of this approach in different conditions and its ability to capture high 
phenotypic variation in cultivars highlights its great potential for applicability in various 
areas of the value chain and research. Therefore, this study provides an informed 
reference for unifying future efforts to enhance cranberry fruit texture and quality. The 
adoption of a standardized cranberry texture methodology by research laboratories and 
the industry will unify breeding and genetics research, improve fruit evaluation practices 
for processing, and result in value-added product improvement for growers and 
consumers. 

 

 
Principal component analysis (PCA) based on average data from 10 cranberry (Vaccinium 
macrocarpon Ait.) cultivars evaluated at harvest with five texture methodologies. (A) 
Distribution of cultivars and projection of variables (textural traits) for PC1 and PC2. (B) 
Ranking of the contribution of textural traits to PC1 and PC2. Textural traits labels are 
colored based on their methodology. 
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Storage dynamics of fruit texture of 10 cranberry (Vaccinium macrocarpon Ait.) cultivars 
through prolonged storage at 4°C based on C_h1, C_AMOE, C_MCP, P_DR, and P_W 
traits. Estimated marginal means obtained from the generalized least squares model are 
plotted at each point.  
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Cranberry production faces significant challenges during spring, when early warming 
followed by late frosts can severely damage floral buds and reduce crop yields. 
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Traditional frost protection methods like flooding and sprinkler irrigation are complex 
and resource intensive. Using genetics to select cultivars that exhibit delayed spring bud 
development is one resource to reducing frost management costs and complexities. The 
goal is to identify “developmental achievers” - cultivars that demonstrate two critical 
traits: delayed initial spring development to avoid early bud damage, and rapid 
development and growth once the critical frost period has passed. Drone RGB images 
were captured from three cranberry breeding populations from 2018 to 2020, along 
with targeted subsampling of upright leaves to assay chlorophyll and anthocyanin levels. 
A model of RGB image indices was built to predict canopy anthocyanin levels as a proxy 
for spring leaf and bud phenology (Figure 1). Predicted anthocyanin levels of breeding 
plots over multiple spring timepoints enabled time-series analysis and development of a 
quantitative empirical score of “developmental achievers”. This research provides an 
efficient and novel way to elucidate the genetic parameters of late spring developing 
cultivars, with future work focusing on making cultivar selections from assessed breeding 
plots.  Furthermore, the methods produced herein will provide meaningful insight in the 
assessment and selection of “developmental achievers” from the advanced BerryBot 
phenotyping platform, a joint project of the Digman and Zalapa labs. 
 

 
Figure 1. Cranberry population CNJ02 leaf-color development for top- (row 2) and 
bottom-performing (row 3) genotypes in 2018. Column A contains functional graphs of 
the predicted A535 versus CDD for each genotype. These plots contain the exponential 
decay curve fit functions for the genotype datapoints (solid line), population datapoints 
(dashed line), and color-coded area between the two curve types. Yellow indicates an 
area that positively contributes to the selection index score, while blue indicates a 
negative contribution. The dashed vertical line at CDD equal to 200 heat units 
demarcates the inflection point at which the integral area difference function is inverted 
(Equation III-3). Each graph is labeled with its respective genotype. These plots contain 
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the exponential decay curve fit functions for the genotype datapoints (solid line), 
population datapoints (dashed line), and color-coded area between the two curve types. 
Yellow indicates an area that positively contributes to the selection index score, while 
blue indicates a negative contribution. The dashed vertical line at CDD equal to 200 heat 
units demarcates the inflection point at which the integral area difference function is 
inverted. Each graph is labeled with its respective genotype exponential decay fit 
function and the fit curve’s associated R2, while the population’s decay fit curve is 
described in row 1, column A. Row 1, columns B-E show the probability distributions of 
the predicted A535 for a given genotype, with labeled vertical dashed lines indicating the 
location of the top- (‡) and bottom-performing (§) genotypes. Each distribution graph is 
colored according to its A535 bin value: redder values indicating higher A535 and 
greener indicating lower A535. Each column of B-E corresponds to a given CDD value 
and date (month-day-year), with a representative plot image for each genotype at that 
timepoint. Columns B-E are examples of the sorted images with increasing CDD from left 
to right to indicate leaf developmental progression. Each representative plot image is 
labeled below with its predicted A535. All dates are formatted as month/day/year. 
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Background and Justification 
Environmental factors strongly influence the development and severity of plant diseases. 
Among them, heat stress has become an increasing concern for fruit crops, as it not only 
disrupts plant physiology but also alters fruit chemical composition. These changes may 
compromise fruit integrity and enhance susceptibility to pathogen infection. In 
cranberry, fruit rot—a disease caused by a complex of fungal pathogens—remains a 
persistent challenge for growers. Despite decades of research on fruit rot management, 
the interaction between abiotic stress and disease incidence is not fully understood. This 
study investigates whether heat stress during fruit development contributes to increased 
fruit rot by evaluating the effects of both long-term and acute (short-term) heat stress on 
cranberry fruit. 
 
Methods 
The study was conducted at the Wisconsin Cranberry Research Station using two 
cranberry cultivars, Mullica Queen and Stevens. Heat stress was simulated with open-top 
chambers (OTCs) under two experimental approaches: long-term and acute (short-term) 
stress. 
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Long-term heat stress.  
In 2024, four OTCs and four control plots per cultivar were established at the roughneck 
stage and maintained until harvest. Throughout this period, canopy-level temperature 
and relative humidity were continuously monitored, along with internal fruit 
temperature, photosynthesis, and stomatal conductance (Figure 1 A). 
 
Acute (short-term) heat stress.  
At the pea-sized fruit stage, four treatments were applied, each consisting of a different 
number of heat stress pulses. A pulse consisted of raising and maintaining canopy 
temperature at 40 °C for two hours. Infrared lamps positioned above OTCs, powered by 
generators, were used to generate heat. OTCs were fully covered with insulation 
blankets to block solar radiation and maintain the target temperature. Canopy and fruit 
internal temperature, as well as relative humidity, were recorded during each pulse 
(Figure 1 B,C). 
 
Data collection. In addition to the temperature and relative humidity data collected 
during the experiments, several measurements were taken at harvest. Fruit traits 
included yield, rot incidence and severity, fruit size, and cuticle thickness. Fruit chemical 
composition was assessed by quantifying anthocyanins, total phenolics, sugars, and 
organic acids. Plant traits were evaluated by measuring fruiting upright density, leaf area, 
and leaf thickness to determine the broader impact of heat stress. 
 

   
Figure 1. Experimental setup for heat stress treatments. A) Long-term heat stress 
experiment. B) Acute heat stress experiment. C) Close-up of the heating lamp used to 
maintain target canopy temperature. 
 
Results 
Preliminary yield data from 2024 indicated that Mullica Queen had a higher percentage of 
fruit rot than Stevens, suggesting cultivar-specific responses to heat stress. Yield was also 
lower in Mullica Queen compared with Stevens under heat stress conditions. 
In the long-term heat stress experiment, no differences were detected between OTC 
and control plots within either cultivar. In contrast, the acute heat stress experiment 
revealed significant effects (Figure 2). A single heat stress event applied at the red berry 
stage resulted in a marked yield reduction compared with the other acute treatments, 
while simultaneously increasing the proportion of fruit rot in both cultivars. These 
effects were more pronounced in Mullica Queen than in Stevens. 
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Figure 2. Effects of acute heat stress on cranberry fruit quality. A) Fruit appearance five 
days after heat stress application. B) Examples of fruit rot symptoms observed at 
harvest. 
 
Next steps 
These findings from this research will help inform management strategies for cranberry 
growers to mitigate heat stress and its adverse effects on fruit rot. The study will 
continue in 2025 with further experiments to confirm the findings previously described. 
This research is crucial for developing resilient cranberry farming practices as global 
temperatures continue to rise. 
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Many Wisconsin surface waters (streams, rivers, lakes) have high concentrations of 
phosphorus (P) and/or nitrogen (N), and in many watersheds, agriculture is a major nutrient 
source. One or both of these nutrients can contribute to algal blooms in local lakes and in 
downstream waters (e.g., the Gulf of Mexico), while N in the form of nitrate impacts human 
health when consumed in drinking water. Why is this important for the cranberry industry? 
Although cranberry marshes comprise a relatively small component of Wisconsin’s total 
agricultural landscape, the relationship between Wisconsin cranberry production and 
water quality is poorly understood, and relevant data are scarce.  Here, I provide some 
context for this issue and suggest opportunities for collaboration between the cranberry 
industry and researchers to address this topic. Based on work conducted elsewhere 
(especially Massachusetts), some cranberry marshes have the potential to release P to 
downstream waters, but it is likely that this impact can be readily mitigated through 
strategic management of water and nutrients. Furthermore, Wisconsin cranberry marshes 
are unlikely to release significant N to downstream waters, and in some cases they may 
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actually remove N from the landscape. For marshes that receive water with high ambient 
nitrate, implementing additional targeted practices for additional N removal could 
potentially improve fruit production. 
 
Phosphorus.  
Modern cranberry production systems require lower P inputs (typically < 20 lb P / ac) than 
the rates typically applied to many other agricultural crops. Also, because cranberry is a 
perennial plant grown on level soils, risk of P loss through soil erosion is much lower than 
for most other crops grown in Wisconsin. Based on these key attributes, P losses from 
cranberry production are likely to be smaller than from Wisconsin row crop systems, 
where losses of many pounds per acre per year are not uncommon. Nevertheless, the 
unique water management of cranberry can create potential opportunities for P losses, 
such as during harvest floods (Kennedy et al., 2016; Kennedy, 2019). During these periods, 
P might be released from beds through special biochemical reactions that occur in flooded 
soils. In cranberry soils, a major portion of soil P is bound with iron minerals due to the 
acidic conditions (low pH). However, in the absence of oxygen, certain bacteria use these 
iron minerals to “breathe” through a process known as iron reduction, thereby converting 
iron to a soluble form. In the process, P that was previously bound to the iron becomes 
soluble and can be lost in the floodwaters. Flooding could also potentially promote P loss 
in the form of crop residues, and by mobilizing ditch sediments and algae.  
 
In situations where appreciable P losses have been demonstrated or are suspected, there 
are several possible management remedies. First, cranberry flood waters could be diverted 
from ditches or retention ponds and pumped to upland soils or unused beds elsewhere on 
the marsh (Kennedy, 2019). As flood water infiltrates the soil, much of the soluble P will 
bind with soil particles, and particulate P will be deposited on the soil surface. Although 
some of the soluble P could conceivably reach groundwater and be slowly transported to 
a stream, because of the efficiency of soils in binding P, the ultimate P concentration will 
be lower than if the floodwater had simply been released downstream. Second, salts such 
as alum (aluminum sulfate) can be added to retention ponds to promote the precipitation 
of P, which then settles out on the bottom of the pond. This strategy is increasingly used 
in lake remediation efforts and has been successfully tested in a Massachusetts cranberry 
marsh (Kennedy et al., 2017). As a potential side benefit, addition of alum decreases the 
pH of water, which can be advantageous for marshes that receive water with pH that is 
higher than optimum for cranberry production. Third, there may be opportunities to 
decrease P fertilizer application without adversely affecting fruit yields. Growers often 
apply fertilizer with a fixed N:P ratio based on crop N needs (Roper et al., 2004), and over 
time, P may accumulate in cranberry beds. In these older beds, it is possible that ongoing 
application of P fertilizer could be reduced, and that N could be managed independently 
of P. UW-Madison researchers are currently testing this concept with field trials in 
collaboration with cranberry growers. Over the long-term, decreasing the accumulation of 
any “legacy” P in cranberry beds will decrease the potential for P losses to downstream 
waters. 
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Nitrogen.  
Similar to P, cranberry production systems generally receive much lower N inputs (< 60 lb 
/ ac) than is common for most other agricultural crops, lowering their risk for N loss to 
downstream waters. Also, cranberry plants and soils cycle N very efficiently, and 
concentrations of nitrate, the most mobile form of N, are typically low in cranberry soils 
and floodwaters (Stackpoole et al., 2011). Perhaps most importantly, cranberry marshes 
often have large areas of wetlands or shallow ponds/reservoirs where natural N removal 
processes can occur. Denitrification is a process mainly mediated by bacteria that converts 
nitrate into one of several gases. In wetlands, denitrification mainly produces dinitrogen 
(N2), a harmless gas that is the major component of Earth’s atmosphere. Denitrification is 
promoted in flooded soils/sediments with high organic matter—a common characteristic 
of water retention ponds in cranberry marshes. Anecdotally, some growers have measured 
lower nitrate concentrations in water leaving their marsh than the water entering the 
marsh; this finding is consistent with nitrate removal by denitrification as the water flows 
through the reservoirs in a marsh system. 
 
In some cranberry production regions, marshes receive water with elevated nitrate due to 
upstream row-crop agriculture. High nitrate can potentially cause excessive vegetative 
production and fruit quality issues, such that growers may benefit from implementing 
practices to decrease nitrate in water before it is used for irrigation. Several strategies 
have proven successful for decreasing nitrate in row crop drainage water, typically on the 
order of 30–50%,  by promoting denitrification (Book et al., 2024). A woodchip bioreactor 
is the practice of diverting water through a trench filled with woodchips over a plastic 
liner. The woodchips serve as the source of organic matter (food) for the microbes that 
drive denitrification. In a saturated buffer, water is diverted via a perforated pipe to raise 
the water table in soils planted with perennial vegetation. Here, the plants serve as the 
source of carbon for the denitrifying microbes. Finally, as described above, wetlands can 
be enhanced or constructed to promote denitrification. In some sites, excavators can be 
used to move sediment and increase the surface area that is naturally ponded, providing 
greater opportunities for denitrification. In other sites, wetlands can often be established 
on poorly drained soils simply by adding a berm to allow water to pond—this can be as 
simple as pounding a sheet pile wall in place. Plants will naturally colonize wetlands, and 
they will generally increase the rates of denitrification as organic matter accumulates. 
Cost-share opportunities may be available for nitrate removal practices, but in marshes 
with high nitrate inputs these practices may prove cost-effective on their own merits if 
they can improve fruit production or quality. These nitrate removal practices merit further 
exploration in Wisconsin, as they potentially provide a win-win situation for cranberry 
production and water quality. 
 
Take-home points.  
While there are potential challenges in understanding and optimizing management 
strategies to maintain and improve water quality, the cranberry industry is well-suited to 
address these because of the unique attributes of cranberry production systems: a 
perennial crop with low nutrient demand; a high degree of control over water and nutrient 
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management; and, abundant land and water available to enhance natural biological and 
physical processes of nutrient removal.  
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 2024 WI CRANBERRY INSECTICIDE SCREENING PROGRAM RESULTS  
Dave Jones, Sr. Agricultural Scientist 

Ocean Spray Cranberries, Inc. 
 

This year’s WI Cranberry Insecticide Screening Program trials focused on a.) evaluating 
Altacor alternatives for cranberry fruitworm and sparganothis fruitworm management b.) 
vetting registered and novel synthetic insecticides for the control of cranberry flea 
beetle and c.) evaluating entomopathogenic nematode species for both initial control of 
cranberry flea beetle and for the potential of multi-year control.  
 
Evaluating Altacor alternatives for cranberry fruitworm and sparganothis fruitworm 
management 
Altacor continues to serve as the foundational material for cranberry fruitworm and 
sparganothis fruitworm management in the state of Wisconsin, but 2024 trials 
demonstrated that two applications of Altacor are not necessary in low to moderate 
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pressure scenarios and a second application of Altacor can either be skipped or rotated 
with non-bee safe materials after bees exit the field once bloom is over to take pressure 
off of the material and avoid seeing it used two times per year, every year. SpearLep 
continues to be an inconsistent performer in these trials over the past several years, 
likely due to issues with rain-fastness of the product.  
 
Vetting registered and novel synthetic insecticides for the control of cranberry flea 
beetle 
Seven insecticides were evaluated for flea beetle control in lab assays in 2024, with 
several currently registered materials and one unregistered material (anticipated 
registration in ’26) also showing good results. Spinetoram (Delegate or Radiant SC) 
provided strong acute toxicity in these lab assays and was subsequently tested in the 
field in two separate trials during both peak adult emergence in early August and near 
the end of adult emergence in the final week of August, showing 6-7 days of control 
during peak emergence in a severe infestation scenario and sustained control that did 
not require re-application when applied at the end of emergence in late August.  
 
Evaluating entomopathogenic nematode species for both initial control of cranberry 
flea beetle and for the potential of multi-year control 
Capsanem (Steinernema carpocapsae) applied in field trials both three times at 500 million 
nematodes/acre and four times at 375 million nematodes/acre in June provided season 
long control of cranberry flea beetle without any additional synthetic insecticide at all 
three test locations, and all Capsanem beds treated in 2023 but not in 2024 showed a 
second full season of control without any additional applications in 2024, demonstrating 
the potential for a minimum of two full seasons of economic control with one year of 
Capsanem applications. Another entomopathogenic nematode product, Entonem 
(Steinernema feltiae) was tested against both an untreated control and Capsanem but did 
not show any separation from the untreated control, while Capsanem performed at the 
same high level seen over the past several years of plotwork testing. 
 

WISCONSIN CRANBERRY FRUIT ROT FUNGICIDE EFFICACY TRIALS 
LESLIE HOLLAND1, FABIAN RODRIGUEZ BONILLA1, EITHAN POZAS RODRIGUEZ1 

1University of Wisconsin-Madison Department of Plant Pathology 

 
Environmental Conditions 
Rain events during the 2024 bloom period created significant challenges for the timely 
application of fungicides in cranberry production. This period is critical for disease 
management, as floral infections acquired during bloom often lead to fruit rot later in the 
season, in line with the traditional cranberry fruit rot (CFR) disease model. Among the 
pathogens involved, species of Colletotrichum have emerged as particularly effective 
floral infectors, not only in cranberry but also across a range of fruit crop systems. Over 
the past five years, our surveys of rotted cranberry fruit have consistently identified 
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Colletotrichum and Coleophoma species as the primary fungal contributors to CFR, 
underscoring their importance in both early infection processes and fruit rot 
development. These insights highlight the need for more precise disease forecasting 
tools and application strategies, particularly during weather-compromised bloom periods.  
 
Fungicides 
The two main classes of fungicides used on cranberries for fruit rot control in Wisconsin 
include the demethylation inhibitors (DMI; e.g., Indar, Proline) and the quinone outside 
inhibitor (QoI; e.g., Abound, Satori, Aframe). Premixtures of DMI and QoI fungicides 
include products such as Quadris Top. The Fungicide Resistance Action Committee 
(FRAC) codes for DMI and QoI fungicides are 3 and 11, respectively. To prevent 
selecting for strains of pathogens resistant to fungicides, growers should not apply more 
than two sprays of fungicides with the same FRAC code per growing season. The DMI 
(FRAC 3) fungicides are considered Medium risk for fungicide resistance development, 
while the QoI (FRAC 11) fungicides are considered High risk for fungicide resistance 
development. In Wisconsin, these two classes of fungicides represent our primary 
chemicals for fruit rot prevention.  
 
Trial Logistics 
Field trials for fungicide screening were conducted at the Wisconsin Cranberry Research 
Station in Black River Falls, WI. All trials took place on a 5-year-old ‘Mullica Queen’ bed. 
To increase rot conducive conditions, this bed received additional irrigation in the 
evening during bloom and fruit blush, and an additional application of nitrogen fertilizer 
in the summer. Fungicides for all treatments were applied at various time periods 
throughout the growing season to evaluate different use patterns including the 
traditional use patterns at 20% and 80% progress through bloom. Harvest took place on 
September 27, and fruits were immediately evaluated for rot and phytotoxicity in the 
laboratory. Four trials were conducted: 

• Trial 1 – implementation of FRAC 7 fungicides 
• Trial 2 - implementation of experimental fungicides “f” and “m”  
• Trial 3 – implementation of copper fungicides  
• Trial 4 – implementation of Systemic Acquired Resistance (SAR) fungicides  

 
 
Results 
Due to the lack of conducive conditions for fruit rot development, disease pressure was 
low in 2024. Average fruit rot in untreated controls was ≤ 5%. Due to these low rates of 
fruit rot across all trials and treatments, we were unable to make meaningful conclusions 
about product effectiveness. Yield was average to high for all trials and no significant 
differences across treatments were observed. No phytotoxicity was observed. 
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Figure 1 – Trial 1 findings. Percent (%) fruit rot for implementation of FRAC 7 fungicides 
with current grower standards (FRAC 3 and 11). There was no significant statistical 
difference observed between treatments. Products were applied at 20% and 80% 
progress through bloom.  
+ = tank mix of fungicides 
  
 
 
 

 
 
Figure 2 – Trial 2 findings. Percent (%) fruit rot for implementation of experimental 
fungicides “f” and “m” with current grower standards (FRAC 3 and 11). There was no 
significant statistical difference observed between treatments. Products were applied at 
20% and 80% progress through bloom. 
+ = tank mix of fungicides 
// = divides the first (20% in-bloom) and second (80% in-bloom) applications 
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Figure 3 – Trial 3 findings. Percent (%) fruit rot for the copper implementation with 
current grower standards (FRAC 3 and 11). There was no significant statistical difference 
observed between treatments. Products were applied at 20% and 80% progress through 
bloom. 
+ = tank mix of fungicides 
 
 
 
 

 
 
Figure 4 – Trial 4 findings. Percent (%) fruit rot for the SAR fungicide implementation 
with current grower standards (FRAC 3 and 11). There was no significant statistical 
difference observed between treatments. Products were applied at 20% and 80% 
progress through bloom and at blush. 
+ = tank mix of fungicides 
 
 
Despite the low rates of fruit rot, we did observe differences in fruit rot fungal diversity 
across the different treatments. Specifically, we observed a reduction in several key fruit 
rot pathogens when plants were treated with experimental fungicides (results based on 
fungal isolation from treated fruits). We will continue to explore these trends in future 
years. 
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Next Steps 
Fungicide products and use patterns evaluated in 2025. Efforts will be made to increase 
the fruit rot conducive conditions in the experimental bed where the fungicide trials are 
carried out. 
 
 
 
Acknowledgements: We would like to acknowledge Holland lab students and staff, the 
Wisconsin Cranberry Research Station for their support during trial deployment and data 
collection. 
 
 

AN UPDATE ON INTEGRATED WEED MANAGEMENT RESEARCH IN CRANBERRIES  
JED COLQUHOUN1 

1Department of Plant and Agroecosystem Sciences, University of Wisconsin-Madison 

 
In 2024, replicated field studies were conducted to address weed management through 
the season in both newly planted and established cranberry beds.  All studies were 
arranged in a randomized complete block design with three or four replications 
(depending on whether crop destruction was required for experimental products).  Crop 
injury and weed control spectrum were evaluated throughout the season, and berry yield 
was quantified at harvest for producing beds.  All work with experimental products was 
conducted in collaboration with willing registrants, with the data supporting the 
registration process.  Highlights of each study across the season include: 
 
Newly planted cranberry weed management  
Six new herbicides were evaluated compared to Devrinol as an industry standard and a 
non-treated check.  Three of these herbicides are soon to be registered in cranberry, but 
as part of a berry crop grouping and without specificity to cranberry data.  Weed control 
was excellent with all herbicide treatments.  Three herbicide active ingredients also 
showed excellent crop safety and will be further evaluated in 2025 at multiple rates to 
optimize weed management.  Crop safety was inadequate with three herbicides, and 
they will not be evaluated further.  However, this information is critical as these products 
could end up being registered as part of the berry crop grouping that includes cranberry, 
and growers need to know that crop safety would be in jeopardy if used. 
 
Spring dormant herbicides on established cranberries 
This herbicide application timing has proven challenging in recent growing seasons 
where cranberry vines break dormancy early in warm “false springs” that are followed by 
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cold weather where multiple flooding events are often necessary.  With this situation in 
mind, our work is focused on ensuring crop safety in multiple environments and 
herbicide use rates.  In 2024 we focused on two herbicide active ingredients that are 
broadly supported by registrants.  Crop safety was excellent with both products across 
use rates and berry yield was similar to the Casoron standard.  Additionally, in a separate 
“weed zoo” study conducted by Allison Jonjak in an abandoned cranberry bed, these 
herbicides suppressed or controlled some challenging cranberry weeds such as dewberry 
and leatherleaf.  This work will continue in collaboration with the registrants in 2025. 
 
Full fruit set herbicide evaluation 
In this study we’re evaluating an herbicide active ingredient that affects the same site of 
action as 2,4-D and clopyralid.  We investigated multiple use rates with and without 
surfactants.  Crop safety was excellent regardless of use rate or surfactants and berry 
yield was similar to the Callisto standard.  Importantly, the herbicide was active on 
troublesome broadleaf weeds such as sheep sorrel, marsh St. Johnswort and northern St. 
Johnswort.  Regrowth of these and other weeds will continue to be evaluated in spring 
2025, and we’ll also continue to evaluate the herbicides such that additional data can 
support the registrant’s application process. 
 
Post-harvest herbicide applications for residual control 
In this work we’re looking at fall applications of quinclorac and an experimental herbicide 
that is tolerance-exempt.  The tolerance exempt herbicide would just need to be added 
to the registrant’s label without additional regulatory data or processes.  Both are 
persistent, active herbicides, and as such we’re investigating whether the post-harvest 
application will provide residual control through the following spring and early summer, 
potentially reducing the pressure on spring dormant application timings and potential 
injury as noted above.  The herbicides were applied in early November, and the plots will 
continue to be evaluated through the following season. 
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