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Summary of Results: 

• A ‘Calienete rojo’ biofumigant crop planted and incorporated in the fall showed better 

alignment with watermelon production practices than spring planting and incorporation. 

• Biofumigation did not enhance watermelon count or yield but showed numerical 

improvements in pumpkin count and yield compared to fallow treatment.  

• Under moderate disease pressure, integration of mustard meal injection may hold 

potential for yield improvement, particularly in organic programs.  

 

Our results indicate that producers interested in use of biofumigant crops to aid management of 

Phytophthora fruit rot could consider fall planting and incorporation with potential to enhance 

cucurbit yield while avoiding logistical constraints of delayed watermelon planting. Additionally, 

mustard meal injections show possibility of enhanced control of P. capsici in organic fungicide 

programs. 

 

For Phytophthora fruit rot control using biofumigation, growers may plant mustard biofumigant 

crops in the fall and mustard meal injections could be integrated with organic fungicide 

programs. 

 

Project Objectives: 

 

1) Quantify the efficacy of biofumigation by monitoring glucosinolate concentration and 

quantifying P. capsici over time  

2) Determine synergy between mustard meal injections and commonly used fungicides 

(conventional and organic) in field trials for controlling Phytophthora fruit rot of 

watermelon 

3) Communicate findings of this study to growers, extension agents, and crop consultants 

 

Background:  

The soilborne pathogen Phytophthora capsici is a major economic concern to watermelon 

production. Phytophthora capsici causes fruit rot, moderate to high levels of which can result in 

total crop loss. This proposal aimed to test the efficacy of integrated approaches to manage 

Phytophthora fruit rot of watermelon and disseminate this information to growers. Biofumigation 

is an alternative to chemical fumigation and entails growing a crop rich in glucosinolates (e.g., 

mustard or another crop from the Brassicaceae family) to flowering, terminating and 

incorporating the crop into the soil so that glucosinolates break down into isothiocyanates that 

have fungicidal and nematicidal properties which may help in reduction of P. capsici 

populations. Biofumigant crops are often planted in the spring but could potentially be planted in 

the fall. Trials to identify the optimal timing of biofumigant mustard crop planting and 



termination for maximized glucosinolate release and control of P. capsici are being conducted by 

the University of Delaware. Another natural fumigation technique that utilizes the principle of 

biofumigation is the application of mustard meal via drip irrigation. Application of mustard meal 

has several advantages, such as quicker application, flexible application timing, and less water 

and inputs needed. However, it is not known if mustard meal injections can control P. capsici and 

if they show synergy with commonly used fungicides (conventional and organic), which can 

improve the control efficacy of P. capsici. The results of this study aim to improve the economic 

viability of sustainable watermelon production in the Mid-Atlantic U.S. 

 

Work Completed:  

 

Objective 1: 

Using an optimized fall planting date recommendation from preliminary trials established in 

previous seasons, a research plot trial was established at the Carvel Research & Education Center 

in Georgetown, Delaware in fall 2024. The experiment was set up as a randomized complete 

block design with treatments of August planting, March planting, and fallow with five 

replications per treatment. The biofumigant crop (Caliente rojo) was terminated and incorporated 

at complete flowering (October 2024 and June 2025). At incorporation, the plant material was 

flailed, tilled, and irrigated to promote the release of glucosinolate. Soil was sampled from the 

upper 10 cm of each plot at 30 minutes, 2 days, and 5 days after incorporation and was sent to 

Creative Proteomics for GSL quantification. In May, beds from the fallow and fall planting 

treatments were prepared and planted in a split of watermelon and pumpkins. The spring 

biofumigant was originally planted in March, but an inadequate stand was established; hence, 

biofumigant plots were replanted in April. Due to the later planting, plots were not ready for 

incorporation until June 12. Following a period for glucosinolate release, beds were prepared on 

July 7, and pumpkins were planted since the window for standard watermelon production had 

passed. Within each bed, soil samples were collected to quantify Phytophthora capsici 

populations using quantitative Polymerase Chain Reaction (qPCR). To compare the fall vs. the 

fallow treatment, the pumpkin crop was harvested on September 4, and to compare spring vs. the 

fallow treatment, it was harvested on September 15. Additional soil samples were collected at the 

end of the season. Plant biomass and disease-related field observations were used to evaluate the 

impact of biofumigation on the level of P. capsici loss observed. These measurements provide a 

biologically relevant assessment of disease suppression under field conditions. 

 

Objective 2: 

For the second objective, a second field trial was established at the Carvel Research and 

Education Center in 2025. Five treatments were evaluated for their efficacy in controlling 

Phytophthora fruit rot compared to a non-treated control. These treatments included i) a non-

treated control. Ii) mustard meal injections only, iii) an organic fungicide program, iv) a 

combination of mustard meal injections and conventional fungicide program, v) a combination 

of mustard meal injections and organic fungicide program, iv) a conventional fungicide program 

(Table 1). The experiment was set up as a random complete block design with four 

replications. Six-week-old watermelon plants were transplanted in raised beds covered with 

black plastic mulch on June 5. Standard watermelon irrigation, weed, and pest management 

practices were followed. Treatments were applied according to their respective label rates from 

June 27 – August 12. Once the fruit reached 8-10 cm in diameter (and 8-10 days post-treatment 



application of fungicide), the field was inoculated with millet-based P. capsici inoculum on 

August 1. Symptoms were monitored regularly, and fruit rot severity was assessed by counting 

and weighing the marketable number of watermelons in each treatment (Figure 1). Yield data 

was collected on August 11 and 18 and combined for analysis.  

 

Table 1. Management program components applied for the control of Phytophthora fruit rot in 

watermelon. 

Treatment # Management Program Components 

1 Non-treated control -- 

2 Mustard meal injection 

beginning at 3 weeks 

following planting  

Biofence injected June 27, July 18, 

August 8 

3 Organic program beginning 

at fruit set  Regalia applied July 22, 29, August 5, 12 

4 Mustard meal injection 

beginning at 3 weeks 

following planting + 

Fungicide program beginning 

at fruit set  

Biofence injected June 27, July 18, 

August 8; Orondis Ultra applied July 22, 

Presidio applied July 29, Zampro applied 

Aug 5, Orondis Ultra applied Aug 12 

5 Mustard meal injection 

beginning at 3 weeks 

following planting + organic 

program beginning at fruit set  

Biofence injected June 27, July 18, 

August 8; Regalia applied July 22, 29, 

August 5, 12 

6 

Conventional fungicide 

program beginning at fruit set  

Orondis Ultra applied July 22, Presidio 

applied July 29, Zampro applied Aug 5, 

Orondis Ultra applied Aug 12 

 

Objective Outcomes:  

 

Objective 1: 

Glucosinolate samples were collected at three timepoints (30 minutes, 2 days and 5 days post-

incorporation) in Fall 2024 and Spring 2025. Glucosinolate levels declined over the three 

sampling timepoints. At the first timepoint, the average glucosinolate levels were significantly 

higher in Fall 2024 (89.2 nmol/g) than Spring 2025 (49.7 nmol/g) and at the last timepoint (5 

days), the average glucosinolate levels were significantly higher in Spring 2025 (38.7 nmol/g) 

than Fall 2024 (33.8 nmol/g) with no difference at the second timepoint (2 days). The mean 

biofumigant plant count was significantly higher in Fall 2024 plots (1,302,755 plants/ha) than 

Spring 2025 (1,062,531 plants/ha) plots, but the mean fresh weight was higher in Spring 2025 

(40,191 kg/ha) than Fall 2024 (18,940 kg/ha). Biofumigation in Fall 2024 did not significantly 

improve watermelon count (7,791 melons/ha) or yield (53,768 kg/ha) compared to fallow 

treatment (9,431 melons/ha; 56,844 kg/ha). For pumpkin, the fall biofumigant treatment 

produced numerically higher pumpkin count (25,618 pumpkins/ha) and fruit yield (49,654 kg/ha) 

than the fallow treatment (21,958 pumpkins/ha; 35,542 kg/ha). Similarly, the spring biofumigant 

treatment produced numerically higher pumpkin count and yield (13,777 pumpkins/ha; 29,052 

kg/ha) than the fallow treatment (10,979 pumpkins/ha; 23,185 kg/ha). Spring incorporation did 

not allow for timely planting of a watermelon crop. Field observations suggest that 



biofumigation in the fall has the potential to align with watermelon production and may improve 

plant count and yield. 

 

Objective 2: 

Disease pressure for the 2025 watermelon season was moderate with disease incidence of 37.1% 

in the non-treated control and a yield of 48.1 metric tons/ha. Under these conditions, no 

significant differences were observed among treatments for disease incidence or yield. Disease 

incidence ranged from 16.9% in the conventional fungicide treatment to 43.9% in the dual 

treatment of mustard meal injection with organic fungicide treatment. Under moderate disease 

pressure, the organic fungicide regime produced the lowest numeric yield among all treatments 

at 22.3 metric tons/ha (Figure 1).  

 

 
Figure 1. Watermelon yield (tons/ha) obtained for mustard meal injections and commonly used 

fungicides (conventional and organic) in inoculated Phytophthora fruit rot trials. 

 

Integrating a mustard meal injection into this regime nearly doubled the average yield to 44.1 

metric tons/ha. The standalone mustard meal injection yielded an average of 52.3 metric tons/ha. 

The standalone conventional fungicide treatment had the highest numeric yield of 76.5 metric 

tons/ha and integrating a mustard meal injection into this regime resulted in an average yield of 

52.0 metric tons/ha. 

 

 

Objective 3: 

Findings from this research were disseminated to vegetable growers, extension agents, and crop 

consultants via several platforms. In August 2025, project updates were shared at the annual 

Carvel Research and Education Center field day in Georgetown, DE. Results were also presented 

at the virtual Mid-Atlantic Vegetable workers meeting (December 2025), Delaware Ag Week 

Fresh Market Vegetable Disease Update (January 2026), and Lower Shore Vegetable & Small 

Fruit Twilight Tour in Salisbury, MD (June 2026).  

 

 


