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Flooding is a major risk for commercial vegetable produc-
tion in south Florida, especially in the south Dade County 
area. Although most soils usually are well drained, low-
lying areas are often prone to flooding during rainy seasons. 
In December 2000, in Miami-Dade County, agricultural 
losses from flooding were estimated at 13 million dollars 
because of rain (13.9”). In October 1999, Hurricane Irene 
destroyed almost 19,000 acres of vegetable crops valued at 
approximately 77 million dollars.

Flooding causes oxygen deficiency, also called hypoxic 
stress. When experiencing hypoxia, plants only produce 
about 5% of the energy (in the form of ATP) that they 
produce during normal oxygen conditions. This ATP 
shortage disrupts the physiological and biochemical activi-
ties of the plant, preventing the absorption of nutrients 
such as nitrogen (N), phosphorus (P), and potassium (K). 
In addition, hypoxic plants accumulate toxic metabolic 
products, such as ethanol, from anaerobic respiration. 
Therefore, plants typically die within two or three days of 
severe floods.

Several management practices have been attempted to 
help crops partially or entirely overcome flood damage. 
The application of nitrate-nitrogen fertilizers, particularly 
potassium nitrate, overcomes N deficiency and mitigates 
oxygen deficiency. Natural plant hormones or synthetic 
growth regulators are sometimes provided to correct plant 

hormone imbalances. The addition of fungicides can 
help control soil-borne pathogens. Oxygen fertilizers can 
also help reduce the effects of hypoxia by increasing the 
bioavailability of oxygen in flooded soils.

 We conducted an experiment wherein bush bean, cowpea, 
and sweet corn were flooded with fertilizers (Table 1) such 
as potassium nitrate, growth regulators, e.g., cytokinin, 
and fungicide including Ridomil (Table 2). Another trial 
was completed with flooded basil plants provided with 
solid oxygen fertilizers. The research data from the trials 
provided us with some practical recommendations. This 
article recommends some practices to alleviate the damage 
to vegetables from flooding.

Figure 1. Flooded squash field.
Credits: Yoncong Li
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Nitrogen and Potassium 
Fertilization
A few kinds of N fertilizers can be used on crops after 
flooding. Recently, we tested several fertilizers for their 
effectiveness in promoting the recovery of flood-damaged 
vegetable crops and found that potassium nitrate performed 
the best. Every nitrate molecule can provide three oxygen 
atoms and, hence, alleviate the low-oxygen stress of the 
flooded plants. Flooded plants take up nitrate preferentially 
(Scott and Renaud 2007). Because of reduced root activity, 
flooding causes a significant decrease in the uptake rate of 
N and, hence, the N content in plants. Plant-available N is 
usually low in flooded soils because of leaching or runoff. 
Yellowing of leaves within two to three days of waterlogging 
occurs due to N deficiency and abnormal N metabolism. 
Thus, a strategic use of N fertilizer after flooding may allevi-
ate N deficiency and enhance crop recovery from flooding. 
Growers should apply nitrate N fertilizers as soon as soils 
become dry enough for tractor operation. Foliar application 
of liquid fertilizers with potassium nitrate is more effective 
than broadcasting dry fertilizer because of the oxygen 
deficiency and root damage caused by flooding.

However, ammonium nitrogen fertilizers, such as ammo-
nium nitrate, ammonium sulfate, and ammonium chloride, 
should NOT be applied to flooded plants. Excessive 
ammonium is toxic to plants (Viciedo et al. 2020) because 
ammonium ions can damage the respiration system. In 
normal growing conditions, ammoniacal nitrogen is readily 
converted into nitrate nitrogen by naturally occurring 
soil bacteria called nitrifiers. In low-oxygen conditions, 
however, the nitrifiers must compete with vegetable roots 
for the limited bioavailable oxygen when excessive am-
monium nitrogen fertilizers are applied. Therefore, applying 

ammoniacal fertilizers to flooded vegetable crops can 
significantly exacerbate waterlogging or flooding damage.

Hypoxia also decreases the plant’s capacity to absorb 
nutrients like potassium (K). Potassium plays an important 
role in mitigating both abiotic and biotic stresses (Wang 
et al. 2013). In fact, K+ ions can be used to detoxify am-
monium and ammonia (Martinelle and Häggström 1993). 
Supplementing with K promotes increased photosynthesis, 
which speeds plant recovery and improves the nutrient 
uptake of most soil-supplied elements. Both soil and foliar 
applications alleviate the adverse effects of low-oxygen 
stress (Ashraf et al. 2011). See Table 1 for application 
information. A regular granular dry fertilizer, such as 
10-10-10, can also be used for flooded crops, but it is not as 
effective as foliar fertilization.

Oxygen Fertilization
Adding oxygen-containing fertilizers to soil can reduce or 
even eliminate hypoxic problems. For example, oxygen fer-
tilization significantly retained the chlorophyll content and 
biomass (Figure 3) of flooded Italian basil (Liu and Li et 
al. 2013). The positive effects of oxygen fertilization can be 
attributed to enhanced oxygen bioavailability and improved 
soil redox potential in vegetable root zones (Figure 4). Solid 
oxygen fertilizer can significantly increase yield of flooded 
snap bean (Figure 5, Liu et al. 2022, Rusnak 2022).

Figure 2. Flooded squash plants.
Credits: Yoncong Li

Figure 3. Growth differences in flooded Italian basil with and without 
oxygen fertilization. SOF = solid oxygen fertilizer. CK = control.
Credits: Guodong Liu
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Growth Regulators
Various plant growth regulators have claimed to alleviate 
waterlogging damages, but limited information is available 
concerning their effects on waterlogged crops in the field. 
Spraying shoots with a synthetic cytokinin [6-benzyl-
aminopurine (BAP)] has been reported to reduce flooding 
damage by enhancing leaf extension and delaying the 
premature loss of chlorophyll in older leaves. This effect was 
attributed to the application of BAP, which compensated 
for the restricted transport of natural cytokinins from the 
root system, affected the metabolism of gibberellins, and 
adversely affected the inhibitory action of abscisic acid 
on growth. However, our data showed no effects on the 
recovery of flood-damaged sweet corn and cowpea plants. 
See Table 2 for application rates used in this study. Some 
growth regulators even inhibited crop recovery by affecting 
photosynthesis and leaf transpiration.

Fungicides
Flooding increases the severity of diseases. The symptoms 
of diseased roots are discoloration, rotting of the root, 
and the premature death of the plant. The damage reduces 
the ability of the root systems to obtain mineral nutrients 
or perform other functions essential to the shoot. Two 
common pathogens, Phytophthora and Pythium, cause 
the greatest damage to roots of vegetable plants grown on 
poorly drained soils. In theory, the application of fungicides 
likely reduces the incidence of disease in waterlogged plants 
and thereby increases plant tolerance to flooding. However, 
the two fungicides (Ridomil and Bravo 720) tested in 
our flooding experiment did not significantly affect plant 
growth. See Table 2 for application rates used in this 
experiment.
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Table 1. Nitrogen fertilizer application information.
Fertilizer Formula N% Application 

(lb/100 gal)
Rate 

(gal/ac)

Potassium 
nitrate

KNO3 13 15 50-100

Urea CO(NH2)2 46 9 50-100

Calcium 
nitrate

Ca(NO3)2 12 35 50-100

Table 2. Growth regulators and fungicides were tested for sweet corn and cowpea.
Chemicals Type Rate

Progibb Growth regulator 50 ppm

6-Benzylaminopurine Synthetic cytokinin 10 ppm

Trigger Synthetic cytokinin 8 oz/100 gal

Auxigrow Growth regulator 4 oz/gal

Fulvic acid Growth regulator 1 quart/100 gal

Ethaphon Growth regulator 100 ppm

Ridomil Fungicide 16 oz/100 gal

Bravo720 Fungicide 1 quart/100 gal
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