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Abstract 

The US Food and Drug Administration (FDA) has proposed that If irrigation water exceeds 235 
colony-forming units (CFU) of E. coli /100 ml in any one sample or 126 CFU/100 ml in the 
average of any five consecutive samples, growers would have to cease using that water in any 
way that directly contacts the surface of fresh produce (FDA 2013).  The FDA has proposed that 
these E. coli levels are an indication of high risk of bacterial contamination of fresh onion 
(Allium cepa L.) bulbs regardless of the irrigation system.  If onion irrigation exceeds 235 CFU, 
it is not known whether the contaminated water applied by furrow or drip irrigation actually 
reaches the onion bulb.  Soil could filter E. coli and other bacteria before irrigation water reaches 
onion bulbs. “Vaquero” onions were grown on Owyhee silt loam.  In our preliminary studies 
reported here, well water free of E. coli was applied to onions through drip irrigation or through 
furrow irrigation.  A second water source was intentionally enriched with E. coli by being run 
across a pasture and recaptured prior to use.  Furrow and drip irrigation were used to apply this 
water containing 218 to >2400 MPN/100ml for 11+ hours per irrigation.  E. coli was monitored 
in the soil water at the end of irrigation cycles through direct sampling of the soil.  Soil water 
was also sampled using sterile soil solution capsules (SSSC) to sample E. coli in the soil water 
that moved into place, to differentiate the movement of soil water from the soil water already in 
place.  Soil water measurements were made adjacent to the water source, half way to the bulbs, 
and immediately adjacent to the onion bulbs.  For furrow irrigation with ditch water the E. coli 
counts in the soil next to the onion bulbs was only 0% and 21% of the counts in the irrigation 
water following the first and second irrigations, respectively. During subsequent furrow 
irrigations, the E. coli counts in the soil water next to the onion bulbs exceeded the counts in the 
irrigation water.  For drip irrigation with ditch water, the E. coli counts in the soil solution next 
to the onion bulbs remained very low. The soil water sampled by the SSSC adjacent to the onion 
bulbs drip-irrigated with ditch water also had very low E. coli counts.   
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Introduction 

As a direct consequence of Public law 111-353-Jan. 4, 2011, on January 16, 2013, the Food and 
Drug Administration published Standards for the “Growing, Harvesting, Packing, and Holding of 
Produce for Human Consumption; Current Good Manufacturing Practice and Hazard Analysis 
and Risk-Based Preventive Controls for Human Food; Draft Qualitative Risk Assessment of Risk 
of Activity/Food Combinations for Activities (outside the Farm Definition) Conducted in a 
Facility Co- Located on a Farm; Availability; Proposed Rules” in the Federal Register (FDA, 
2013) which we refer to here as the “proposed rules.”  

The proposed rules place stringent testing requirements and use limitations on agricultural water 
that is applied to produce covered by the rules.  In summary, covered produce is any fresh 
produce that is consumed raw more than 0.5% of the time.  Fresh produce that will be processed 
prior to consumption is not covered.  Covered produce includes fresh market onions, but does 
not include onions grown for processing. Agricultural water is defined as “Any applied water 
that comes into contact with the produce surface”, which FDA has clarified would include 
furrow and drip irrigation water when applied to onions. 

From planting to harvest, agricultural water would need to be tested regularly: every week for 
surface irrigation water.  Agricultural water would need to have fewer than 236 units (either 
colony-forming units, CFU, or most probable number, MPN) of E. coli per/100 ml in any one 
sample or 126 CFU/100 ml in the average of any five consecutive samples to be applied to the 
produce, and growers would not be allowed to use agricultural water that does not meet the 
standard for fresh produce. 

In the Treasure Valley, irrigation systems mix relatively clean water with runoff water.  This 
intermixing results in high counts of E. coli in irrigation water throughout large parts of the water 
distribution systems.  The burdens of the proposed rules for onion growers in the Treasure Valley 
consist of the labor for sampling water weekly and record keeping, the cost of laboratory 
analysis, and any additional losses incurred as a result of not being allowed to use the water.  
Losses from the proposed rules to the community could extend to lost investment in onion 
production equipment, onion storage buildings and packing facilities, and potential loss of 
employment and property values. 

In FDA 2013, proposed Sec. 112.3(c), “direct water application method” is defined to mean 
“using agricultural water in a manner whereby the water is intended to, or is likely to, contact 
covered produce or food-contact surfaces during use of the water.”  As defined indirectly on 
page 3563, drip and furrow irrigation are “indirect water application methods”.  But these 
possible indirect water application methods are not recognized for onion bulb production in the 
proposed rules. 

This work discussed here approaches the possibility that the soil might filter out E. coli before it 
reaches the onion bulbs.  If soil can be used to filter out bacteria, maybe water with too high of a 
bacteria count would have a much lower count as it soaks through the soil and reaches the 
proximity of the onion bulb.  We sought to determine whether or not water contaminated with E. 
coli applied by drip irrigation is filtered by the soil, greatly reducing the E. coli in the soil water 
that actually reaches onion bulbs.  We also sought to determine whether or not contaminated 
water applied by furrow irrigation is filtered by the soil, greatly reducing the E. coli in the soil 
water that actually reaches onion bulbs. 
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Materials and Methods 

The trial was conducted at the Oregon State University Malheur Experiment Station, Ontario, 
Oregon, in a field of Owyhee silt loam soil with no history of manure application over the last 
three decades.  The location of the center of E. coli field trial was 43.98099°N - 117.02127°W.  
The test utilized ‘Vaquero’ onions planted for this purpose at 150 plants per acre (470 plants per 
hectare), where the onions were initially established exclusively with drip irrigation using well 
water and maintained with an irrigation criteria of 20 kPa soil water tension.  Both the well water 
and the soil tested negative for the presence of E. coli prior to the imposition of the treatments.  
Details of the planting, irrigation, soil fertility, and fertilization are available elsewhere (Pinto et 
al., 2014).   

E. coli movement in the soil was monitored during several full irrigations starting mid-summer 
using 1) drip irrigated with ditch water and 2) drip irrigated with well water (as a check) and 3) 
furrow with irrigated ditch water and 4) furrow irrigated with well water (as a check).  The same 
well and ditch water was used for the drip and the furrow systems.   

Irrigation water 

The irrigation water was sampled for each system and water source every hour.  The location of 
the ditch water source was 43.98091°N - 117.02271°W and the location of the well water source 
was 43.97804°N - 117.01512°W. 

The furrow irrigated with ditch water with considerable E. coli contamination was setup with a 
siphon tube that siphoned the water into a basic plastic storage container. Affixed to the storage 
container was 2 inch lay-flat which carried the water to the head of the furrow.  Attached to the 
lay-flat were two 5/8 inch ball valves for water flow control. 

The furrow irrigated with well water was affixed with a one inch ball valve to control access to 
the well. A Nelson Rotator R33 sprinkler was attached to a Nelson 10 lb. pressure regulator with 
a #28 nozzle. The sprinkler head was captured in a plastic bag in order to create a metered 
emission similar to furrow irrigation. 

The drip system with well water was already in place because that is how the field was being 
irrigated prior to this trial. In order to obtain the water samples needed, a Nelson 10 lb. pressure 
regulator was fitted to the drip tape system already in place. The drip taped utilized in the field 
that was used for this trial is Toro Aqua-Traxx EA5060822. 

For the onions that were drip-irrigated with ditch water, an Ozawa injector pump outfitted with 
four heads was installed. Each head was capable of providing 12 gallons/hour of pressurized 
water from the ditch to supply water to the sand media filter. The sand media filter was filled 
with 30 grit crushed garnet rather than sand because the garnet requires less replacement and 
flushing and is capable of filtering to over 200 mesh. The installation of the sand media filter was 
atypical because media filters are commonly installed with a minimum of two filters, but due to 
very limited flow needed for the experiment, only one media filter was needed.  
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E. coli in the irrigation water 

The well water was free of E. coli. Irrigation runoff water from a pasture was intentionally 
captured and added to the ditch water to assure high E. coli counts in the ditch water.   The E. 
coli counts ranged from 218 to >2400 MPN/100 ml.  Hereafter this water is referred to as having 
considerable E. coli contamination. 

During each irrigation, water samples were taken every hour for 10 hours from three sources and 
numbered 1-30 accordingly.  Well water sample was taken from a built-in secondary release 
valve before it branched into furrow or drip.  Ditch drip water was sampled using the same 
release valve method.  Ditch furrow water sample was taken from the spigot where the water was 
applied to the furrow. New sterile latex gloves were worn when handling the each water sample 
collection bottle to prevent contamination. Water samples were placed in sterile plastic bags and 
stored on ice in a cooler until they were later transferred to a refrigerator for overnight storage. 
Samples were taken to the laboratory first thing the next morning for analysis, 27 hours after the 
first sample was taken.  

Sterile soil solution capsules  

Sterile soil solution capsules (SSSC) were conceived of for the purpose of this trial.  These soil 
water collectors are permeable fiber capsules filled with sterilized soil from the same field as 
where they would be installed.  They are 2.2 cm in diameter, 7.3 cm in height not including the 
rubber stopper, and 8.6 cm in height when including the rubber stopper (Figure 1) made from the 
case of Watermark Soil Moisture Sensors (Irrometer Co. Inc., Riverside CA). The SSSC allows 
inflow of water along with E. coli. 

 

Figure 1.  Sterile soil solution capsule (SSSC) dimensions.  Distances are in cm. 

 

To prepare the SSSC, three buckets and four aluminum baking pans were washed with bleach 
and rinsed with distilled water for sterilization. Once sterilized, latex gloves were worn at all 
times to prevent contamination of sterile items from contact with skin. If gloves came in contact 
with any non-sterile surface, those gloves were thrown in the garbage and new gloves were used.  
Note that these procedures were not performed in a cleanroom, so the environment itself was not 
sterile, but precautions were taken to keep contamination at a minimum.  Three pounds of soil 



Movement of Escherichia coli in soil as applied in irrigation water 5 
 

taken from the experiment site was sieved and then baked at 500 degrees Fahrenheit for one hour 
for sterilization.  One of three buckets contained a bleach solution of 60 ml of bleach to four L of 
distilled water for a sterilization bath. The other two buckets contained distilled water to serve as 
successive rinses. The empty SSSC soaked in the bleach solution for not less than a minute and 
spent not less than one minute in each subsequent rinse bath. Once removed from the second 
rinse, empty SSSC were placed on a sterile aluminum pan and placed in the sun to dry for about 
10 minutes in 38 degrees Centigrade. When finished drying, the soil water collector capsules 
were filled with 11 cubic centimeters of the sterilized soil.   

The second time the experiment was run, the same methods were used for sterilization and filling 
of new soil water collector capsules; however, this time the capsules were run through a third 
distilled water rinse before they were set out to dry. 

Field design 

The tests with furrow irrigation were conducted on the station simultaneously in the same field 
using both clean well water and ditch water with considerable E. coli contamination.  Water 
being applied was sampled hourly from both furrow irrigation water sources.  Likewise, side by 
side tests with drip irrigation were conducted simultaneously using both clean well water and 
ditch water with considerable E. coli contamination.  Measurements were replicated four times 
for each system and at three sampling distances between the edge of the water up to directly 
against the onion bulbs. 

For the drip irrigated onions, three SSSC were placed in a staggered line, with one being placed 
right next the drip tape, one being placed next to the onion bulb, and one being placed directly in 
the middle of the drip tape and onion bulb (Figures 2 and 3). The same procedure was used for 
the furrow irrigated onions (Figures 4 and 5).  Latex gloves were worn when the capsules were 
being placed out in the field, as well as when they were collected so as not to contaminate them. 
After the first irrigations, the number of SSSC was doubled, so that more soil was available for 
E. coli analyses (Figure 3). 
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Figure 2.  Placement of sterile soil solution capsules (SSSC) in the drip irrigated onions 
from the drip tape and bulbs.  Distances are in cm. 

 

Figure 3.  Placement of sterile soil solution capsules (SSSC) from the drip tape to 
adjacent to the onion bulbs. 
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Figure 4.  Placement of sterile soil solution capsules (SSSC) in the furrow irrigated 
onions.  Distances are in cm. 

 

Figure 5.  Placement of sterile soil solution capsules (SSSC) from near edge of furrow 
irrigation water to adjacent to the onion bulbs. 
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E. coli in the soil water 

Samples of E. coli in the soil water were taken two different ways, sampling the soil itself and 
capturing a sample of soil water inside the SSSC.  At the end of each irrigation soil samples were 
taken 0 to 5 cm depth in a wedge 2.2 cm wide and 10 cm long parallel to the water sources and 
onion rows (Figures 6 and 7) analogous to the positions of the SSSC (Figures 2 and 4 ).  To 
minimize cross contamination in collecting soils and SSSC, sample retrieval was grouped based 
on the irrigation system, water source, and sample position. Four samples were collected, 
followed by a change of latex gloves and sterilization of all equipment in 60 ml of bleach diluted 
in four liters of distilled water followed by rinsing in three successive baths of four liters of 
distilled water.   

 

Figure 6.  Location of soil samples in the drip-irrigated onions with respect to the drip 
tape and onion bulbs.  Distances are in cm. 
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Figure 7.  Location of soil samples in furrow-irrigated onions with respect to edge of the 
water and onion bulbs.  Distances are in cm. 

 

For each irrigation, the SSSC before the onset of irrigation and were collected at the end of the 
10 to 11-hour irrigation. The capsules that contained sterilized soil took up water.  At the end of 
the irrigation, each capsule was retrieved.  Each SSSC was placed into a sterile two oz. Whirl-
Pak labeled “Soil Solution” and its corresponding number.  A sample of the soil located next to 
each capsule was also collected and placed in a sterile two oz. Whirl-Pak labeled “Soil” with its 
corresponding number. Samples were grouped according to their type, irrigation system and 
water source, placement in a field, and each group of Whirl-Pak bags was placed in a separate 
sterilized gallon-sized Ziploc bag to minimize cross contamination.  All SSSC samples and soil 
samples were immediately stored on ice in a cooler, and then moved to a refrigerator for 
overnight storage. All samples were taken to the laboratory for analysis about 17 hours after the 
first sample was taken.  

Water analyses for E. coli 

Water samples were maintained under refrigeration until analyses.  The Most Probable Number 
(MPN) of E. coli was determined using IDEXX Colilert® +Quanti-Tray/2000® (IDEXX 
Laboratories, Westbrook, ME).   
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Soil analyses for E. coli 

Soil was sampled 0 to 5 cm deep from 20 random spots in the drip irrigated and furrow irrigated 
onion rows at harvest.  Soil samples were refrigerated until analyzed.  Part of each soil sample 
was weighed wet, dried, and weighed dry to determine the soil water content.  Fifty g of each 
soil sample was diluted in 75 ml of water and shaken.  Then 50 ml was removed and was used to 
estimate a Most Probable Number (MPN) of E. coli using IDEXX Colilert® +Quanti-
Tray/2000® (IDEXX Laboratories, Westbrook, ME).  Data were reported as Most Probable 
Number (MPN) of E. coli /100 ml of soil water.  To determine the E. coli in the SSSC 10 g of 
soil from inside the capsule was diluted in 60 ml of water and shaken, and in other respects the 
analyses were the same as for the soil samples.   

Environmental monitoring 

Two Irrometer Watermark Monitor Data Loggers were set up with four Irrometer Model 200SS 
Watermark Soil Moisture Sensors, one air temperature sensor and one soil temperature sensor 
each. One unit was installed in a furrow system and the other unit in a drip irrigation system. The 
purpose of these Data Logger units was to record soil moisture content, soil temperature, and air 
temperature. 

Results 

Drip irrigation of onion with well water 

Measurements made on the well water were all negative on 17 July and 31 July (Table 1).  No E. 
coli was found in the soil adjacent to the wetting front in the irrigation furrows but a considerable 
amount was found in one spot between the edge of the wetting front and the onion bulbs (Table 
2).  This was apparently a random occurrence.  The E. coli counts in the SSSC were low and 
none occurred next to the onion bulbs (Table 3). 

 

Table 1. E. coli counts in the well water used to drip irrigate onions, Oregon State 
University, Malheur Experiment Station, Ontario, Oregon, 2013. 

Sample number 17 July 31 July 
 Hourly MPN of E. coli/100ml of irrigation water 
1 0 0
2 0 0
3 0 0
4 0 0
5 0 0
6 0 0
7 0 0
8 0 0
9 0 0
10 0 0
Average 0 0
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Table 2. E. coli counts in the soil where onions were drip irrigated with well water, 
Oregon State University, Malheur Experiment Station, Ontario, Oregon, 2013.  

Position of the soil sample with respect to the 
water source and onion bulbs. 

17 July 31 July 

 Average E. coli/100ml soil water  
Next to drip tape 0 (0)* 0 (0)
In between 36 (72) 3,415 (6,596)
Next to onion bulb 0 (0) 69 (139)
*Standard deviation 

Table 3. E. coli counts in soil solution using “sterile soil solution capsules” (SSSC) 
where onions were drip irrigated with well water, Oregon State University, Malheur 
Experiment Station, Ontario, Oregon, 2013.  

Position of soil solution sample with 
respect to the water source and onion 
bulbs  

17 July 31 July 

  Average E. coli/100ml soil solution 
Next to drip tape 0 (0)* 3 (7)
In between 0 (0) 87 (173)
Next to onion bulb 0 (0) 0 (0)
 
*Standard deviation 

Drip irrigation of onion with ditch water 

Trials were run on three dates with a drip irrigation system using E. coli contaminated water by 
capturing runoff water from a pasture.  The water contained from 488 to >2400 MPN/100ml E. 
coli per 100 ml (Table 4).  The E. coli in the soil adjacent to the drip tape was very high but the 
counts in the soil near the onion bulbs were low (Table 5).  The E. coli counts captured by the 
SSSC next to the drip tape were very high but the counts midway to the bulbs were moderate and 
the counts adjacent to the bulbs were extremely low (Table 6). 
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Table 4. E. coli counts in the ditch water used to drip irrigate onions, Oregon State 
University, Malheur Experiment Station, Ontario, Oregon, 2013. 

Sample number 17 July 21 August 27 August 
 Hourly MPN of E. coli/100ml of irrigation water 
1 1203 920 1553
2 648 980 870
3 1119 1119 >2419
4 866 1203 >2419
5 1011 1732 913
6 1299 1203 >2419
7 1046 1413 >2419
8 613 1119 >2419
9 770 1413 >2419
10 488 1203 -
Average 906 1231 >1984
 

Table 5. E. coli counts in the soil where onions were drip irrigated with ditch water, 
Oregon State University, Malheur Experiment Station, Ontario, Oregon, 2013. 

Position of the soil sample 
with respect to the water 
source and onion bulbs. 

17 July 21 August 27 August 

 Average E. coli/100ml soil water 

Next to drip tape 320 (373)* 6,189 (10,783) 3,281 (3,667)
In between 207 (271) 125 (252) 291 (346)
Next to onion bulb 0 (0) 0 (0) 57 (49)
*Standard deviation 

Table 6. E. coli counts in soil solution using “sterile soil solution capsules” (SSSC) 
where onions were drip irrigated with ditch water, Oregon State University, Malheur 
Experiment Station, Ontario, Oregon, 2013. 

Position of soil solution sample 
with respect to the water source 
and onion bulbs 

17 July 21 August 27 August 

 Average E. coli/100ml soil solution 
Next to drip tape 711 (1,423)* 12,426 (22,350) 12,769 (25,302)
In between 0 (0) 66 (68) 7,991 (10,491)
Next to onion bulb 0 (0) 11 (12) 0 (0)
*Standard deviation 
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Furrow irrigation of onion with well water 

As mentioned above, the measurements made on the well water were all negative on 17 July and 
31 July (Table 7).  Very few E. coli were found in the soil adjacent to the wetting front in the 
irrigation furrows and none were found adjacent to the onion bulbs (Table 8).  The E. coli counts 
in the SSSC were low and none occurred next to the onion bulbs (Table 9). 

Table 7. E. coli counts in the well water used to furrow irrigate onions, Oregon State 
University, Malheur Experiment Station, Ontario, Oregon, 2013. 

Sample number 17 July 31 July 
 Hourly MPN of E. coli/100ml of irrigation water 
1 0 0
2 0 0
3 0 0
4 0 0
5 0 0
6 0 0
7 0 0
8 0 0
9 0 0
10 0 0
Average 0 0
 

Table 8. E. coli counts in the soil where onions were furrow irrigated with well water, 
Oregon State University, Malheur Experiment Station, Ontario, Oregon, 2013. 

Position of the soil sample with respect to the 
water source and onion bulbs. 

17 July 31 July 

 Average E. coli/100ml soil water 

Next to furrow 0 (0)* 90 (95)
In between 0 (0) 7 (7)
Next to onion bulb 0 (0) 0 (0)
*Standard deviation 
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Table 9. E. coli counts in soil solution using “sterile soil solution capsules” (SSSC) 
where onions were furrow irrigated with well water, Oregon State University, Malheur 
Experiment Station, Ontario, Oregon, 2013. 

Position of soil solution sample with 
respect to the water source and onion 
bulbs 

17 July 31 July 

 Average E. coli/100ml soil solution 

Next to furrow 0 (0)* 37 (31)
In between 0 (0) 139 (278)
Next to onion bulb 0 (0) 0 (0)
*Standard deviation 

Furrow irrigation of onion with ditch water 

Trials were run on four dates with a drip irrigation system using E. coli contaminated water by 
capturing runoff water from a pasture.  The water contained from 218 to >2400 MPN/100ml E. 
coli per 100 ml (Table 10).  The E. coli in the soil adjacent to the wetting front had high counts 
following the second furrow irrigation and a high level of contamination penetrated next to the 
onion bulbs by the third irrigation (Table 11).  The E. coli counts captured by the SSSC next to 
the wetting front were high after the first irrigation and penetrated to the soil adjacent to the 
bulbs by the second furrow irrigation (Table 12). 

Table 10. E. coli counts in the ditch water used to furrow irrigate onions, Oregon State 
University, Malheur Experiment Station, Ontario, Oregon, 2013. 

Sample number 17 July 31 July 21 August 27 August 

 Hourly MPN of E. coli/100ml of irrigation water 

1 665 na 1203 >2419
2 658 1733 866 1732
3 1203 2419 980 >2419
4 524 1299 1732 >2419
5 727 1203 980 >2419
6 1299 1986 648 >2419
7 866 344 1299 >2419
8 579 218 980 >2419
9 517 344 816 >2419
10 488 1553 920 
Average 753 1110 1043 >2343
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Table 11. E. coli counts in the soil where onions were furrow irrigated with ditch water, 
Oregon State University, Malheur Experiment Station, Ontario, Oregon, 2013. 

Position of the soil 
sample with respect to 
the water source and 
onion bulbs. 

17 July 31 July 21 August 27 August 

 Average E. coli/100ml soil water 

Next to furrow 66 (132)* 1,279 (485) 17,139 (5,078) 4,356 (2,126)
In between 128 (178) 365 (251) 16,917 (3,694) 2,160 (903)
Next to onion bulb 0 (0) 234 (211) 16,900 (12,023) 4,033 (4,165)
*Standard deviation 

Table 12. E. coli counts in soil solution using “sterile soil solution capsules” (SSSC) 
where onions were furrow irrigated with ditch water, Oregon State University, Malheur 
Experiment Station, Ontario, Oregon, 2013. 

Position of soil 
solution sample with 
respect to the water 
source and onion 
bulbs 

17 July 31 July 21 August 27 August 

 Average E. coli/100ml soil solution 
Next to furrow 422 (465)* 3,837 (924) 6,664 (7,254) 17,853 (17,046)
In between 0 (0) 4,529 (2,809) 1,768 (1,044) 10,077 (5,451)
Next to onion bulb 0 (0) 1,225 (1,349) 560 (404) 22,495 (15,917)
*Standard deviation 

Discussion 

The observations are preliminary in that relatively few observations were conducted.   The 
number of monitored irrigations was limited due to the cost of the E. coli analyses. A fully 
replicate field trial with repeated observations at many locations on each irrigation furrow is 
warranted, but beyond the current financial capabilities.   

In the FDA proposed rules “direct water application method” was defined as “using agricultural 
water in a manner whereby the water is intended to, or is likely to, contact covered produce or 
food-contact surfaces as opposed to “indirect water application methods”.  Although both furrow 
or drip irrigation might be considered an “indirect water application method” the furrow 
irrigation observed here resulted in high E. coli MPN in the soil water adjacent to the onion bulbs 
while the drip irrigation of onion did not.  
The E. coli found in Table 2 suggests that there is at least one important source of E. coli other 
than the soil and irrigation water in this production system.  The soil and water both tested 
negative in the beginning of this trial. 



Movement of Escherichia coli in soil as applied in irrigation water 16 
 

The high variability of E. coli in the soil  water and in the SSSC suggests that water movement 
and E. coli transport in the water varies greatly by the spot sampled.  A much number of sampled 
locations would need to pooled before analysis to reduce the variance in the data. 

 

Figure 8. Diagram of water movement toward the onion bulb from a buried drip tape. 

 

It is possible that the low movement of E. coli to soil positions adjacent to the onion bulbs was 
due to water movement by non-saturated capillary flow of water around the soil particles (Figure 
8).  It is not known whether onion irrigation with contaminated water actually increases the E. 
coli count on lifted onions or increases the internalization of E. coli in onion bulbs.  Onion bulbs 
drip-irrigated with well water and furrow-irrigated with ditch water were intensively examined 
internally and externally for E. coli at the end of the trial and subsequently during curing and 
packout (Shock et al. 2013). 
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Abstract 

The Food and Drug administration has expressed concern that Onions (Allium cepa) irrigated 
with water contaminated with high rates of Escherichia coli could harbor E. coli on their surface 
or interior.  On the other hand, since onions contain antimicrobial compounds and field 
conditions may not be conducive to E. coli survival, the E. coli population on the surface of 
onions might become negligible through the course of field curing. Further, the relationship 
between the E. coli in the irrigation water to the E. coli on onion bulbs after field curing, harvest, 
and packout has not been studied.  To determine if E. coli should be of concern in onion 
production, we sought to measure the die-off of E. coli on onions between the last irrigation and 
harvest and the presence of E. coli on onions after packout.  Well water was tested and had no E. 
coli; ditch water intentionally run across a pasture prior to use had 218 to > 2400 MPN of E. 
coli/100ml.  Onions were sampled from those furrow irrigated (ditch water) and those drip 
irrigated (well water) starting at lifting 3 September 2013 for four consecutive weeks.  At 0 and 
28 days after lifting, both interior and exterior of the onions were tested for E. coli.  At 7, 14, and 
21 days after lifting, only the exterior of the onions was tested.  None of the onions contained E. 
coli internally at 0 or 28 days after lifting.  At lifting E. coli was present on the exterior of both 
the drip and furrow irrigated onions and seemed to be largely unrelated to the irrigation water.  
The exterior E. coli contamination decreased rapidly after lifting.  After harvest and packout on 
14 October 2013, no E. coli was detected on the onion bulb exteriors from either irrigation 
treatment.  E. coli introduced into the onion field through furrow irrigation was not present on or 
in the packed out onion bulbs. 

   

Introduction 

Bacteria are ubiquitous in nature.  Fresh produce can become contaminated in the field with 
bacteria that are potentially harmful to humans from many sources, including from irrigation 
water (Beuchat, 1996).  Bacteria from water could possibly contaminate the exterior or interior 
of an onion.  We sought to examine the survival and die-off of E. coli during field curing on 
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onions following furrow irrigation with water containing substantial amounts of E. coli (Shock et 
al., 2013). 

There are many factors that affect the contamination and survival of E. coli in soil, water, and on 
fresh and minimally processed produce.  Given that conditions are favorable, E. coli can survive 
in open environments (van Elsas 2011).  However, most soils and aquatic environments have 
highly fluctuating conditions, causing reduced bacterial survival and growth.  For example, the 
availability of water plays a key role in the survival of E. coli.  Extreme water fluctuations have 
harsh effects on E. coli physiology and survival in the environment.  Intense dry conditions can 
result in considerable cell death, whereas substantial flooding shifts cellular metabolism to 
anaerobic processes.  Different soil properties, such as porosity, surface area, bulk density and 
macropore structure are also important factors for bacteria to percolate through the soil, with 
regard to adsorption and gravitational movement with water (Mankin et al. 2007). 

In all habitats studied, namely soil and manure habitats, E. coli population sizes show 
progressive declines.  However, under complex natural conditions, E. coli fate is not accurately 
predictable (van Elsas 2011). 

The leaf environment of some plants has been shown to develop a biofilm that harbors human 
pathogens (Heaton and Jones 2008).  E. coli applied to onion leaf tissue in the fall in Georgia at 
1,000,000 CFU/100ml could be recovered up to 74 days after application (Islam et al. 2004), but 
the population declined logarithmically over time.   

Like other vegetables, onion bulbs may acquire E. coli contamination in the field from various 
sources.  Most of the E. coli from irrigation water that gets on onion bulbs when they are 
growing in the fields may not be internalized and may die off before harvest.  Other E. coli 
probably land on the bulbs by chance while they are growing and curing.  Onions receiving no E. 
coli in the irrigation water could be contaminated with E. coli by the time they are lifted and 
cured.  Bulbs grown with contaminated water may be just as clean as those grown with zero E. 
coli irrigation water by the time that they are lifted and cured.  It is unknown to what extent E. 
coli are present on onion bulbs at lifting or to what extent they die off during field curing.  We 
examined the extent that E. coli occurring on onion bulbs at lifting would spontaneously die off 
during field curing, and their presence on the packed out product. 

 

Materials and Methods 

“Vaquero” onions were grown at the Oregon State University Malheur Experiment Station, 
Ontario, Oregon, in Owyhee silt loam in a field that had no history of manure application over 
the last three decades (Shock et al. 2013).  The soil texture consisted of 34% sand, 66% silt, and 
0% clay.  Most rows of onion were grown under drip irrigation using well water free of E. coli.  
Other rows of onions were furrow irrigated with water containing E. coli.  Onions were grown 
identically in every other detail except for the water sources and irrigation systems.  The seed 
was from the same lot, the seed was planted on the same day, and all operations were identical.  
Irrigation ceased on 27 August 2013. 

Onions to be used for testing were lifted 3 September 2013 from the field by hand using sterile 
latex gloves and left on the soil surface to cure.  Sterile gloves were changed at lifting between 
irrigation treatments to avoid cross-contamination.  Five plots were marked with 90 successive 
bulbs in each row for the onions grown with well water using drip irrigation and five plots were 
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marked for the onions grown with furrow irrigated ditch water.  The plots were numbered 1-10.  
Plots 1-5 were drip irrigated with well water with no E. coli and plots 6-10 were furrow irrigated 
with ditch water containing 218 to >2400 MPN E. coli per 100 ml of water (Shock et al. 2013).  
Fifteen onions from each plot were tested each week (Figure 1).  In the first week, every sixth 
onion was picked up using sterile latex gloves, topped using sterilized scissors or knife, and 
placed into a double-bagged 13-gallon trash bag labeled accordingly.  Care was taken to avoid 
cross contamination of onion samples.  No attempt was made to remove the roots or remove the 
soil attached to the roots or adhering to the outer skins, as these are normally incidentally 
removed by the automated handling of onion bulbs during mechanical harvest and packout.  The 
samples were taken to the lab immediately afterwards for peeling and analysis.  In the second 
week, every fifth onion was picked up, etc. until all but 15 onions from a plot were picked up.   

 

 

 

Figure 1. Onions were lifted on 3 September 2013.  Onions were lifted using sterile 
gloves.  They were also sampled using sterile gloves and knives, Oregon State 
University Malheur Experiment Station, Ontario, Oregon.  

 

The final 15 onion bulbs from each plot were harvested 14 October 2013 into numbered 
sterilized wire baskets using sterile latex gloves and topped using sterilized knives.  The bulbs 
were packed out of the wire baskets on 14 October 2013.  New sterile gloves and a freshly 
sterilized packing table were used for every packout sample.  Bulbs were placed into a double-
bagged 13-gallon trash bags labeled accordingly.  The harvest and packout removed the loose 
skin and most of the attached roots and soil. 
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Bulb exteriors tested for E. coli 

In the laboratory, the roots, soil, skins, and outer peel of the 15 onions were removed from the 
bulbs and weighed.  They were then thoroughly washed in one liter of water.  A 10ml sample of 
the wash water was used to estimate a Most Probable Number (MPN) using IDEXX Colilert® 
+Quanti-Tray/2000® (IDEXX Laboratories, Westbrook, ME) of E. coli from the outside of the 
onions.  The E. coli MPN per onion bulb exterior was calculated.  For the sixth onion sample 
after packout, roots, soil, skins, and outer peel of the 15 onions were removed from the bulbs and 
weighed, but since the remaining skins and roots held less soil, the added clarity allowed a 100 
ml sample of the wash water to be used to estimate the MPN.  

Bulb interiors tested for E. coli 

The outer skins and scales were peeled from all the onions in 15 bulb sample and the bulbs were 
placed on an aluminum tray.  The outside of the peeled onions were disinfected with 70 % 
ethanol and placed on a sterilized aluminum tray.  The alcohol was allowed to dissipate.  A 
wedge was cut out of each onion and the wedges were placed in a sterilized zip lock food grade 
bag and mixed.  A sterilized stainless steel beaker was filled with mixed onion wedges and the 
remainder of the onion wedge sample was placed in a refrigerator.  The cut onions wedges in 
stainless steel beaker were macerated with a food processer (Waring commercial immersion 
blender; model WSB) in the stainless steel beaker.  After maceration, 10 ml of the resulting 
onion suspension was placed in 90 ml of Universal Pre-enrichment broth (UPB, Accumedia, 
Nedgen Michigan) and sealed.  The UPB broth was placed in an incubator for 48 hours at 35o C. 

Along with every batch of samples, an additional positive inoculated sample was placed in an 
additional flask containing UPB broth.  A glass jar with 100 ml sterilized water had a package of 
Colisure (Idexx) added for the presence of E. coli.  Five ml of the UPB was transferred to 
Colisure mixture and incubated for 24 hours at 35o C.  After 24 hours the Colisure was tested 
with UV light for the presence of E. coli. 

 

Soil tested for E. coli 

Soil was sampled 0 to 5 cm deep from 20 random spots in the drip irrigated and furrow irrigated 
onion rows at harvest.  Soil samples were refrigerated until analyzed.  Part of each soil sample 
was weighed wet, dried in an oven at 50o C, and weighed dry to determine the soil water content.  
Fifty g of each soil sample was diluted in 75 ml of water and shaken.  Then 50 ml was removed 
and was used to estimate a Most Probable Number (MPN) of E. coli in the soil water using 
IDEXX Colilert® +Quanti-Tray/2000® (IDEXX Laboratories, Westbrook, ME). Results were 
reported as MPN of E. coli per 100ml of soil water based on the water in the soil at the time of 
sampling. 

 

Results 

Due to intentional excessive contamination with E. coli, the top 5 cm of soil next to the furrow-
irrigated bulbs had 4033 MPN of E. coli per 100ml of soil water one week prior to lifting (Shock 
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et al 2013).  The top 5 cm of soil with drip irrigation with well water had 0 MPN of E. coli per 
100ml of soil water next to the bulb one week prior to lifting.  The results show that this E. coli 
was excluded from entering the onion.  At lifting, no E. coli were internalized in any of the 
onions (Table 1).  At the end of field curing the E. coli in the soil with intentional excessive 
contamination with E. coli had decreased to 611 MPN E. coli per 100ml of soil water at the end 
of field curing, still without any internal E. coli in the bulbs (Table 1) and decreased to 152 MPN 
E. coli per 100ml of soil water by November 4. 

The furrow irrigated onions had received water up to in excess of 2400 MPN of E. coli per 
100ml of water and the drip irrigated onions had been irrigated with well water containing 0 
MPN E. coli/100ml of water (Shock et al. 2013).  In spite of the marked differences in irrigation 
water, the furrow irrigated onions had no more exterior E. coli contamination at lifting than the 
drip irrigated onions (Table 1).  The exterior E. coli contamination decreased rapidly after lifting.  
None of the onions contained E. coli internally at 0 or 28 days after lifting.  

After packout, there was no difference in E. coli contamination on the onion exteriors between 
onions grown using drip irrigation and clean well water and onions grown with E. coli 
contaminated ditch water using furrow irrigation (Table 2). 

 

Table 1. Tissue test of onions that were drip irrigated with well water and furrow irrigated 
with ditch water, Oregon State University, Malheur Experiment Station, Ontario, Oregon, 
2013.  The onions tested here retained the loose skins, dirt, and roots that are ordinarily 
removed during mechanical harvesting and packout (Figure 2). 

Days 
from 
lifting 

Treatment Average E. 
coli next to 

the onion bulb 
(Aug. 27) 

MPN/100ml of 
soil water 

Average 
weight of 

skins, peel, 
roots, and 

soil (g/bulb) 

Average 
external E. coli 

per onion 

E. coli 
inside 

the 
bulb 

Irrigation 
System 

Water 
Source 

0 Drip Well 0 (0)* 15 1,615 (3,570)* 0 
Furrow Ditch 4,033 (4,165) 18 956 (1,397) 0 

7 Drip Well  23† 972 (2,166) N/A 
Furrow Ditch  26† 343 (353) N/A 

14 Drip Well  12 18 (28) N/A 
Furrow Ditch  13 15 (17) N/A 

21 Drip Well  14 0 (0) N/A 
Furrow Ditch  16 5.3 (5.6) N/A 

28 Drip Well  14 0 (0) 0 
Furrow Ditch  15 6.7 (6.7) 0 

*standard deviation 

†Weight affected by rainfall 
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Table 2. E. coli on onions following harvest and packout, Oregon State University, 
Malheur Experiment Station, Ontario, Oregon, 2013.  In the packout the loose skins, 
dirt, and roots were removed from the bulbs (Figure 3). 

Days 
from 
lifting 

Treatment Average E. coli 
next to the onion 
bulb on October 
1 (MPN/100ml 
of soil water) 

Average weight 
of skins, peel, 
roots, and soil 
on October 15 

(g/bulb) 

Average MPN 
external E. coli per 
onion on October 

15 
Irrigation 
System 

Water 
Source 

41 Drip Well 0 6.2 0 (0)* 
Furrow Ditch 611 7.6 0 (0) 

*standard deviation 

Discussion 

E. coli decline in the soil 

E. coli in the soil next to the furrow-irrigated onion bulbs declined from 4033 to 611 MPN/100 
ml of soil water from August 27 to October 1.  The soil environment included many factors 
reviewed by van Elsas et al. (2011) to be unfavorable for E. coli survival (oscillating 
temperature, high pH, low soil clay content, and aerobic conditions).  

E. coli on the bulb exteriors 

In a study by Islam et al (2005) it was reported that the persistence of E. coli O157:H7 in soil is 
dependent on the type of vegetable grown in the soil, with inactivation more rapid in soil in 
which onions are grown than in soil in which carrots are grown.  Islam et al was also determined 
that E. coli O157:H7 cell numbers progressively declined on both carrots and onions with time, 
but did so more rapidly on onions.  Generally, E. coli O157:H7 survived better on carrots than on 
onions. It should be noted that the levels of E. coli O157:H7 used in that study were far greater 
than what would likely be found on an agricultural field. 

In the present study, the amount of E. coli present on the outside skins, roots, and soil of the 
onion bulb at lifting was not related to the history of onion irrigation (Table 1).  Onions grown 
with furrow irrigation with a heavy load of E. coli in the irrigation water had no more external 
contamination at lifting than onions that were drip-irrigated with well water containing no E. 
coli.  The source of the E. coli on the bulb exteriors at lifting was not determined and warrants 
additional study.  The E. coli present on the bulb exteriors rapidly died off over the period of 
three weeks.  The small amount of E. coli present on the outside of the onion bulbs after 3-4 
weeks of curing in the furrow irrigated treatment may have been related to the soil on the onion 
samples (Figure 2) since there still were residual E. coli present in the surface soil following 
furrow irrigation. 
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Figure 2. Onions sampled 0, 7, 14, 21, and 28 days after lifting retained loose skins, 
soil, and a few roots, Oregon State University Malheur Experiment Station, Ontario, 
Oregon.  

 

Figure 3. Onions lost most of the loose skins, soil, and roots during manual harvest and 
packout, October 2013, Oregon State University Malheur Experiment Station, Ontario, 
Oregon.  
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Figure 4. Onions typically lose most of the loose skins, dried roots, and attached soil 
during mechanical harvesting and packing operations (Photo courtesy of Duane Kido, 
TopAir Inc., Parma, Idaho).   

The onions analyzed 0 through 28 days after lifting retained roots, loose skins, and attached dirt 
(Figure 2) and are not typical of onion bulbs that are mechanically harvested after curing because 
mechanical operations cause much of the loose skins, soil and roots to be dislodged from the 
bulbs.  Onions packed out from this trial were relatively free from loose skins and soil (Figure 3) 
and no longer held E. coli on their exteriors (Table 2).  The relatively clean appearance of these 
onions is typical of onions packed out by commercial operations.  Field curing followed by 
mechanical harvesting and packing typically dislodges most of the loose skins and soil that 
adheres to the onion bulbs (Figure 4).   

 

E. coli internalized in the onion bulbs 

Although E. coli was present on the bulb exteriors at lifting, it was not internalized in any of the 
onion bulbs tested at lifting or at the end of the curing process.  The onion skins and the outer 
layer may provide morphological barriers to E. coli infection.  Tauxe et al. (1997) enumerate 
four broad factors that affect “the survival, growth, and inactivation of microorganisms on fresh 
produce”.  One of these factors is “the physiologic state of the plant tissue and its resistance to 
microbial metabolic processes.”  Tauxe et al. point out, “Normally, the exterior of produce acts 
as a physical barrier, preventing bacteria from penetrating into the interior.”  Dry bulb onion has 
such a barrier in its skin and outer layer, both of which are typically discarded prior to 
consumption.  

Antimicrobial compounds in onion bulbs may be important in the resistance of bulbs to infection 
by E. coli.  Onion chemistry inhibits human pathogenic organisms (Johnson and Vaughn, 1969; 
Elnima et al. 1983; Block 1985; Zohri et al. 1995; Sofos et al. 1998; Yin and Tsao 1999; Kyung 
and Lee 2001; Srinivasan et al. 2001; Griffiths et al. 2002; Indu et al. 2006; Islam et al. 2004; 
Islam et al. 2005; Block 2010; Ye et al. 2013).  Onions share a common non-protein amino acid 
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class, S-Alk(en)yl-L-cysteine sulfoxides, with other Allium species (including garlic, elephant 
garlic, wild garlic, leeks, scallions, shallots, Chinese chives, and chives) as well as with the 
unrelated Brassica (cruciferous vegetables including broccoli, cauliflower, cabbage, Chinese 
cabbage, kale, turnip, swede, and kohlrabi) (Kyung and Lee 2001).  This class of amino acids 
and its associated thiosulfate breakdown products have strong antimicrobial activities against a 
broad spectrum of human pathogenic bacteria (Srinivasan et al. 2001) as well as specific strains 
of Aspergillus fungi (Yin and Tsao 1999; Srinivasan et al. 2001).  In Petri dish culture, crude 
extract of onion, is known to inhibit growth of the following human pathogens within 1.3 to 2.3 
cm: the Gram-negative bacteria Chromobacterium violaceum, E. coli, Enterobacter faecalis, 
Proteus mirabilis, Pseudomonas aeruginosa, Salmonella paratyphi, and Salmonella typhi; the 
Gram-positive bacterium Bacillus subtilis; and the fungi Aspergillus flavus, Aspergillus 
fumigatus, and Candida albicans (Srinivasan et al. 2001). Based on this broad-spectrum 
antimicrobial activity, it is likely that colonies of many bacteria do not normally survive beyond 
the skin of the onion. 

 

References 

Beuchat, L. R. 1996. Pathogenic microorganisms associated with fresh produce. Journal of Food 
Protection, 59(2), 204-216. 

Block, E. 1985. The chemistry of garlic and onions. Scientific American, 252(3), 114–118. 
doi:10.1038/scientificamerican0385-114 

Block, E. 2010. Garlic and other alliums: the lore and the science. Cambridge, UK: RSC Pub. 

Brandl, M. T. 2006. Fitness of human enteric pathogens on plants and implications for food 
safety 1. Annu. Rev. Phytopathol., 44, 367-392. 

Elnima, E. I., Ahmed, S. A., Mekkawi, A. G., & Mossa, J. S. 1983. The antimicrobial activity of 
garlic and onion extracts. Die Pharmazie, 38(11), 747–748. 

Griffiths, G., Trueman, L., Crowther, T., Thomas, B., and Smith, B. 2002. Onions-a global 
benefit to health. Phytotherapy Research, 16, 603-615.  

Heaton, J. C., & Jones, K. 2008. Microbial contamination of fruit and vegetables and the 
behaviour of enteropathogens in the phyllosphere: a review. Journal of Applied Microbiology, 
104(3), 613-626. 

Indu, M. N., Hatha, A. A. M., Abirosh, C., Harsha, U., & Vivekanandan, G. 2006. Antimicrobial 
activity of some of the south-Indian spices against serotypes of Escherichia coli, Salmonella, 
Listeria monocytogenes and Aeromonas hydrophila. Brazilian Journal of Microbiology, 37(2), 
153–158. doi:10.1590/S1517-83822006000200011 

Islam, M., Doyle, M. P., Phatak, S. C., Millner, P., & Jiang, X. 2005. Survival of Escherichia 
coli O157:H7 in soil and on carrots and onions grown in fields treated with contaminated manure 
composts or irrigation water. Food Microbiology, 22, 63–70. 

Islam, M., Morgan, J., Doyle, M. P., & Jiang, X. 2004. Fate of Escherichia coli O157:H7 in 
manure compost-amended soil and on carrots and onions grown in an environmentally controlled 
growth chamber. Journal of Food Protection, 67(3), 574–578. 



Survival of Escherichia coli on onion during field curing and packout 27 
 

 

Johnson, M. G., & Vaughn, R. H. 1969. Death of Salmonella typhimurium and Escherichia coli 
in the presence of freshly reconstituted dehydrated garlic and onion. Applied Microbiology, 
17(6), 903–905. 

Kyung, K., & Lee, Y. 2001. Antimicrobial activities of sulfur compounds derived from S-
alk(en)yl-l-cysteine sulfoxides in Allium and Brassica. Food Rev Int, 17, 183–198.  

Mankin KR, Wang L, Hutchinson SL, Marchin GL. 2007. Escherichia coli sorption to sand and silt loam 
soil. Transactions of the ASABE. 50:1159–1165. 

Shock, C.C., , J.M. Pinto, T.A. Laubacher, R.D. Ross,  A.C. Mahony, H. Kreeft, and B.M. 
Shock, 2013. Movement of Escherichia coli is soil as applied in irrigation water. In Shock, C.C. 
Ed. Preliminary studies on Escherichia coli and onion. Oregon State University Malheur 
Experiment Station, Special Report, Department of Crop and Soil Science Ext/CrS 148: 1-17.  

Sofos, J. N., Beuchat, L. R., Davidson, P. M., & Johnson, E. A. 1998. Naturally occurring 
antimicrobials in food. Regulatory Toxicology and Pharmacology, 28(2), 71–72. 
doi:10.1006/rtph.1998.1246 

Srinivasan, D., Nathan, S., Suresh, T., & Perumalsamy, P. L. 2001. Antimicrobial activity of 
certain Indian medicinal plants used in folkloric medicine. Journal of Ethnopharmacology, 74, 
217–220. 

van Elsas, J. D., Semenov, A. V., Costa, R., and Trevors, J. T. 2011. Survival of Escherichia coli 
in the environment: fundamental and public health aspects. The ISME journal, 5(2), 173-183. 

Ye, C-L., Dai, D-H., and Hu, W-L. 2013. Antimicrobial and antioxidant activities of the essential 
oil from onion (Allium cepa L.). Food Control 30: 48-53. 

Yin, M., & Tsao, S. 1999. Inhibitory effect of seven Allium plants upon three Aspergillus 
species. International Journal of Food Microbiology, 49(1-2), 49–56. doi:10.1016/S0168-
1605(99)00061-6. 

Zohri, A., Abdel-Gawad, K., & Saber, S. 1995. Antibacterial, antidermatophytic, and 
antioxigenic activities of onion (Allium cepa L.) oil. Microbiol. Res., 150, 167–172. 

 



 

Onion storage in sterilized new plastic crates compared to storage in old wooden boxes  28 
 

ONION STORAGE IN STERILIZED 
NEW PLASTIC CRATES COMPARED 
TO STORAGE IN OLD WOODEN 
BOXES 

Clinton C. Shock and Jose M. Pinto, Malheur Experiment Station, Oregon State 
University, Ontario, OR 

Harry Kreeft, Western Laboratories, Parma, ID 

Byron M. Shock, Scientific Ecological Services, Ontario, OR 

Abstract 

The United States Food and Drug Administration’s (FDA) proposed water rules to implement 
the Food Safety Modernization Act (FSMA).  The FDA has proposed that plastic totes be 
substituted for wooden bins for the storage on onion bulbs.  A preliminary study was conducted 
to examine the role of wooden storage containers on onion bulb contamination with E. coli. 
Onions from a furrow-irrigated field using water up to 866 MPN E. coli /100 ml were harvested 
into 12 old wooden boxes and 12 sterilized new plastic crates.  Onions from a drip-irrigated field 
using water with 0 MPN E. coli /100 ml were harvested into 12 old wooden boxes and 12 
sterilized new plastic crates.  Onions packed out tended to not have E. coli on the bulb exteriors.  
The small amount of contamination detected did not appear to be related to the storage 
containers or irrigation water source. 

 

Background 
The Food Safety Modernization Act, signed into law in January 2011, is the first major federal 
reevaluation of food safety since 1938.  It charges the FDA with ensuring the safety of the U.S. 
food supply by acting preventively rather than reactively to foodborne illness outbreaks. One of 
the new regulations the FDA has proposed for the production of vegetables are provisions that 
plastic totes be used to store onions instead of wooden bins.  It is unknown whether onion 
storage in wooden crates or bins contributes to E. coli counts on onion bulbs at packout.  The 
FDA requirement to convert from wooden crates to plastic totes would be very costly and might 
provide no human health benefits.  We sought to determine whether or not onion storage in new 
sterilized plastic crates would be more effective in minimizing E. coli contamination on the 
exterior of packed out onion bulbs than those stored in old, unwashed wooded boxes. 
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Materials and Methods 

‘Vaquero’ onions drip-irrigated with clean well water were compared with Vaquero onions 
irrigated with contaminated ditch water.  Onions were grown side-by-side on Greenleaf silt loam 
at the Oregon State University Malheur Experiment Station, Ontario, Oregon in 2013.  Both 
irrigations systems were in the same field with onions grown in the same way except for the 
irrigation system.  The seed was from the same lot, the seed was planted on the same day, and 
most operations were identical.  Prior to harvest, onions in the field were tested for the presence 
of salmonella or E. coli inside the bulbs.  Irrigation water sources were evaluated for E. coli 
several times during the growing season.  The final irrigation occurred on 30 August.  The 
onions were lifted mechanically on 10 September 2013.   

Analysis of Salmonella and E. coli inside the bulbs  

The outer skins and scales were peeled from all the onions in 15-bulb sample (one from the 
furrow-irrigated onions and one from the drip-irrigated onions), and the bulbs were placed on an 
aluminum tray.  The exterior of the peeled onions were disinfected with 70 % ethanol and placed 
on a sterilized aluminum tray.  The alcohol was allowed to evaporate.  A wedge was cut out of 
each onion.  The wedges were placed in a sterilized zip-lock food grade bag and mixed.  A 
sterilized stainless steel beaker was filled with mixed onion wedges and the remainder of the 
onion wedge sample was placed in a refrigerator.  The cut onion wedges in the stainless steel 
beaker were macerated with a food processer (Waring commercial immersion blender; model 
WSB) in the stainless steel beaker.  After maceration, 10 ml of the resulting onion suspension 
was placed in 90 ml of Universal Pre-enrichment broth (UPB, Accumedia, Nedgen Michigan) 
and sealed.  The UPB broth was placed in an incubator for 48 hours at 35o C. 

Along with every batch of samples, an additional positive inoculated sample was placed in an 
additional flask containing UPB broth.  After 48 hours in UPB, 1 ml of the UPB was transferred 
to TT Broth Base (Hajna, Remel) for Salmonella.   The TT broth was incubated for 24 hours at 
41.5o C.  A blue jar with 100 ml sterilized water had a package of Colisure (Idexx) added for the 
presence of E. coli.  Five ml of the UPB was transferred to Colisure mixture and incubated for 24 
hours at 35o C.  After 24 hours the TT broth was tested with Salmonella Rapid check (SDIX) for 
presence of Salmonella and the Colisure was tested with UV light for the presence of E. coli. 

Comparison of plastic crates and old wooden boxes 

About 30 onions from the drip-irrigated area of the field were topped 18 September into 12 
sterilized new plastic crates and into 12 un-sanitized old wooden boxes.  About 30 onions from 
the furrow-irrigated area were topped into 12 sterilized new plastic crates and into 12 un-
sanitized old wooden boxes (Figure 1).  All harvest and handling operations were done with 
sterile gloves, sterilized knives, and sterilized harvest baskets.  All boxes and crates were placed 
into the same onion storage (Figures 2 and 3).  The storage conditions were monitored.  Fifteen 
bulbs were packed out from each plastic crate and from each wooden box (Figure 4).  New 
sterile gloves and a freshly sterilized packing table were used for every packout sample.  Bulbs 
were placed into double-bagged 13-gallon trash bags labeled accordingly.  The harvest and 
packout removed the loose skin and most of the attached roots and soil.  Following packout, the 
bulb exteriors were analyzed for E. coli.  Packout occurred on 14 and 15 October 2013 to allow 
time to analyze the data and promptly share the results.  Remaining onions were returned to the 
same crate or box and returned to storage without packout.  The remaining onions were packed 
out of one onion crate and one old wooden box on 21 October.  
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External analysis of onion bulbs for E. coli  

In the laboratory the roots, small remnants of soil, skins, and outer peel of the 15 onions were 
removed from the bulbs and weighed.  They were then thoroughly washed in one liter of water.  
A 100ml sample of the wash water was used to estimate a Most Probable Number (MPN) using 
IDEXX Colilert® +Quanti-Tray/2000® (IDEXX Laboratories, Westbrook, ME) of E. coli from 
the outside of the onions.  The E. coli MPN per onion bulb exterior was calculated.   

Analysis of the soil for E. coli 

Soil from the top 2 inches (5 cm) was sampled 18 September and analyzed for E. coli.  A single 
composite soil sample was taken from 20 random spots where the 12 rows of drip-irrigated 
onions were harvested and a single composite soil sample was taken from the 12 rows where the 
furrow-irrigated onions were harvested.  Soil samples were refrigerated until analyzed.  Part of 
each soil sample was weighed wet, dried, and weighed dry to determine the soil water content.  
Separately, 50 g of each soil sample was diluted in 75 ml of water and shaken.  Then 50 ml of 
the water was removed and was used to estimate a Most Probable Number (MPN) of E. coli in 
the soil water using IDEXX Colilert® +Quanti-Tray/2000® (IDEXX Laboratories, Westbrook, 
ME). 

 

 
Figure 1. Onion harvest of drip- and furrow-irrigated onions into new sterilized plastic 
crates and old wooden boxes, Oregon State University Malheur Experiment Station, 
Ontario, Oregon, 18 September 2013. 
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Figure 2. Onions stored in new sterilized plastic crates, Oregon State University 
Malheur Experiment Station, Ontario, Oregon, 2013. 

 
Figure 3. Onions stored in old wooden boxes, Oregon State University Malheur 
Experiment Station, Ontario, Oregon, 2013. 
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Figure 4. Onions being graded out of storage, Oregon State University Malheur 
Experiment Station, Ontario, Oregon, 14 October 2013. 

 

Results 

The irrigation water was tested several times during the season from 551 to 866 MPN of E. coli 
per 100 ml and 0 MPN of E. coli per 100 ml for the ditch and drip water sources, respectively.  
The onion interiors tested negative for E. coli and salmonella at harvest.  The soil tested negative 
for of E. coli in the upper 5 cm of soil, irrespective of irrigation system. 

Furrow-irrigated onion packout: plastic crates vs. old wooden boxes   

The onions that were grown under furrow irrigation had no E. coli on the bulb exteriors after 
packout (Table 1).  The absence of E. coli occurred in spite of the presence of E. coli in the 
irrigation water.  It is probable that the bulbs had E. coli on their surface at the time of harvest 
given the results reported by Shock et al. (2013), but the E. coli failed to survive.  Since no E. 
coli was found on any of the packed out onions, onion storage in old wooden boxes did not 
contribute any additional E. coli contamination to the onion bulbs compared to storage in 
sterilized new plastic crates (Table 1). 

Drip-irrigated onion packout: plastic crates vs. old wooden boxes   

The onions that were grown under drip irrigation had little E. coli on the bulb exteriors after 
packout (Table 2).  The E. coli occurred on the exterior of onions from one of the twelve 
sterilized new plastic crates and one of the old wooden boxes in spite of the absence of E. coli in 
the irrigation water.  It is probable that some of the bulbs had E. coli on their surface at the time 
of harvest following drip irrigation with water lacking E. coli given the results reported above 
(Shock et al. 2013).  Since the E. coli were found on the one sample of onions packed out from a 
plastic crate and one sample from the old wooden box, the E. coli  could have come from the 
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random contamination of the bulbs during the growing, curing, harvest, contact with onion 
containers, packout, or laboratory steps of analysis.  In order to try to distinguish between the 
role of the plastic crate and old wooden boxes where E. coli contamination was found and other 
possible sources of contamination, the remainder of the onions was packed out from the plastic 
crate and wooden box where E. coli was detected after packout 14 October 2013.  No E. coli was 
detected on the remaining onions (Table 2).  

 

Table 1. E. coli on furrow-irrigated onions packed out of storage from new sterilized 
plastic crates and old un-sanitized boxes, Oregon State University, Malheur Experiment 
Station, Ontario, Oregon, 2013. 

Storage containers Average weight of skins, 
peel, roots, and soil on 15 

October 2013 (g/bulb) 

Average MPN external E. 
coli per onion on 15 

October 2013 
Sterilized new plastic crates 5.9 0 

5.8 0 
6.8 0 
8.4 0 
5.9 0 
7.5 0 
10.9 0 
7.3 0 
5.6 0 
7.9 0 
4.6 0 

Old wooden boxes 6.5 0 
6.5 0 
7.6 0 
5.2 0 
4.0 0 
6.9 0 
6.8 0 
6.6 0 
5.7 0 
5.1 0 
7.6 0 
4.9 0 
6.5 0 
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Table 2. E. coli on drip-irrigated onions packed out of storage from new sterilized plastic 
crates and old un-sanitized boxes, Oregon State University, Malheur Experiment 
Station, Ontario, Oregon, 2013. 

Storage 
containers 

Average weight of 
skins, peel, roots, 

and soil on 15 
October 2013 

(g/bulb) 

Average MPN 
external E. coli 
per onion on 15 
October 2013 

Average weight 
of skins, peel, 
roots, and soil 
on 21 October 
2013 (g/bulb) 

Average MPN 
external E. 

coli per onion 
on 21 

October 2013 
Sterilized new 
plastic crates 

10.4 0   
7.5 0   
6.4 0   
6.1 0   
8.5 0   
12.8 0   
9.2 0   
8.9 0   
8.4 13 7.2 0 
7.6 0   
7.2 0   

Old wooden 
boxes 

13.0 459 11.6 0 
6.5 0   
6.5 0   
7.6 0   
5.2 0   
4.0 0   
6.9 0   
6.8 0   
6.6 0   
5.7 0   
5.1 0   
7.6 0   
4.9 0   

 

Discussion 

Very few E. coli were detected on the exterior of onions at packout.  Neither new sterilized 
plastic crates nor old wooden boxes seemed to be conducive to E. coli of stored onion. 

Although 24 of the 48 storage containers contained onions produced with furrow irrigation water 
that contained considerable E. coli, these furrow-irrigated onions were no more apt to have E. 
coli on the bulb exteriors at packout than the side-by-side drip-irrigated onions.  These results are 
consistent with the previous findings (Shock et al. 2013) where E. coli on onions after lifting 
seemed to 1) be unrelated to E. coli in the irrigation water, 2) be a random occurrence, and 3) 
largely fail to survive on onion bulbs during curing.  The small amount of E. coli found on onion 
exteriors was unrelated to either E. coli in irrigation water or the use of a particular type of 
storage container. 

Further studies are warranted to determine where late stage E. coli contamination on onion bulb 
exteriors comes from and the proportion of bulbs that have such contamination.   
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Abstract 

The United States Food and Drug Administration’s (FDA) proposed water rules to implement 
the Food Safety Modernization Act (FSMA) could leave some growers, especially those who 
rely on an irrigation system based on recycled water, unable to irrigate fresh produce with their 
irrigation water, especially those who rely on an irrigation system based on recycled water.  
Irrigation water could be treated with chlorine, ozone, or other product to reduce the bacterial 
load in the water; however, at present not one of these options has been approved by the 
Environmental Protection Agency for treating irrigation water.  In an attempt to reduce the 
number of bacteria present in irrigation water entering a farm, a simulated filter pond was 
constructed using gravel, sand, and silt-loam soil.  The filter pond sought to utilize in part what 
occurs naturally with the filtration of water through the soil profile.  This natural process 
provides clean water in wells and aquifers.  The simulated pond reduced the Escherichia coli 
load in water by 95% with a flow rate of 3.9 gal/h/yd2.  In order to increase the water 
productivity of the simulated filter pond, most of the dirt was removed; subsequently the E. coli 
filtration rate went to 55% and 46%, with flow rates of 12.9 gal/h/yd2 and 17.6 gal/h/yd2, 
respectively. 

Background 

The Food Safety Modernization Act, signed into law in January 2011, is the first major federal 
reevaluation of food safety since 1938.  It charges the FDA with ensuring the safety of the U.S. 
food supply by acting preventively rather than reactively to foodborne illness outbreaks. One of 
the new regulations the FDA has proposed is an agricultural water standard that limits the 
amount of E. coli present in any water applied to the harvestable parts of fresh produce crops that 
are often consumed raw.  According to the proposed rule, water for fresh fruit or vegetable 
production must not exceed 235 Colony Forming Units (CFU) per 100 mL and must not exceed 
126 CFU/100 mL in a five-sample rolling geometric mean.  The proposed rule allows either CFU 
or Most Probable Number (MPN) testing, “as appropriate” (FDA, 2013b).   In this paper, we use 
CFU/100 mL as the units of the standard under the proposed rule, and we use MPN/100 mL as 
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the units of our estimates of generic E. coli density in water, consistent with the method used for 
generic E. coli. 

The proposed regulations would require that growers with surface irrigation water sources must 
test their water weekly.  If either quantitative standard is exceeded, growers “must immediately 
discontinue use of that source of agricultural water and/or its distribution system for these uses 
and take specified follow-up actions.  Follow-up actions include making changes to the system 
and re-testing, or treating the water” (FDA, 2013a). 

This proposed agricultural water rule would likely apply broadly to growers in Eastern Oregon 
and Western Idaho who get their irrigation water from gravity systems that rely on recycling 
runoff water to provide enough of this scarce resource to all growers within the system.  Excess 
water coming off of one field is caught in a drainage ditch and is fed to other fields or captured 
into a lower drain, carrying runoff sediment, nutrients, and bacteria with it.  In turn, this water is 
frequently commingled with supply water in a design that ensures adequate quantity of flow.  
This leads to a buildup of E. coli and nutrients in the water delivered to subsequent fields that 
receive water that has already been used on a higher field.  Water may be reused up to seven or 
eight times before being discharged into drain ditch or a river. 

E. coli from surface deposits of manure do not routinely contaminate aquifers.  Water from wells 
generally, and certainly in the Treasure Valley, have very low bacteria counts.  The fact that 
clean water exists underground in spite of contamination above ground from corrals, pastures, 
and fields fertilized with manure shows that there is some combination of 1) limited survival of 
E. coli in soil and 2) natural filtration processes exist between the surface soil and the aquifers. 
Limited survival and natural filtration are broadly recognized in the literature, as we discuss 
below. 

Research by Mankin et al. (2007) suggests that different soil types both absorb and release 
bacteria at different rates due to their structure.  Mankin et al. found that silt-loam had both high 
absorption rate of E. coli and a high rate of retention when later rinsed, suggesting that silt-loam 
is effective in filtering E. coli.  Mosaddeghi et al. (2009) found that soil type and structure played 
a pivotal role in the preferential flow of water, and thus the rate of soil infiltration by bacteria.  
They theorized that in fine-textured soils the water films may connect via larger spaces in the 
soil, effectively transporting bacteria.   

To explore the possibility of a viable but cost effective method for E. coli removal, we 
investigated how water might be filtered through subsequent layers of soil, sand, and gravel.  
Since macropores can channel bacteria through soil (Mosaddeghi et al. 2009, Beven and German 
1982), a soil-and-sand filter would need to be relatively homogenous to filter out bacteria.  The 
World Health Organization has recommended designs of sand filters used for filtering 
contaminated water for human consumption (Huisman and Wood 1974).  We built a simulated 
filtration pond and tested it for the possibility of partially reducing water E. coli content in 
growers’ irrigation water to the levels acceptable in FDA’s proposed rules. 

Materials and Methods 

A galvanized 300 gallon 8ft x 3ft x 2ft (1,136 L 2.4m x 0.9m x 0.6 m) stock water tank was used 
to simulate a filtration pond.  An outlet plug on the side of the stock tank 4 inches (100 mm) 
from the bottom was a standard element of this commercially obtained product.  Mimicking 
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other filter designs, the bottom 8 inches (200 mm) of the tank were filled with 2-inch gravel for 
drainage.  The gravel was covered with two layers of gray landscape fabric (Landmaster 
Commercial Weed Control Fabric, Professional Grade, Waco, TX).  Four inches of sand for 
filtration were placed on top of the landscape fabric.  The sand layer became 3 5/16 (8.5 cm) 
thick once it was flooded with water.  Four inches (100 mm) of Owyhee silt-loam soil (34% 
sand, 66% silt) were added on top of the sand to provide filtration for silt-sized particles such as 
E. coli (Figure 1).   

 

Figure 1. Schematic showing the layers of the simulated filtration pond. Oregon State 
University Malheur Experiment Station, 2013. 

An assembly of PVC piping was attached to the manufactured outlet (Figure 2).  This assembly 
was built upward such that the outlet valve was above the soil layer, reducing the pressure 
gradient from the surface of the water to the height of the outlet of the tank.  The reduced 
pressure drop (4 ¾ inches (120 mm) from the top of the water in the tank and the level of water 
at the outflow) was intended to maintain a saturated system regardless of flow rate to avoid 
letting air in and to avoid water pressure developing paths of preferential water flow through the 
silt-loam and sand layers of the filter.   
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Figure 2 – Photograph showing the outlet of the simulated filtration pond constructed at 
Oregon State University Malheur Experiment Station, 2013. 

The tank was filled continually with ditch water supplied via a length of 2-inch layflat hose with 
a gate valve starting on 23 August 2013. The rate of water flow entering the tank was matched to 
the rate of flow exiting the tank by manual operation of the gate valve.  The flow rate was 
allowed to stabilize over 24 hours before any samples were taken.  To increase the E. coli present 
in the irrigation water, surface irrigation was intentionally applied across a pasture upstream and 
recaptured in a lower irrigation ditch prior to intake of the 2 inch layflat hose.  Water flow rates 
and amounts were not recorded except during measurement cycles. 

Inflow and outflow water samples were collected every hour or half hour subject to constraints 
on irrigation water availability.  At the same times that water samples were taken, water flow 
rates out of the tank were recorded.  Samples and flow rate measurements were taken on August 
27th, September 3rd and September 10th.  Water samples were kept refrigerated and were 
transported the same day to Western Laboratories, Parma, ID, where E. coli count was estimated 
using a Most Probable Number (MPN) IDEXX Colilert® +Quanti-Tray/2000® (IDEXX 
Laboratories, Westbrook, ME). 

After the flow rate was measured at 8.7 gallons/hour (32.9 liters/hour) during the first test on 
August 27th, in an attempt to increase the water flow, most of the soil was removed on September 
2nd leaving a soil layer 1 3/8 in (35 mm) thick.  Inflow and outflow water samples were taken 
again on September 3rd and September 10th.  
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Results 

The first set of 2 samples taken on August 27th 2013 showed a mean of 1483 MPN of E. coli per 
100 ml in the source water and 77 MPN/100ml in the water passing through the simulated 
filtration pond, an average reduction of 95% (table 1).  The flow rate through the filter was 
measured at 8.7 gallons/hour (32.9 liters/hour). 

Table 1 – Partial purification of irrigation water using a simulated filtration pond 
comparing E. coli counts in irrigation ditch inflow water and filtered output water, Oregon 
State University Malheur Experiment Station, August 27, 2013. 

Sample Inflow, E. Coli Outflow, E. coli Reduction Tank flow rate Flow rate per area 
 MPN/100 ml % gal/h gal/h/yd2 

1 1553 69  8.604  3.9  

2 1414 86  8.772  3.9  

Average 1483 77 94.8 8.688  3.9  

 

Samples taken on September 3rd 2013 showed 456 MPN/100ml in the source water and 206 
MPN/100ml in the filtered water, a reduction of 52% (table 2).  The flow rate was measured at of 
28.8 gallons/hour (109 liters/hour) or 12.9 gal/h/yd2 of tank surface area.  

  

Table 2 - Partial purification of irrigation water using a simulated filtration pond 
comparing E. coli counts in the irrigation ditch inflow water and filtered output water, 
Oregon State University Malheur Experiment Station, September 3, 2013. 

Sample Inflow, E. Coli Outflow, E. coli Reduction Tank flow rate Flow rate per area
 MPN/100 ml % gal/h gal/h/yd2 

1 411 308  27.3 12.3 

2 649 167  28.2 12.7 

3 308 137  31.2 14.0 

4 461 210  28.2 12.7 

Average 457 205 55.1 28.8 12.9 

 

Samples taken on September 10th 2013 showed 167 MPN/100ml in the source water and 90 
MPN/100ml in the filtered water, a reduction of 46% (table 3). The flow rate was measured at 
39.3 gallons/hour (149 liters/hour) or 17.6 gal/h/yd2 of tank surface area.  
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Table 3 - Partial purification of irrigation water using a simulated filtration pond 
comparing E. coli counts in irrigation ditch inflow water and filtered output water, Oregon 
State University Malheur Experiment Station, September 10, 2013. 

Sample Inflow, E. Coli Outflow, E. coliReduction Tank flow rate Flow rate per area
 MPN/100 ml % gal/h gal/h/yd2 

1 186 86  37.6 16.9 

2 148 91  34.8 15.6 

3 213 93  34.8 15.6 

4 122 91  50.2 22.5 

Average 167 90 46.1 39.3 17.6 

 

Discussion 

Despite efforts to maintain consistent conditions, the E. coli in the surface irrigation water varied 
greatly by day.  E. coli numbers were consistently lower in the filtered water filtered than in the 
irrigation ditch water source.  Well over 90% of the E. coli was filtered out with the presence of 
a four-inch silt-loam soil layer, but at the cost of flow rate (Table 1).  The proposed regulation 
suggests that agricultural irrigation water only need be less than 235 CFUs of E. coli per 100ml 
of water, so the additional filtration provided by 4 inches of silt loam which provided 
concentrations less than half of this value might not be needed and thus unnecessarily sacrificing 
flow through the filter.  The units of most probable number (MPN per 100ml of water) are an 
estimate of CFU per 100ml of water.  With a much shallower soil layer, the simulated filtration 
pond still kept the E. coli levels below the FDA’s proposed agricultural water rules of 235 
MPN/100ml in all but one sample (Sample 1 on Sept. 2nd), and increased flow rates by over 
three-fold.  

According to Mankin et al. (2009), sand has a lower E. coli adsorption and retention rate than 
silt-loam soil. This suggests that a filter containing only sand and gravel would have limited 
effectiveness in filtering E. coli. However, the water in a gravity delivery system carries 
sediment with it, perhaps contributing to the effectiveness of a filter containing only sand and 
gravel by depositing soil on the surface of the sand filter. It is important to note that the slow 
sand filtration described by Huisman and Wood (1974) relies on a low flow rate, development of 
an undisturbed bio-film atop the filter to trap and kill bacteria, and a microbial community living 
underneath the bio-film to digest the resultant organic debris, completing the purification 
process. The integrity of the bio-film relies on a low flow across the film, so a biofilm method 
may not be effective for a high flow rate scenario, such as agricultural water purification. 

Growers in this region might experiment with filtration ponds without soil layers.  Sediment in 
the water would gradually fill the pores in the sand, creating an effective E. coli filter.  The sand 
contained 2 percent silt at the end of the experiment.  For further research, we suggest varying 
the composition of the filter.  Different soil compositions may have different filtering capacities.  
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Perhaps a mat of small plants on a thin layer of soil might increase filtration; however, the roots 
of the plants could eventually establish routes for E. coli to bypass the filter. More investigation 
into the dynamics and materials of pond or even thin layer filtration of E. coli is needed to 
establish possible viable designs for field use. 

Although filtration might be more efficient with sand on top of the silt, the practical reality is that 
the operation of a filtration pond on a farm in Malheur County would result in the continual 
deposit of silty soil into the pond.  The pond would eventually need to be maintained by partial 
removal of the accumulated soil. 
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