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WINTER CARROT STORAGE TECHNIQUES TO MAINTAIN CARROT QUALITY AND MINIMIZE STAINING

1. What was the problem you examined? Why is this problem important to solve?
We examined how to best store carrots through the winter months to maintain high carrot quality and minimize carrot staining.  We evaluated four different treatments of carrots in regards to the timing of washing post-harvest. This is an important issue to evaluate because washing carrots immediately after harvest and before storage is often easier for the farmer, as it does not require a winter-proof washing station.  However, several farmers have told me that carrots store better unwashed.  Other farmers have mentioned that carrots become stained if not washed immediately after harvest, while others still say that staining is minimal on unwashed carrots as long as high humidity is maintained in the storage unit.

2. Describe your project activities. 
We set up four carrot treatment groups as follows:

Group 1 – Carrots harvested and washed same day, put into cold storage immediately after washing

Group 2 – Carrots harvested and put into cold storage unwashed for 1 week, then washed and put back into 
                  cold storage   (this group represented delayed washing with storage at high humidity)

Group 3 – Carrots harvested and left in barn unwashed for 1 week, then washed and put into storage


(this group represented delayed washing with storage at lower than ideal humidity)

Group 4 – Carrots harvested and put into storage unwashed the same day of harvest, washed just before evaluation 

Each group was represented by a 4 lb. bag of carrots, with all carrots being stored in the same type of perforated plastic bag.  We maintained 3 replicates of the groups, stored in three different sections of our walk-in cooler to account for any differences in environment within the cooler. All carrots used in the experiment were of the variety Napoli.

We evaluated the following carrot attributes for each group twice, once on February 7, 2010 and once on April 14, 2010: 
1) Staining – percent of carrot surface area stained as measured by charts for estimating percent coverage

The original categories of percent staining that we proposed to use were as follows: 

0-25%  26-50%  51-75%  76-100%  
We found we needed to deviate from these categories, as all carrots in the experiment never showed more than 10% staining, so we made visual estimates to the nearest 1% based on “Charts for estimating proportions of mottles”.
2) Flavor – Brix rating of carrots as measured with a Brix meter.  We used an Atago “Master Refractometer”.
3) Crunchiness – qualitative taste test done by the farmer

Categories:  1-Very Crunchy     2-Somewhat Crunchy     3-Limp 
Half the carrots in each group were evaluated for the February evaluation and the second half of the carrots were used in the April evaluation.

For comparison purposes, Brix ratings were taken on a sample of our Napoli carrot crop right after harvest in early November.

3. Discuss the results you found and any conclusions you draw from them. 
Napoli carrot average Brix reading taken in November 2009:  10.2  (from a sample of 5 carrots)
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ALL RESULTS:  February 7, 2010 Evaluation

	Group
	% Stained
	Flavor (Brix)
	Crunchiness

	1-A
	1
	8.2
	1

	1-B
	1
	6.8
	1

	1-C
	0
	7.3
	1

	group average
	0
	7.4
	1

	2-A
	5
	6.5
	1

	2-B
	5
	7.3
	1

	2-C
	3
	7.5
	1

	group average
	4
	7.1
	1

	3-A
	5
	8.3
	2

	3-B
	7
	7.3
	2

	3-C
	3
	7.0
	2

	group average
	5
	7.5
	2

	4-A
	10
	6.5
	1

	4-B
	10
	6.5
	1

	4-C
	5
	6.5
	1

	group average
	8
	6.5
	1
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ALL RESULTS:  April 14, 2010 Evaluation

	Group
	% Stained
	Flavor (Brix)
	Crunchiness

	1-A
	1
	7.0
	1

	1-B
	1
	6.2
	1

	1-C
	1
	6.0
	1

	group average
	1
	6.1
	1

	2-A
	5
	4.0
	1

	2-B
	2
	5.5
	1

	2-C
	5
	5.3
	1

	group average
	4
	4.9
	1

	3-A
	7
	5.5
	1

	3-B
	3
	5.0
	2

	3-C
	3
	6.0
	2

	group average
	4
	5.5
	2

	4-A
	10
	7.0
	1

	4-B
	10
	6.0
	1

	4-C
	5
	6.5
	1

	group average
	8
	6.5
	1


RESULTS SUMMARY:
	
	February
	April
	February
	April
	February
	April

	Treatment Group
	% Stained
	Flavor (Brix)
	Crunchiness

	1
	0
	1
	7.4
	6.1
	1
	1

	2
	4
	4
	7.1
	4.9
	1
	1

	3
	5
	4
	7.5
	5.5
	2
	2

	4
	8
	8
	6.5
	6.5
	1
	1


RESULTS SUMMARY and OBSERVATIONS:


Staining – Treatment group 1 had the least staining of all the groups in both the February and April evaluations and were still of a marketable quality in April.  This is what we expected, as these were the carrots that were washed immediately after harvest.  All the other treatment groups had some amount of delay in washing after harvest.  In groups 2 and 3 not all the carrots were affected by staining, but almost all the carrots in group 4 were affected by staining, and by the time of the April evaluation all the carrots in group 4 for all replications were unmarketable due to staining.  About one third of the group 2 and 3 carrots were unstained and thus marketable during the April evaluation.
Flavor – There does not appear to be a substantial difference between Brix levels in the four treatment groups, however we did note that the Brix levels were lower for all the groups in the April evaluation compared to the February evaluation.  Plus, the February Brix readings were lower than the November readings we took immediately post-harvest (averaged 10.2 Brix) for the same variety of carrot (Napoli).  
Crunchiness – All the carrots remained very crunchy throughout the evaluation period, with the exception of group 3, which was slightly less crunchy in both the February and April evaluation.  As the farmer testing many of these carrots I noticed a slight loss in the carrots’ crunchiness, but I also had some family members try group 3 carrots in comparison to the other groups and they did not notice any difference in crunchiness.  So perhaps the average consumer would not have noticed the difference.

Treatment Group 5 – We happened to notice that the carrots we stored in clean nylon-weave grain bags (as compared to perforated plastic bags) were of substantially better quality than all 4 treatment groups in the experiment.  This “treatment group 5” was not part of the initial experiment, so we did not officially replicate it nor evaluate them in November or February, but we did take Brix readings, crunchiness, and staining evaluations of them in April.  These carrots had 1% staining, with most carrots not being stained at all, and they had Brix readings of 6.0 on average and were very crunchy.  We had many bags like this in storage and found that all of those still in storage in April were of excellent quality.
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Carrots stored in nylon-weave grain bags (in background) were of even higher quality in
 respect to staining than any of the four treatment groups in our experiment when evaluated in April.

CONCLUSIONS:
We were pleased to find that the carrots washed immediately post-harvest (group 1) were still of marketable quality in respect to all three attributes (staining, flavor, and crunchiness) at the end of winter storage (harvested November 2009 and stored until April 2010).  We expected they might have lost some crunchiness or sweetness (Brix) as compared to the other treatment groups, but did not find this to be the case.  Crunchiness was only reduced in group 3, which was stored for 2 weeks post-harvest in a dry (open barn) environment, compared to a humid walk-in cooler, so we expected this might be the case.  We thought Brix readings might stay higher for group 4, since they were stored unwashed and most closely replicated an in-ground storage environment.  The Brix readings for group 4 were the highest during the April evaluation, but whether they are significantly higher is likely not calculable with this limited sample.  
4. Describe how you will use your results and future research needs. 
Based on this research we are now confident that we can wash all our carrots post-harvest in the fall, when a winterized washing station is not needed and when we still have plenty of staff on the payroll, and then store them until April with little loss in quality.  We will also now store the majority of our carrots in clean nylon-weave grain bags as opposed to plastic bags and will likely look into purchasing a bag like this with our logo on it to facilitate wholesale sales of our winter root crops.
5. Outreach 
I presented the results from the February evaluation of the carrots at the NOFA conference on February 13, 2010 in the advanced track for vegetable and fruit growers.
Submitted April 15, 2010
Christa Alexander
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