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Introduction

The daikon radish (Raphanus sativus var. longipinnatus) is a biennial crop belonging to the Brassicaceae family, also known as the Mustard and/or Cruciferous family (8). Introduced to Chinese culinary culture nearly 2500 years ago, the daikon radish remains popular in many Asian countries, and only recently gaining popularity in western temperate climates around the world (4,13, 18). According to the 2020 Statistical Handbook of Japan, the daikon is the country’s third most widely grown vegetable crop after potatoes and cabbages (2). Known for its agronomic diversity, the daikon has been an important part of many cultures as a culinary staple, and even viewed as a religious symbol in certain cultures (4, 23). Due to its ability to grow quite large, the daikon has great potential for feeding many members of a household and is commonly eaten raw, dried, pickled, roasted, or in kimchi (a traditional Korean ferment) (7,13,18). In addition to its edible root, the leaves of radish plants are rich in plant-derived polysaccharides that have been known to show reductions in cholesterol and are believed to have many health benefits including anti-tumor and anti-obesogenic properties (10, 17). 
 Not only is daikon a popular food crop for humans, but it is becoming increasingly popular as a late season cover crop and as a forage crop for livestock (20). When considering the effectiveness of daikon as a cover crop, it is the large taproot’s ability to break up heavily compacted soils that set it apart, all while scavenging nitrogen that would otherwise be leached out of the soil (8,15,25). Incorporating the daikon plants back into the soil ensures that the accumulated nutrients that were used to grow the daikon plant are returned to the soil biota that will recycle those nutrients to make them bio-available to future plant growth (2,15,25). In addition to the food crop and cover crop potential of daikon radish, agricultural systems where large quantities of daikon are grown will inevitably have a surplus of daikon 'by-products' (i.e. leaves, crowns, damaged roots); a 2006 study from Obihiro University, Japan showed that these by-products have promising ensilage potential and can be preserved to feed livestock during the winter months (1).
Knowing the versatility of the daikon, and with new varieties entering the U.S. agronomic market, it is necessary for growers to choose the varieties that best fit their needs, as well as their regional climate(5). This variety field trial was conducted to better understand the phenotypic differences of 6 varieties of daikon: April Cross, Minowase Summer, Einstein, Artemisia, Red Meat, and KN Bravo. The varieties chosen were to be grown to maturity to observe for similarities and differences in their growth habits, used to ascertain their compatibility for the different agronomic uses as described above, and to catalog any environmental factors that may set one variety apart from the others. In conjunction with the phenotypic data, sensory evaluations would be conducted with each variety to further observe a variety’s preferability for culinary use. 
 
Methods


Field Preparation:
In mid-July of 2020, the Organic Farm at the Evergreen State College in Olympia, WA granted access to a 25’x45’ field plot to conduct the variety trial. In preparation of direct seeding the 6 daikon varieties, and with the use of a tractor and spading implement, the fields were spaded on July 19th and then covered with a silage tarp to be removed at the time of seeding. 
Using the field space allotted to this variety trail the experiment would contain 3 complete replications placed side by side. Each individual replication would have the dimensions of 7ft x 45ft, allowing for 6 uniform varietal blocks with dimensions of 3.5ft x 15ft. Each varietal block would contain of 2 rows of daikon spaced 2ft apart, giving each variety within a single replication 30 total row-feet of field space. The location for each variety within a replication was randomly chosen. 
The silage tarp was removed from the field on August 3rd, having allowed time for the soil to rest. After leveling any uneven bumps or depressions in the field with a landscape rake, each individual varietal block was delineated and labeled. Once the varietal blocks had been clearly marked and divided, shallow trenches were made using a trenching hoe and each variety’s seeds were manually sewn and buried ¼-inch deep, approximating a 3-inch seed spacing; this was repeated for each replication. Once the direct seeding was completed, the overhead irrigation was established to allow for a full field, even distribution of water. 

Field Maintenance: 
The daikon field plot was maintained using organic farming practices common to the Pacific Northwest; there was no set schedule for field irrigation and the plots were weeded as needed to reduce competition with weeds. As daikon seeds began to germinate, selective thinning was done to maintain a 3-4 inch spacing between the daikon plants.

Field Harvest and Data Collection:
On October 13th, 2020 - 71 days from direct seeding, the entirety of the daikon field trial was harvested to be measured and catalogued, and eventually tasted in sensory evaluations. Having set up a harvest/measuring station, the daikon was manually pulled from the field, variety by variety, completing one replication at a time. Once an entire varietal block was harvested, the daikon leaves were removed, and the roots were washed and placed side by side on a blue tarp to be photographed. Each individual root was then gathered and measured for length, width, and weight. 
Root length was considered as the distance from the top of the root to its tip and was measured by placing the radish atop a yard stick with the tip of the radish at the 0-cm starting point; if a root had multiple legs, length was recorded using the longest leg of the daikon. Root width was measured using digital calipers capable of measuring in centimeters and was taken at the widest point of the daikon; if the root diverged into multiple legs, width was taken directly above the separation point. Root weight was recorded in grams with using a digital scale. 
 An objective determination of root-splitting and worm damage was also collected from each radish and was recorded with a simple yes or no verdict. The distinction between an affirmative or negative result of worm damage was construed as whether any worm damage amassed prior to harvest would influence a farmer’s ability to market the root for purchase as a food crop. Root-splitting was seen as any unhealed cracking or damage to the root, prior to harvest, that was not caused by any biological pest but rather by abiotic environmental stresses. 

Sensory Evaluation:
	A sample group (n=17) consisting of students from the Evergreen State College were provided samples of each variety of daikon radish. Each student individually observed and tasted the daikon samples, giving an objective numeric rating on a scale of 0 – 5; ratings were gathered for each variety’s spiciness level, sweetness level, and an overall preference rating:
· Spiciness Rating: 0 meaning no spiciness detected, 5 meaning unbearably spicy
· Sweetness Rating: 0 meaning no sweetness detected, 5 meaning unbearably sweet
· Overall Rating: 0 meaning not desirable, 5 meaning highly desirable
The group was asked to rate each variety independently of one another, meaning that they were not to compare radish varieties but rather rate them separately of each other.

Results  
Daikon Root Size Classification:
When assessing the average length and width of the different varieties, the data show 3 different size classifications: long and slender, short and wide, and circular. Where Minowase Summer and April Cross were most commonly long and slender, KN Bravo, Artemisia and Einstein were shorter and wider; and Red Meat maintained a spherical shape. April Cross on average was the largest overall daikon, consistently producing the longest roots of all the varieties; inversely, Red Meat and Artemisia on average produced the shortest and skinniest roots. The variety, Einstein, produced the widest roots of any variety, but remained short in length. Each variety maintain true to its intended shape, as described by the breeder’s phenotypic description of the varieties. 
Figure 1: A size comparison of the averages of root length (cm) and width (cm) of daikon roots by variety, harvested from two separate replications (replication #1 &#2).
[image: ]When looking at the average root weight of each variety, April Cross produced the heaviest radishes, only slightly ahead of Einstein’s average radish weight; Minowase Summer, KN Bravo, Red Meat, and Artemisia, followed in that order. Although equal field space was allotted to each variety, there was little to no correlation between replications and total harvest weights. Figure 2: Range of Daikon weights in grams by variety showing mean daikon weight, standard deviation of weight and outliers.
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Table 2: Total of Average and Standard deviation for length (cm), width (cm), and weight (g) for all varieties by replication.
Worm Damage: 
When comparing varieties and their susceptibility to worm damage, the harvest data shows that, while all varieties were impacted by worm damage, some were affected more than others. There was little consistency of worm damage effect found between replications within a single variety, meaning that some varieties sustained more worm damage in the 1st replication and some varieties sustained more worm damage in the 2nd replication. For example: 92% of Minowase Summer’s 1st replication-harvest sustained worm damage but only 55% was sustained in the 2nd replication. A contrary example comes from the variety KN Bravo, where 48% of the variety’s 1st replication-harvest was affected by worm damage and 72% in the 2nd replication. On the other hand, April Cross was the only variety that had a <5% difference of worm affected roots between the 1st and 2nd replication (see table 1). [image: ]
Table 1: Total harvested radish weight (grams), total radish weight with worm damage (grams), total radish weight without worm damage (grams), and percent radish weight effected by worm damage of all daikon varieties by replication.
Varieties Artemisia and April Cross, were the only two varieties whose worm-affected harvest 
 remained just under 50% for both replications; Einstein fell just short of that with the 1st replication
worm-affected harvest at 49.8% and the 2nd replication at 55.3%. For the remaining varieties, KN Bravo, Minowase Summer, and Red Meat, > 50% of the harvested daikon roots were damaged by worms and rendered unmarketable as a human food crop (see table 1). 

Root Splitting:
	When looking at the tendency of root cracking/splitting among the different varieties, there was one variety that proved quite susceptible; across all replications, Red Meat had a 41% splitting rate, where no other variety had a splitting rate above 4%. Although all varieties showed some signs of splitting/cracking, Red Meat was the only variety that did not show any signs of healing a split or crack. KN Bravo, on the other hand, had some root splitting occur throughout the replications but showed obvious signs of healing following the splitting event, prior to harvest. The inability for Red Meat to resist splitting, or to heal from splitting damage, makes it a poor candidate for field storage. 

Sensory Evaluations: 
	Data from the sample group (n=17) failed to show an overwhelming preference for any specific daikon variety; Red Meat received the highest average preference rating, followed closely by KN Bravo, Artemisia, and Einstien. Minowase Summer and April Cross maintained the lowest average ratings of overall preference. Figure 1: Ratings from sample group's (n=17) sensory evaluation notes of daikon spiciness, sweetness, and overall preference on a 0 - 5 scale (0 being low rating.)

With consideration to the sweetness rating, Red Meat set itself apart from the other varieties for having the highest average sweetness ratings. Aside from the variety, Red Meat, there was no clear distinction of sweetness ratings found between any other variety. 
With consideration to the spiciness ratings, varieties Red Meat, Artemisia, and Einstein all received similar spiciness ratings and were considered markedly spicier than the varieties April Cross, Minowase Summer and KN Bravo.  

Discussion
	Due to spatial limitations, full harvest data was only collected from 2 complete replications; very little statistical analysis was conducted on the data provided by this variety field trial due to the lack of comparable replications. It is suggested that, to provide statistical accuracy, further field trials containing more replications be conducted on these varieties. 

Daikon Field Management: 
	It was observed in all varieties that plant spacing had large effects on the growth of the daikon and could potentially be used as a management strategy for controlling the size of the roots. It was observed that in areas where the daikon seedlings were packed closer together, the roots remained smaller in size compared to the daikon with more growing space that were consistently larger in size. Growers could take this into account when making operation-plans and approximating the optimal daikon sized for their intended market. Although further investigation should be carried out on this topic, it is feasible that daikon planting operations that include tighter seed spacing will see reductions in root splitting and may even be able to store the radishes in the field for longer periods of time. 	Comment by Poppe, Caleb: Can I make a claim like this with nothing to back it up??
	When considering the optimal time for harvesting daikon for market most resources and seed companies suggest that the days to maturity for daikon roots range anywhere from 50 to 70 days, yet this is highly dependent on the environmental conditions, and variety that is being grown (12, 21). A few physiological concerns that arise when considering field holding potential for edible daikon roots include flower production (bolting), pithiness of the root’s interior, and root splitting (19); as these are reactions to the plant’s environment, timing the planting of daikon to coincide with its optimal growing requirements can offer some leeway in the timing of root harvest and field holding potential (19,21). 
Daikon Cover Crop:
Using daikon radish as a cover crop can offer many benefits to your fields such as protection from erosion, weed suppression and biomass accumulation (2,8,14,15). Et. al. Weil (2017), found that deep penetrating daikon radishes were capable of scavenging residual nitrogen that had leached to deeper soil horizons than most annual roots could reach, and thus could accumulate the residual nitrogen in the form of plant-biomass that would otherwise have eventually leached out of the soil, and into the ground water (25). Once the daikon is incorporated back into the soil, the scavenged nutrients are thrust back into the processes of nutrient cycling and adding to the numerous benefits of raising a soil’s OM levels (2,15). In addition to the soil regenerative properties, the Michigan State University Ag Extension found that using a daikon cover crop prior to planting a sugar beet crop led to reductions in Beet Cyst Nematode populations (8,22).  Using daikon radish as a trap crop for the beet cyst nematode has shown reductions in the pest’s populations as high as 90%; as the newly hatched nematodes are unable to reproduce on the roots of the daikon radish (8,14,22).
Daikon radishes have a relatively low carbon to nitrogen (C:N) ratio, approximating 15:1, compared to undried Sudan-grass whose C:N is approx. 35:1, meaning that Sudan-grass will break down more slowly than the daikon radish when both are incorporated back into the soil (2,15,16). Diversifying the C:N ratios of organic matter (OM) inputs to a soil can prolong the release of N through a growing season while diversifying the microbiota that feed on OM, often leading to greater bioavailability of plant nutrients (2,8). It is suggested by et. al Dr. Joel Gruver (2019) of Western Illinois University, that radish cover crops be companion planted with a crop such as spring oats or sorghum-Sudan grass as the residues from these crops are slower to break down, thus spreading out the N release throughout the season(6,8), giving the grower’s cash crop a prolonged release of N. Daikon cover crops often winter kill after a few consecutive freezes, and if the seeding is timed correctly, little action will be necessary to manage this cover crop(8).
Both April Cross and Minowase Summer consistently produced long and slender roots that penetrated the soil deeper than any other variety, while producing large amounts of biomass, making these two varieties the best fit for cover-cropping systems. When comparing between the varieties April Cross and Minowase Summer for which is more fitting as a field cover crop, April Cross consistently produced the most biomass across all replications and was, on average, longer in length than Minowase Summer. Since these daikon roots are not to be harvested, but rather left to decompose in the soil, concerns about root-splitting and worm damage are of little concern.  

Daikon Food Crop:
Daikon radish as a food crop has many different uses, and these can vary widely depending on your regionality and culture(7, 9). In Western cultures and cuisines, the large daikon radish is far less common, but farmers have been able to capitalize on the unique and colorful varieties that are just entering the market from plant breeders and seed distributers(9). Varieties Artemisia, Red Meat and KN Bravo are deep red, water-melon style (green skin, pink flesh) and purple, respectively; these colors offer a selling point with their striking appearance and can all be harvested when the root is smaller and more ‘manageable’ for consumers that don’t want a large daikon root.
 In Eastern cultures, the long and white daikon varieties are popularly pickled or used in kimchi recipes, lending itself to the varieties April Cross, Minowase Summer, and even Einstein(7). The variety Einstein falls somewhere between the long white varieties and the shorter, more colorful varieties. This radish is all white except for a light-green hue that tints the shoulders of the root, and although it had the second heaviest average weight of all varieties, Einstein grew shorter and wider than April Cross and Minowase Summer. Of these three varieties, Minowase Summer showed the highest levels of worm damage and root splitting in both replications.
Of the colored varieties, KN Bravo (purple daikon) and Artemisia (red daikon) both preformed rather well; both were impacted similarly by worm damage and field splitting but had a stark difference in average size and weight. For a grower that wanted a smaller yet colorful daikon, Artemisia had the lowest average weight across all varieties and was more often shorter and slenderer than KN Bravo; both varieties received similar tasting notes. On the contrary, variety Red Meat (watermelon daikon) produced very little biomass and stood apart from the rest as being very prone to splitting with 41% of the harvested daikon being split and rotted, and many of the rest were heavily impacted by worm damage. 
It is important to note that, while they could grow into an impressively sized radish, the varieties Red Meat, Artemisia, KN Bravo, and Einstein could all be harvested at an earlier time and sold as a smaller, more manageable root; varieties April Cross and Minowase Summer were best when harvested at a larger size.  

Conclusion 
	When choosing a variety of a crop that is as versatile as daikon radish, it is important that the grower have a clear and intended purpose in mind before making their decision on what they will grow. If it is to be a daikon radish cash crop grown for market, varieties KN Bravo, April Cross, Artemisia and Einstein all produced a high percentage of healthy roots, showed the greatest resistance to worm damage and splitting/cracking, and could be harvested at varying sizes, giving the grower some variety and flexibility with managing their crop. 
	If the grower is choosing a variety to be used as a cover crop, variety April Cross is best fitted to the task. This variety produced the greatest amount of biomass across all replications, as well as maintained the longest average root making it the most applicable daikon in this trial to be used for cover cropping and breaking up compacted soil horizons. 
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Sensory Evaluation Results of Spiciness, Sweetness and Overall Preference  

Overall	Red Meat	Artemesia	KN Bravo	Einstien	April Cross	Minowase	3.94	3.35	3.47	3.11	2.35	2.88	Sweetness	Red Meat	Artemesia	KN Bravo	Einstien	April Cross	Minowase	3.13	2.35	2.82	2.29	2.12	2.65	Spiciness	Red Meat	Artemesia	KN Bravo	Einstien	April Cross	Minowase	3.38	3.59	2.06	3.35	2.4700000000000002	1.59	



 Average Length and Width of All Daikon Varieties by Replication
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Average Standard Deviation

Variety Length(cm) Width(cm) Weight(g) Length(cm)Width(cm) Weight(g)

Red Meat #1 6.74 6.98 192.862.33 2.51 160.26

Red Meat #2 7.73 7.67 265.632.22 1.95 177.09

Minowase #1 24.09 5.4 465.139.51 2.12 539.91

Minowase #2 18.59 5.17 332.211.59 2.05 358.45

KN Bravo #1 13.68 8.02 473.194.33 2.34 343.36

KN Bravo #2 14.86 8.92 533.624.08 11.51 345.12

Artemisia #1 8.92 5.78 194.263.93 2.73 202.87

Artemisia #2 10.12 6.1 247.733.62 2.05 226.07

April Cross #1 30.78 5.91 625.912.37 1.93 559.54

April Cross #2 25.32 5.23 525.1411.57 1.81 527.9

Einstein #1 13.02 8.31 455.633.84 3.24 345.01

Einstein #2 14.11 10.28 635.733.47 2.95 326.5
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Variety Total Weight (g)  YES Worm Damage (g)NO Worm Damage (g) % worm damage

Red Meat #1 16586 9756 6830 58.8

Red Meat #2 15672 9891 5781 63.1

Minowase #1 21396 19682 1714 92.0

Minowase #2 13288 7341 5947 55.2

KN Bravo #1 34070 16595 17475 48.7

KN Bravo #2 37887 29703 8184 78.4

Artemisia #1 9713 4830 4883 49.7

Artemisia #2 16350 6486 9864 39.7

April Cross #1 31295 15455 15840 49.4

April Cross #2 41486 18610 22876 44.9

Einstein #1 32805 16321 16484 49.8

Einstein #2 27972 15471 12501 55.3
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