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Abstract 
Cover crops can increase yield of a marketable crop, offer greater yield stability, reduce fertilizer inputs, 
suppress weeds, and interrupt disease or pest cycles. Producers increasingly look to radish (Raphanus sativus L.) 
as a cover crop, but integrating it into a cropping system with corn (Zea mays L.) and soybean [Glycine max (L.) 
Merr.] has been difficult. Radish following wheat (Triticum aestivum L.) may provide more options for farmers. 
Few studies have tested the effects of nitrogen (N) rates on radish production for a dual purpose cover/forage crop 
or whether additional N is needed because radish is often used to trap N. This study evaluated radish planting date 
(1 Aug., 15 Aug., 29 Aug., and 11 Sep. in 2012 and 2013) and N fertilizer amount (0, 17, 33, and 67 kg N ha-1) on 
radish heights, chlorophyll content, and biomass production as well as their impact on corn yields the next year 
(2013 and 2014). Across planting dates and years, non-fertilized controls had shorter radishes than any N rate, 
while radish chlorophyll content increased as N rates increased. Chlorophyll and biomass content generally did not 
significantly increase above 33 kg N ha-1. Radish foliage dry biomass production was 820 to 1670 kg ha-1 greater at 
the first planting date (1 Aug.) in 2012 and 2013 than the other planting dates. Winter annual weed suppression was 
greatest at the first planting date in 2012. No differences in winter annual weed suppression were observed in 2013 
compared to the other planting dates. Radish planting date did not affect corn yield the following year (2013 and 
2014). This study demonstrates the benefits of planting radishes in late summer prior to 1 Sep. and fertilizing with 
33 kg N ha-1 for optimum radish biomass production following wheat in upstate Missouri. 

Keywords: cover crop, corn, forage, nitrogen, no-till, radish, seeding date 
1. Introduction 
Cover crops are plants grown in a rotation when main crops are absent (Mohammadi, 2013). Cover crops offer 
many benefits, the most direct positive of which is increased yield of a marketable crop. They also increase yield 
stability, reduce fertilizer inputs, suppress weeds, break disease or pest cycles, increase soil and water quality, and 
increase nutrient cycling efficiency (Thiessen Martens et al., 2001; Snapp et al., 2005; Hoffbeck et al., 2008). 
Cover crops also aid in soil conservation, and reduce soil erosion, nitrate leaching, and chemical runoff (Snapp et 
al., 2005). Such crops increase water infiltration, retain soil moisture, improve soil tilth, and increase nutrient 
cycling efficiency (Teasdale, 1996). Finally, planting a cover crop replaces unmanageable weed populations such 
as common lambsquarters (Chenopodium album L.), redroot pigweed (Amaranthus retrofelxus L.), and some 
annual grasses with a manageable crop or mulch population (Teasdale, 1996). Producers considering using cover 
crops should determine which benefits they seek, as well as determining the seeding timing and type. For winter 
cover crops, a cash crop does not have to be sacrificed, and planting normally occurs in the fall after harvest of an 
annual cash crop (Snapp et al., 2005).  

Radish’s (Raphanus sativus L.) myriad of benefits, include improving soil aeration, suppressing weeds, capturing 
nutrients, and possibly increasing yields of grain crops in the crop rotaiton. Sojka et al. (1991) noted that, in 
addition to suppressing weeds, radish’s typical cover-crop benefits include reducing soil erosion, increasing soil 
moisture infiltration and adding organic matter to soil. In Maryland, forage radishes planted before 1 Sep. 
produced 3.9 to 6.6 Mg ha-1 shoot dry matter and 1.3 to 3.2 Mg ha-1 tuber dry matter (Lawley et al., 2011). 
Although corn (Zea mays L.) tested after radish and other cover crops showed no yield difference, corn populations 
decreased in the several site years following annual ryegrass (Lolium perenne L.). Radishes have a small C:N ratio. 
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Lawley (2011) found that cover crops that did not overwinter, such as radish, left less residue. This simplifies 
spring seeding, provides warmer soils, and allows for more timely planting of subsequent crops compared to cover 
crops that overwinter, such as ryegrass (Lawley et al., 2011).  

Radishes’ planting date influences crop production (Pell at al., 1993; Pandey et al., 2009; Alam et al., 2010; 
Ebrahimi et al., 2013), including the vegetative and reproductive growth periods as well as the balance between 
them, which affects yield (Ebrahimi et al., 2013). An appropriate sowing date helps reduce damage from cold, heat, 
pests, diseases, and weeds. This favorable timing also coincides with climatic factors affecting production, such as 
coincidence of flowering with suitable temperature, which aids in plant establishment (Ebrahimi et al., 2013). Ideal 
radish sowing times vary depending on environment and variety. Growers often manipulate sowing times for better 
growth and yields (Alam et al., 2010). Timing of planting may be significant due to available light. Light 
treatments affect radish growth and yield (Schmitt et al., 1986; Pell et al., 1993). In a pot experiment, radish growth 
rates and mass decreased with decreasing light (Schmitt et al., 1986), and photoperiod influenced biomass 
partitioning (Pell et al., 1993). In addition to the amount of light available, the season may impact radish 
production (Pell at al., 1993). In growth chambers, radishes exhibited a more adverse response to soil moisture 
deficits in the spring than fall. Soil moisture reduced CO2 fixation and thus subsequent biomass accumulation (Pell 
et al., 1993). The authors hypothesize that spring conditions led to a large relative growth rate and faster water loss 
by the shoot, thus favoring a negative impact of reduced soil moisture which was more evident in the spring. It is 
important that timing of crop cycles matches rainfall cycles (Caviglia et al., 2004).  

Establishing radish after wheat (Triticum aestivum L.) may foster both growth and cover crop benefits. The timing 
of establishing a second crop early can be important because, after 1 Dec., the rate of decline in yield with delayed 
sowing is about 1.3% per day for sole-crops and 0.5% per day for double-crops (Caviglia et al., 2011). Sanford et al. 
(1973) observed that no-till double-crop systems provided the least delay in establishing a second crop. Water 
available to plants affected winter wheat grain production in a study of tillage and N rates on wheat production 
(Halverson et al., 1999). No-till and minimal tillage yielded higher than conventional tillage, with grain yields of 
2022 kg ha-1, 1968 kg ha-1 and 1801 kg ha-1, respectively (Halverson et al., 1999). 

In Missouri, standard practice includes adding N fertilizer to non-leguminous crops such as wheat and corn, 
regardless of the N form. However, few studies have evaluated how N rates affect radish production (Sanchez et al., 
1991; Hochmuth et al., 2009) or whether N fertilizer is needed because radish traps N. Nitrogen fertilizer increased 
seed yield of radish by 1.4 q ha-1, but yields increased to 2.3 q ha-1 when 30 kg ha-1 of phosphorus was added 
(Sharma, 2000). In Pakistan, adding N fertilizer significantly increased radish biomass and yield compared to 
non-fertilized controls (Asghar et al., 2006). However, a Florida study found no response with N fertilizer and so 
did not recommend it for radish production (Hochmuth et al., 2009). Other research determined that radishes used 
soil mineral N, and that N fertilization did not increase radish yields in that system (Sanchez et al., 1991). The 
objective of this research was to evaluate radish planting date and N fertilizer rate on radish height, chlorophyll 
content, and biomass production as well as the impact on corn yield the following year. 

2. Materials and Methods 
Field research took place at the University of Missouri Lee Greenley Jr. Memorial Research Center near Novelty 
(40°01′N, 92°11′W) in 2012 and 2013 while the rotational impact on corn was evaluated in 2013 and 2014, 
respectively. In the experiment’s split-plot design, the main plot was planting date, and the sub-plot was N fertilizer 
rate. Four replications were planted in 3 by 10.5 m plots on a Kilwinning silt loam (fine, montmorillonitic, mesic, 
Vertic Ochraqualfs). In a field that had previously been winter wheat, ‘Tillage radish’ (Cover Crop Solutions LLC, 
Lititz, PA) were no-till drilled (Great Plains Ag, Salina, KS) in 19 cm rows at 10 kg seed ha-1 approximately every 
two weeks. In 2012, the seeding dates were 1 Aug., 17 Aug., 30 Aug., and 12 Sep. In 2013, the dates were 1 Aug., 
14 Aug., 28 Aug., and 11 Sep. Planting dates were averaged as (1 Aug., 15 Aug., 29 Aug., and 11 Sep.) for figures 
and tables throughout the manuscript. Nitrogen in the form of ammonium nitrate (34-0-0) at 0, 17, 33 and 67 kg N 
ha-1 was applied by hand spreader across all radish planting dates on 5 Oct. 2012 and 12 Sep. 2013 . Radish foliage 
heights were recorded at 0, 6, 13, 16, 23, 34, and 40 days after N fertilizer treatment (DAT). Clethodim 
((E)-2-[1-[[(3-chloro-2-propenyl)oxy]imino]propyl]5-[2-(ethylthio)propyl]-3-hydroxy-2-cyclohexen-1-one) at 
0.07 kg ai ha-1 and crop oil concentrate at 2.4 L ha-1 were applied on 29 Oct. 2012 and 12 Sep. 2013 to reduce 
interference with wheat. On 12 Nov. 2012 and 22 Oct. 2013, chlorophyll index measurements of the uppermost 
fully expanded radish leaf were determined using a SPAD meter (Minolta SPAD-502, Konica Minolta Optics, 
Inc.). Radish top biomass was collected from a 0.3 by 0.3 m quadrat on 13 Nov. 2012 and 12 Nov. 2013. Samples 
were dried and weights recorded. 

Common chickweed [Stellaria media (L.) Vill.] and henbit (Lamium amplexicauli L.) suppression was visually 
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rated (0=no control to 100=complete control) prior to a burndown herbicide application in the spring the following 
year prior to planting corn (2013 and 2014).  Glyphosate (N-(phosphonomethyl)glycine) at 0.84 kg ae ha-1 plus 
saflufenacil (N’-[2-chloro-4-fluoro-5-(3-methyl-2,6-dioxo-4-(trifluoromethyl)-3,6-dihydro-1(2H)-pyrimidinyl)be 
nzoyl]-N-isopropyl-N-methylsulfamide) at 0.025 kg ai ha-1 plus diammonium sulfate (DAS) at 20 g L-1 plus 
methylated seed oil at 1% vol./vol. plus was applied on 26 April 2013. A premix of acetochlor 
(2-chloro-2’-methyl-6’-ethyl-N-ethoxymethylacetanilide) plus atrazine (2-chloro-4-(ethylamino)-6-(isopropylam 
ino)-s-triazine) at 3.4 kg ai ha-1 plus glyphosate at 0.84 kg ae ha-1 plus DAS at 20 g L-1 was applied on 6 May 2014.  

Corn (DKC 62-97) was no-till planted (John Deere 7000, Moline, IL) at 81,500 seeds ha-1 in 76 cm rows on 8 May 
2013 and 11 April 2014. Anhydrous ammonia was applied (John Deere 2510H, Moline, IL) preplant at 170 N ha-1 
on 26 April 2013 and at 160 kg N ha-1 on 8 April 2014. On 27 June 2013, plots were maintained weed-free with a 
premixture of acetochlor plus clopyralid (3,6-dichloro-2-pyridine carboxylic acid, monoethanolamine salt) plus 
flumetsulam (N-(2,6-difluorophenyl)-5-methyl-1,2,4-triazolo-[1,5a]-pyrimidine-2-sulfonamide) plus at 1.2 kg ai 
ha-1 plus glyphosate at 0.84 kg ae ha-1 plus non-ionic surfactant at 0.25% vol./vol. on 21 May followed by 
glyphosate at 0.84 kg ae ha-1 plus mesotrione (2-[4-(methylsulfonyl)-2-nitrobenzoyl]-1,3-cyclohexanedione) at 
0.105 kg ai ha-1 plus DAS at 20 g L-1. On 26 June 2014, there was a single postemergence application of 
glyphosate at at 0.84 kg ae ha-1 plus topramezone ([3-(4,5-dihydro-3-isoxazolyl)-2-methyl-4-(methylsulfonyl) 
phenyl] (5-hydroxy-1-methyl-1H-pyrazol-4-yl) methanone) at 0.012  kg ai ha-1 plus crop oil concentrate at 1% 
vol./vol.. Corn plant density was recorded before harvest. Chlorophyll index was determined using a SPAD meter 
(Minolta SPAD-502, Konica Minolta Optics, Inc.) at R1 (Ritchie et al., 1993). Grain yield, moisture, and test 
weight were determined at harvest using a Wintersteiger Delta (Salt Lake City, UT) equipped with a Harvest 
Master BDS800 (Juniper Systems Inc., Logan, UT) system. 

All data were subjected to ANOVA (SAS, 2010). Radish heights and chlorophyll content were reported separately 
for year, planting date, and N rate due to significant interactions. Radish biomass production was separated by year 
and planting date, but analyzed across N rates due to a lack of significant 2- and 3-way interactions. Winter annual 
weed suppression and corn main effects were presented in the absence of significant 2- and 3-way interactions, 
except for chlorphyll content measurements, which had a significant N x radish seeding date interaction. An 
interaction between radish seeding date and year was presented for common chickweed control, henbit control, 
and yield. Means were separated using Fisher’s Protected LSD (P=0.1). 

3. Results and Discussion 
3.1 Environmental Conditions 

Annual precipitation for 2012 and 2013 was below the 10-year average (Figure 1). In 2012, from planting of 
radishes in August to a killing freeze in late Nov., rainfall was 339 mm (Figure 1a), compared to the 10-year 
average of 481 mm. Although total precipitation for 2012 was 722 mm, only 215 mm of rain fell from May 
through August, which was 210 mm below the 10-year average (data not presented). Thus, radishes were planted 
following drought conditions. On the last day of August, 60 mm of precipitation occurred from storms following 
Hurricane Isaac (Figure 1a). In 2013, although total precipitation was 1003 mm (data not presented), only 140 
mm of rain fell from June through August, and no rain fell in August (Figure 1b). Precipitation in September and 
most of October was only 123 mm, which is 58 mm below the 10-year average. The last two days of October 
saw 77 mm of rainfall. And so conditions for radishes in 2013 were drier than 2012.  

The summer of 2012’s abnormally high temperatures averaged 23.7 °C from May through August, with 30.7 °C 
as the average high (Figure 2a). During the August-October radish growth period, the average temperature was 
17.4 °C. In contrast, 2013 was relatively cool, with an average average high summertime temperature of 27.3 °C 
and an average temperature of 21.2 °C (Figure 2b). The July-October average temperature was 19.9 °C. Due to 
below-average rainfall and high average temperatures, particularly in 2012, the results of this research during 
2012 were achieved under drought conditions and in 2013 under “flash drought” conditions. 

3.2 Radish Height 

Planting date and N amount affected radish heights (Table 1). Across planting dates, radish heights reached a 
maximum on 26 Oct. 2012 (23 DAT) and 22 Oct. 2013 (40 DAT) (Table 1 and Figure 3). In general, earlier planting 
dates had taller radishes than later plantings for all measurement dates across N rates (Table 1). In 2012, the first 
planting date was taller than the rest, with the exception of 34 DAT for 17 and 67 kg N ha-1, when the first and 
second planting dates were taller than the other three planting dates. In 2013, the first planting date had greater 
heights than the other planting dates, with the exception of 13 and 40 DAT at 67 kg N ha-1 when the first two 
planting dates were taller than the last two (Table 1).  
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Figure 1. Daily (bar) and cumulative precipitation data for individual years (dash line) and 10-year average (solid 

line) for experiments in 2012 (A) and 2013 (B) 

 

Nitrogen rates also impacted radish height. Across planting date and year, non-fertilized controls generally had 
shorter radishes than any N amount, indicating the need for additional N to maximize radish production for 
livestock grazing. In 2012, the N amount with the greatest radish heights across planting date was 33 kg N ha-1 
(Figure 1). The 67 kg N ha-1 amount did not increase heights (Figure 1). However, 2013’s results were different. 
With the exception of 13 DAT at the first planting date; 6, 13, and 40 DAT at the second planting; 13 and 40 DAT 
at the third planting; and 6 DAT at the fourth planting, radish heights showed no differences due to N rates, which 
was probably due to limited rainfall during this period (Table 1). 
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Figure 2. Daily maximum and minimum air temperature data for experiments in 2012 (A) and 2013 (B) 

 

The few prior studies of the influence of planting date on radish heights, support this study’s results that earlier 
dates foster greater growth. In other studies, radishes planted earlier had greater yields than those planted later 
(Pandey et al., 2009; Alam et al., 2010; Ebrahimi et al., 2013). However, available light affected crop growth rates 
(Liu et al., 2013; Zhang et al., 2014). According to a study in California, a 16-hour photoperiod was optimal for 
flowering of radish (Suge & Rappaport, 1968). It is probable that radishes planted earliest had the best light as well 
as temperature conditions for optimal growth and height (Figure 3). Radishes reached maximum height during the 
third week of Oct. (Figure 3, Table 1). Finally, research completed in India reported that radish height increased 
with N rate by 8.6 to 22 cm compared to the non-fertilized control (Sharma, 2000). The authors attributed this to 
possible increased cell division and elongation (Sharma, 2000). Similar patterns occurred with increased radish 
height as N rates increased. Although this study did not measure residual N, 33 kg N ha-1 is recommended for 
optimal radish heights. 
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Table 1. Radish heights at all four planting dates 6, 13, 16, 23, 34, and 40 days after fertilizer treatment (DAT). 
Data were separated by N rates (kg ha-1) and planting dates in 2012 and 2013 

DAT 
Radish 
seeding date†

2012 2013 

0‡ 17 33 67 LSD (P=0.1) 0 17 33 67 LSD (P=0.1)

  ---------------------------------------------------cm---------------------------------------------------

6 1 Aug. 31.1 33 34.9 32.4 3.8 27.9 27.3 30.5 26 6.1 

 15 Aug. 25.4 25.4 25.4 25.4 NS 15.2 16.5 19.7 17.8 1.8 

 29 Aug. 20.3 20.3 20.3 20.3 NS 6.4 8.9 7.6 7.6 0.8 

 11 Sep. 10.2 10.2 10.2 10.2 NS 2.5 2.5 3.2 2.5 4.1 

 LSD (P=0.1) 1.8 1.7 0.7 1.4  3.3 3.3 6.1 4.5  

13 1 Aug. 32.4 36.2 38.1 36.2 2.8 38.7 38.1 34.9 36.2 10.4 

 15 Aug. 27.3 28.6 29.8 28.6 2.8 21 22.9 26 34.3 2.5 

 29 Aug. 26 27.9 27.9 27.3 2.3 9.5 14 10.8 11.4 1.0 

 11 Sep. 12.7 12.7 12.7 12.7 NS 7 7.6 8.3 7.6 4.6 

 LSD (P=0.1) 1.7 2.2 1.4 3.3  6.7 4.9 7.5 5.6  

16 1 Aug. 35.6 40.7 42.5 40.6 3.3 43.2 44.5 44.5 42.5 7.1 

 15 Aug. 29.2 32.4 34.9 33.7 3.6 36.9 66.7 36.2 39.4 3.8 

 29 Aug. 27.3 30.5 29.8 28.6 2.8 20.3 21.6 21 22.2 1.3 

 11 Sep. 17.1 17.1 16.5 17.1 1.3 14 13.3 14 14 6.4 

 LSD (P=0.1) 3.6 4.1 2.7 2.9  7.5 4.8 7.2 4.8  

23 1 Aug. 34.9 41.9 47.6 47 4.6 49.5 45.7 52.7 49.5 7.6 

 15 Aug. 26.8 36.9 41.3 40 3.3 38.7 37.5 42.5 45.1 6.6 

 29 Aug. 27.3 35.6 34.9 38.1 5.3 31.8 39.8 27.9 33.7 2.8 

 11 Sep. 19.7 21 22.2 22.2 2.5 22.2 22.2 22.9 23.5 11.9 

 LSD (P=0.1) 3.7 4.8 4 3.1  13.3 6.3 8.3 5.7  

34 1 Aug. 36.2 34.9 41.3 40 6.1 50.8 49.5 49.5 48.9 7.6 

 15 Aug. 29.2 34.9 37.5 36.2 4.6 44.5 41.3 46.4 44.5 4.8 

 29 Aug. 26 33 31.7 31.1 3.6 34.9 38.1 37.5 40 4.1 

 11 Sep. 18.4 18.4 18.4 17.8 0.8 31.1 29.8 31.8 31.1 8.1 

 LSD (P=0.1) 4.2 3.1 3.6 4.3  8 7.6 9 6  

40 1 Aug. 34.3 36.8 40.6 38.7 4.1 55.2 52.1 52.7 55.9 11.2 

 15 Aug. 27.9 30.5 33 34.3 5.8 45.7 47.6 50.2 54.6 8.6 

 29 Aug. 26.7 29.2 31.1 30.5 3.8 43.8 40 43.2 44.5 4.1 

 11 Sep. 19.1 19.1 19.1 19.1 NS 35.6 31.8 33 39.4 7.6 

 LSD (P=0.1) 5.3 5.1 2.8 3.7  9.4 8.2 7.3 5.8  

Note. †Radish planting dates were 1 Aug., 17 Aug., 30 Aug., and 12 Sep. 2012, while in 2013 radish planting dates 
were 1 Aug., 14 Aug., 28 Aug., and 11 Sep; ‡N application amount (0, 17, 33, and 66 kg N ha-1). 
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Figure 3. Radish heights for different planting dates on (A) 26 Oct. 2012 (23 days after treatment) and (B) 22 

Oct. 2013 (40 days after treatment). Comparisions within a planting date are valid (LSD (P = 0.1) values along the 
right vertical axis). Comparisons within a fertilizer amount are valid (LSD (P = 0.1) values along the horizontal 

axis). Radish planting dates were labeled along the right side of the figure 

 

3.3 Radish Chlorophyll Index  

Radish chlorophyll content was variable and was impacted by year, planting date, and N rate, with a year x planting 
date x N rate interaction (P = 0.09). In 2012, the first planting date (17 Aug.) had the greatest chlorophyll content 
all planting dates regardless of N application rate (Figure 4). However, in 2013, the second and third planting dates 
(14 and 28 Aug.) had significantly greater chlorophyll content than the other planting dates.  
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Figure 4. Chlorophyll index (SPAD units) for radish leaves. Data were separated by planting date and N fertilizer 
rate in (0, 17, 33, and 67 kg N ha-1) in 2012 and 2013. Comparisions within a planting date are valid (LSD (P = 0.1) 
values along the right vertical axis). Comparisons within a fertilizer amount are valid (LSD (P = 0.1) values along 

the horizontal axis). Radish planting dates were labeled along the right side of the figure 

 

Nitrogen rates also affected radish chlorophyll content. Across planting dates in 2012, increased rates of N 
generally led to increased chlorophyll content (Figure 4). When compared to the non-treated control, 67 kg N ha-1 

increased chlorophyll content by 2.9 to 8.5 SPAD units except for the 12 Sep. planting date. Interestingly, 
chlorophyll content was not significantly greater above 33 kg ha-1. In 2013, chlorophyll content did not follow N 
rates as closely, probably due to drier conditions which could affect the availability of N to the crop. At the last two 
planting dates (28 Aug. and 11 Sep.) the greatest chlorophyll content recorded was at the greatest N level (67 kg 
ha-1); however, the previous two planting dates reached their largest chlorophyll levels at 17 kg N ha-1 (Aug. 14) 
and 33 kg N ha-1 (1 Aug.). The chlorophyll index indicated that 33 kg N ha-1 was sufficient for radishes. 

3.4 Radish Biomass 

Planting date significantly impacted radish foliage biomass yield (Figure 5). Across N rates, a year x planting date 
interaction (P = 0.0003) indicated that planting date affected radish growth. Across years, the first planting date (1 
Aug.) produced the greatest biomass yields, with 820 to 1670 kg ha-1 more biomass compared with the later 
planting dates (Figure 5). Across all planting dates, 2013 saw greater radish production than 2012. It is possible 
that 2013’s cooler conditions provided better growing conditions for radishes regardless of planting date. The 
optimal planting date for the greatest biomass yields was prior to 1 Sep. 
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Figure 5. Radish foliage dry biomass of different planting dates in 2012 (circles and solid line, LSD = 340) and 

2013 (squares and dash line, LSD = 635). Data were averaged over N amounts 

 

Earlier studies evaluating how planting date affects radish production report similar findings to those shown here. 
In Bangladesh, sowing time significantly affected growth and yield, with the 1 Nov. planting date producing the 
highest root yield (81.8 Mg ha-1) and 1 Dec. producing the lowest (68.7 Mg ha-1) (Alam et al., 2010). In addition, 
1 Nov. produced the greatest root length per plant (25.6 cm root-1), and 1 Dec. the shortest (23.5cm root-1). The 1 
Nov. planting date produced the maximum number of leaves (16.3 plant-1) and leaf length (59.6 cm leaf-1) (Alam 
et al., 2010). All parameters showed a decreasing trend as sowing date was delayed. Pandey’s study in India 
(2009) showed similar results when radishes were planted every ten days beginning on 9 Nov. The second 
planting date (19 Nov.) produced the maximum yield (28.4 Mg ha-1), root length (24.45 cm root-1) and root 
weight (0.097 kg root-1). The last planting date (9 Dec.) produced the least yield (23.2 Mg ha-1), root length 
(22.31 cm root-1) and root weight (0.008 kg root-1). The authors concluded that a delay in planting significantly 
reduced radish yield (Pandey et al., 2009). Ebrahimi’s (2013) study in Iran planted black radishes (Raphanus 
sativus var. niger) on 10, 20, and 30 Sep. Yields started at 21.9 Mg ha-1 for the 10 Sept. planting and decreased to 
9.8 Mg ha-1 for the 30 Sept. planting. Later plantings had shorter days and decreased light interception, as well as 
fewer degree days required for crop growth (Ebrahimi et al., 2013). 

In this study, radish biomass was similar at 33 and 67 kg N ha-1 when averaged over planting dates (data not 
presented). Thus, 33 kg N ha-1 was sufficient for optimal forage production during a limited autumn growth period. 
Although research concludes that N fertilizer improves crop yields (Vos et al., 1998; Kristensen & 
Thorup-Kristensen, 2004; Dean & Weil, 2009; Constantin et al., 2010; Sapkota et al., 2012) few studies evaluate 
how N fertilizer affects radish in particular. In Florida, N fertilization did not impact radish yield in 7 of 8 
experiments (Sanchez et al., 1991). The total fertilizer-derived N from marketable radishes averaged only 2 to 8 kg 
N ha-1, prompting the authors to determine that the radishes used soil mineral N, and that N fertilization did not 
increase radish yields in that system (Sanchez et al., 1991). The recommended N fertilizer amount in Pakistan was 
60 kg N ha-1, which increased fresh radish biomass by 73% and yield by 14%, with an increase of 0.19 kg plant-1 
and 32 Mg ha-1 when compared to a non-fertilized control (Asghar et al., 2006). Based on our research, we 
recommend planting before 1 Sep. with at least 33 kg N ha-1. 

3.5 Winter Annual Weed and Corn Response the Following Year 

The only effect of fall N rate on winter annual weed or corn response was its interaction with seeding date on 
chlorophyll index readings. An early radish planting date (1 Aug.) suppressed common chickweed and henbit 
greater than later planting dates in 2013 (Table 2). However, in 2014 no differences among planting dates were 
observed.  Research has shown that Brassica species includeing radish have significant weed suppression (Altieri 
et al., 2011; Lawley et al., 2011, 2012; Malik et al., 2008; Norsworth, 2003; Stivers-Young, 1998; Uremis et al., 
2009).  Norsworthy (2003) showed that germination and radical growth of all weed species [sickle pod (Senna 
obtusifolia L.), prickly sida (Sida spinosa L.), and yellow nutsedge (Cyperus esculentus L.)] evaluated were 
reduced by extract of forage radish in comparison to non-treated controls.  Greater weed suppression coincided 
with greater radish biomass production in 2013 (Table 2) which corresponded with Teasdale (1996) who reviewed 
cover crop research and reported that control of weeds increased with greater amounts of cover crop residue 
biomass.  In western New York, Brassica cover crops including oilseed radish residues significantly suppressed 

0

500

1000

1500

2000

2500

3000

3500

4000

4500

1 Aug. 15 Aug. 29 Aug. 11 Sep.

B
io

m
as

s y
ie

ld
 (k

g 
ha

-1
)

Radish seeding date



www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 6; 2015 

10 

weeds with earlier planted crops (25 Aug.) and had particularly greater winter annual weed [common chickweed 
(Stellaria media L.), henbit (Lamium amplexicaule L.), and malva (Malva moschata L.)] suppression than later 
planting dates (Stivers-Young, 1998). Corn was planted earlier in 2014 along with an autumn that was dry and the 
winter was extremely cold (data not presented). Taken together, these factors may explain weed suppression 
differences between years, which delayed the overall burndown herbicide application to an early postemergence 
treatment in 2013. Lawley et al. (2012) observed early spring suppression of common chickweed and henbit; 
however, radish showed almost complete weed control in early spring while control declined throughout the 
growing season as summer annual weeds started emerging. Forage radish provided complete weed suppression 
in early fall through winter and into early March when weed cover was only 0-3%; however, weed suppression 
from radishes did not extend to the next growing season and a postemergence herbicide was needed to be applied 
to avoid a yield reduction in corn due to weed interference (Lawley et al., 2011). Thus it is possible that winter 
annual weed suppression was greater in 2014 due to an earlier burdown application prior to allowing growth of 
weeds later in the season. 

Radish seeding date did not affect corn plant density. According to the chlorophyll index at R1, corn plants 
following early-planted radish with 17 and 33 kg N ha-1 were generally greener than the non-treated control, while 
corn from the last planting date generally was greener when 0 or 66 kg N ha-1 was applied. Differences in corn 
chlorophyll content varied based on radish planting date and N applied for radish production. Corn grain moisture 
(188 g kg-1) and test weight (42.3 g cm-3) were greatest following early-planted radish; however, no significant 
difference in grain yields occurred in moderate- (2013) and high-yield (2014) environments at preplant N rates 
typical for this region. This was similar to other research evaluating corn’s rotational response to cover crops with 
radish (Lawley et al., 2011). However, there is some research that has shown a yield increase in subsequent crops 
such as sweet corn following radish (Malik et al., 2008) which was related to increased weed suppression. Radish 
taproots may also reduce soil compaction and provide root channels for the rotational crop.  Channels produced 
by cover crop roots in the autumn and winter, when soils are relatively moist, may facilitate the penetration of 
compacted soils by subsequent crop roots in summer when soils are relatively hard and dry (Chen & Weil, 2011; 
Creswell & Kirkegaard, 1995). Kirkegaard et al. (1993) hypothesized that tap-rooted Brassica crops produce 
channels in the dense subsoil, which were utilized by the subsequent crop to access water and nutrients as well as 
increase yield, and they reported that in seasons with adequate rainfall, the yield advantage of wheat grown after 
the Brassica crop was in the range of 15-25% greater compared with a wheat mono-crop which was unlike our 
research. William and Weil (2004) suggested that roots of summer crops grew following channels created by 
preceding cover crops which provided lower resistance channels for soybean roots to search for water in the 
subsoil late in the season during drought thus increasing soybean yields to 200 kg ha-1 and the impacts of 
preceding cover crops were greatest during severe drought and highly compacted soil conditions. Evaluating 
radish, rapeseed and winter rye (Secale cereale L.) as cover crops followed by corn, radish and rapeseed were 
the most effective in reducing the effects of soil compaction on corn with corn having more roots at a 45 cm 
depth in the forage radish treatments (Chen & Weil, 2011). It is possible that we did not observe increases in 
subsequent corn yields due to sufficient rain fall during the corn groth periods in 2013 and 2014 (data not 
presented) and thus possible impacts from the radish were not observed. 

 

Table 2. Winter annual weed control prior to burndown herbicide application and corn response to radish planting 
date the previous year.  Data were averaged over N application amount and year in the absence of a significant 
interaction. 

Radish  

seeding date 

Chickweed Henbit Plant 

density

SPAD 
Moisture 

Grain 

density 

Yield 

2013 2014 2013 2014 0† 17 33 66 2013 2014 

 ------------------ % ------------------ No. ha-1     g kg-1 g cm-3 Mg ha-1 

1 Aug. 79 100 81 100 64,390 53.3 55.0 55.3 53.7 188 42.3 9.73 12.24

15 Aug. 51 100 72 100 68,450 52.9 53.4 53.7 54.1 185 41.4 9.54 12.12

29 Aug. 66 100 51 100 62,890 53.1 53.2 55.1 52.3 187 41.3 9.17 12.06

11 Sep. 31 100 29 100 67,930 55.6 53.8 52.2 54.9 182 41.1 9.10 12.93

LSD (P=0.1) --------9------- --------9-------- NS ---------------2.2-------------- 5 1.2 -------1.00-----

Note. †N application amount (0, 17, 33, and 66 kg N ha-1).  
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4. Conclusion 
This research took place during drought conditions in 2012 and 2013. In 2012, limited precipitation in summer 
preceded the planting of radishes, and 2013 saw a flash drought with no precipitation in August and little rainfall 
September through October. Planting date and N rate affected radish heights. In general, earlier planting dates 
produced taller radishes than later ones for all measurement dates across N rates. Across planting date and year, 
non-fertilized controls had shorter radishes than any N rate. The greatest radish heights were produced at 33 kg N 
ha-1, while radish chlorophyll content did not significantly increase after 33 kg N ha-1. Radish foliage dry biomass 
production was greatest at the first planting date (1 Aug.) across years. When compared to the other planting dates, 
foliage dry biomass was 820 to 1670 kg ha-1 greater with the early planting date. In 2013, winter annual weed 
suppression was greatest at the first planting date (1 Aug.), but in 2014 no differences in winter annual weed 
suppression occurred compared to the other planting dates. Radish planting date had no effect on corn yield the 
following year (2013 and 2014). This research demonstrates that for optimum biomass production, radishes should 
be planted in late summer prior to 1 Sep. and fertilized with 33 kg N ha-1, and that radish planting date likely will 
not increase corn grain yields in upstate Missouri. 
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