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Cover crops 
 Improve soil fertility 

 Organic matter 
 Nitrogen fixation 
 Sequestering or scavenging nutrients 

 Reduce soil erosion 
 Improve soil structure 

 Reduced compaction 
 Water infiltration 

 Pest management 
 Weeds, Insects, Diseases 

 
 

 Need for sustainable alternatives  
 

 Use in Southeast US 
 Moderate winters 
 Sufficient rainfall 

 



Cover crops are different from 
crop rotation or sequences 

 Influence of summer crop rotation on take-all in 
double-cropped wheat 

Summer crop Whiteheads Wheat  yield 
(kg/ha) 

Soy-soy-soy 12.6 a 3,341 b 

Sorg-sorg-sorg 2.6 b 3,624 a 



Cover crops 
 Green manure 

 Rapid increase in biological activity 
 Rapid decomposition 
 Rapid release of nutrients 

 Living Mulch 



?’s 
Hairy vetch 



Rye and red clover 
 



Indian mustard 

 



Tillage radish 

 













Cover crop decisions 
 Cover crop 

 Species  
 Cultivar 

 Planting 
 Termination 
 Incorporation 
 

Responses may be site specific 



 

Soilborne pathogens 

Control of potato scab by green manures 
 

1926     Sanford. Phytopathology 16:525-547 
 
 



Soilborne pathogens 



Negative impact on crop 
growth 

Reduced nutrient availability 
Phytotoxicity (alellopathy) 
 Increased pest problems 



 Phytotoxicity of green manures 



Use of winter legume cover crops  

 

9,000 to 11,000 Kg/ha 
8,000 to 10,000 lbs/acre 



 Influence of winter cover crop on soil microbial 
populations at cotton planting  

Winter fallow                Hairy vetch + rye                 Hairy vetch 
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Increases in pests: Influence of a hairy vetch 
cover crop on Rhizoctonia solani populations 

Lewisville 



Suppression of Thielaviopsis basicola by winter cover 
crops on cotton 
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Value of legume winter cover 
crops 

 Most economical cotton production system 
 Low risk for the increase in disease problems 

 Rhizoctonia solani 
 Root-knot nematode? 

 Dramatically reduces black root rot on cotton 
 

SUMMARY 



 Brassicaceae (L.) 
 
 Formerly Cruciferae 
 
 Group contains: 
 Mustards 
 Canola 
 Broccoli 
 Rapeseed 
 Cauliflower Bates, 2004 



Brassica Secondary 
Metabolites 

 Brassicas produce glucosinolates 
 Secondary metabolites of plant metabolism 

 
 Levels vary  
 Plant species 
 Cultivars 
 Plant organs 
 Environmental conditions of growth 



Why are GSL's Important? 
 

 Glucosinolates hydrolize to form biocidal 
compounds, comparable to Vapam 

 

 These include: 
 Isothiocyanates  
 Oxazolidine-2-thiones 
 Nitriles 
 Epithionitriles 
 Thiocyanates 

(Halkier and Gershenzon, 2006) 

 Potential to suppress pathogens  
 

www.wikimedia.org 



General Hypothesis 
  Brassica tissues used as a biofumigant in a 

management system for the control of various 
soilborne  pathogens may be a viable 
alternative to chemical soil fumigation 
practices as part of a sustainable disease 
management approach in the mid south.   



Mixed Reviews 
 Some research supports the effectiveness of 

biofumigation (Brown and Morra, 1997) 

 
 However, other research doesn’t find significant 

benefit  
 
 Perhaps due to crop selection or insufficient biomass in 

those experiments 
 Differences in soil chemistry  
 Perhaps mechanisms don’t affect all soilborne pathogens 

 



Research 
1) To determine if B. juncea cv. Fumus is an effective 

biofumigant crop in cotton field production 
systems. 

 
2) To examine if brassica crop selection and rate of 

application has an effect in disease management 
 
3) To observe the duration of suppression by brassica 

biofumigant crops on soilborne pathogens and 
characterize microbial changes. 

 



Table 4. Stand out of 20 seed planted 
 when Pythium aphanidermatum was  

placed into soil at incorporation of  
residue.  

Crop Wheat Residue Canola Residue 

Cotton 1.16Bxyz 14.18A 

Rice 2.66B 5.05A 

Wheat 0.91B 10.04A 

Soybean 1.66B 16.79A 



Objective 1:Value of Brassica 
winter cover crops in cotton 



Cotton 
 Three treatments 

1. Fallow  
2. Chemical treatment with 

Telone 
3. Biofumigation using Indian 

mustard (B. juncea) cv. 
Fumus 

 
 

 
 

 Bruce Bond’s field, 
Ashley Co. 
 Meloidogyne incognita  
 Seedling diseases 

 
 John Hall’s field, 

Monroe Co. 
 Rotylenchus reniformis 
 Seedling diseases 

 Brassica seeding rate: 
 7 lb/ acre 
 Seeded in fall into 

senescing cotton 
 Applied herbicide to 

brassica crop in the spring 
 Planted cotton at least 30 

days post incorporation 

 
 



Seedling Results 

Table 1: Biofumigation efficacy on seedling disease 
management in the Bond location in 2007 

Treatment 
Root rating 

index 
Gall index 

rating 
T.basicola 

colonization 
rating  

Control 3.2 a 2.7 a 4.2 a 
Fumus 3.5 a 1.6 b 1.3 b 
Telone 3.4 a 0.9 b 2.3 b 

p-value 0.4183 0.0082 0.0149 



Cotton Harvest Results 
Table 2: Biofumigation affects on cotton harvest at the 
Bond location in 2007 

Treatment 
Fruiting 

node 

Plant 
height 

(cm) Total bolls 
Avg. seed 
cotton  (g) 

Control 6.0 a 82.5 a 6.6 a 5.5 a 

Fumus 5.0 a 92.8 a 12.3 b 11.2 b 

Telone 5.1 a 94.9 a 10.0 b 6.9 a 

p-value 0.2485 0.0547 0.0138 0.0002 



Table 3: Biofumigation efficacy on disease  
management at the Hall location  

Reniform nematode 
populations after 
planting (500 cc) 

Height First fruiting 
node 

Nematodes/5cm of 
root 

Telone 12424AB 92.11A 6.00A 11.05A 

Vetch 27803A 85.00B 5.36B 10.93A 

Wheat 19053A 86.63B 4.95BC 12.25A 

Fallow 14318AB 78.14C 5.19BC 10.54AB 

Mustard  5644B 84.83B 4.75C   8.75B 

y Treatments were not significantly different if followed by the same 
letter, protected LSD, (P=0.05) 



Objective 2: 
To examine if brassica crop 

selection or rate of application has 
an effect in disease management 



Brassica Crop Treatments 
 Crop treatments 

 B. juncea cv. Bionute 
 B. napus cv. Jetton 
 B. juncea cv. Fumus  
 No brassica 

 
 Expected rate is 1400g/ m2 above 

ground fresh tissue (12,500 lbs/acre) 
 

 Rate treatments based on avg. field 
biomass 
 

 ½ x 
 1x 
 3x 

 
Bates, 2004 



Impatiens results 
Table 5: Effects of brassica selection and rate of application on 
Rhizoctonia solani on Impatiens y 

Treatment 
Crown ratingz 

(%) 
Root disease 

rating (%) Isolation(%) 
Crop Bionute 35.9  a 22.3  a 62.4   a 

Fumus 38.0  a 23.8  a 68.0   a 
Canola 35.6  a 24.8  a 58.3   a 

No Brassica 74.0  b 34.4  b 82.1   b 
p-value 0.0035 0.0004 0.0075 

Rate 0.5 44.1  a 27.4  a 71.2   a   
1.0 42.7  a 24.9  a 65.0 ab 
3.0 22.7  b 18.8  b 56.0   b 

p-value 0.0071 <0.0001 0.0224   
z = only collected in 2008 
y= combined across years 
 



Conclusions 
 Brassica crop selection doesn’t appear to cause 

significant effects in disease management on either 
ornamental crop 
 

 Rate of application has significant differences, with the 
highest levels of application having the lowest levels of 
disease incidence and symptoms 



Influence of brassica cover crops  
on soil microbial populations 
Table 7. Soil populations of select microbial groups for 
different preplant strawberry treatments, Hope.1  
  Strawberry transplant 

Treatment 
Bacteria           
(x 107) 

Fungi           
(x 104) 

Actinomycetes          
(x 106) 

        
Control 1.9 b  6.5 a 10.0 b 
Brassica 2.9 b 18.5 a 17.0 a 
Brassica 
+Solarization 9.8 a 19.4 a 19.5 a 
Solarization 2.9 b 12.3 a 10.4 b 
Mustard seed meal 8.0 a 31.0 a  14.4 ab 

gurosiksberryplantation.com 



Microbial diversity 

Figure 3. Dendograms of bacterial 16S rRNA gene 
DGGE profiles from Kibler and Hope soils sampled at 
the time of strawberry transplant. a) Kibler soils, b) Hope 
soils; C, control; B, brassica cover crop; BS, brassica 
cover crop followed by solarization; S, solarization; M, 
mustard seed meal; 1,2,3 and 4: replication 1,2,3 and 4. 

(a)  
 C1  C2   C3  C4  B1  B2   B3  B4                   



Summary 
1) Brassica cover crops may a valuable and profitable 

addition to a production system including 
suppressing soilborne pathogens. 

 
2) Brassica crop selection is less important than rate 

of application 
 
3) Duration of suppression by brassica cover crops 

may extend beyond biofumigation effects by 
changes in the soil microflora. 

 



Which cover crop  
is right for you? 

 Production system 
 Cultural practices 
 Production problems 

 Benefits expected 
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