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Increased demand for organic and sustainable agricultural production systems and 

restrictions on registration and use of toxic synthetic pesticides have generated demand for 

effective non-synthetic and environmentally friendly alternative weed and pathogen 

management strategies.  Lack of effective alternatives have hampered organic production 

systems and also delayed the speedy phasing out of hazardous synthetic pesticides such as 

methyl bromide.  Biofumigation is one technology that could be more environmentally 

friendly compared to the synthetic alternatives.  Biofumigation can be defined as the 

incorporation of plant or animal biomass into soil, resulting in the release of toxic volatiles 

that reduce soil pests.  Brassicaceae seed meal, a residue product of the oil extraction process, 

can provide a local resource for supplemental nutrients, disease control and weed 

suppression.  Glucosinolate hydrolysis products are thought to be directly or indirectly 

responsible for the weed and soil borne pathogen suppression induced by Brassicaceae 

residues.  The objective of this study was to evaluate the effects of amending soils with 

different Brassicaceae seed meals and application rates on the emergence and growth of 

weed seedlings (wild oat, Italian rye grass, pigweed and prickly lettuce) and  soil borne 

pathogens (Pythium ultimum and Rhizoctonia solani AG-8) .  In addition, the effect of 

delaying tomato and pepper seeding or transplanting after seed meal amendment on crop 

damage was evaluated.  For most effective weed management and high tomato and pepper 

fruit yields, S. alba seed meal soil amendments applied at 2 Mt ha
-1 

and crop seedlings 

transplanted 4 days after seed meal amendments can be used in field production systems. 

Amending soils with high glucosinolate B. napus seed meal (i.e. Dwarf Essex) can achieve 

the same P. ultimum suppression as utilizing high glucosinolate B. juncea seed meal, but with 

relatively lower phytotoxicity.  S. alba based amendments effectively and consistently 
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suppressed R. solani AG-8 in wheat production.  However, approaches to avoid or minimize 

crop injury such as a delay seeding time after seed meal amendment or a compromise on 

application rates must be further evaluated.  Brassicaceae seed meals soil amendments show 

good potential in suppressing weeds and soil borne pathogen; however, seeding and 

transplanting delays after soil amendment will likely need to be further investigated to realize 

the full potential on Brassicaceae seed meals as a biofumigant. 
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Ensuring a high and consistent supply of agricultural commodities has demanded that 

agricultural production become heavily dependent on the use of highly toxic synthetic 

pesticides.  Careless and/or long-term use of synthetic pesticides can be a significant risk to 

the health of applicators, and has raised public awareness to the potential presence of 

pesticide residues in a diversity of food products.  In addition, potential adverse outcomes 

from high pesticide use are disproportionately borne by our rural environment and 

populations where agricultural production is concentrated.  Methyl bromide is one such 

pesticide that has negatively impacted the Earth’s ozone layer and caused an imbalance on 

the macro and micro soil organisms due to its non selective activity.  Methyl bromide has 

been a major fumigant in many production systems requiring soil fumigation prior to crop 

establishment.  As a result of the negative impact on the environment, methyl bromide use is 

planned to be phased out.  Methyl bromide is not only a risk to the environment but it can 

also have adverse effects on humans.  When the substance is inhaled it can cause 

complications such as coughing, breathing problems, and a buildup of fluid in the lungs. 

Tomatoes (Lycopersicum esculentum) and pepper (Capsicum annuum) growers are 

currently utilizing a combination of 1,3-dichloropropene (Telone), chloropicrin, methyl 

iodide, and metam sodium or metam potassium treatment as an alternative to methyl bromide 

use for the control of various soil borne pests.  However, to date, no single soil fumigant has 

demonstrated the level of weed, nematode, and disease control comparable to that previously 

attained with methyl bromide. 

 Other than a few critical use exemptions, which are becoming fewer with each 

passing year, the ban is already in place, it is proving to be costly because currently available 

alternative control practices are less effective or more expensive.  The economic loss to U.S. 
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producers and consumers resulting from a ban of methyl bromide is huge.  The major portion 

of crop losses would be attributable to fresh market tomatoes, ornamentals, tobacco 

(Nicotiana tabacum), peppers, and strawberries (Fragaria ananassa). 

A significant portion of the loss would be borne by U.S. consumers due to reduced 

supplies and higher prices for fruits, vegetables, and other crops.  In addition, it should be 

noted that there are already limitations on these alternative fumigants in certain locales.  For 

instance, already, there are township limits on the use of Telone in California. 

  The phasing out of methyl bromide use and the current increase in the adoption of 

organic farming necessitates the need for alternatives to methyl bromide and biologically 

based alternatives for organic based farming systems.  Alternatives to synthetic chemical 

pesticides need to be developed and adopted into conventional crop production, organic 

farming operations, and for situations where public policies mandate reduced pesticide use.  

Biofumigation is one technology that could be more environmentally friendly compared to 

the traditional synthetic pesticide alternatives. 

Biofumigation can be defined as the incorporation of plant or animal biomass into 

soil, resulting in the release of toxic volatiles that reduce soil pests.  Initially it was defined as 

the pest suppressive action of decomposing Brassicaceae plant tissues, but it was later 

expanded to include animal and additional plant residues.  Biopesticides are less harmful to 

the environment than conventional pesticides since they usually breakdown into products 

which do not negatively affect the environment, in contrast to conventional pesticides that 

may affect many different organisms including birds, insects and mammals.  Biopesticides 

also are effective in small quantities and often decompose quickly, thereby decreasing 

exposure times and avoiding pollution problems caused by conventional pesticides. 
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Other potential benefits of incorporating large quantities of plant material into the soil 

include: improved soil texture and organic matter content; increased soil water holding 

capacity; and improved soil microbial community structure.  The Brassicaceae family is a 

source of potential biofumigation material.  Brassicaceae crops produce sulfur compounds in 

plant tissues called glucosinolates.  Allelopathic effects of Brassicaceae crops are not usually 

attributed to glucosinolates directly, but rather to products such as organic cyanides, 

isothiocyanates, oxazolidinethiones, and ionic thiocyanate that are released upon enzymatic 

degradation of glucosinolates by myrosinase enzyme in the presence of water.   

Use of Brassicaceae plant tissue as a biofumigant has been extensively examined; 

however, many of the reports, until recently, examined the use of Brassicaceae plant tissue as 

a plough down or green manure crop to suppress soil borne pathogens and weeds.  The major 

disadvantage of using Brassicaceae tissue as a green manure has been the low amount of 

glucosinolates in the plant tissue and hence the failure to fully control target pests.  Green 

manure crops also have tended to show inconsistent pesticidal effects.  This has resulted in a 

shift from use of Brassicaceae plant tissue to use of Brassicaceae seed meal as a biofumigant.  

Brassicaceae seed meal is a byproduct from seed oil extraction of Brassicaceae crops.  Seed 

meals have between five to ten fold more glucosinolates than other plant tissue.  Another 

advantage of using seed meal over plant tissue as a biofumigant is that the exact amount of 

glucosinolate applied can be more easily regulated.  One major drawback of using seed meal 

from Brassicaceae seeds as a biofumigant is the potential phytotoxicity effects on planted 

crops.  It has been suggested that phytotoxicity can be reduced by finding application rates 

high enough to suppress the intended pests but low enough to avoid crop injury.  An 

alternative way of achieving this is to maintain high application rates but to delay crop 
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seeding or transplanting for a predetermined period of time following seed meal amendment, 

much like a specific plant-back period that is employed after traditional soil fumigation.  It is 

difficult to provide a blanket recommendation on the duration of this plant-back period after 

seed meal application as sensitivity of crop species to hydrolysis products varies from crop to 

crop.  

The objectives of this research are to: 

 Determine the effect of three different types of Brassicaceae (Brassica juncea, 

Sinapis alba and Brassica napus) seed meal on broadleaf and grass weeds in the 

greenhouse. 

 Determine the herbicidal and phytotoxicity effects of three different types of 

Brassicaceae (B. napus, B. juncea and S. alba) seed meal on tomato and pepper 

seedlings in the greenhouse and transplants in the field. 

 Determine the effect of three different types of Brassicaceae (B. napus, B. juncea and 

S. alba) seed meal on Pythium ultimum on tomatoes and peppers in the greenhouse. 

 Determine the fungicidal effect of three different types of Brassicaceae (B. napus, B. 

juncea and S. alba) seed meal on Rhizoctonia solani AG-8 in winter wheat in the 

greenhouse. 
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CHAPTER 2 

 

HERBICIDAL ACTIVITY OF BRASSICACEAE SEED MEAL 

AMENDED SOILS ON GERMINATION AND GROWTH OF WILD 

OAT (AVENA FATUA), ITALIAN RYE GRASS (LOLIUM 

MULTIFLORUM), REDROOT PIGWEED (AMARANTHUS 

RETROFLEX) AND PRICKLY LETTUCE (LACTUCA SERRIOLA) 
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2.1. ABSTRACT 

The need for sustainable agricultural production systems has generated demand for effective 

non-synthetic alternative weed control strategies.  For some vegetable crops there are few 

herbicide options available, and there is little prospect of new herbicides being registered for 

vegetable crops.  More research into the potential of non synthetic herbicides is required that 

would support sustainable agricultural production.  Brassicaceae seed meal, a residue product 

of the seed oil extraction process, can provide a resource for supplemental nutrients, disease 

control and weed suppression.  Glucosinolate hydrolysis products are thought to be 

responsible for the weed suppression induced by Brassicaceae residues.  The enzyme 

myrosinase and water are required for glucosinolate hydrolysis.  The type, concentration and 

functionality of glucosinolate hydrolysis products vary among Brassicaceae species.  The 

objective of this study was to evaluate the effect of different Brassicaceae seed meals and 

application rates on the emergence of wild oat (Avena fatua), Italian rye grass (Lolium 

multiflorum), prickly lettuce (Lactuca serriola) and pigweed (Amaranthus retroflex) which 

are some of the major weeds in vegetable production systems.  Sinapis alba ‘IdaGold’, 

Brassica juncea ‘Pacific Gold’ and Brassica napus ‘Dwarf Essex’ seed meals had either the 

myrosinase enzyme denatured by autoclaving for 30 min, or applied without modification 

(intact).  Seed meal amendments reduced weed seedling emergence by between 7-19%, 15-

22%, 50-65% and 50-64% in Italian rye grass, wild oat, prickly lettuce and pigweed, 

respectively, at application rates of 1-2 Mt ha
-1

, when compared to the no treatment control. 

Dry weed biomass was reduced by between 55-77% and 63-79% for prickly lettuce and 

pigweed, respectively, at seed meal application rates of 1-2 Mt ha
-1

.  Intact seed meals 

applied at a rate of 2 Mt ha
-1

 significantly reduced weed seedling emergence and weed dry 
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biomass compared to intact B. napus seed meal amended treatments.  B. juncea showed 

significantly better herbicidal efficacy on the grassy weeds than  S. alba which was most 

effective in controlling the broadleaf weeds.   In all instances a 1 Mt ha
-1

 application rate of 

either B. juncea or   S. alba showed greater herbicidal effect compared to a 2 Mt ha
-1

 

application rate of rapeseed meal.  These results show that all glucosinolates are not equal in 

herbicidal effects.  The herbicidal effects of the mustard seed meal could offer vegetable 

growers a new option for weed control, particularly in organic production systems.  In a real 

life practical situation it would perhaps seem feasible to treat soils with a blend of B. juncea 

and S. alba seed meals so that both grassy and broad leaved weeds can be effectively 

controlled.   

 

Additional index words : Glucosinolate, Denatured, intact, seed meal, weed emergence, dry 

biomass, Brassica napus L., ‘Dwarf Essex’; , Brassica juncea L. ‘Pacific Gold’; Sinapis alba 

L, ‘Ida Gold’; wild oat, Avena fatua L.; Italian rye grass, Lolium multiflorum  L.; prickly 

lettuce, Lactuca serriola L.; pigweed, Amaranthus retroflex L. 
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2.2. INTRODUCTION 

The continuing growth of organic farming has increased the demand for non-synthetic 

pesticides.  Alternatives to synthetic chemical pesticides need to be developed, for farming 

operations, particularly for organic systems and for situations where public policies mandate 

reduced pesticide use (Vaughn and Berhow, 1998).  Biological control would appear to be a 

solution for pest, disease and weed control in agriculture (Cook, 1988).  Plants from the 

Brassicaceae family contain glucosinolates, a class of secondary plant metabolites whose 

biologically active degradation products include substituted isothiocyanates, thiocyanates, 

nitriles and oxazolidinethiones, some of which have been found to possess pesticidal activity 

(Brown and Morra, 1995).  Hydrolysis by the enzyme myrosinase (thioglucoside 

glucohydrolase, EC 3.2.3.1) releases numerous compounds including isothiocyanates, 

thiocyanate ion, nitriles, and epithionitriles (Chew, 1988; Larsen 1981 and Underhill 1980).  

The types of compounds produced are specific to the respective glucosinolates present in the 

tissue and conditions under which hydrolysis occurs (Gil and Macleod, 1980 and Macleod 

and Rossiter, 1986).  These glucosinolate degradation products may exert a suppressive 

effect on weeds (Brown and Morra, 1995) and glucosinolate-containing seed meals have 

been considered as a potential bioherbicide  (Brown and Morra, 1995; Vaughn et al. 2006).  

Evidence from field studies confirm that residues of Brassicaceae plants, including B. napus, 

B. juncea and S. alba, may contribute to weed management (Haramoto and Gallandt, 2004).  

However, some inconsistencies in the efficacy of seed meals with respect to seedling 

emergence across weed species have been widely reported.  

B. juncea seed meal is known to contain higher levels of glucosinolates compared to 

other Brassica species, with allyl glucosinolate accounting for over 95% of the total 
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glucosinolates found in B. juncea seed meal.  Allyl glucosinolates are hydrolyzed to allyl 

isothiocyanates, one of the most biologically active forms of isothiocyanates (Charron and 

Sams, 1999).   Conversely, high glucosinolate content S. alba seed meal is primarily 4-

hydroxy benzyl which degrades into 4-hydroxy benzyl ionic thiocyanate.  S. alba and B. 

juncea green manure crops have become popular as a management strategy to suppress 

weeds (Daugovish et al. 2002).  The release of 4-hydroxyl benzyl glucosinolate by S. alba 

seed meal, has led many to associate it with weed suppression because 4- hydroxyl benzyl 

ionic thiocyanate acts as a systemic herbicide being water soluble and taken into the plant 

through the root system.  In contrast, glucosinolate hydrolysis products released from B. 

juncea have primarily been associated with pathogen suppression.   

Currently farmers have access to a limited group of herbicides registered for use on 

economically important vegetables such as tomatoes and peppers in conventional production 

systems.  Preventative and cultural weed management practices are essential to support and 

ensure the success of physical weed control on organic farms (Ba´rberi, 2002).  Use of 

Brassicaceae seed meals as a bioherbicidal soil amendment in vegetable cropping systems 

could provide increased weed management options in crops having a limited number of 

available herbicides or for a specific weed that is difficult to control (Vaughn et al,. 2006).  

Redroot pigweed (Amaranthus retroflex) plant biomass grown in soils receiving a 3% B. 

juncea seed meal amendment was reduced by 74% compared to the no-meal treatment (Rice 

et.al, 2007).  Norsworthy and Meehan (2005a; 2005b) evaluated eight isothiocyanates in 

greenhouse trials against Texas panicum (Panicum texanum), large crabgrass (Digitaria 

sanguinalis) sicklepod (Senna obtusifolia), Palmer amaranth (Amaranthus palmeri), pitted 

morning glory, (Ipomoea lacunosa), yellow nutsedge (Cyperus esculentus) and found 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T5T-4MFCVPX-1&_user=854313&_coverDate=07%2F31%2F2007&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000046079&_version=1&_urlVersion=0&_userid=854313&md5=e0c93bb5886c724bc0a13211c2876df2#bib7#bi
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T5T-4MFCVPX-1&_user=854313&_coverDate=07%2F31%2F2007&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000046079&_version=1&_urlVersion=0&_userid=854313&md5=e0c93bb5886c724bc0a13211c2876df2#bib7#bi
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differences in effectiveness among the compounds for each weed.  The effect of breakdown 

products from different parent glucosinolates was tested on the germination of perennial 

ryegrass (Lolium perenne L.) seed (Bellostas et al., 2006). Glucosinolate hydrolysis products 

can inhibit germination of dormant and non-dormant seeds (Teasdale et al. 1986 and Petersen 

et al., 2001).  Germination of redroot pigweed and large crab grass (Digitaria sanguinalis) 

seeds buried in mesh bags in field plots was completely inhibited by methyl isothiocyanate 

(Teasdale et al. 1986).  Although weed suppression by Brassicaceae residues has long been 

attributed to glucosinolate induced allelopathy, there has not been a consistent relationship 

between observed weed suppression and measured glucosinolate content (Hoagland et al., 

2008). 

 Various explanations have been suggested on the mechanism involved when 

Brassicaceae seed meals are used to suppress weeds.  A rapid increase in microbial 

populations which can include plant pathogenic soil fungi and oomycetes following 

incorporation of Brassica plant material has been reported (Grunwald et al., 2000; Manici et 

al., 2004; Cohen et al., 2005) and such response has been associated with weed suppression.  

It is not clear, however, if the glucosinolate products’ quantity and type affects the triggering 

of   the rapid increase in microbial populations resulting in weed suppression differences in 

plant materials with different amount and type of glucosinolate.  Some research have solely 

attributed the herbicidal effect of Brassicaceae plant material to the chemistry of the 

glucosinolate hydrolysis products (Vaughn et al., 2006).  Application of Brassicaceae soil 

amendments may provide an alternative weed control strategy, but the mechanism of action 

must be better understood to generate guidelines and recommendations for use of this 

practice as a management tool (Hoagland et al., 2008).  In addition such information will 
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help plant breeders to know what traits to emphasize in developing Brassicaceae cultivars 

specifically for biopesticidal use.  To this end, studies were carried out to test the hypothesis 

that the presence of glucosinolate hydrolysis products type and quantity are responsible for 

the weed suppression effect of Brassicaceae seed meals. 

 

2.3. MATERIAL AND METHODS 

2.3.1. Glucosinolate Analysis on seed meals  

Seed meal flakes produced from locally adapted and grown  S. alba ‘IdaGold’ (Brown et al., 

1997),  B. juncea ‘Pacific Gold’ (Brown et al., 2004a), and B. napus ‘Dwarf Essex’ were 

used in this study.  Glucosinolates were analyzed and quantified before used in the study.  

Glucosinolate analysis was conducted using a procedure described by Daun et al. (1989) and 

Daun and McGregor (1989).  Seed meal flakes were ground in a coffee grinder, and 100 

milligrams of each sample were placed in 15 x 100 mm test tubes which were then heated to 

100 
o
C in a block heater.  After temperature equilibration, 6 ml of boiling water was added to 

denature endogenous thioglucosidase and extract glucosinolates.  One micromole benzyl 

glucosinolate (glucotropaeolin)
 
was added to each sample as an internal standard.  After the 

samples were vortexed and allowed to stand for 5 min, 200 µl of a 0.3 M lead acetate and 0.3 

M barium acetate solution was added, and the samples were vortexed again.  The samples 

were centrifuged at 2000 G for 10 min, and the supernatant was poured onto 5-ml DEAE 

Sephadex A-25 anion-exchange columns.  The columns were washed once with a 3 ml 

aliquot of 0.02 M pyridine-acetate to remove neutral compounds.  One milliliter of purified 

sulfatase type H-1 was added to the columns, which were then capped and allowed to stand 

overnight.  The resulting desulfo-glucosinolates were eluted into 1.8 ml auto sampler vials 



13 

 

with 1.5 ml of distilled water.  The aqueous samples were dried down at 60 
o
C on a block 

heater under a stream of air.  The desulfo-glucosinolates were redissolved in 200 µl of a 1:1 

mixture of pyridine and dimethylforamide; 200 µl of bis (trimethylsilyl) trifluoroacetamide 

(BSTFA) containing 10% trimethylchlorosilane (TMCS) was added to derivitize the samples.  

The samples were placed in a block heater set at 90 
o
C for 20 min to drive the derivitizing 

reaction.  After cooling, a 1.0 µl samples injected into a Hewlett Packard Model 5890 Series 

II Plus gas chromatograph equipped with a flame ionization detector, a split injection port set 

to achieve a 100:1 split ratio, and a J&W 30 m x 0.25 mm I.D. DB-1 column (0.25 µm film 

thicknesses).  Injection port temperature was maintained at 250 
o
C; detector temperature, at 

300 
o
C.  An initial oven temperature of 240 

o
C was held for 1 min, thereafter temperature 

increased at a rate of 10 
o
C per minute until a final oven temperature of 280 

o
C was reached.  

The final temperature was held for 15 min.  Helium carrier gas was used at a flow rate of 1 

ml per minute, and nitrogen makeup gas was supplied to the detector at 30 ml per minute.  

The glucosinolates were quantified with a Hewlett-Packard 3396A integrator using the peak 

area of benzyl glucosinolate as an internal standard. 

B. juncea ‘Pacific Gold’ and S. alba ‘IdaGold’ seed meal used in this study contained 

over 40% and 36% more of total glucosinolate content, respectively, compared to the high 

glucosinolate B. napus ‘Dwarf Essex’ (Table 2.1).  The primary glucosinolate in Pacific Gold 

is allyl, accounting for over 99% of the 176 µmol g
-1 

of total glucosinolate in the defatted 

seed meal.  The primary glucosinolate type in IdaGold is 4-hydroxy-benzyl glucosinolate 

accounting for over 96% of the total glucosinolate content.  Both mustards produce low 

concentrations of 2-hydroxy-3-butenyl glucosinolate.  The major glucosinolate types in 

Dwarf Essex are 2-hydroxy-3-butenyl and 3-butenyl glucosinolate. Allyl glucosinolate is 
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only present in Pacific Gold seed meal, while 4-hydroxybenzyl glucosinolate is found only in 

IdaGold seed meal. On average, all the denatured seed meals contained approximately 10% 

less glucosinolate as compared to their intact seed meal form. 

2.3.2. Experimental Design 

The herbicidal effects of B. juncea, S. alba and B. napus amended potting compost were 

examined in the greenhouse at application rates of 1 Mt ha
-1

 and 2 Mt ha
-1

.  Seedling 

emergence and dry biomass of Italian rye grass (Lolium multiflorum L.), wild oat (Avena 

fatua L.), prickly lettuce (Lactuca serriola L.), and smooth pigweed (Amaranthus hybridus 

L.) were examined.   

Prior to application, each meal was either autoclaved for 30 min to denature the 

enzyme myrosinase (denatured seed meal) or applied without denaturing of the myrosinase 

enzyme (intact seed meal).  In the presence of water, the enzyme myrosinase (thioglucoside 

glucohydrolase) (EC 3.2.1.147) hydrolyzed glucosinolates to a number of allelochemicals 

among them thiocyanates, ionic thiocyanate, organic cyanides and oxazolidinethiones 

(Fenwick 1983 and Chew, 1988).  Five hundred cm
3
 of non-pasteurized Sunshine

® 
Mix 

which contains 75% peat moss, 15% perlite and 10% vermiculite was thoroughly mixed with 

the respective seed meal type equivalent (by area of the seedling growing flat) to 

approximate application rates of 1 Mt ha
-1

 and 2 Mt ha
-1

 and filled in a seedling growing flat 

(26 cm x 25 cm).   

Fifty seeds of each weed species were planted in evenly spaced rows in an individual 

seedling flat. The seedling flats were watered to field capacity immediately after weed seed 

planting and watered daily thereafter.  
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The experimental design was a split-plot design where seed meal types (S. alba, B. juncea 

and B. napus ) were assigned as main plots and meal treatments assigned as sub-plots (i.e. 

denatured at 1 Mt ha
-1

, denatured at 2 Mt ha
-1

, intact at 1 Mt ha
-1

, intact at 2 Mt ha
-1

, plus a no 

meal treatment control).  The no meal application rate was used as a control for each meal 

type.  Each treatment combination was replicated four times.  The experiment was repeated 

three times between fall 2007 and spring 2009. The greenhouse were set up to be on a 16 h 

light/8 h dark cycle. Supplemental illumination was provided by 1000 w high intensity 

discharge multivapor halogen lamps and temperatures were maintained at 22
o
C during day 

and 10
o
C at night. 

2.3.3. Data collection and analysis 

Weed seedling emergence was recorded twice every week for a total of four weeks.  At 28 

days after seed sowing the above ground weed biomass was removed, bagged and dried for 

96 h. in an air drier set at 70 
o
C before being weighed.   

Data were analyzed using the general linear model analyses of variance to determine 

differences between main effects and interactions using SAS 9.1 (SAS Institute Inc., 1991).  

In the analyses of variance the effect of different seed meals was partitioned, using 

orthogonal contrasts, into (1) difference between B. napus seed meal and the two higher 

glucosinolate mustard (B. juncea and S. alba) meals, and (2) the difference between S. alba 

and B. juncea meals.  Significant differences between treatment means were examined using 

Duncan’s multiple range test (SAS Institute Inc., 1991).  Bartlett’s test of variance 

homogeneity was carried prior to combining the three studies in the analysis of variance. 
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2.4. RESULTS AND DISCUSSION 

Results from Bartlett’s tests showed homogeneity of error variance across the three studies 

for all the weed emergence and dry biomass data.  Therefore, data from all three experiments 

were combined and a single analysis was conducted.  The bioherbicial performance of seed 

meals varied with seasonal changes in the greenhouse environmental conditions.  The studies 

were conducted between September 2007 and May 2009; the first experiment was carried out 

in Fall 2007, the second in summer 2008 and the third in spring 2009.  In similar previous 

studies, there have been reports of seed meal efficacy variances between greenhouse studies 

conduct in the different seasons (Jack Brown, pers. comm.).   

2.4.1. Grassy weed studies 

Mean squares from the analyses of variance of Italian rye grass and wild oat seedling 

emergence counts and above ground seedling dry matter biomass are presented in Table 2.2.  

In these analyses,  the effects of seed meal types was partitioned, using orthogonal contrasts 

into (1) the difference between B. napus seed meal and the average of the two high 

glucosinolate mustard seed meals and (2) the difference between S. alba and B. juncea.  

Similarly, the effect of the 3 control treatments was partitioned into the difference between 

the control average and the average of all seed meal treatments and the difference within the 

three controls. 

 Averaged over all seed meal amended potting compost treatments, Italian rye grass 

seedling emergence (83%) was significantly reduced (P<0.001) compared to the no meal 

amendment control (Table 2.3 and Table 2.4).  A similar significant (P<0.05) reduction in 
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wild oat seedling emergence was caused by amending potting compost with seed meals.  

Amending potting compost with B. napus meal had little effect on seedling emergence and 

was significantly (P<0.001) different than seedling emergence in mustard seed meal amended 

potting compost.  Compared to the no meal control, B. napus seed meal amendment resulted 

in 96% and 93% seedling emergence of Italian rye grass and wild oat, respectively.  

Emergence rates were 78% and 65% for Italian rye grass and wild oat, respectively, in B. 

juncea amended potting compost and 76% and 82% emergence of Italian rye grass and wild 

oat, respectively, in S. alba amended potting compost.  There was no difference in emergence 

of Italian rye grass seeded into S. alba or B. juncea seed meal amended potting compost.   

 Denatured seed meal treatments had significantly higher seedling emergence 

compared to intact seed meals (Table 2.3).  Seed meal treatment (i.e. denatured v intact) had 

little impact on Italian rye grass and wild oat seedling emergence in B. napus amended 

potting compost (Table 2.3 and Table 2.4).  There was a trend of slightly lower weed seed 

emergence in the S. alba seed meal treatments.  However, markedly greater Italian rye grass 

(92% compared with 64%) and wild oat (83% compared with 48%) seedlings emerged in 

denatured B. juncea seed meal amended potting compost compared to intact B. juncea meal 

treatment. 

 Seedling above ground biomass of Italian rye grass (5.15 g) and wild oat (5.6 g) 

seedlings grown in B. napus  amended potting compost were significantly larger than those 

grown in mustard amended potting compost (P<0.001 and P<0.05, respectively) (Table 2.5 

and 2.6).  Italian rye grass seedlings grown in S. alba amended potting compost were 

significantly (P<0.05) smaller (3.8 g) than those grown in B. juncea (4.4 g) amended potting 
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compost.  Seed meal treatments had significantly (P<0.001) smaller wild oat seedlings when 

compared to the no meal amendment control (Table 2.6).  However, there was no significant 

difference in Italian rye grass seedling size between the treated and non-treated potting 

compost.  Conversely, wild oat seedlings grown in intact and denatured B. napus  meal 

amended potting compost were of similar size (5.5 and 5.6 g, respectively).  Italian rye grass 

seedlings grown in denatured B. napus seed meal amended potting compost were smaller 

than those grown in intact B. napus meal treatments.  Denaturing S. alba and B. juncea seed 

meal had the effect of increasing seedling size of both grassy weeds when compared to 

seedling size from soils amended with intact S. alba and B. juncea.  This was particularly 

marked in B. juncea where Italian rye grass grown in intact seed meal amended potting 

compost was almost 50% smaller than those grown in denatured seed meal treatments.  

Similarly, wild oat seedlings grown in B. juncea denatured seed meal amended potting 

compost were more than 60% larger than those grown in intact B. juncea seed meal amended 

potting compost. 

 Increased meal application rates resulted in significantly smaller Italian rye grass 

(P<0.001) and wild oat (P<0.05) seedlings.  As with seed meal treatment, herbicidal effects 

were least evident in response to increased application rates using B. napus meal compared to 

increasing the mustard application rates.  Smallest Italian rye grass seedlings were found with 

2 Mt ha
-1

 of B. juncea (1.6 g) and next smallest with a 2 Mt ha
-1

 of S. alba (3.0 g) 

amendment. Smallest wild oat seedlings were found after growing in 2 Mt ha
-1

 S. alba seed 

meal amendment (1.4 g) followed by B. juncea at 2 Mt ha
-1

 (2.4 g).    
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Most interactions in the grassy weed study were not significant.  The exception being 

(B. napus  v mustard) x meal treatment of Italian rye grass seedling emergence, and wild oat 

and Italian rye grass seedling biomass and the (S. alba v B. juncea) x meal treatment 

interaction for both weed seedling emergence and wild oat seedling biomass.  The cause of 

these interactions was the difference in meal treatment effects of B. napus and B. juncea.  

Denaturing seed meal had little effect on B. napus treatments but large effects on mustards, 

whereby intact B. juncea had significantly greater herbicidal effects compared to denatured 

treatments.  A significant two-way interaction, meal treatment x application rate was found 

for Italian rye grass seedling emergence and seedling biomass of both weed species.  The 

cause of this interaction was similar to the former two, whereby B. napus application rate and 

meal treatment had little effect on weed seedling emergence or growth where increased 

application rate, particularly with intact seed meals, of the mustard seed meal has greatly 

increased herbicidal activity. 

2.4.2. Broadleaf weed species study 

Mean squares from the analyses of variance of prickly lettuce and pigweed seedling 

emergence counts and above ground seedling dry weight are presented in Table 2.7.  The 

effects of  seed meal types was partitioned, using orthogonal contrasts into (1) the differences 

between B. napus seed meal and the average of  the two high glucosinolate mustard seed 

meals and (2) the difference  between S. alba and B. juncea.  The effect of (3) control 

treatments was portioned into the difference between the control average and the average of 

the difference between the control average and the average of all seed meal treatments and 

the difference within the three controls. 
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 Averaged over all treatments, seed meal amendment of compost significantly reduced 

(P<0.001) prickly lettuce (41%) and pigweed (44%) seedling emergence compared to control 

(Table 2.8 and Table 2.9).  Amending potting compost with B. napus meal had a lower 

impact on seedling emergence compared to either mustard treatment (Figure 2.1).  However, 

seedling emergence was reduced 56% and 75% in B. napus amended potting compost for 

prickly lettuce and pigweed, respectively, compared to the no treatment control.  Seedling 

emergence in B. juncea amended potting compost was significantly lower than B. napus meal 

amended compost (45% and 39% for prickly lettuce and pigweed, respectively). Seedling 

emergence in S. alba meal amended potting compost was 21% and 17% for prickly lettuce 

and pigweed, respectively.  Prickly lettuce and pigweed emergence was significantly 

(P<0.001) higher in B. juncea than in S. alba seed meal amended potting compost. 

Seed meal treatment had little impact on prickly lettuce and pigweed emergence in B. 

napus and S. alba amended potting compost.  However, higher prickly lettuce seedling 

emergence was found in denatured B. juncea seed meal amended potting compost compared 

intact B. juncea meal treatment.   

Overall, emergence of prickly lettuce and pigweed was significantly lower in potting 

compost amended with mustard seed meals at 2 Mt ha
-1

 than in potting compost amended at 

1 Mt ha
-1

.  Increasing B. napus meal application rates had little effect on seedling emergence. 

Seed meal treatments resulted in significantly smaller pigweed plants.  Seedling 

above ground biomass of  prickly lettuce ( 2.78 g) and pigweed (1.43 g) seedlings grown in 

B. napus amended potting compost were significantly larger (P<0.001) than those grown in 

mustard amended potting compost.  Prickly lettuce seedlings grown in potting compost 
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amended with S. alba were significantly (P<0.001) smaller (0.83 g) than those grown in B. 

juncea (1.73 g).  However, there were no differences in the above ground biomass of 

pigweed seedlings grown in S. alba and B. juncea seed meal amended compost.  Pigweed 

seedlings grown in potting compost amended with denatured B. juncea seed meal had 

significantly (P<0.05) higher above the ground biomass than seedlings grown in intact B. 

juncea.   

Prickly lettuce and pigweed plants were significantly (P<0.001) smaller when grown 

in potting compost amended at higher meal application rates.  Smallest prickly lettuce 

seedlings were found in potting compost amended with 2 Mt ha
-1

 application rate of S. alba 

and the next smallest in potting compost amended with 2 Mt ha
-1 

B. juncea seed meal.  

Similarly, smallest pigweed seedlings (1.0 g) were found in potting compost amended with 

B. juncea and S. alba  seed meals at 2 Mt ha
-1

. 

The interactions (B. napus  v mustard) x meal treatment effect on prickly lettuce and 

pigweed seedling emergence and above ground biomass, (S. alba v B. juncea) x meal 

treatment effect on prickly lettuce seedling emergence and pigweed seedling emergence and 

above ground biomass were significant (p< 0.05).  In addition, a meal treatment x application 

rate for prickly lettuce above ground biomass was significant. The (B. napus v mustard) x 

meal treatment x rate interaction was significant for prickly lettuce dry biomass.  All the 

interactions were caused by the interactions noted above for seedling emergence, whereby 

the B. napus seed meal application rate or seed meal treatment had little impact on weed size 

but both greatly influenced plant biomass in the B. juncea treatments. 
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2.5. CONCLUSIONS 

From our studies it is evident that both the type and concentration of glucosinolates in 

different seed meals affect the capacity of these amendments to limit weed seedling 

emergence and growth.  In addition, the fact that the herbicidal efficacy of seed meals varied 

when experiments were done during different season of the year implies that when 

recommendations for the use of Brassicaceae seed meals, climatic conditions particularly 

temperatures must be considered.   S. alba seed meal exhibited the greatest herbicidal 

efficacy for pigweed and prickly lettuce control.  Conversely, B. juncea seed meal amended 

potting compost attained the best performance when used to control Italian rye grass and wild 

oat.  Interestingly, the total quantity of glucosinolates in both mustard seed meals is very 

similar, but the type of glucosinolate in each is markedly different.  The primary 

glucosinolate in B. juncea is allyl glucosinolate, accounting for over 99% of the 176 µmol g
-1 

of total glucosinolate in the defatted seed meal of the Pacific Gold cultivar used in this study.  

The primary glucosinolate type in S. alba (IdaGold) is 4-hydroxy-benzyl glucosinolate 

accounting for over 96% of the total glucosinolate content.  It is known that these 

glucosinolates degrade into allyl isothiocyanate and 4-hydroxybenzyl ionic thiocyanate, 

respectively, and it would be reasonable to attribute these compounds to be responsible for 

the different herbicidal efficacy that each showed against grassy and broadleaf weeds.  

 There was little herbicidal effects of potting compost amended with B. napus seed 

meal, albeit that the cultivar Dwarf Essex has relatively high concentration of glucosinolates 

in the seed meal compared to, say, the more commonly utilized low glucosinolate B. napus 

cultivar also from B. napus.  In all instances a 1 Mt ha
-1

 application rate of either oriental or 

S. alba showed greater herbicidal effect compared to a 2 Mt ha
-1

 application rate of B. napus 
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seed meal.  Obviously all glucosinolates are not equal in herbicidal effects.  In a real life 

practical situation it would perhaps seem feasible to treat soils with a blend of oriental and S. 

alba seed meals so that both grassy and broad leaved weeds can be effectively controlled.   

There was a lack of consistency in these studies in that the first run showed markedly 

lower herbicidal effects of the two mustard seed meals compared to the second and third run.  

It should be noted that in the first run, the seed meals were sprinkled onto the surface of the 

potting compost after the seedling flats had been filled and thereafter incorporated into the 

potting compost using a pencil.  In the latter two runs, the seed meal was physically mixed 

with the potting compost in a larger container just prior to filling the seedling trays and 

planting the seeds.  When the seed meal was completely mixed, the herbicidal effects of B. 

juncea on grassy weeds and S. alba on broadleaf weeds was dramatic and in many instances 

90-95% of weeds were killed or did not emerge, possibly indicating the need for 

incorporation of the meal in the field to maximize herbicidal action.  

Overall, the mustard seed meals showed tremendous potential for use in organic 

production systems where few, if any, herbicide options are available and where hand 

weeding can cause crop damage and be highly expensive. 
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Table 2.1. Seed meal glucosinolate profiles of denatured and intact ‘Dwarf Essex’, ‘Pacific 

Gold’, and ‘IdaGold’ seed meals used in the study. 

 

B. napus B. juncea S. alba 

 

cv Dwarf Essex cv Pacific Gold cv IdaGold 

Glucosinolate Intact Denatured Intact Denatured Intact Denatured 

Allyl . . 174.6 161.6 . . 

3-Butenyl 34.8 31.1 1.0 0.9 . . 

4-Pentenyl 8.5 7.7 . . . . 

2-OH-3-Butenyl 76.1 67.1 . . . . 

2-OH-4-Pentenyl 4.6 4.1 . . 6.0 5.5 

2-Phenylethyl 1.4 1.4 0.8 0.7 . . 

4-OH-Benzyl . . . . 164.8 159.4 

Total 125.3 111.3 176.3 163.2 170.8 164.9 
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Table 2.2.  Mean squares from the analyses of variance of Italian rye grass and wild oat 

seedling emergence and above ground plant dry biomass after planting into potting media 

amended with either treated (denatured or intact) B. napus, B. juncea and S. alba seed meal at 

1 and 2 ton ha
-1

 rates and a no amendment treatment control. 

   

Seedling Emergence Above Ground Biomass 

Source df 
Italian 

rye grass 

Wild 

Oat 

Italian 

rye grass 

Wild 

Oat 

Control v seed meal
‡
 1 526 

***
 305 

*
 0.60 

 

171.60 
***

 

Between control treatments 2 59 

 

100 

 

14.47 
**

 2.24 

 Meal type 

         

 

(1)
†
 B. napus v Mustards 1 1,922 

***
 1711 

***
 30.00 

***
 33.00 

*
 

 

(2) S. alba v B. juncea 1 1 

 

1131 
***

 5.96 
*
 5.72 

 Meal treatment¥ 1 709 
***

 1078 
***

 49.91 
***

 48.92 
*
 

Application rate 1 646 
**

 248 
*
 39.28 

***
 36.13 

*
 

Meal type x Meal treatment 

         

 

(1) x meal treatment 1 136 
*
 22 

 

5.92 
*
 64.97 

**
 

 

(2) x meal treatment 1 249 
*
 689 

**
 1.52 

 

56.62 
*
 

Meal type x Application 

rate 

         

 

(1) x application rate 1 64 

 

172 

 

5.13 

 

4.20 

 

 

(2) x application rate 1 12 

 

177 

 

3.43 

 

8.75 

 Meal treatment x 

application rate 1 406 
**

 78 

 

22.77 
***

 3.80 
*
 

Meal type x treatment x rate 

         

 

(1) x treatment x rate 1 105 

 

87 

 

6.63 
*
 6.17 

 

 

(2) x treatment x rate 1 14 

 

0 

 

0.99 

 

1.22 

 † 
Effects of seed meal types was partitioned, using orthogonal contrasts into (1) the difference 

between B. napus seed meal and the average of the two high glucosinolate mustard seed meals and 

(2) the difference between  S. alba and B. juncea.
‡ 
Effect of the 3 control treatments was partitioned 

into the difference between the control average and the average of all seed meal treatments and the 

difference within the three controls. ¥
Meal treatment refers to whether the seed meal was denatured or 

intact. 

* = 0.01< P<0.05; ** = 0.001< P <0.01; *** =P<0.001; all other mean squares were not significant. 
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Table 2.3.  Seedling emergence of Italian rye grass planted into potting compost amended 

with intact or denatured (DN) B. napus, B. juncea or S. alba  seed meal at 1 Mt ha
-1

 and 2 Mt 

ha
-1

.  Data presented are expressed as a percentage of the average emergence from non-

amended potting compost controls. 

 

B. napus B. juncea S. alba  

 Meal rate Intact DN Intact DN Intact DN Average 

1 Mt ha
-1

 104 95 76 95 82 81 89 

2 Mt ha
-1

 96 89 52 90 58 82 78 

Average 100 92 64 92 70 81 83 

Average 96 78 76 

  

 

 

 

 

Table 2.4.  Seedling emergence of wild oat planted into potting compost amended with intact 

or denatured (DN) B. napus, B. juncea or S. alba  seed meal at 1 Mt ha
-1

 and 2 Mt ha
-1

.  Data 

presented are expressed as a percentage of the average emergence from non-amended potting 

compost controls. 

 

B. napus B. juncea S. alba  

 Meal rate Intact DN Intact DN Intact DN Average 

1 Mt ha
-1

 89 96 60 89 86 81 84 

2 Mt ha
-1

 93 95 35 77 75 85 77 

Average 91 96 48 83 80 83 80 

Average 93 65 82 
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Table 2.5.  Seedling above ground biomass of Italian rye grass planted into potting compost 

amended with intact or denatured (DN) B. napus, B. juncea or S. alba  seed meal at 1 Mt ha
-1

 

and 2 Mt ha
-1

.   

 

B. napus B. juncea S. alba 

 Meal 

rate Intact DN Intact DN Intact DN Average 

2 Mt ha
-1

 5.70 6.00 2.60 5.50 5.70 5.00 5.08 

2 Mt ha
-1

 5.40 5.30 1.60 5.20 3.00 4.00 4.08 

Average 5.55 5.65 2.10 5.35 4.35 4.50 4.58 

Average 5.60 3.72 3.72 
 

 

 

 

 

Table 2.6. Seedling above ground biomass of wild oat planted into potting compost amended 

with intact or denatured (DN) B. napus, B. juncea or S. alba seed meal at 1 Mt ha
-1 

and 2 Mt 

ha
-1

.   

 

B. napus B. juncea  S. alba 

 Meal rate Intact DN Intact DN Intact DN Average 

2 Mt ha
-1

 5.80 5.10 4.20 5.60 4.40 4.80 4.98 

2 Mt ha
-1

 5.00 4.70 2.40 5.50 1.40 4.60 3.93 

Average 5.40 4.90 3.30 5.55 2.90 4.70 4.46 

Average 5.15 4.43 3.8 
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Table 2.7.  Mean squares from the analyses of variance of prickly lettuce and pigweed 

seedling emergence and above ground plant dry biomass after planting into potting media 

amended with either treated (denatured or intact) B. napus, B. juncea and  S. alba seed meal 

at 1 and 2 ton ha
-1

 rates and a no amendment treatment control.  

   

Seedling Emergence Above Ground Biomass 

Source 

df Prickly Pig Prickly Pig 

 

Lettuce Weed Lettuce Weed 

Control v seed meal
‡
 1 7,448 

*** 
10,553 

*** 
268.3 

*** 
76.79 

*** 

Between control treatments 2 34 
 

59 
 

0.3 
 

0.0 
 

Meal type 

  
 

 
 

 
 

 
 

 

(1)
†
 B. napus v Mustards 1 827 

*** 
6,445 

*** 
42.2 

*** 
27.67 

*** 

 

(2)  S. alba v B. juncea 1 1,016 
*** 

835 
*** 

29.2 
*** 

3.51 
 

Meal treatment¥ 1 230 
** 

822 
*** 

1.2 
 

1.68 
* 

Application rate 1 659 
*** 

738 
*** 

39.6 
*** 

4.40 
*** 

Meal type x Meal treatment 

  
 

 
 

 
 

 
 

 

(1) x meal treatment 1 671 
*** 

1,284 
*** 

19.9 
*** 

8.91 
*** 

 

(2) x meal treatment 1 376 
*** 

969 
*** 

3.5 
 

2.37 
** 

Meal type x Application rate 

  
 

 
 

 
 

 
 

 

(1) x application rate 1 268 
** 

160 
** 

0.0 
 

0.15 
 

 

(2) x application rate 1 77 
 

2 
 

7.4 
* 

0.79 
 

Meal treatment x application 

rate 1 81 
 

34 
 

2.84 
*** 

0.16 
 

Meal type x treatment x rate 

  
 

 
 

 
 

 
 

 

(1) x treatment x rate 1 10 
 

198 
** 

17.9 
*** 

0.00 
 

 

(2) x treatment x rate 1 2 
 

31 
 

0.2 
 

0.18 
 † 

Effects of seed meal types was partitioned, using orthogonal contrasts into (1) the difference 

between B. napus seed meal and the average of the two high glucosinolate mustard seed meals and 

(2) the difference between S. alba and B. juncea. 
‡ 
Effect of the 3 control treatments was partitioned 

into the difference between the control average and the average of all seed meal treatments and the 

difference within the three controls. 
¥
Meal treatment refers to whether the seed meal was denatured or 

intact. 

* = 0.01< P<0.05; ** = 0.001< P <0.01; *** =P<0.001; all other mean squares were not significant. 



33 

 

Table 2.8.  Seedling emergence of prickly lettuce planted into potting compost amended with 

intact or denatured (DN) B. napus, B. juncea or S. alba seed meal at 1 Mt ha
-1

 and 2 Mt ha
-1

.  

Data presented are expressed as a percentage of the average emergence from non-amended 

potting compost controls.  

 

B. napus B. juncea S. alba  

 Meal rate Intact DN Intact DN Intact DN Average 

1 Mt ha
-1

 57 57 40 77 27 30 48 

2 Mt ha
-1

 63 47 20 43 13 13 33 

Average 60 52 30 60 20 22 41 

Average 56 45 21 

  

 

 

 

 

Table 2.9.  Seedling emergence of pig weed planted into potting compost amended with 

intact or denatured (DN) B. napus, B. juncea or S. alba  seed meal at 1 Mt ha
-1

 and 2 Mt ha
-1

.  

Data presented are expressed as a percentage of the average emergence from non-amended 

potting compost controls. 

 

B. napus B. juncea S. alba  

 Meal rate Intact DN Intact DN Intact DN Average 

1 Mt ha
-1

 82 73 26 71 26 25 51 

2 Mt ha
-1

 65 81 13 46 8 10 37 

Average 73 77 20 58 17 17 44 

Average 75 39 17 
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Table 2.10.  Seedling above ground biomass of prickly lettuce planted into potting compost 

amended with intact or denatured (DN) B. napus, B. juncea or S. alba  seed meal at 1 Mt ha
-1

 

and 2 Mt ha
-1

.   

 

B. napus B. juncea S. alba  

 Meal 

rate Intact DN Intact DN Intact DN Average 

1 Mt ha
-1

 2.80 3.30 2.20 2.90 1.30 0.90 2.23 

2 Mt ha
-1

 2.50 2.50 0.50 1.30 0.80 0.30 1.32 

Average 2.65 2.90 1.35 2.10 1.05 0.60 1.78 

Average 2.78 1.73 0.83 

  

 

 

 

Table 2.11.  Seedling above ground biomass of pig weed planted into potting compost 

amended with intact or denatured (DN) B. napus, B. juncea or S. alba seed meal at 1 Mt ha
-1

 

and 2 Mt ha
-1

.   

 

B. napus B. juncea S. alba  

 Meal 

rate Intact DN Intact DN Intact DN Average 

1 Mt ha
-1

 1.60 1.70 0.50 1.20 0.20 0.20 0.90 

2 Mt ha
-1

 1.20 1.20 0.10 0.60 0.10 0.10 0.55 

Average 1.40 1.45 0.30 0.90 0.15 0.15 0.73 

Average 1.425 0.60 0.15 
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Figure 2.1.  Italian rye grass and wild oat seedling emergence in soils amended with 

B.napus, B.juncea and S.alba applied at 2Mtha
-1

. 

 

Figure 2.1.  Pigweed and prickly lettuce seedling emergence in soils amended with B.napus, 

B. juncea and S.alba seed meals applied at 2Mtha
-1 
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CHAPTER 3 

 

TOMATO AND PEPPER CROP EMERGENCE AND GROWTH 

FOLLOWING AMENDMENT WITH DIFFERENT BRASSICACEAE 

SEED MEALS 
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3.1. ABSTRACT 

Raising vegetable seedlings in nurseries for transplanting relies heavily on the use of 

fumigated media to minimize infestation of weeds and contamination from soil borne 

pathogens. Traditionally, methyl bromide was used to fumigate media in nurseries.  

However, methyl bromide depletes the ozone and is not registered for many crops in the US.  

Currently, methyl bromide is being phased out on all agricultural and horticultural 

applications.  Effective and environmental friendly alternatives must be developed.  

Brassicaceae species plant tissues contain glucosinolates that break down in the soil in the 

presence of water and the enzyme myrosinase to allelochemicals that can suppress soil borne 

pathogens and weeds.  Major limitations of using Brassicaceae plant tissue as a biopesticide 

have been the low and variable glucosinolates levels in green manure plow down crops.  

Brassicaceae seed meals, the seed residue after oil has been removed, contain up to 10 times 

higher glucosinolate concentration compared to Brassicaceae plant tissue, and perhaps the 

use of seed meal as a potting compost amendment would have greater potential as a more 

consistent and effective biofumigant than  plant tissue.  If Brassicaceae seed meals are to be 

used effectively as a biofumigant they must show consistent and good efficacy in pest 

control.  In addition, the potting compost amendments must not cause serious crop or 

seedling injury.  The objective of this research was to evaluate the phytotoxicity of Brassica 

napus, Brassica juncea and Sinapis alba seed meal potting compost amendments to tomato 

(Lycopersicon esculentum) and pepper (Capsicum annuum) seedlings when applied at 

different rates and to establish whether delay in seeding after seed meal amendment has an 

effect on tomato and pepper seedlings emergence and growth. B. napus, B. juncea and S. 

alba were applied at 0, 1, 2 and 4 Mt ha
-1

, and then tomato and pepper seeds were seeded at 
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0, 2, 6 and 10 d after seed meal amendment.  Seedling emergence counts and crop injury 

were assessed twice a week for 4 weeks. Twenty eight days after seeding, above ground 

seedling biomass was collected, dried and weighed.  Pepper and tomato crop injury 

decreased with an increase in seeding delay after seed meal amendment.  B. napus, B. juncea 

and S. alba seed meals all showed reduced seedling growth over non-amended potting 

compost, regardless of the glucosinolate levels of the seed meal.  However, less crop injury 

was observed on seedlings growing in low glucosinolate B. napus seed meal amended potting 

compost, compared to B. juncea or S. alba.  In addition, increasing B. napus seed meal 

application rates was beneficial for seedling growth, most likely from the increased nitrogen 

in the seed meal which outweighed the negative effects from glucosinolate derivatives from 

higher application rates.  Conversely, increasing S. alba and B. juncea meal application rates 

from 1 to 4 Mt ha
-1

 markedly reduced seedling emergence, increased visual seedling injury 

and reduced seedling growth.  Delaying seeding 6 to 10 d after seed meal incorporation 

improved tomato and pepper seedling emergence, increased seedling above ground biomass, 

and reduced visible crop injury.  This was true even for the higher seed meal application 

rates.  Therefore oriental and S. alba seed meal potting compost amendments can be applied 

up to 4 Mt ha
-1

 in tomato and peppers seedling production systems provided that seeding is 

delayed until 6 to 10 days after potting compost treatment. 

Additional index words.  Brassica napus, Brassica juncea, Sinapis alba, crop injury, 

seedling phytotoxicity, glucosinolate, biopesticide. 
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3.2. INTRODUCTION 

Seedling production nurseries and floral crops is the fastest growing segment of U. S. 

horticultural industry (Wilkerson and Edmondson, 1997).  Seedling nurseries and 

greenhouses generate the largest cash receipts of any crop commodity in many U.S. States 

(Wilkerson and Edmondson, 1997).  Conventional seedling production in nurseries requires 

the use of fumigated potting composts or soilless media to reduce the threat of pests and 

diseases.  Traditionally, methyl bromide was used to fumigate media to avoid disease and 

ensure weed free seedling production.  Nursery crops accounted for 20% of the worldwide 

use of methyl bromide for soil fumigation (EPA, 1997). 

Methyl bromide has negative environmental effects and depletes the ozone. 

Alternative soil fumigants such as chloropicrin and 1,3-dichloropropene (Telone) C35 have 

been identified, and improved application techniques have been developed to reduce 

emissions (Ajwa et al., 2002; Duniway, 2002).  Although chloropicrin is as efficacious as 

methyl bromide at high rates, however, the high rates are not feasible for use by the growers 

due to regulatory limits placed on application rates (Subbarao et al., 2007) and also not 

acceptable in organic certified production systems.  Pesticides used in nursery settings should 

be selected not only to control the pest, but also to limit potential negative impacts on the 

environment (Zinati, 2005).   

Consumers and environmental pressure groups have been campaigning for lower 

pesticide use and implementation of environmentally friendly crop production practices.  The 

organic vegetable industry is flourishing due to consumers’ preference for organically grown 

produce over traditionally produced vegetables (Bonina and Cantliffe, 2001).  Regardless, 
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chemical alternatives to methyl bromide will be subjected to increasing review and 

regulation, and they may not be readily available over the longer term or for minor 

agricultural and horticultural crops (Subbarao et al., 2007).  

While the nursery industry has recognized economic rewards, the industry has a 

unique set of problems.  Small amounts of arthropod feeding can dramatically reduce the 

aesthetic quality of nursery crops and, thus, reduce their marketability (Wilkerson and 

Edmondson, 1997).  Therefore, it is perhaps not surprising that seedling nurseries require 

multiple pesticide applications to achieve effective weed and soil borne pathogen 

management.  In order to avoid continuing reliance on chemical pesticides, plant scientists 

have focused their efforts on the development of sustainable measures for the management of 

crop and nursery pests.  Such research efforts have examined new pest management 

technologies for use as alternative to synthetic chemical pesticides, with one such technology 

being biofumigation. 

 Biofumigation is a sustainable strategy to manage soil borne pathogens, nematodes, 

insects, and weeds.  Initially it was defined as the pest suppressive action of decomposing 

Brassica tissues, but it was later expanded to include animal and plant residues (Ploeg, 

2007). 

Use of Brassicaceae crops as a plough down or green manure has been extensively 

researched; however, its major limitation has been efficacy inconsistencies which result from 

variable amounts of glucosinolate content in plant tissue at different stages of growth.  Seed 

meal, the residue after oil has been removed from oilseeds, has higher glucosinolates 

compared to other plant tissue, as high as 10 times higher than in leaf tissues.  As a result, 
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there has been an increased interest in examining the potential use of Brassicaceae seed 

meals as a soil or plant growth medium amendment.  Use of Brassicaceae seed meal as a 

biofumigant in seedling nurseries would be ideal due to the small volume of growing 

medium that would require treatment.  One possible drawback to the use of seed meals for 

biofumigation is potential phytotoxic effects due to the elevated glucosinolate content of 

these plant residues. 

Reduced germination of wheat has been reported when planted into potting compost 

amended with either chopped black mustard (Brassica nigra L. Koch) or garden cress 

(Lepidium sativum L.) (Vaughn and Boyston, 1997).  In addition, in the same study, highly 

volatile allyl-isothiocyanates released by Brassica juncea tissue was found to be as effective 

as the commercial soil fumigant methyl isothiocyanates at inhibiting germination of several 

crop species.  Increasing the aqueous extract concentrations of separated B. nigra plant parts 

significantly inhibited radish (Raphanus sativus) germination, seedling length and weight.  

Greenhouse studies conducted by Ju et al. (1983) showed that ionic thiocyanate, released 

from   S. alba seed meal amendment, inhibited the growth of tobacco (Nicotiana tabacum) 

and bean (Phaseolus vulgaris L) seedlings.  B. juncea seed meal induced phytotoxicity on 

strawberry (Fragaria ananassa) and sweet corn (Zea mays) at rates of 0.1% or higher and at 

a 0.3% rate on potato (Solanum tuberosum) (Quing et al., 2007).  Emergence inhibition of 

carrots (Daucus carrota) seeded 15 to 36 d post-seed meal amendment was found only in S. 

alba treatments (Hansson, et al., 2008).  Growth chamber experiments indicated that lettuce 

(Lactuca sativa) emergence was reduced by at least 75% when planted into 3% S. alba 

amended soil earlier than 5 weeks after meal application (Rice et al., 2007). 
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A limitation of the use of Brassicaceae seed meals involves possible inhibition of 

crop seed germination due to isothiocyanates (Brown and Morra, 1996).  In order for 

Brassicaceae meal to be a viable and feasible means of weed control in farming systems, 

planting dates that optimize weed control but limit phytotoxic potential of the glucosinolate 

derivatives to the crop must be determined.  Phytotoxicity of Brassicaceae seed meal on 

crops can be minimized by a suitable delay between application and planting or crop seeding 

(Hamilton, 2004).  While some literature does exist on the inhibitory effect of some species 

in the Brassicaceae family on both weed and crop seed germination, little to no literature 

exists on suitable planting dates for crops that are sensitive to glucosinolate degradation 

products.  Even in cases where the required delay in crop seeding has been reported, it is not 

feasible to use a blanket recommendation on other crops due to the variable phytotoxicity 

response among crop species to hydrolysis products of glucosinolates. 

The objective of this study is to determine appropriate duration of the period between 

application of B. napus, S. alba and B. juncea seed meals and planting of tomato and pepper 

seeds that would result in lowest phytotoxicity crop injury. 

3.3. MATERIALS AND METHODS 

3.3.1. Glucosinolate analysis of seed meals  

Seed meals produced from locally grown S. alba ‘Ida Gold’ (Brown et al. 1997), B. juncea 

‘Pacific Gold’ (Brown et al. 2004a), and B. napus ‘Athena’ (B. napus) were used in this 

study.  

Seed meal glucosinolate were analyzed and quantified before used in the study. 

Glucosinolate analysis was conducted using the procedure described by Daun et al. (1989) 
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and Daun and McGregor (1989). Specifics of the methods utilized in these studies are 

described in detail in Chapter 3.  

The major glucosinolate in B. napus ‘Athena’ is 2-hydroxy-3-butenyl glucosinolate, 

allyl glucosinolate in B. juncea ‘Pacific Gold’ and 4-hydroxybenzyl glucosinolate in S. alba 

‘IdaGold’ (Table 4.1).  Overall, Pacific Gold and IdaGold seed meal contained over 13 fold 

higher total glucosinolates compared to the low glucosinolate B. napus cultivar Athena. 

3.3.2. Experimental Design 

The S. alba, B. juncea and B. napus seed meals were used to evaluate the effect of 

glucosinolates on emergence of two cultivars each of tomato and pepper.  In the 2008 study, 

two indeterminant growth tomato cultivars ‘Abraham Lincoln’ and ‘Red Pear’ and the two 

pepper cultivars used in the study were ‘California Wonder’ and ‘Big Red Pepper’ were used 

in plant assays.  In the second year of the study the cultivars that had been used in 2008 trial 

could not be secured from the market so the tomato cultivars ‘Scarlet Red’ and ‘Celebrity’ 

and the pepper cultivars were ‘Ladybell’ and ‘New Ace’ were used in 2009.  Sunshine
® 

Mix 

which contains 75% peat moss, 15% perlite and 10% vermiculite was utilized as the plant 

growth medium. The potting compost was amended with seed meals at 0, 1, 2 and 4 Mt ha
-1

 

equivalent rates by area of pots measuring 9.5 cm x 9.5 cm x 9.5 cm.  Tomato and pepper 

seeds were planted 0, 2, 6, and 10 d after seed meal treatment.  Six seeds of one vegetable 

cultivar were planted into each plot according to the treatment.  After planting, the pots were 

watered to field capacity and twice a week thereafter.  The experiment was laid out in a split-

split plot design, where seeding delay was assigned as main plots, seed meal types were 

assigned as sub-plots and seed meal application rates assigned as sub-sub-plots.  The trial 

was replicated four times and repeated twice in the same greenhouse.  The greenhouse were 



44 

 

set up to be on a 16 h light/8 h dark cycle. Supplemental illumination was provided by 1000 

w high intensity discharge multivapor halogen lamps and temperatures were maintained at 

22
o
C during day and 10

o
C at night. 

3.3.3. Data collection and analysis 

Crop emergence was determined by counting plants at 11, 14, 18, 21, 25 and 28 d after 

planting.  Seedling injury was independently assessed visually by three researchers.  

Assessment was rated on a 1 to 9 scale, where 1 indicates greatest crop injury and 9 indicates 

no injury. Seed  meal phytotoxicity usually manifest on the leaves and stems.  Seedling vigor 

and growth was evaluated by determining above ground seedling biomass after 28 d of 

seedling growth.  Seedlings were harvested, dried in an oven at 90
o 
C for 7 d, and then 

weighed to give a total seedling dry weight.  Total seedling dry weight from each pot was 

divided by the number of seedlings that had emerged in each pot to obtain mean seedling dry 

weight. 

Data were analyzed using general linear model analyses of variance to determine 

differences between main effects and interactions using SAS 9.1 (SAS Institute Inc., 1991).  

In the analyses of variance of seedling emergence and seedling biomass, the effect of 

different seed meals was partitioned, using orthogonal contrasts, into (1) difference between 

low glucosinolate B. napus meal and high glucosinolate mustard meals; and (2) the 

difference between S. alba and B. juncea meals.  Similarly the effect of meal application 

rates was partitioned, using orthogonal contrasts, into (1) difference between the no meal 

treatment compared to meal treatments; (2) linear response to meal treatments; and (3) 
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quadratic response to meal treatments.  Significant differences between treatments in the 

study were examined using Duncan’s multiple range tests (SAS Institute Inc., 1991).  

3.4. RESULTS AND DISCUSSION 

Crop species, seed meal application rate, and transplanting delay accounted for between 16 -

39%, 11-16% and 11- 41%, respectively, of the variation observed in seedling emergence in 

the two experiments (Table 3.2).  In the 2008 experiment, duration of transplanting delay, 

crop species and seed meal type accounted for 15%, 10% and 6%, respectively, of the 

variation observed in phytotoxicity.  However, in the 2009 experiment, duration of 

transplanting delay, seed meal type and the seed meal application rate accounted for 27%, 

19%, and 16%, respectively, of the variation in phytotoxicity. Perhaps this was as a result of 

the different crop cultivars used in the two different seasons. This would imply that even 

cultivars within of the same crop have responded differently to Brassicaceae phytotoxicity. In 

both years, species x meal type x application rate and transplanting delay interacted 

significantly in affecting seedling emergence and phytotoxicity (Table 3.2).  Cultivar within 

vegetable species interacted significantly with seed meal type and application rate to impact 

seedling emergence and phytotoxicity. 

 In both years, crop species accounted for 90% of the variability in seedling biomass 

(Table 3.3).  A crop species x seed meal type x application rate x delay in transplanting 

interaction was significant for total seedling dry weight in both seasons and seedling dry 

weight in 2009 experiment only (Table 3.3).  Seedling dry weight had a significant crop 

species x meal type and application in 2008 experiment. 

Pepper exhibited lower seedling emergence, compared to tomato seedlings.  

Phytotoxicity was significantly higher in pepper than in tomato seedlings in 2008 (Table 3.4).  
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Overall, an increase in seed meal amendment from 1 Mt to 4 Mt ha
-1

 significantly reduced 

seedling emergence in both crops.  In peppers, B. napus and S. alba seed meal amendment 

had the highest seedling emergence in 2008 and 2009, respectively (Table 3.5).  In tomatoes, 

B. napus and S. alba seed meal amendment, consistently had the highest seedling emergence 

than potting compost amended with B. juncea seed meal. 

Pepper and tomato seedling dry weight and total dry weight increased with increased 

delay between seed meal amendment and seeding (Table 3.6).  Phytotoxicity on both tomato 

and pepper crops decreased with an increase in seeding delay.  However, phytotoxicity on 

tomato was 1% lower than in pepper plants.  When planted immediately  or after 4 d after 

seed meal amendment tomato seedlings growing in potting composts amended with 4 Mt ha
-1

 

of S. alba seed meal showed significantly greater crop injury compared to other meal 

treatments (Figure 3.1 and Figure 3.2). Phytotoxicity effect from amending potting compost 

with 4 Mt ha
-1

 of S. alba were more persistent as reflected by higher levels of crop damage 

when seeded 4 d after treatment.  This is probably due to the major glucosinolate type  in S. 

alba seed meals being 4-hydroxy benzyl which degrades on hydrolysis to 4-hydroxy benzyl 

ionic thiocyanate which is water soluble, and know to be more persistent in soil.  

Highest crop injury of pepper seedlings was observed with potting composts amended 

with B. juncea where seeds were planted after 0 and 2 d after amending potting composts 

with B. juncea seed meal at 1, 2 and 4 Mt ha
-1

 (Figure 3.3 and 3.4). The phytotoxicity effects 

of B. juncea seed meal amendments are severe when seeding is immediately or less than 2 d 

after treatment.  However, phytotoxicity effects of B. juncea seed meal is short lived most 

probably because the major glucosinolate in B. juncea seed meal is ally glucosinolate which 
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degrades to highly volatile allyl isothiocyanates upon hydrolysis. These volatile 

isothiocyanates are lost quickly over time resulting in little crop injury when seeded 6 d or 10 

d after seed meal treatment. 

In all seed meal amendments there was a decrease in seedling and total dry weight 

and an increase in phytotoxicity associated with increased seed meal application rates (Table 

3.7).  However, the impact of the three seed meals amendments was significantly different 

when compared to each other.  Highest seedling dry weight and seedling emergence was 

when tomato or pepper was seeded into potting compost amended with B. napus seed meals.  

Seedling emergence decreased with increasing seed meal application rates in all seed 

meal amendments.  However seedling emergence was significantly lower (9%) in potting 

compost amended with S. alba seed meal when compared to seedling emergence from B. 

napus amended potting compost in 2008 (Table 3.8). Seedling emergence from potting 

compost amended with B. juncea was similar to seedling emergences in B. napus and S. alba 

amended soils. In 2009, the same trend was observed, however, there was no difference in 

seedling emergence between B. napus and S. alba amended potting compost.  Seedling 

emergence was 7% lower in B. juncea amended compost when compared to seedling 

emergence in B. napus amended potting compost.    

In 2009, crop injury as a result from the seed meal amendment was 15% and 4% 

higher in B. juncea and S. alba seed meal amended potting compost, respectively, when 

compared to crop injury on seedlings grown in B. napus amended potting compost.  Seedling 

dry weights of tomato or pepper grown in potting compost amended with oriental or S. alba 
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seed meal decreased with an increase in application rate.  In contrast, increasing B. napus 

seed meal application rates increased seedling dry weight and total seedling dry weight. 

3.5. CONCLUSION 

Seedling vigor parameter defines the quality of a seedling.  Growing tomato and pepper in 

potting compost amended with B. napus, B. juncea or S. alba seed meals resulted in reduced 

seedling vigor compared to non-amended potting compost.  However, lower crop 

phytotoxicity was observed in B. napus seed meal amended potting compost compared to 

seedlings grown in oriental or S. alba seed meal amendments.  Increasing application rates of 

B. napus seed meal amendments was beneficial to seedling growth probably due to benefits 

arising from nitrogen contribution from the seed meal outweighing the side effects to growth 

arising from glucosinolates phytotoxicity from high application rates.  Brassicaceae seed 

meals average 6% nitrogen by weight.  In the absence of toxic compounds, there is probably 

crop growth benefits arising from an increase of seed meal applications from 1 to 4 Mt ha
-1

 

that is associated with an increased nitrogen levels from the seed meals.  In contrast, 

increasing application rates of S.alba or B. juncea seed meal from 1 to 4 Mt ha
-1

 increased 

phytotoxicity and reduced seedling growth vigor.  

Overall, this study shows that the phytotoxic attributes of Brassicaceae seed meals 

when used as a potting mix amendment will be dependent upon the concentration and type of 

glucosinolates or hydrolysis products of glucosinolates.  Hydrolysis products from ally 

glucosinolates from B. juncea and 4-hydroxybenzyl a major glucosinolate from S. alba are 

more detrimental than the hydrolysis products of low content glucosinolates from B. napus.  
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Delaying crop seeding for 6 to 10 d after amending potting composts with B. napus, 

B. juncea and S. alba applied at 4 Mt ha
-1 

rates resulted in the highest tomato and pepper 

seedling emergence and weight, and induced minimal levels of phytotoxicity.  Seeding 

delays of 6 d, or more, will reduce crop injury from S. alba  seed meal which tends to persist 

longer than other seed meals.  This implies that B. napus, B. juncea and S. alba amendments 

can be applied at rates as high as 4 Mt ha
-1

 in tomato and pepper seedling production systems 

as long as a sufficient delay in seeding of between 6 to 10 d can be used.  Such high seed 

meal application rates are likely to provide effective control of weeds or soil borne pathogens 

without limiting seedling emergence and growth.   
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Table 3.1. Seed meal glucosinolate profiles of  B. napus ‘Athena’, B. juncea ‘Pacific Gold’, 

and S. alba ‘IdaGold’ seed meals used in the study. 

Glucosinolate type 

B. napus       

'Athena' 

B. juncea             

'Pacific Gold' 

S. alba 

'IdaGold' 

Allyl                   - 210.9 - 

3-butenyl 3.9 1.0 - 

4-pentnyl 1.2 - - 

2-hydroxy-3-butenyl 9.9 - 6.9 

2-hydroxy-4-pentenyl 0.5 - - 

2-phenylethyl 0.2 0.7 - 

4-hydroxybenzyl - - 201.9 

Total 15.7 212.6 208.8 
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Table 3.2.  Mean squares from analyses of variance of tomato and pepper seedling 

emergence  and phytotoxicity injury grown in potting composts following amendment with 

B. napus, B. juncea and S. alba in 2008 and 2009 seasons. 

Source of variation Df Seedling Emergence (%) Phytotoxicity   

    2008  2009  2008  2009  

Days 3 7806 
** 

51627 
*** 

5.39 
* 

131.47 
*** 

Rep (Days) 44 1518 
** 

510 
 

1.32 
 

0.84 
 

Meal 2 3917 
* 

2087 
* 

2.18 
 

91.54 
*** 

Meal x Days 6 2231 
* 

6275 
*** 

2.18 
** 

75.69 
*** 

Meal x Rep (Days) 88 745 
 

479 
 

0.92 
 

0.87 
 

Rate 3 11312 
*** 

14217 
*** 

1.81 
* 

78.31 
*** 

Rate x Days 9 2130 
*** 

3511 
*** 

1.47 
* 

31.12 
*** 

Meal x Rate 6 2751 
*** 

917 
* 

1.81 
* 

26.16 
*** 

Meal x Rate x Days 18 1162 
* 

1354 
*** 

1.07 
* 

17.29 
*** 

Species 1 28337 
*** 

19838 
*** 

3.52 
* 

0.28 
 

Species x Days 3 608 
 

16297 
*** 

0.38 
 

1.42 
 

Species x Meals 2 1732 
 

1222 
* 

0.8 
 

1.37 
 

Species x Rate 3 364 
 

978 
 

1.74 
* 

7.33 
*** 

Species x Meals x Days 6 1260 
 

2413 
*** 

0.62 
 

3.73 
** 

Species x Meals x Rate 6 353 
 

1070 
** 

1.51 
* 

5.43 
*** 

Species x Meals x Rate x Days 27 1004 
* 

1369 
*** 

1.51 
*** 

4.411 
*** 

Cultivar (Species) 2 507 
 

310 
* 

1.03 
 

0.44 
 

Cultivar (Species) x Days 6 1195 
 

396 
 

0.97 
 

1.56 
 

Cultivar (Species) x Meal 4 1264 
 

547 
 

1.78 
* 

1.52 
 

Cultivar (Species) x Rate 6 494 
 

203 
 

0.56 
 

0.7 
 

Cultivar (Species) x Days x 

Meal 12 361 
 

451 
 

0.42 
 

1.58 
 

Cultivar (Species) x Meal x 

Rate 12 235 
 

237 
 

0.58 
 

1.16 
 

Cultivar (Species) x Rate x 

Day 54 948 
** 

728 
*** 

0.68 
 

1.95 
** 

Error (3) 440 610 
 

374 
 

0.65 
 

1.14 
 

* = 0.01< P<0.05; ** = 0.001< P<0.01; *** =P<0.001; all other mean squares were not significant 
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Table 3.3 Mean squares from analyses of variance of tomato and pepper seedling dry weight  

and total dry weight grown in potting composts following amendment with B. napus, B. 

juncea and S. alba in 2008 and 2009 seasons. 

Source of variation df Seedling Dry weight (g) Total  Dry weight (g) 

    2008 

 

2009  2008 2009  

Days 3 1.79 ** 6.240 *** 12.986 * 91.169 *** 

Rep (Days) 44 0.18  0.193  3.479  1.219  

Meal 2 1.61 * 0.955 ** 27.103 *** 5.246 ** 

Meal x Days 6 0.25  0.761 *** 5.803 * 7.901 *** 

Meal x Rep (Days) 88 0.30  0.168  2.308  0.957  

Rate 3 0.17  0.929 ** 11.342 *** 1.952  

Rate x Days 9 0.36  0.446 * 4.451 ** 7.299 *** 

Meal x Rate 6 0.47  0.598 ** 8.243 *** 5.200 *** 

Meal x Rate x Days 18 0.37  0.309  3.128 * 1.572  

Species 1 63.08 *** 159.200 *** 2193.623 *** 1758.279 *** 

Species x Days 3 0.23  1.620 *** 8.889 ** 28.147 *** 

Species x Meals 2 0.16  0.963 ** 7.904 * 5.985 ** 

Species x Rate 3 1.29 ** 1.214 *** 16.341 *** 3.359 * 

Species x Meals x Days 6 0.17  0.875 *** 1.763  7.453 *** 

Species x Meals x Rate 6 0.77 * 0.416 * 9.187 *** 6.318 *** 

Species x Meals x Rate 

x Days 27 0.35  0.567 *** 2.938 * 6.073 *** 

Cultivar (Species) 2 0.77  0.378  30.202 *** 2.770  

Cultivar (Species) x 

Days 6 0.11  0.152  3.376  0.894  

Cultivar (Species) x 

Meal 4 0.31  0.096  2.894  0.638  

Cultivar (Species) x 

Rate 6 0.34  0.126  3.918 * 1.423  

Cultivar (Species) x 

Days x Meal 12 0.31  0.104  3.290  0.849  

Cultivar (Species) x 

Meal x Rate 12 0.26  0.180  2.235  1.068  

Cultivar (Species) x 

Rate x Days 54 0.22  0.334 ** 2.354  1.700 * 

Error (3) 440 137.89   0.194  1.774   1.006  

* = 0.01< P<0.05; ** = 0.001< P <0.01; *** =P<0.001; all other mean squares were not significant. 
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Table 3.4. Seedling emergence, phytotoxicity, seedling dry weight and total seedling dry weight of pepper and tomato seedlings 

averaged over seed meal application rates and crop species in 2008 and 2009 seasons. 

  2008 2009 

Crop 
Rate 

(Mt ha
-1

) 

Seedling 

Emergence 

(%) 

Phytotoxicity 

Seedling 

Dry 

weight 

(g) 

Total 

Dry 

weight 

(g) 

Seedling 

Emergence 

(%) 

Phytotoxicity 

Seedling 

Dry 

weight       

(g) 

Total 

Dry 

weight 

(g) 

Pepper 0 73.4 8.7 0.10 0.72 82.0 8.9 0.27 1.00 

 1 83.5 8.7 0.29 0.36 74.7 8.3 0.27 0.78 

 2 77.3 8.6 0.11 0.41 73.1 7.9 0.27 1.00 

 4 89.6 8.7 0.20 0.48 61.7 7.5 0.21 0.74 

Mean  74.9
a† 8.7

a
 0.17

a
 0.49

a
 72.9

a
 8.2

a
 0.24

a
 0.89

a
 

Tomato          

 0 93.9 8.9 0.70 3.85 93.5 8.9 1.07 3.97 

 1 89.6 9 0.80 4.2 93.9 8.6 1.22 4.42 

 2 89.1 8.9 0.84 4.29 84.7 8.1 1.33 4.57 

 4 75.5 8.6 0.66 3.16 69.9 6.9 1.52 4.46 

Mean   87.0
b
 8.8

b
 0.75

b
 3.88

b
 85.5

b
 8.1

a
 1.29

b
 4.35

b
 

†
Means followed with different letters in a column indicate significant different between pepper and tomato (P<0.05). 
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Table 3.5. Seedling emergence, phytotoxicity, seedling dry weight and total seedling dry weight of pepper and tomato seedlings in 

potting composts amended with B. napus, B. juncea and S. alba applied at 1, 2 and 4 Mt/ha
-1 

averaged over crop species and meal 

types  in 2008 and 2009 seasons. 

  2008 2009 

Crop 
Seed meal 

Type 

Seedling 

Emergence 

(%) 

Phytotoxicity 

Seedling 

Dry 

weight (g) 

Total 

Dry 

weight (g) 

Seedling 

Emergence 

(%) 

Phytotoxicity 

Seedling 

Dry weight 

(g) 

Total 

Dry 

weight (g) 

Pepper B. napus 79.7 8.7 0.25 0.66 73.1 8.7 0.29 1.02 

 B. juncea 71.7 8.8 0.14 0.34 71.3 7.3 0.21 0.8 

 S. alba 73.2 8.7 0.14 0.48 74.2 8.4 0.22 0.81 

Mean  74.9
a† 8.7

a
 0.17

a
 0.49

a
 72.9

a
 8.2

a
 0.24

a
 0.89

a
 

Tomato B. napus 90.2 9 0.85 4.45 88.9 8.7 1.34 4.37 

 B. juncea 89.7 8.9 0.65 3.56 79.2 7.5 1.15 4.04 

 S. alba 81.1 8.7 0.74 3.62 88.4 8.2 1.38 4.66 

Mean   87.0
b
 8.8

b
 0.75

b
 3.88

b
 85.5

b
 8.1

a
  1.29

b
 4.35

b
 

†
Means followed with different letters in a column indicate significant different between pepper and tomato (P<0.05). 
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Table 3.6. Seedling emergence, phytotoxicity, seedling dry weight and total seedling dry weight of pepper and tomato seedlings in 

potting composts amended with B. napus, B. juncea and S. alba applied at 1, 2 and 4 Mt/ha
-1 

averaged over crop species in 2008 

and 2009 seasons. 

   2008 2009 

Crop 

  

Transplanting 

Delay 

Seedling 

Emergence 

(%) 

Phyto-

toxicity 

Seedling 

Dry 

weight (g) 

Total 

Dry 

weight (g) 

Seedling 

Emergence 

(%) 

Phyto-

toxicity 

Seedling 

Dry 

weight (g) 

Total 

Dry 

weight (g) 

Pepper 0 79.0 8.5 0.11 0.57 28.2 7 0.16 0.52 

 2 83.5 8.7 0.08 0.37 79.7 8 0.18 0.60 

 6 67.7 8.7 0.19 0.35 90.6 8.9 0.31 1.14 

 10 69.3 8.9 0.31 0.67 93 8.7 0.33 1.25 

Mean  74.9
a† 8.7

a
 0.17

a
 0.49

a
 72.9

a
 8.2

a
 0.24

a
 0.89

a
 

Tomato          

 0 90.1 8.6 0.62 3.34 76.4 6.7 1.02 3.25 

 2 92.0 8.8 0.72 3.97 84.9 8.1 1.02 3.36 

 6 79.7 9 0.82 3.75 89.1 8.9 1.52 5.11 

 10 86.3 9 0.84 4.44 91.7 8.9 1.59 5.68 

Mean   87.0
b
 8.8

b
 0.75

b
 3.88

b
 85.5

b
 8.1

a
 1.29

b
 4.35

b
 

†
Means followed with different letters in a column indicate significant differences between tomato and pepper (P<0.05). 
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Table 3.7. Seedling emergence, phytotoxicity, seedling dry weight and total seedling dry weight of pepper and tomato seedlings in 

potting composts amended with B. napus, B. juncea and S. alba applied at 1, 2 and 4 Mt/ha
-1 

averaged over seed meal types 

seeding delay in 2008 and 2009 seasons. 

   2008 2009 

Seed 

meal 

type 

Seeding  

Delay 

 

Seedling 

Emergence 

(%) 

Phyto-

toxicity 

 

Seedling 

Dry weight 

(g) 

Total 

Dry 

weight (g) 

Seedling 

Emergence 

(%) 

Phyto-

toxicity 

Seedling 

Dry 

weight (g) 

Total 

Dry 

weight (g) 

B. napus 0 90.6 8.7 0.47 2.5 66.1 8.7 0.77 2.38 

 2 90.1 8.9 0.45 2.48 78.1 8.5 0.65 1.98 

 6 79.8 8.8 0.65 2.62 88.7 9 0.89 3.01 

 10 79.4 9 0.62 2.64 91.1 8.8 0.96 3.45 

Mean  85
a† 8.8 0.54

a
 2.6

a
 81.0

a
 8.7

a
 0.82

a
 2.41

a
 

B. juncea 0 77.9 8.8 0.28 1.44 32 4.2 0.31 1.13 

 2 86.7 8.7 0.33 1.78 81.6 7.7 0.57 1.90 

 6 80.2 8.9 0.38 1.94 93.4 9 0.9 3.28 

 10 78.1 8.9 0.61 2.64 94.1 8.9 0.94 3.33 

Mean  80.7
ab

 8.8 0.40
b
 1.9

b
 75.3

b
 7.44

c
 0.68

b
 2.41

b
 

S. alba 0 85.2 8.2 0.36 1.94 58.7 7.7 0.69 2.19 

 2 86.5 8.6 0.41 2.27 87.1 8 0.56 2.04 

 6 61.2 8.9 0.48 1.6 87.5 8.8 0.96 3.07 

 10 75.8 9 0.5 2.36 91.8 8.7 0.98 3.61 

Mean  77.1
b
 8.7 0.44

b
 2.0

b
 81.3

a
 8.29

b
 0.80

a
 2.73

a
 

 
†
Means followed with different letters in a column indicate significant differences between meal types (P<0.05). 
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Table 3.8. Seedling emergence, phytotoxicity, seedling dry weight and total seedling dry weight of pepper and tomato seedlings in 

potting composts amended with B. napus, B. juncea and S. alba applied at 1, 2 and 4 Mt/ha
-1  

in 2008 and 2009 seasons. 

Seed 

meal 

Type 

Application 

Rate 

Seedling 

Emergence 

(%) 

Phyto-

toxicity 

Seedling 

Dry 

weight (g) 

Total 

Dry 

weight (g) 

Seedling 

Emergence 

(%) 

Phyto-

toxicity 

Seedling 

Dry 

weight (g) 

Total 

Dry 

weight (g) 

B. napus 0 91.1 8.8 0.52 2.87 88.9 8.9 0.64 2.43 

 1 81.0 8.8 0.69 2.32 81.9 8.5 0.74 2.60 

 2 82.8 8.8 0.51 2.42 81.8 8.8 0.86 2.76 

 4 84.9 8.9 0.52 2.61 71.3 8.6 1.04 3.02 

Mean  85
a† 8.8 0.54

a
 2.6

a
 81.0

a
 8.7

a
 0.82

a
 2.41

a
 

B. juncea 0 87.8 9 0.35 1.90 83.6 8.8 0.70 2.51 

 1 83.1 8.7 0.42 2.23 86 8.4 0.67 2.53 

 2 83.9 8.8 0.39 2.08 70.4 6.6 0.65 2.33 

 4 68.0 8.7 0.45 1.58 61.2 5.9 0.70 2.29 

Mean  80.7
ab

 8.8 0.40
b
 1.9

b
 75.3

b
 7.44

c
 0.68b 2.41

b
 

S. alba 0 87.2 8.8 0.51 2.06 90.7 8.9 0.67 2.51 

 1 80.5 9 0.47 2.28 85 8.5 0.77 2.69 

 2 82.8 8.6 0.53 2.55 84.6 8.6 0.91 3.26 

 4 58.1 8.4 0.33 1.28 64.9 7.1 0.86 2.45 

Mean   77.1
b
 8.7 0.44

b
 2.0

b
 81.3

a
 8.29

b
 0.80a 2.73

a
 

†
Means followed with different letters in a column are significantly different (P<0.05). 
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Figure 3.1. Phytotoxicity of tomato seedlings transplanted at 0, 2, 4 and 8d after potting 

composts were amended with B. napus, B. juncea and S. alba applied at 1, 2 and 4 Mt ha
-1

 in 

2008 
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Figure 3.2. Phytotoxicity of tomato seedlings transplanted at 0, 2, 4 and 8d after potting 

composts were amended with B. napus, B. juncea and S. alba applied at 1, 2 and 4 Mt ha
-1

 in 

2009. 
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Figure 3.3. Phytotoxicity of pepper seedlings transplanted at 0, 2, 4 and 8d after potting 

composts were amended with B. napus, B. juncea and S. alba applied at 1, 2 and 4 Mt ha
-1

 in 

2008. 
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Figure 3.4. Phytotoxicity of pepper seedlings transplanted at 0, 2, 4 and 8d after potting 

composts were amended with B. napus, B. juncea and S. alba applied at 1, 2 and 4 Mt ha
-1

 in 

2009. 
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4.1. ABSTRACT    

Weed management remains one of the major limiting constraints in vegetable production.  

Most vegetable crops are grown on low acreage compared to field crops.  As a result few 

pesticide manufacturing companies are willing to commit extensive funds and research for 

development of safe herbicides compatible with vegetable production systems.  Brassicaceae 

plants contain glucosinolates that break down in the soil to yield toxic substances that have 

been shown to have pesticidal properties.  Glucosinolate containing plant tissues have been 

suggested as an alternative to herbicides for weed control in both conventional and organic 

vegetable production systems.  Field studies were conducted to compare the effects of 

amending soil with B. napus, B. juncea and S. alba seed meal applied at 1 and 2 Mt ha
-1

 on 

growth of tomato (Lycopersicon esculentum) and pepper (Capsicum annuum) transplants in 

the field.  Tomato and pepper seedlings were transplanted 0, 4 and 8 d after seed meal 

amendment to evaluate whether a transplanting delay following a seed meal amendment had 

an effect on tomato or pepper crop injury.  Lowest weed densities were consistently observed 

in plots amended with S. alba applied at 2 Mt ha
-1

 rate.  At 2 Mt ha
-1

 application rates, weed 

counts were 1% and 72% lower in B. napus and S. alba amended plots, respectively, and 

20% higher in B. juncea amended plots when compared to the non amended control.  

Increasing the period between soil amendments and transplanting resulted in an increase in 

weed counts, and the effect was more pronounced  in B. napus and B. juncea seed meal 

amended soils than S. alba amended soils.  The highest weed densities were recorded in plots 

amended with B. juncea applied at 1 Mt ha
-1

 rate.  Weed densities were 51% and 21% higher 

weeds in plots transplanted 4 and 8 d after seed meal amendment, respectively, when 

compared to plots in which seedlings were transplanted immediately after seed meal 

amendment.  Weed above ground dry weight and time required for plot weeding was 51 to 
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73% and 29 to 32% lower in plots transplanted immediately or 4 d after seed meal 

amendment when compared to plots transplanted 8 d after seed meal amendment, 

respectively.  Plots amended with S. alba at a rate of 2 Mt ha
-
 required significantly less time 

to hand weed compared to all other seed meal treatments.  Phytotoxicity injury to pepper and 

tomato plants was consistently highest in soils amended with S. alba, however it was more 

severe in soils amended at the 2 Mt ha
-1  

application rate.  The highest seedling mortality was 

observed in seedlings grown in soils amended with B. juncea applied at 2 Mt ha
-1

.  

Phytotoxicity and seedling mortality decreased with an increase in transplanting delay.  Yield 

of peppers from B. napus and B. juncea was not significantly different over both seasons and 

application rates. Overally there were no significant differences in tomato yields across the 

treatments.  These studies demonstrate that effective weed management and high tomato and 

pepper yields can be attained in a system utilizing S. alba seed meal soil amendments at a 

rate of 2Mt ha
-1 

when seedling transplanting is delayed until 4 d post-seed meal application.  

Additional index words.  Brassica napus, Brassica juncea, Sinapis alba, phytotoxicity, 

glucosinolate, biopesticide, crop injury, bioherbicidal. 
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4.2. INTRODUCTION 

Vegetables are high value crops and usually grown on small acreages.  Tomato 

(Lycopersicum esculentum) and pepper (Capsicum annuum) are among the most valuable 

vegetable commodities in the U. S. (USDA, 2003).  There are few herbicides labeled in 

fruiting vegetables (USDA, 1999) and the phase out of methyl bromide as a soil fumigant in 

the U. S. (EPA 2004) has left vegetable growers with very few weed control options 

vegetable production systems.  In cases where suitable herbicides are available, the reality of 

herbicide carryover has posed some management challenges for vegetable farmers.  Due to 

budget constraints   most chemical companies are reducing their research efforts away from 

investigating new herbicide chemistries and hence there are fewer new chemical options.  In 

addition, older herbicides continually come under EPA review and some are lost due to cost 

of re-registration or toxicity and environmental concerns.  Major challenges with respect to 

weed management in vegetables include: fewer herbicide options; crop rotational restrictions; 

expensive alternative options such as hand weeding; and the expense of laying black/clear 

plastic mulches for weed suppression.  Besides the high cost associated with the labor 

intensive hand weeding option, field workers are not always available on a desired schedule. 

The use of Brassicaceae plant tissue soil amendment to suppress weeds has been 

extensively researched.  However, until recently, much of the reports have been on the use of 

Brassicaceae plant tissue as a green manure or plow down crops.  Use of plant Brassicaceae 

tissue as a plow down crop has been associated with some inconsistencies with respect to 

efficacy.  This could be as a result of low glucosinolates concentration in Brassicaceae green 

plant tissue, which correspondingly would yield low concentrations of the biologically active 

hydrolysis products.  In recent years, focus has shifted to the use of Brassicaceae seed meal 
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in this regard, a byproduct from seed oil extraction of Brassicaceae.  Seed meal has five to 

ten times higher glucosinolate concentrations than plant tissue (Jim Davis, pers. com.).  

Using Brassicaceae seed meal as a soil herbicidal amendment has shown initial success; 

however, phytotoxicity injury to the planted crop has been observed. 

Brassicaceae glucosinolate hydrolysis products have been reported to induce 

phytotoxicity on crops such as tomato (Ramirez-Villapudua and Munnecke, 1988), pea 

(Pisum sativa) (Scott and Knudsen, 1999),  lettuce (Lactuca sativa) (Oleszek, 1987; Brown 

and Morra, 1995; Brown and Morra, 1996), alfalfa (Medicago sativa) (Choesin and Boerner, 

1991; Turk et al., 2003), wheat (Triticum aestivum) (Bialy et al., 1990), corn (Zea mays), 

strawberry (Fragaria  ananassa) and sugar beet(Beta vulgaris) (Hamilton, 2004).  Brassica 

juncea  seed meal produced phytotoxicity on strawberry and sweet corn when applied at rates 

of 0.1% or higher and 0.3% rate on potato (Solanum tuberosum) (Hamilton, 2004; Quing et 

al., 2007).  

Most vegetables have a low tolerance for crop injury and are subject to visual scrutiny 

by consumers as they are sold fresh from the field.  The major challenge in using 

Brassicaceae seed meal amendments in the field as a bioherbicide is to use application rates 

high enough to suppress weeds but lower enough to minimize or eliminate crop injury.  

Phytotoxicity of Brassicaceae seed meal on crops can be minimized by a suitable delay 

between application and planting (Hamilton, 2004).  The required delay period between soil 

amendment and planting may vary from species to species as the sensitivity of different crop 

species to glucosinolate hydrolysis products varies from crop to crop.  

Research on herbicidal activity of Brassicaceae seed meals, therefore, may provide 

producers of high-value vegetable crops with a potential solution to their weed management 
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constraint.  The objective of this study was to evaluate the efficacy of different application 

rates of Brassicaceae seed meal soil amendments and determine whether a transplanting 

delay after seed meal amendment can reduce phytotoxicity on tomato and pepper transplants 

in the field production system. 

4.3. MATERIALS AND METHODS 

4.3.1 Glucosinolate analysis of seed meals  

Seed meals produced from locally grown S. alba ‘Ida Gold’ (Brown et al. 1997), B. juncea 

‘Pacific Gold’ (Brown et al. 2004a), and B. napus ‘Dwarf Essex’ were used in this study.  

Seed meal glucosinolates were analyzed and quantified before used starting the study. 

Glucosinolate analysis was conducted using the procedure described by Daun et al. (1989) 

and Daun and McGregor (1989).  The specifics of the method utilized in these studies is 

described in detail in Chapter 3 of this thesis.  

The major glucosinolate in B. napus ‘Athena’ is 2-hydroxy-3-butenyl glucosinolate, 

allyl glucosinolate in B. juncea ‘Pacific Gold’ and 4-hydroxybenzyl glucosinolate in S. alba 

‘IdaGold’ (Table 4.1).  Overall, Pacific Gold and IdaGold seed meal contained almost 14 

fold and over 13 fold higher total glucosinolates respectively, compared to the low 

glucosinolate Athena. 

4.3.2. Cultivars and site description 

The field trials were carried out at the University of Idaho Parker Farm in Moscow, Idaho 

(46
o 
44’N, 116

o 
57’W), in a Palouse silt loam (fine silty, mixed, mesic, pathic, ultic, 

Haploxerol). Tomato ‘Celebrity’ and  ‘Scarlet Red’, and pepper ‘Lady Bell’ and  ‘New Ace’ 

were used in the field studies in 2008 and 2009.  Tomato and pepper seeds were planted at 

seeded at 0, 4 and 8 d intervals in Sunshine
®
 potting mix and grown for wks in the 
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greenhouse.  One week prior to transplanting the seedlings were moved from the greenhouse 

and hardened-off by moisture deprivation in an open space adjacent to the field where they 

were to be transplanted.  Land preparation was achieved by rotor tilling and then making 

raised ridges 75 cm apart. 

4.3.3. Experimental design and field practices 

The field experiment was a randomized strip strip-split-plot design with crop species and 

delay in transplanting as a strip plot factor, meal treatments as the split plot factor and 

cultivar as a sub plot factor, with four block replications.  Prior to transplanting, seed meals 

were applied by hand and incorporated into the top 6 cm soil by a rotor cultivator.  Plots 

measuring 2.5 x 0.9 m were made.  Each plot was comprised of two raised ridges, each 

vegetable species was allocated to two raised ridges on which one cultivar per ridge was 

transplanted.  Soil amendment treatments were B. juncea, B. napus, and S. alba seed meals 

applied at 1 and 2 Mt ha
-1

.  For the no amendment control treatment nitrogen was applied to 

equal the nitrogen contributed by seed meals at 1 and 2 Mt ha
-1

. Control nitrogen treatments 

were applied by hand in the form of dry, granulated urea (46-0-0). 

 Immediately after seed meal incorporation ridges 45 cm apart were constructed using 

a tractor drawn hill cultivator.  Seven seedlings were transplanted on to each ridge at 0, 4 and 

8 d  after seed meal incorporation.  In 2008, the ridges were drawn over the whole trial 

immediately after seed meal amendment.  However, this caused soil crusting and resulted in 

difficulties in transplanting seedlings at 4 and 8d, in 2009 ridges were drawn just prior to 

each transplanting.  The field was then irrigated using overhead irrigation and received a total 

of 27 mm of water immediately after seedling transplanting.  Seedling transplanting began on 

18 June and 25 June in 2008 and 2009, respectively.  In 2008 35 mm of water was applied 
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once every week using an overhead irrigation system.  In 2009, drip irrigation discharging 

approximately 320 liters of water per hour per 30 cm was used once per week for a duration 

of 4 h.  

4.3.4. Data collection and analysis 

Three weeks after transplanting the plants were visually evaluated for phytotoxicity damage 

on a 1-9 scale where 1 was the highest plant injury and 9 injury free.  Assessments were 

made weekly by three different researchers and were conducted for a duration of five and 

four weeks consecutively, in 2008 and 2009, respectively.  Weed counts in each plot were 

completed 6 weeks after seedling transplanting, followed by weeding.  Hand weeding was 

conducted and the amount of time required to weed each plot was recorded.  The crops were 

harvested on 25 and 28 September in 2008 and 2009, respectively.  Fruit numbers were 

recorded along with fruit weight at harvest.  Tomatoes were graded into small (<50 g), 

medium (50-150 g) and large fruit sizes (>150g). 

Data were analyzed using general linear model analyses of variance to determine 

differences between main effects and interactions using SAS 9.1 (SAS Institute Inc., 1991).  

In the analyses of variance of seedling emergence and seedling biomass, the effect of 

different seed meals was partitioned, using orthogonal contrasts, into: (1) difference between 

low glucosinolate B. napus meal and high glucosinolate mustard meals; and (2) the 

difference between S. alba and B. juncea meals.  Similarly the effect of meal application 

rates was partitioned, using orthogonal contrasts, into: (1) difference between the no meal 

control treatments compared to meal treatments; (2) linear response to meal application rates; 

and (3) quadratic response to meal application rates.  Significant differences between 
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treatments in the study were examined using Duncan’s multiple range tests (SAS Institute 

Inc., 1991).  

4.4. RESULTS AND DISCUSSION 

4.4.1  Weeds  

Prostrate pigweed (Amaranthus blitoides) and red root pigweed (Amaranthus retroflexus) 

were the predominant weedy species encountered in both years study.  Low infestations of 

quackgrass (Elytrigia repens) was noted in both years but at much lower infestation rates 

compared to the other two weeds.  

4.4.1.1 Weed counts 

In 2008, the lowest weed density was observed in S. alba amended at the 2 Mt ha
-1 

rate 

(Table 4.2).  The lowest weed counts were consistent across transplanting delay in soils 

amended with S. alba at 2 Mt ha
-1 

application rate.  There were no differences in weed counts 

in B. napus seed meal amendment at 1 and 2 Mt ha
-1

.  The highest weed density in amended 

soils was observed in plots amended with B. juncea applied at1 Mt ha
-1

.  Weed counts were 

31% and 42% lower in B. napus and S. alba seed meal amendments applied at 1 Mt ha
-1

 as 

compared to the no amendment control.  B. juncea amendment applied at 1 Mt ha
-1

 had 

significantly more weeds compared to the non amendment control.  At 2 Mt ha
-1

 application 

rates, weed counts were 1% and 72% lower in B. napus and S. alba amended plots, 

respectively, and 20% higher in B. juncea amended plots when compared to the non amended 

control.  S. alba amendment at 2 Mt ha
-1 

was consistently the lowest weed counts across all 

the transplanting delays. 
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In 2009 season, lowest weed density was observed in all seed meals applied at 2 Mt 

ha
-1

. However, when seedlings were transplanted 4 d after seed meal amendment, soils 

amended with B. napus at 1 Mt ha
-1

  had the same weed counts as  soils amended with B. 

juncea and S. alba applied at 1 and 2 Mt ha
-1

,
 
respectively.  In  B. juncea  and S. alba 

amended soils, the 2 Mt ha
-1

 amendment rate was superior to the 1 Mt ha
-1

 rate with respect 

to weed suppression in plots in which seedlings had been transplanted at 0, 4 and 8 d after 

seed meal treatment.  Increasing the seed meal amendment rate from 1 to 2 Mt ha
-1

 resulted 

in an decrease  in weed density with an increase in transplanting delay in all seed meal 

amendment with the exception of B. napus amended soils (Table 4.2).   

The general increase in weed density at transplanting delay 4 d and  8 d in the B. 

juncea and B. napus meal treatments in 2009 was perhaps due to the ridges being drawn just 

prior to transplanting.  Little toxicity has been shown in the B. napus meal treatments, and 

the B. juncea phytotoxicity has been shown to be short lived in the soil.  Physical disturbance 

of the soil in these treatments most likely brought healthy weed seeds to the soil surface 

which thereafter germinated and established.  This effect was not observed in the S, alba 

treatments because either the water soluble ionic thiocyanates penetrated deeper into the soil 

impacted weed seeds in the seed bank, or the longer activity of the S. alba hydrolysis 

products were still active even 8 d after treatment.  

4.4.1.2 Weed density and above ground dry biomass 

Weed above ground dry weight were 51 to 73% lower in plots that had seedlings transplanted 

immediately or 4 d after seed meal amendment when compared to plots where transplanting 

was delayed until 8 d after seed meal amendment (Table 4.2).  All seed meal amendments, 
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with the exception of S. alba applied at 2 Mt ha
-1

, yielded the lowest above ground weed dry 

biomass weight in plots transplanted 4 d after amendment.  There were no significant 

(p>0.05) differences in weed biomass in plots amended with B. juncea applied at 1 Mt ha
-1

 

and S. alba applied at 2 Mt ha
-1

 when compared to the non-amended control.  In 2009, 

consistent with the higher weed density weed observed in B. juncea amendment applied at 1 

Mt ha
-1

, the highest above ground dry biomass was observed in B. juncea amendment applied 

at 1 Mt ha
-1

 in plots transplanted at 8 d after seed meal amendment, however the weed 

biomass was not different when compared to biomass from soils amended with S. alba 

applied at the same rate.   

The lower efficacy of B. juncea in soils that had seedlings transplanted 8d after 

amendment is consistent with results from the greenhouse trial (see Chapter 2) which 

indicated that  B. juncea did not as effective at suppressing broad leaved weeds.  In this field 

study, pigweed was the dominant weed and few grassy weeds were observed.  In addition, B. 

juncea has a short lived herbicidal effect due to glucosinolate hydrolysis products being 

mainly volatile allyl isothiocyanates, which are not soluble in water.  Plots transplanted 

immediately after seed meal amendment had the same weed density as plots transplanted 8 d 

after seed meal amendment.  However, weeds in the latter instance had just emerged and 

hence were smaller than in the former plots where weeds were well established.    

Comparison of transplant delay in 2008 shows there were 51% and 21% more weeds 

in soils transplanted 4 and 8 d after seed meal amendment, respectively, compared to soils in 

which seedlings were transplanted immediately after seed meal amendment.  In 2009, weed 

density was lowest in plots that had seedlings transplanted 4 d after seed meal amendment.   



74 
 

4.4.1.3 Time taken to hand weed 

In 2008, time required to hand weed was lowest in plots amended with S. alba meal at a rate 

of 2 Mt ha
-1

 (Table 4.3).  Time taken to weed the plots was 29 to 32% lower in plots that had 

seedlings transplanted immediately or 4 d after seed meal amendment when compared to 

plots where transplanting was delayed until 8 d after seed meal amendment.  Time spent in 

hand weeding B. juncea amended soils at  both application rates was significantly higher than 

in all other seed meal amended plots.   

With the exception of S. alba amendment at 2 Mt ha
-1

, all other seed meal 

amendments had the highest time taken to hand weed in plots in which seedlings were 

immediately transplanted after seed meal amendment in 2008.  Plots amended with S. alba at 

2 Mt ha
-1

 application rate took significantly less time to weed when compared to all other  

seed meal treatments.  B. juncea amended plots took between 31 to 34% more time to weed 

when compared to the non amended controls.  A transplanting delay of 8 d was associated 

with more time to hand weed than the other transplanting delay.   

In 2009, the time taken to weed the plots were 51 to 73% and 29 to 32%, respectively, 

lower in plots that had seedlings transplanted immediately or 4 d after seed meal amendment 

when compared to plots where transplanting was delayed until 8 d after seed meal 

amendment (Table 4.3).  Labor time required to hand weed plots amended with S. alba and 

B. napus at 1 Mt ha
-1

 were not significantly different.  In addition, plots in which seedlings 

were transplanted 8 d after seed meal amendments were associated with more time to hand 

weed than the other transplanting delay.  
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4.4.2 Phytotoxicity 

4.4.2.1 Phytotoxicity in tomatoes 

Phytotoxicity injury after B. napus meal amendments was significantly greater the least when 

compared to other seed meal amendements.  Overall, crop injury levels were higher in 2008 

season than 2009.  This may be related to the different irrigation systems used in the two 

seasons (Table 4.4).  At 3 weeks after transplanting, the highest injury of tomatoes were 

observed in plots amended with B. juncea and seedlings transplanted at 4 d after seed meal 

amendment.  At 6 weeks after transplanting, plants from S. alba amended plots had the 

highest phytotoxicity injury when compared with plants from other seed meal amendment.  

Seedlings transplanted immediately into B. juncea amended soils that survived recovered 

quickly and exhibited no distinguishable crop injury symptoms when compared to plants 

from B. napus  in 2008.  In 2009, however, all treatments had different impacts on the 

phytotoxicity of tomato plants.  The highest phytotoxicity was observed in plants from plots 

amended with S. alba.  Regardless of the different level of observed phytotoxicity, tomato 

yield was the same in plots amended with different seed meals in 2008 and 2009 season.  

Phytotoxicity levels decreased with an increase in transplanting delay and also as the 

season progressed.  The phyototoxicity of S. alba seed meal treatments were more persistent 

than other treatments, and resulted in greater crop injury in seedlings transplanted beyond 6 

d.  This is probably because the dorminant glucosinolate type in S. alba seed meal is 4-

hydroxyl benzyl which degrades to water soluble ionic isothiocyanates do not degrade as 

quickly as the volatile as the isothiocyanates. 
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4.4.2.2 Phytotoxicity in peppers 

Phytotoxicity injury to pepper plants was consistently highest in plots amended with S. alba 

and B. juncea applied at 2 Mt ha
-1 

rate (Table 4.5).  This implies a relationship between the 

application rate and phytotoxicity in peppers.  Phytotoxicity was higher in pepper seedlings 

transplanted immediately after seed meal amendment.  Perhaps this is because the 

glucosinolate hydrolysis products arising from hydroxyl benzyl glucosinolates persist for 

longer time in the soil as compared to allyl glucosinolates products of hydrolysis from B. 

juncea seed meal.  The least phytotoxicity injury was observed in B. napus applied at both 

rates and B. juncea applied at 1 Mt ha
-1 

rate in both seasons.  For B. juncea and S. alba seed 

meal amendment phytotoxicity injury generally decreased as the season progressed.  This 

implies that most plants recovered from seed meal-induced phytotoxicity from 6 weeks after 

transplanting onwards.  In peppers, at 3 weeks after transplanting, the highest phytotoxicity 

was observed in plants from plots amended with B. juncea in 2008 and S. alba in 2009 

season (Table 4.12).  At 6 weeks after transplanting, pepper plants from B. juncea seed meal 

amended soils had recovered from the treatment effects.  In 2009, at 3 weeks after 

transplanting , the highest phytotoxicity observed in plants growing in soils amended with S. 

alba applied at 2 Mt ha
-1 

 and at  6 weeks after transplanting, phytotoxicity levels in pepper 

plants from soils amended with B. juncea and S. alba was not significantly different.  

4.4.3. Tomato and pepper seedling mortality 

Overall, there was high seedling mortality in plots transplanted immediately after seed meal 

amendment when compared to the other transplanting delays (Table 4.6).  Seedling survival 

was the same in plots in which seedlings were transplanted at 4 and 8 d transplanting delays.  
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In both tomatoes and peppers, the highest seedling mortality was noted in soils amended with 

B. juncea applied at 2 Mt ha
-1

. 

4.4.4. Yield 

4.4.4.1. Tomato fruit number and yield 

Most fruits were smaller across all transplanting delays, seed meal types and application rates 

(Table 4.7).  There were no significant differences (p>0.05) in number of tomato fruits in 

plants established at different transplanting delays in 2008 (Table 4.7).  In soils amended 

with B. napus at 2 Mt ha
-1

, and transplanted immediately after seed meal amendment, there 

were more small and medium sized fruits than 1 Mt ha
-1

 amendment of the same seed meal. 

There was a consistently higher tomato fruit number in soils amended at 2 Mt ha
-1

 in plots in 

which seedlings were transplanted immediately than in plots in which seedlings were 

transplanted at 4 and 8 d after seed meal amendment.  In both seasons, the non-amended 

control had more fruits than any seed meal amended plots.  This perhaps is a an indication 

that seed meals restricted tomato plant growth to some degree resulting in lower fruit 

developed when compared to non-amended plots. 

 The highest total tomato fruit yield was obtained in B. napus seed meal amendments 

applied at 1 Mt ha
-1

, B. juncea applied at 2 Mt ha
-1 

and S. alba amendments applied at both 

rates in 2008 season (Table 4.8).  There were no significant differences (p>0.05) in number 

and weight of tomato fruits in plants established at different transplanting delays and seed 

meal application rate in 2009 (Table 4.9).  B. juncea amendment at 1 Mt ha
-1

 had a 

significantly highest total tomato fruit yield in 2009 season (p<0.05).  Seed meal treatments 
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significantly (p<0.05) impacted small sized fruits yield and large fruit weight in 2008 season, 

but affected all size categories in 2009.   

 Cultivar x transplanting delay significantly interacted with respect to tomato fruit 

yield in 2009 season.  Cultivar significantly (p<0.05) impacted number of fruits in 2008 

season and weight of fruits in both seasons (Table 4.9).  Celebrity out performed fruit yields 

of Scarlet Red by 38% in 2008 season but had a 34% lower yield of fruits in 2009.  Celebrity 

fruit yield increased with increasing transplanting delay.  Scarlet Red had highest fruit yield 

in plots in which seedlings were immediately transplanted after seed meal amendment and 

the lowest yield in plots where seedlings were transplanted 4 d after seed meal amendment.  

Celebrity had the highest yield in plots in which seedlings were immediately transplanted 

after seed meal amendment and its yield did not change dramatically with an increase in 

transplanting delay. 

4.4.4.2. Pepper fruit number and yield 

Pepper yields were higher in plots amended with seed meal at a rate of  1 Mt ha
-1 

 when 

compared to plots amended at 2 Mt ha
-1 

for all amendments with the exception of B. napus 

seed meal in 2008 (Table 4.10).  Perhaps in B. napus, increasing amendments from 1 to 2 Mt 

ha
-1 

resulted in the plants benefiting from the nitrogen in the seed meal off-setting the side 

effects arising from phytotoxicity.  In contrast, in oriental and S. alba based amendments 

increasing the rate from 1 to 2 Mt ha
-1 

resulted in a relatively greater negative effect on 

growth which resulted in lower yields.  Even though B. juncea seed meal amendment 

induced the greatest crop injury and sometimes induced seedling mortality, it implies that the 

benefits from weed management were outweighed by the effects of phytotoxicity with 
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respect to pepper fruit number and yield.  However, since the number of pepper fruits 

harvested was not significantly different between application rates, the differences are likely 

to have resulted from higher fruit weights from 1 Mt ha
-1 

rate, implying that increased meal 

affected in peppers.  The highest pepper fruit yield was obtained from soils amended with B. 

napus seed meal in 2008. However, yield was not significantly different among seed meal 

amendments. In comparing pepper cultivar performance,  New Ace, however, produced 23% 

more fruits in 2009 season (Table 4.11). Lady Bell had 21% significantly higher yield than 

New Ace in 2008 season.  

4.5. CONCLUSION 

The best consistent weed control was achieved by amending soils with S. alba at 2 Mt ha
-1

.  

Though the same treatment was associated with the highest phytotoxicity levels, yields in S. 

alba amended soils at 2 Mt ha
-1

 followed by a transplanting delay of 4 d had high pepper and 

tomato yields.  Crop injury was considerable in soils amended with 2 Mt ha
-1

 of S. alba seed 

meal.  However, pepper and tomato plants did recover from crop injury and produced high 

fruit yield and quality.  Delaying transplanting after seed meal amendment resulted in an 

increase in weed populations which were more severe in soils amended with  B. napus and B. 

juncea seed meal amendments.  Thus S. alba meals showed greater herbicidal persistence 

than the other meals.  Phytotoxicity observed in the field does not translate into loss of yield.  

The fact that seedlings in soils amended with S. alba 2 Mt ha
-1

  exhibited decreasing 

symptoms of phytotoxicity with an increase in transplanting delay and as the season 

progressed provides hope for minimizing the phytotoxicity levels associated with S. alba 

amendments. 
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Phytotoxicity seemed to be affected by the type of irrigation used.  Though we did not 

investigate this further, research on irrigation method used in relation to phytotoxicity may 

help to generate methods to reduce phytotoxicity problems associated with use of seed meals. 

Based on the results of this study, for effective weed management and high yields of 

tomatoes and peppers, S. alba amendments applied at 2 Mt ha
-1 

transplanting delays of 4 d 

after seed meal amendments can be used as an effective herbicide in tomato and pepper field 

production systems.  
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Table 4.1. Glucosinolate concentrations (μmol g
-1

 of defatted seed meal) in different types of 

Brassicacaceous seed meals. 

Glucosinolate type 

B. napus 

'Athena' 

B. juncea 

'Pacific Gold' 

S. alba 

'IdaGold' 

Allyl                   - 210.9 - 

3-butenyl 3.9 1.0 - 

4-pentnyl 1.2 - - 

2-hydroxy-3-butenyl 9.9 - 6.9 

2-hydroxy-4-pentenyl 0.5 - - 

2-phenylethyl 0.2 0.7 - 

4-hydroxybenzyl - - 201.9 

Total 15.7 212.6 208.8 
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Table 4.2. Weed counts and weed above ground biomass dry weight in soils amended with seed meals at 1 and 2 Mt ha
-1

 and had 

seedlings transplanted at 0, 4 and 8 d after soil amendments.   

  

  

Seed 

meal 

type 

  

  

Application 

rate  

(Mt ha
-1

) 

2008   2009   

Days after transplanting 

0 4 8   0 4 8  0 4 8  

      

Weed 

counts 

(number/m
2
)   

Average 

weed counts 

(number/m
2
) 

Weed counts 

(number/m
2
) 

Average weed 

count 

(number/m
2
) 

Dry weight 

(g/m
2)

 

  

Average 

weed 

dry 

weight 

No meal
‡
 1 30 37 12 26.5

b†  8.8 12.5 28.3 16.5
abc

 2.9 8.2 14 8.3
bc

 

 2 22 23 10 18.3
c
  20.8 12.5 37.3 23.5

ab
 14.5 7.7 31 18

a
 

B. napus 1 22 22 10 17.8
c
  14.0 6.3 10.3 10.2

c
 6.8 3.0 6.8 5.5

bc
 

 2 22 15 18 18.0
c
  12.3 6.3 27.8 15.5

bc
 2.1 2.2 6.1 3.5

bc
 

B. juncea 1 55 30 22 35.5
a
  41.8 13.0 24.5 26.4

a
 19.4 3 9.6 11

abc
 

 2 38 20 9 22.0
bc

  11.0 6.3 16.8 11.4
c
 5.5 1.1 14 6.7

bc
 

S. alba 1 16 13 17 15.4
c
  25.0 14.3 28.0 22.4

ab
 3.1 1.8 29 11

ab
 

 2 5 7 4 5.3
d
  9.8 10.0 14.5 11.4

c
 0.3 3.4 5.7 3.1

c
 

se mean         3.1         4.2       3.2 
†
Means followed with different letters in a column are significantly different (P<0.05).  

‡
No meal 1 Mt ha

-1 
and  2 Mt ha

-1 
was a no seed meal amendment control amended with urea (46-0-0) to compensate the equivalent amount of 

nitrogen quantity contributed by 1 Mt ha
-1

 and 2 Mt ha
-1

 seed meal amendment. 
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Table 4.3.  Labor time to weed plots in soils amended with seed meals at 1 and 2 Mt ha
-1

 and had seedlings transplanted at 0, 4 and 8 

d after soil amendments.   

  

  

Seed 

meal type 

  

  

  

Application 

rate 

(Mt ha
-1

) 

 

2008 2009 

Days after transplanting             Days after transplanting  

0       4     8        0 4 8 

Time taken to weed 

(minutes/plot) 
Average time 

(minutes) 

Time taken to weed 

(minutes/plot)  
Average time 

(minutes) 

No meal
‡
 1 2.49 3.07 1.00 2.19

b†   2.15 1.82 3.6 2.52
b
 

 2 2.51 2.51 1.09 2.00
bcd

  3.11 3.78 4.05 3.65
a
 

B. napus 1 2.12 2.12 0.96 1.74
cd

  2.55 1.86 2.67 2.36
b
 

 2 1.76 1.20 1.44 1.46
d
  1.84 2.57 3.43 2.61

b
 

B. juncea 1 4.47 2.44 1.79 2.90
a
  4.11 2.99 3.83 3.64

a
 

 2 4.5 2.37 1.01 2.65
ab

  2.44 1.44 3.21 2.36
b
 

S. alba 1 1.68 1.37 1.79 1.61
cd

  1.68 1.72 3.11 2.17
b
 

 2 0.78 1.09 0.62 0.83
e
  1.51 2.02 3.29 2.27

b
 

s.e. mean         0.13         0.32 
† 
Means followed with different letters in a column are significantly different (P<0.05).  

‡ 
No meal 1 Mt ha

-1 
and  2 Mt ha

-1 
was a no seed meal amendment control amended with urea (46-0-0) to compensate the equivalent amount of 

nitrogen quantity contributed by 1 Mt ha
-1

 and 2 Mt ha
-1

 seed meal amendment. 
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Table 4.4. Tomato phytotoxicity scores in soils amended with seed meals at 1 and 2 Mt ha
-1

 in plots that had seedlings transplanted at 

0, 4 and 8 d after soil amendments. 

Seed meal 

type 

Application 

rate (Mt ha
-1

) 

 

2008 

Days after transplanting 

0 4 8 Mean 0 4 8  Mean 0 
 

8 Mean 0 4 8 Mean 4 

    3WAT
‡
 Score 4WAT score  5WAT score 6WAT score 

No meal 1 7.6 6.9 5.9 6.8
a†

 6.4 6.8 5.8 6.3
ab

 7.6 5.9 5.3 6.3
a
 7.3 6.8 5.9 7.0

a
 

 2 6.2 6.2 6.2 6.2
b
 6.7 6.9 5.6 6.4

ab
 5.6 6.2 3.9 5.3

a
 5.8 7.8 4.7 6.1

abc
 

B. napus 1 7.6 6.7 5.9 6.2
b
 6.7 7.0 5.6 6.5a 7.6 4.7 4.6 5.6

a
 8.0 6.7 6.2 6.7

ab
 

 2 6.6 6.8 4.9 6.1b
c
 5.2 5.8 4.8 5.3

c
 5.7 5.4 4.7 5.3

a
 5.3 6.2 4.4 6.0

abc
 

B. juncea 1 5.1 6.1 5.3 5.5
d
 5.6 6.5 5.3 5.8

bc
 5.7 5.1 5.3 5.4

a
 5.6 5.5 5.8 5.8

bc
 

 2 3.6 5.9 5.8 5.1
e
 5.2 5.6 5.7 5.5

c
 4.5 5.1 5.7 5.1

ab
 6.5 7.4 7.2 6.7

ab
 

S. alba 1 5.8 5.9 5.6 5.8
bcd

 4.9 6.1 5.6 5.5
c
 5.7 3.2 3.1 4.0

bc
 6.3 5.9 5.2 5.8

bc
 

  2 5.3 5.6 6.1 5.6
cd

 5.0 5.2 5.3 5.2
c
 2.6 3.3 3.9 3.2

c
 4.8 6.9 6.6 5.2

c
 

s.e. mean       0.4     0.6         0.6 

  2009 

No meal
¥
 1 8.9 8.6 8.6 8.7

a
 8.3 8.1 8.1 8.2

a
 7.3 7.3 6.9 7.2

a
 8.1 8.1 8.3 8.0

a
 

 2 8.8 8.4 8.6 8.6
ab

 8.5 8.2 7.9 8.2
a
 7.3 7.1 7.3 7.1

a
 8.2 8.1 8.1 7.9

a
 

B. napus 1 8.0 8.1 8.1 8.1
bc

 8.1 8.1 7.8 8.0
ab

 6.5 6.9 6.6 6.7
bc

 7.3 8 7.8 7.2
bc

 

 2 7.3 7.9 7.9 7.7
cd

 8.0 7.9 7.7 7.9
ab

 7.0 7.0 6.7 6.9
ab

 7.9 7.6 8.1 7.6
ab

 

B. juncea 1 5.6 7.9 8.4 7.3
d
 6.9 7.9 8.0 7.2

bc
 6.1 6.5 6.8 6.5

bcd
 5.6 7.6 7.9 7.1

cd
 

 2 3.2 8.0 8.8 6.6
e
 5.7 7.9 8.0 7.2

c
 5.5 7.0 6.8 6.4

cd
 4.7 7.4 8.0 6.8

cd
 

S. alba 1 4.5 4.1 6.8 5.1
f
 6.4 5.8 7.5 6.6

d
 5.8 5.8 6.6 6.0

d
 6.5 6.3 7.3 6.6

d
 

  2 2.3 3.5 5.3 3.7
g
 5.3 4.3 6.4 5.3

e
 5.3 4.4 6.1 5.3

e
 4.7 6.1 6.4 5.9

e
 

s.e. mean         0.3       0.3       0.3       0.3 
 †

Means followed with different letters in a column are significantly different (P<0.05). 
‡ 
WAT = weeks after transplanting.   

¥
No meal 1 Mt ha

-1 
and  2 Mt 

ha
-1 

was a no seed meal amendment control amended with urea (46-0-0) to compensate the equivalent amount of nitrogen quantity contributed by 1 Mt ha
-1

 and 

2 Mt ha
-1

 seed meal amendment. 
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Table 4.5. Pepper phytotoxicity scores in soils amended with seed meals at 1 and 2 Mt ha
-1

 in plots that had seedlings transplanted at 

0, 4 and 8 d after soil amendments. 

   

Application rate 

(Mt ha
-1

) 

 

              2008                 

Seed 

meal type 
Days after transplanting 

0 4 8 Mean   0 4 8 Mean 0 4 8 Mean 0 4 8 Mean   

  3WAT
‡
 Score  4WAT score 5WAT score 6WAT Score   

No meal
¥
 1 8.1 7.4 6.1 7.2

a†  7.8 7.3 6.1 7.0
a
 8.7 7.4 5.6 7.2

a
 8.2 8.1 7.1 7.8

a
 

 2 6.9 7.2 6.4 6.8
ab

  7.4 7.1 5.9 6.8
ab

 7.3 6.4 6 6.6
ab

 7.3 7.3 7.3 7.3
ab

 

B. napus 1 6.9 6 6.5 6.4
bc

  5.9 5.8 5.6 5.8
cd

 7.3 6.1 5.3 6.2
ab

 7.9 7.1 7.1 7.3ab 

 2 7.1 6.4 6.5 6.6
bc

  5.9 5.9 5.7 5.8
cd

 7.1 6.6 5.4 6.4
ab

 7.6 7.0 6.1 7.0
ab

 

B. juncea 1 5.7 7 6.4 6.4
bcd

  5.8 6.8 5.9 6.1
bc

 6.1 6.3 5.4 5.9
b
 6.5 7.1 6.4 6.6

b
 

 2 1.8 5.5 5.9 4.4
e
  3.6 5.4 5 4.7

e
 1.4 5.5 5.5 4.1

c
 2.9 8.4 8 6.3

b
 

S. alba 1 6.3 6 6.3 6.2
cd

  5.2 5.8 4.9 5.3
de

 5.4 3.3 3.4 4.0
c
 7.3 5.1 5.8 6.0

b
 

 2 5.6 5.5 6.6 5.9
d
  4.1 5.1 4.9 4.7

e
 3.3 2.1 2.3 2.6

d
 4.9 4.9 4.9 4.9

c
 

s.e. mean         0.3     0.5       0.6         0.7   

        2009       

No meal 1 8.9 8.7 8.4 8.6
a
 6.1 7.8 7 6.9

a
 7.1 6.9 6.8 6.9

a
 8.1 8.1 8.1     8.0

a
 

 2 8.4 8.5 8.9 8.6
a
 3.5 7.3 7.2 6.0

b
 6.8 6.8 7 6.8

a
 8 8.3 8.1 7.6

ab
 

B. napus 1 7.1 8.4 7.8 7.7
ab

 7.1 7.7 7.1 7.3
a
 5.8 6.8 6.6 6.4

a
 6.9 8.1 7.7 6.8

bcd
 

 2 6.8 7.8 7.8 7.4
ab

 7.1 7.5 7.1 7.2
a
 6.3 7 6.5 6.6

a
 7.4 8.4 7.5 7.4

abc
 

B. juncea 1 5 8.1 6.2 6.4
b
 6.1 7.8 7 6.9

a
 4.9 6.5 6 5.8

b
 4.7 8.1 6.8 6.3

de
 

 2 2.4 7.2 7.6 5.7
b
 3.5 7.3 7.2 6.0

b
 3.1 6.8 6.5 5.4

b
 2.8 8.3 7.3 6.0

de
 

S. alba 1 3.8 4.8 5.2 4.6
c
 5.4 5.8 7.1 6.1

b
 5.1 6.3 6.9 6.1

ab
 6.3 7.1 7.3 6.6

cd
 

  2 3.3 2.5 5.2 3.6
d
 3.9 3.4 6 4.4

c
 4 3.9 6.1 4.6

c
 5.4 5.1 6.3 5.5

e
 

s.e. mean         0.6       0.4       0.4       0.5 
†
Means followed with different letters in a column are significantly different (P<0.05).

 ‡ 
WAT = weeks after transplanting.   

¥
No meal 1 Mt ha

-1 
and  

2 Mt ha
-1 

was a no seed meal amendment control amended with urea (46-0-0) to compensate the equivalent amount of nitrogen quantity 

contributed by 1 Mt ha
-1

 and 2 Mt ha
-1

 seed meal amendment. 
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Table 4.6. Tomato and pepper seedling survival in soils amended with seed meals at 1 and 2 

Mt ha
-1

 in plots that had seedlings transplanted at 0, 4 and 8 d after soil amendments. 

      Tomato           Pepper     

    Days after transplanting 

Seed meal 

type 

  

Application 

rate  

Mt ha
-1

) 

  

0 4 8 Mean 

    

0 4 8  Mean   

  score       score  

No meal
‡
 1 100 100 100 100

a†   100 100 100  100
a
 

 2 100 100 100 100
a
   98 100 100  99

a
 

B. napus 1 100 100 100 100
a
   94 100 100  98

a
 

 2 100 100 100 100
a
   96 100 100  98

a
 

B. juncea 1 94 100 100 98a   84 90 95  89
a
 

 2 73 100 100 91
b
   62 70 85  72

a
 

S. alba 1 100 100 100 100
a
   90 98 100  96

a
 

  2 98 100 100 100
a
     89 92 97  93

a
 

s.e. mean       0.4         0.6 
†
Means followed with different letters in a column are significantly different (P<0.05). 

‡
No meal 1 Mt 

ha
-1 

and  2 Mt ha
-1 

was a no seed meal amendment control amended with urea (46-0-0) to compensate 

the equivalent amount of nitrogen quantity contributed by 1 Mt ha
-1

 and 2 Mt ha
-1

 seed meal 

amendment. 
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Table 4.7. Tomato number of fruits in soils amended with seed meals at 1 and 2 Mt ha
-1

 in plots that had seedlings transplanted at 0, 4 

and 8 d after soil amendments. 

Seed meal 

type 

Application rate 

(Mt ha
-1

) 

            2008           

Days after transplanting 

0 4 8  0 4 8  0 4 8 Total 

Small   Medium   Large 

number of 

fruits 

No meal 1 236 180 186  16 10 13  3 2 4 650 
a† 

2 169 236 79  6 9 8  1 1 0 509 
ab

 

B. napus 1 229 150 119  17 9 9  8 3 4 548 
ab

 

 2 111 165 92  12 11 5  2 4 1 403 
b
 

B. juncea 1 110 144 105  7 5 11  0 0 3 385 
ab

 

 2 184 163 159  18 10 13  8 4 34 593 
ab

 

S. alba 1 143 213 122  11 6 8  5 2 1 511 
b
 

 2 173 121 74  13 11 10  1 2 2 407
  b

 

s.e. mean                         130  

        2009      

No meal 1 258 124 142  132 77 66  12 7 8 826 
a
 

 2 137 144 151  119 94 62  15 11 8 741 
ab

 

B. napus 1 121 147 121  89 54 60  11 6 8 617 
abc

 

 2 128 126 115  78 74 60  16 10 6 613 
bc

 

B. juncea 1 93 111 91  65 68 68  9 6 7 518 
c
 

 2 123 166 137  59 76 85  17 7 7 677 
abc

 

S. alba 1 97 107 218  67 52 57  14 8 7 627 
abc

 

 2 140 120 139  71 43 50  7 4 3 577 
bc

 

s.e. mean                         39  
†
Means followed with different letters in a column are significantly different (P<0.05).  

‡
No meal 1 Mt ha

-1 
and  2 Mt ha

-1 
was a no seed meal 

amendment control amended with urea (46-0-0) to compensate the equivalent amount of nitrogen quantity contributed by 1 Mt ha
-1

 and 2 Mt ha
-1

 

seed meal amendment. 
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Table 4.8. Tomato fruit weight in soils amended with seed meals at 1 and 2 Mt ha
-1

 in plots that had seedlings transplanted at 0, 4 and 

8 d after soil amendments. 

 

Seed 

meal type 

 

 

Application 

rate  

(Mt ha
-1

) 

 

            2008             

 Days After Transplanting 

0 4 8  0 4 8  0 4 8 Total 

  Small   Medium     Large   

yield of fruits 

(kg/plot) 

No meal
‡
 1  6,620 4,221 4,901  1,851 845 1,719  0,119 0,584 0,294 20,157† 

 2  4,348 6,128 1,359  783 1,222 810  0,847 0,092 0,207 10,697
ab

 

B. napus 1  7,187 4,496 3,126  2,097 1,415 1,022  1,354 0,696 0,980 20,697
a
 

 2  2,159 4,035 1,767  1,103 1,132 477  0,263 0,680 0,120 10,673
b
 

B. juncea 1  3,196 3,397 2,929  898 606 1,360  0 0 0,484 12,386
b
 

 2  5,584 5,092 4,678  1,938 1,313 1,556  1,362 0,774 0,752 21,523
a
 

S. alba 1  4,249 2,182 3,094  1,581 624 987  0,917 0,271 0,219 12,717
ab

 

 2  5,658 3,689 1,598  2,119 1,033 718  0,290 0,274 0,275 14,815
ab

 

s.e. mean                                  1,589  

        2009       

No meal
‡
 1  6,614 6,415 7,620  14,690 10,067 9,497  2,899 1,977 1,780 61,559

ab
 

 2  6,382 6,375 7,821  13,728 9,275 8,986  3,149 2,555 1,881 60,152
ab

 

B. napus 1  6,214 8,550 6,956  10,621 7,347 8,321  2,410 1,427 2,003 53,849
ab

 

 2  6,033 7,719 6,750  10,483 9,899 8,442  3,347 2,455 1,443 56,571
ab

 

B. juncea 1  5,190 6,899 5,211  8,013 24,362 9,453  1,925 1,517 1,672 64,242
ab

 

 2  4,494 7,777 5,763  7,619 9,427 10,184  1,321 1,653 1,667 49,905
ab

 

S. alba 1  5,426 5,246 6,042  8,364 6,824 7,498  3,039 1,801 1,721 45,961
b
 

 2  6,108 4,730 7,480  9,040 5,259 7,807  1,583 986 830 43,823
b
 

s.e. mean                                     3,184 
†
Means followed with different letters in a column are significantly different (P<0.05).  

‡
No meal 1 Mt ha

-1 
and  2 Mt ha

-1 
was a no seed meal 

amendment control amended with urea (46-0-0) to compensate the equivalent amount of nitrogen quantity contributed by 1 Mt ha
-1

 and 2 Mt ha
-1

 

seed meal amendment. 
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Table  4.9. Tomato fruit number and yield per cultivar averaged over seed meal types, application rates and transplanting delay in 

2008 and 2009 season. 

Cultivar 

 

    2008           2009 

Number of fruits  Total yield (kg/plot)  

Number of 

fruits    Total yield (kg/plot) 

0 4 8  0 4 8  0 4 8  0 4 8 

Celebrity 
181 196

a† 150
a
  6,884 

7,139
 

a
 

5,761
a
  236 183

b
 205  16,572

 b
 14,977

 b
 14,915

 b
 

Scarlet 

Red 
187 169

b
 108

b
  7,113 4,020

b
 2,919

b
  229 227

a
 213  20,413

 a
 22,659

 a
 19,292

 a
 

s.e. mean Ns 24 42  ns 1,200 1,340  ns 32 ns  1,108 1,401 1,654 

†
Means followed with different letters in a column are significantly different (P<0.05).   
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Table 4.10. Pepper fruit number and weight in soils amended with seed meals at 1 and 2 Mtha
-1

 in plots that had seedlings 

transplanted at 0, 4 and 8 d after soil amendments. 

  

Seed meal type 

  

  

Application rate 

(MTha
-1

) 

  

2008 

Days after transplanting 

0 4 8 Total  0 4 8 Total 

Number of fruits 

number of 

fruits   Yield (kg/plot) 

Yield 

(kg) 

No meal
‡
 1 338 63 67 468

a†  3,571 2,628 2,284 8,483
a
 

 2 61 66 67 194
b
  2,776 2,751 3,140 8,667

a
 

B. napus 1 68 63 59 190
b
  3,525 3,514 2,540 9,579

a
 

 2 77 69 59 205
b
  3,248 3,616 3,172 10,036

a
 

B. juncea 1 72 57 59 188
b
  3,097 2,734 2,211 8,042

ab
 

 2 28 83 81 192
b
  1,395 3,877 3,522 8,794

a
 

S. alba 1 68 59 68 195
b
  3,329 2,936 2,889 9,154

a
 

 2 61 58 66 185
b
  2,420 1,594 2,022 6,036

b
 

s.e. mean          49                    1,277  

  2009 

No meal 1 63 54 51 168
a
  4,146 3,149 2,987 10,282

a
 

 2 54 55 52 161
a
  3,509 2,850 2,495 8,854

ab
 

B. napus 1 33 52 39 124
b
  2,300 3,109 2,461 7,870

bc
 

 2 45 53 40 138
b
  2,856 2,633 2,164 7,653

bc
 

B. juncea 1 25 53 48 126
b
  1,437 2,799 2,582 6,818

c
 

 2 26 49 51 126
b
  1,193 2,699 2,691 6,583

c
 

S. alba 1 44 44 47 135
b
  2,935 2,065 2,924 7,924

bc
 

 2 50 36 42 128
b
  2,690 1,465 2,701 6,856

c
 

s.e. mean          14           1,000  
†
Means followed with different letters in a column are significantly different (P<0.05). 

‡
No meal 1 Mt ha

-1 
and  2 Mt ha

-1 
was a no seed meal 

amendment control amended with urea (46-0-0) to compensate the equivalent amount of nitrogen quantity contributed by 1 Mt ha
-1

 and 2 Mt ha
-1

 

seed meal amendment. 
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Table  4.11. Pepper fruit number and yield per cultivar averaged over seed meal types, 

application rates and transplanting delay in 2008 and 2009 season. 

Cultivar Number of fruits Total yield (kg/plot) 

  2008 2009 2008 2009 

New Ace 95 52
a† 2538

b
 2717 

Lady bell 57 40
b
 3204

a
 2521 

s.e. mean ns 7  440  ns 
†
Means followed with different letters in a column are significantly different (P<0.05).   
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CHAPTER 5 

 

FUNGICIDAL EFFECT OF DIFFERENT GLUCOSINOLATE 

CONTAINING BRASSICACEOUS SEED MEALS ON PYTHIUM 

ULTIMUM ON TOMATO AND PEPPER 
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5.1. ABSTRACT 

Tomato (Lycopersicum esculentum) and pepper (Capsicum annuum) are among the most 

valuable vegetable commodities in the U. S.  Pests and diseases, particularly those which are 

soil borne, are one of the major constraints limiting successful and economic production of 

these vegetables.  Conventional crop protection has relied heavily on chemicals for control of 

soil borne plant pests.  Seed meal, byproducts from seed oil extraction, from many 

Brassicaceae species, contains glucosinolates which degrade into products that have been 

reported to suppress soil borne diseases and weeds.  The objective of this study was to 

evaluate different Brassicaceae seed meals for the ability to suppress Pythium ultimum 

infection of tomato and pepper  seedlings. A soy bean seed (Glycine max) meal amendment 

was included as a non glucosinolate containing amendment. Seed meals had either the 

enzyme myrosinase denatured by autoclaving or were applied without treatment (intact).  P. 

ultimum was consistently suppressed in soils amended with Brassica juncea ‘Pacific Gold’ or 

Brassica napus ‘Dwarf Essex’ seed meal which was reflected in better tomato and pepper 

seedling emergence.  Tomato and pepper seeding emergence in soy seed meal amended soils 

was markedly higher than in soils inoculated with P. ultimum.  Seedling emergence in soils 

amended with seed meal containing glucosinolates and intact myrosinase was significantly 

improved over the soy meal treatment in tomato but not pepper. Seedling emergence from 

soils amended with denatured B. napus was lower when compared to seedlings from intact 

B.napus, however in S.alba amended soils, seedling emergence was higher in denatured seed 

meals when compared to intact soils.  Low seedling germination of both crops after soil 

amendment with high glucosinolate S. alba seed meal with intact myrosinase can likely be 

attributed to crop phytotoxicity and herbicidal effects of breakdown products from 4-
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hydroxy-benzyl glucosinolates.  Future studies might consider a lower application rate of S. 

alba meal rather than 0.5% by weight used in this study.  However, the rate must be low 

enough not to cause phytotoxicity, yet high enough to suppress P. ultimum.  In addition, a 

possible increased delay in seeding after seed meal amendment has been shown to minimize 

phytotoxicity.  However, in crops whose germination is very sensitive to the presence of 

products of allyl glucosinolate degradation products present in B. juncea seed meal, it should 

be possible to use high glucosinolate B. napus cultivar seed meal (i.e. Dwarf Essex) which 

can achieve the same P. ultimum suppression level as B. juncea with relatively lower 

phytotoxicity. 

  

Additional index words.  Brassica napus ‘Dwarf Essex’,  Brassica juncea, Pacific gold’ 

Sinapis alba  ‘Idagold’ crop phytotoxicity, glucosinolate, seedling emergence. 
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5.2. INTRODUCTION 

The fumigant mixture, methyl bromide plus chloropicrin, has been used to control weeds, 

soil-borne pathogens and plant parasitic nematodes in vegetable production systems.  

However, agricultural emissions of methyl bromide have been shown to be a significant 

source of ozone depletion in the stratosphere.  Stratospheric ozone serves to shield the earth 

from intense ultraviolet radiation. Therefore the phase-out of the use of methyl bromide has 

been undertaken under the international treaty of 1989 known as the Montreal Protocol.  

Under the authority of federal Clean Air Act, the U.S. Environmental Protection Agency 

enforced the phase-out of methyl bromide use in the U.S. by January 1, 2005.  However, to 

date methyl bromide phase-out in the U.S. has not been completely achieved.  To achieve 

this phase-out,  many tomato and pepper growers are replacing the mixture of methyl 

bromide and chloropicrin with a combination of a nematicide, 1, 3-dichloropropene (Telone), 

and herbicides, as well as with metam sodium or metam potassium (Gilreath et al. 2005).  

Spreen et al. (1995) estimated that loss of methyl bromide would result in a $1 billion impact 

on the U.S. winter vegetable industry.  The diseases caused by soil-borne pathogens have 

always been difficult to control, even by chemicals.  One reason could be the complicated 

ecosystem of the soil, where a number of interactions occur (Galleti et al., 2008). 

It is therefore imperative that practical soil fumigation alternative strategies be 

developed. Biofumigation is a term which describes the utilization of naturally occurring 

toxic allo-chemicals (i.e. isothiocyanates) evolved as hydrolysis products from glucosinolate-

containing plants or plant products applied to soil (Angus et al., 1994; Brown and Morra 

1997; Kirkegaard and Matthiessen 2004; Matthiessen and Kirkegaard 2006).  Biofumigation 

can be achieved by incorporating fresh plant material (green manure), seed meals (a 
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byproduct of seed crushing for oil), or dried plant material treated to preserve isothiocyanate 

activity (Kirkegaard and Matthiessen 2004; Lazzeri et al., 2004; Matthiessen and Kirkegaard 

2006).  

Vegetable transplant and bedding plant production are important components of U.S. 

agriculture in the southeastern states.  Vegetable broccoli [(Brassica oleracea var. botrytis),  

 cabbage (Brassica oleracea var. capitata), pepper, tomato, and others)] and strawberry 

(Fragaria  ananassa) transplants were valued at $173 million in 2003 (USDA, 2004).  Five 

U.S. states (CA, FL, TX, GA, and NC) produce 16% of all these crops grown in the U.S.  

Fresh market tomatoes are an extremely important vegetable commodity.  In several U.S. 

states (FL, GA, SC, TN and VA), they are the number one fresh market vegetable crop in 

terms of dollar value.  Nine southern states account for 61% of the U.S. fresh market tomato 

crop (USDA, 2005). 

A diverse group of soil borne pathogens reduce crop emergence and infect plant roots 

and crowns, and can severely limit plant production.  Tomato and pepper are the two most 

valuable vegetable commodities in the southeastern United States (USDA, 2003).  Soil borne 

pathogens have traditionally been controlled by the use of pesticides, among which methyl 

bromide has been the most widely used.  The main purpose of soil fumigation in pepper and 

tomato production has been to suppress weeds, plant parasitic nematodes and plant pathogens 

namely; Pythium, Fusarium and Rhizoctonia species.  Several studies have shown that 

amending the soil with plant tissue of Brassica spp. can reduce disease incidence or 

inoculum level of Pythium ultimum, Fusarium oxysporum f. sp. cumini and R. solani 

(Charron and Sams, 1999; Mawar and Lodha, 2002; Lodha and Sharma, 2002; Cohen and 

Mazzola, 2006).  Most fungicide application for the control of damping-off are often 
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hazardous to greenhouse environments and not acceptable in organic production systems.  

Therefore, alternative control measures are needed for managing damping-off of vegetable 

crops grown in plugs.  Chung et al. (2002) reported that, among the 10 hydrated ground seed 

meals from Brassica species tested, the ground seed meal of B. juncea  releases volatile 

compounds that are toxic to R. solani.  The predominant volatile compounds in all the tested 

ground seed samples are ally isothiocyanate, allyl cyanide, and 3-butenyl isothiocyanate 

(Chung et al., 2002).  These volatile compounds are released as the result of hydrolysis of 

glucosinolates in plant tissue of Brassica species (Cole, 1980).  

B. napus seed meal did not control R. solani or Pythium spp. in crab apple (Malus 

sylvestris Mill.) roots, but rather initial disease control was associated with the generation of 

nitric oxide through the process of nitrification (Cohen et al., 2005).  When both B. juncea 

and B. napus seed meals were added to soil, greater suppression of the pathogen complex (R. 

solani, Pythium spp. and the nematode Pratylenchus spp.) was achieved compared to use of a 

single Brassica species (Mazzola et al., 2007).  

Previous reports indicate that allyl isothiocyanates in the seed meal (or the tissues) of 

Brassica species suppresses the growth of P. ultimum, R. solani (Charron and Sams, 1999),  

Aphanomyces euteiches f. sp. pisi (Smolinska et al., 1997) and Fusarium sambucinum 

(Mayton et al., 1996).  Although most farmers use seedlings for tomato and pepper 

production bought from nursery growers, the phasing out of methyl bromide in nurseries has 

resulted in nursery growers opting for more expensive alternatives.  The observed increase in 

P. ultimum population following meal application is consistent with experiments reported in 

the literature, with low glucosinolate B. napus seed meal application (Mazzola et al., 2001; 

Cohen and Mazzola, 2006).  An increase in P. ultimum population seems to be closely linked 
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to the amount of added organic matter, since even the incorporation of Brassica seed meal 

with a denatured myrosinane enzyme exerted an increase of the pathogen population (Galleti 

et al., 2008). 

The objective of this study is to evaluate the effect of different Brassicaceae seed 

meal types on suppression of P. ultimum species in tomato and pepper.  In addition, we 

compared the performance of intact seed meal and seed meal with the enzyme myrosinase 

denatured with respect to P. ultimum suppression. 

5.3. MATERIALS AND METHODS 

In summer of 2008, Brassicaceae seed meal amendments were evaluated for their capacity to 

suppress Pythium ultimum on pepper and tomato in growth chamber studies.  Seed meal 

produced from locally adapted and grown (S. alba ‘IdaGold’ (Brown et al. 1997), Brassica 

juncea ‘Pacific Gold’ (Brown et al. 2004a), and rapeseed ‘Dwarf Essex’ B. napus were used 

in this study.  Total glucosinolate content and profiles in seed meals were analyzed and 

quantified before use in the study. 

5.3.1. Glucosinolate analysis of seed meals  

Glucosinolate analysis was conducted using the procedure described by Daun et al. (1989) 

and Daun and McGregor (1989).  The specifics of the method utilized in these studies is 

described in detail in Chapter 3.  Seed meals had either the myrosinase enzyme denatured by 

autoclaving for 30 min, or applied without modification (intact).   

Pacific Gold and IdaGold seed meal used in this study contained over 40% and 36% 

higher total glucosinolate content, respectively, when compared to Dwarf Essex (Table 5.1).  

The primary glucosinolate in Pacific Gold is allyl glucosinolate, accounting for over 99% of 

the total 176 µmol g
-1 

 of defatted seed meal.  The primary glucosinolate type in IdaGold is 4-
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hydroxybenzyl glucosinolate accounting for over 96% of the total.  Both mustard species 

produce low concentrations of 2-hydroxy-3-butenyl glucosinolate.  The major glucosinolate 

types in Dwarf Essex were 2-hydroxy-3-butenyl and 3-butenyl glucosinolate. Allyl 

glucosinolate is only present in Pacific Gold seed meal, while 4-hydroxybenzyl glucosinolate 

was found only in IdaGold seed meal.  On average, all the denatured seed meals contained 

approximately 10% less glucosinolate compared to their intact seed meal form. 

5.3.2. Plant material 

Tomato cultivar ‘Celebrity’ and pepper cultivar ‘ New Ace’ were used in this study.  Seeds 

were primed before sowing by placing them on a wet filter paper 12 h prior to planting.  

Plants were propagated in a growth chamber at 22°C to 24°C with 16h of light supplemented 

by high-pressure sodium lamps. 

5.3.3. Seed meal treatments 

Biological effects are not usually attributed to glucosinolates directly, but rather to products 

such as organic cyanides, isothiocyanates, oxazolidinethiones, and ionic thiocyanate that are 

released upon enzymatic degradation by myrosinase enzyme in the presence of water (Brown 

and Morra, 1995).  Prior to application each meal was either autoclaved to denature the 

enzyme myrosinases or applied without denaturing of the enzyme.  To compare performance 

of Brassicaceae seed meals with other non-glucosinolate containing seed meals, a soybean 

meal treatment was included.  

5.3.4. Fungal culture and growth conditions 

P. ultimum isolate was provided by the Plant Pathology Tree Fruit Research Laboratory 

located in Wenatchee, Washington.  The isolates were grown on semi selective media, after 

which 2 plugs (6 mm in diameter discs) were used as inoculum sources.  
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5.3.5. Pathogen inoculation and Experimental Design 

Soil collected from Columbia View, Orondo, Washington was pasteurized at 80
o
C for 24 h 

prior use in the experiment. Tapered plastic cones (4 cm in diameter by 20.5 cm long; Ray 

Leach Cone-tainer, Canby, OR) with drain holes plugged with cotton were used as planting 

pots.  Pastuerized soil was weighed and seed meals were applied at a rate 0.5% of the soil by 

weight.  Plastic cone growth pots were filled with seed meal amended pasteurized soils (60 

cm
3
) to the half way mark of the cone planting pot and then two P. ultimum plugs (6 mm 

diameter) were placed in the planting pot before topping up an additional 60 cm
3 

of soil.  A 

no seed meal treatment in pathogen inoculated soil and a no seed meal treatment in non-

inoculated soil were used as controls.  Each treatment consisted of seven pots which were 

replicated three times and arranged in randomized complete block design.  The pots were 

suspended in racks and were covered with clear polyethylene to prevent the soil from drying 

and were incubated undisturbed for three days at 25
o
C in a growth chamber to allow P. 

ultimum colonization of the soils.  After the 3 d incubation, two primed tomato and pepper 

seeds were sown in each inoculated pot.  Each pot was watered with 10 ml of distilled water, 

immediately after planting and an additional 10 ml after 7 d.  The clear polyethylene 

covering on the pots were maintained until seedlings were fully emerged. The study was 

repeated three times.  

5.3.6. Data collection 

Seedling emergence counts were done from 7 d after sowing for tomato crops and 10 d for 

pepper crops up to 21d after sowing and 30 d for tomato and pepper, respectively.  Seedling 

emergence data was subjected to Analysis of Variance using SAS 9.1.  Means were separated 

by Duncan Multiple Range. 
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5.4. RESULTS AND DISCUSSION 

Inoculation of soils with P. ultimum significantly (P<0.001) reduced seedling emergence of 

tomato and pepper (Table 5.2).  Over 90% of tomato and pepper seedlings emerged when 

planted into soils not inoculated with P. ultimum, while only 15% of tomato and 15% of 

pepper emerged from soil that had were inoculated with P. ultimum. 

 Seedling emergence of tomato and pepper was significantly improved when planted 

into P. ultimum inoculated soils that had been amended with any seed meal, irrespective of 

whether the meal had been denatured or indeed did not contain glucosinolates (i.e. the soy 

seed meal treatment).   

Incorporation of Brassicaceae seed meal into soil at 0.5 % weight of the soil resulted 

in dramatic long-term reductions in culturable oomycetes and prevented Pythium spp. 

infection of apple seedlings planted into seed meal amended soil (Cohen et al., 2007; 

Mazzola et al., 2007).  However, different Brassicaceae seed meals have shown differential 

capacity to suppress Pythium populations and apple root infection (Mazzola, 2009).  In our 

study, tomato seedling emergence from soils amended with intact B. napus seed meal and 

with either intact or denatured B. juncea seed meal was significantly higher (P<0.05) 

compared to the soy meal treatment (Table 5.3).  However, pepper emergence in soils 

amended with Brassicaceae seed meals did not have improved emergence compared to the 

soy meal treatment.  The exception being that the intact S. alba amended soils showed 

significantly lower (P<0.05) tomato and pepper emergence compared to the soy meal 

treatment. 

A significant interaction was observed in tomato seedling emergence between seed 

meal types and denaturing.  Seedling emergence in soils amended with both denatured and 
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intact B. juncea seed meal was not significantly different.  However, tomato seedling 

emergence from soil amended with intact B. napus was significantly (P<0.05) higher (70%) 

than that observed when tomato was sown into soils amended with denatured B. napus seed 

meals (56%).  This might suggest that B. napus glucosinolate degradation products are 

factors in reducing P. ultimum populations.  Conversely, tomato seedling emergence after 

sowing into soils amended with intact S. alba seed meal was significantly reduced compared 

to tomato seedling emergence in soils amended with denatured seed meal.  This might 

suggest that S. alba glucosinolate derivatives are not suppressing P. ultimum populations.   

 In pepper, seedling emergence was not affected by denaturing either B. napus or B. 

juncea seed meals.  However, pepper seedling emergence from S. alba amended soils 

showed a similar pattern to that of tomato where seedling emergence after sowing into soils 

amended with intact S. alba seed meal was significantly reduced compared to tomato 

seedling emergence in soils amended with denatured seed meal.   

 It is worth noting that the major glucosinolate in S. alba seed meal (4-hydroxy-benzyl 

glucosinolate) is known to degrade into 4-hydroxy-benzyl ionic thiocyanate, which has been 

shown to have systemic herbicidal effects, particularly on broadleaf crops and weeds (see 

Chapter 2).  It is also known that the herbicidal effects of S. alba meals amended into soils is 

considerably longer lived that had previously been thought.  With this in mind it is very 

conceivable that the reduced tomato and pepper seedling emergence is a result of 

phytotoxicity rather than as a result of non-suppression of P. ultimum.  Indeed, in a 

supplemental study we did find severe phytotoxicity of S. alba seed meal without inoculation 

of P. ultimum (data not shown). 
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5.5. CONCLUSION 

Tomato and pepper seedling emergence from soils amended with B. juncea (cv. Pacific 

Gold) or B. napus (cv Dwarf Essex) seed meal suggested that both were consistently 

suppressing P. ultimum.  In a previous study, B. juncea seed meal was found to be superior to 

B. napus or S. alba seed meals for the control of root infection by Pythium spp. (Mazzola et 

al., 2007).  Van Os et al. (2008) also reported that soils amended with B. juncea seed meal 

resulted in higher flower bulb yield and a drastic reduction in Pythium root rot when 

compared to untreated soils.   

Tomato and pepper seeding emergence in soy seed meal amended soils was markedly higher 

than in soils inoculated with P. ultimum.  Seedling emergence in soils amended with seed 

meal containing glucosinolates and intact myrosinase was significantly improved over the 

soy meal treatment in tomato but not pepper.  It appears that some mechanisms or chemistry 

not relating to glucosinolate hydrolysis products are involved in suppressing P. ultimum.   

 Low seedling germination of both crops after soil amendment with high glucosinolate 

S. alba seed meal possessing intact myrosinase is most likely the result of crop phytotoxicity 

and herbicidal effects of breakdown products from 4-hydroxy-benzyl glucosinolates.  

However, seed meal incorporation into the soil involves enrichment in carbon source that 

may alter or even stimulate the resident or introduced micro flora, both beneficial and 

pathogenic (Mazzola et al., 2002).  More recently, disease control was related to functional 

mechanisms other than allelochemicals, occurring as a consequence of green manures or seed 

meal incorporation, involving stimulation of resident streptomycetes or actinomycetes 

(Wiggins and Kinkel, 2005; Mazzola et al., 2007).  Future studies might consider a lower 

application rate of S. alba meal application rather than 0.5% by weight used in this study.  

However, the rate must be low enough not to cause phytotoxicity, yet high enough to 
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suppress P. ultimum.  In addition, a possible increased delay in seeding after seed meal 

amendment has been shown to minimize phytotoxicity. 

In crops whose germination is very sensitive to the presence of products of allyl 

glucosinolate degradation products present in B. juncea seed meal, it should be possible to 

use high glucosinolate B. napus cultivar seed meal (i.e. Dwarf Essex) which can achieve the 

same P. ultimum suppression level as B. juncea with relatively lower phytotoxicity. 
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Table 5.1. Glucosinolate concentrations (μmol g
-1

 of defatted seed meal) in different types of 

Brassicacaceous seed meals. 

 

Glucosinolate type 

B. napus 

'Dwarf Essex' 

B. juncea 

'Pacific Gold' 

S. alba 

'IdaGold' 

Intact Denatured Intact Denatured Intact Denatured 

Allyl - - 164.3 134 - - 

3-butenyl 33.5 28.8 0.8 0.7 - - 

4-pentnyl 8.2 6.8 - - - - 

2-hydroxy-3-butenyl 7 5.6 - - 5.8 4.8 

2-hydroxy-4-pentenyl 4.2 3.4 - - - - 

2-phenylethyl 1.4 1.2 0.7 0.6 - - 

4-hydroxybenzyl - - - - 195.5 179.6 

Total 54.3 45.8 165.8 135.3 201.3 184.4 

 

 

 

 

 

 

 

Table 5.2. Percentage seedling emergence of tomato and pepper planted into soil amendment 

treatments of either denatured or intact B. napus, B. juncea or S. alba seed meals in soils 

inoculated with P. ultimum and a no amendment and non-inoculated control. 

 

Seed meal 

   type 

 

Seedling emergence (%) 

  Tomato Pepper Average 

Control 
No P. ultimum inoculation 91 

a†
 92 

a
 92 

a
 

With P. ultimum 

inoculation 15 
e
 14 

d
 15 

e
 

B. napus 
Intact 70 

b
 58 

c
 64 

b
 

Denatured 56 
c
 52 

c
 54 

c
 

B. juncea 
Intact 72 

b
 63 

b
 68 

b
 

Denatured 70 
b
 58 

bc
 64 

b
 

S. alba 
Intact 33 

d
 10 

d
 22 

d
 

Denatured 64 
bc

 48 
c
 56 

bc
 

Soy   56 
c
 53 

bc
 55 

c
 

Average   58.6   49.8 
 
   

 
 

†
Means followed with different letters in a column are significantly different (P<0.05).   
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Table 5.3.Tomato and pepper seedling emergence percentage averaged over meal treatment 

amendment in with B. napus, B. juncea, S. alba and a non-glusinolate containing  

soy meal as a control. 

 

Seed meal type 

Seedling emergence (%)
 

Tomato
 

 

Pepper
 

B. napus                     63 
ab†

 

 

55 
a
 

B. juncea 71 
ab

 

 

61 
a
 

S. alba 49 
c
 

 

29 
b
 

Soy meal 56 
bc

 

 

53 
a
 

se mean      17               18   
†
Means followed with different letters in a column are significantly different (P<0.05).   

 

 

 

 



115 
 

 

 

 

CHAPTER 6 

 

USE OF BRASSICACEAE SEED MEAL SOIL AMMENDMENTS FOR  

  SUPPRESSION OF RHIZOCTONIA SOLANI AG-8   

IN WHEAT 
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6.1. ABSTRACT  

The soil-borne pathogen Rhizoctonia solani AG-8 causes major yield losses in wheat 

(Triticum aestivum) production worldwide.   Brassicaceae species plant tissues contain 

glucosinolates which hydrolyse, in the presence of the enzyme myrosinase, to products that 

have pesticidal properties.  These products have been reported to have fungicidal effects on 

Rhizoctonia species  The objective of this study was to evaluate the efficacy of Brassica 

napus, B. juncea and Sinapis alba seed meal soil amendments on Rhizoctonia solani AG-8 in 

winter wheat.  Natural soil was pasteurized and inoculated with R. solani AG-8 and thereafter 

mixed with B. juncea, S. alba and B. napus seed meals applied at a rate of 0.5% by weight of 

the soil.  The seed meals were either autoclaved (denatured) to denature the myrosinase 

enzyme or applied without any treatment (intact).  Winter wheat seed was planted into the 

inoculated and amended soils seven days after amendment.  Wheat seedlings grown in intact 

B. juncea, denatured B.  juncea and intact S. alba amended soils had a lower number of 

crown roots per plant compared to the non-amended soil control, suggesting some level of 

phytotoxicity.  Overall, seedlings grown in soils amended with denatured seed meals had a 

higher shoot length, disease rating, percentage root infection and amount of R. solani AG-8 

detected when compared to seedlings grown in soils amended with intact meals, suggesting 

the superiority of intact seed meals over denatured seed meals in suppressing R. solani AG-8.  

B. napus and B. juncea in both forms resulted in number of seminal roots, root weight and 

total root length similar to the non-amended control, but higher when compared to seedlings 

from S. alba amended soils.  Seedlings grown in soils amended with S. alba had the least 

number of seminal and crown roots, total root length, shoot weight and length, and seedling 

weight when compared to seedlings from other seed meal amendments and the non-amended 

soils.  Seedlings grown in soils amended with S. alba had the least number of infected 
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seminal roots, percentage infected seminal roots and disease rating scores.  The highest 

amount of R. solani AG-8 was detected from seedlings that were grown in soils amended 

with B. juncea, and denatured B. napus.  The least amount of R. solani AG-8 pathogen was 

detected in roots of seedlings grown in soils amended with intact B. juncea, intact S. alba and 

denatured S. alba, suggesting the consistency of  S. alba  in suppressing R. solani AG-8.  S. 

alba based amendments effectively suppressed R. solani AG-8 in wheat production.  

However, approaches to minimize or overcome phytotoxicity crop injury such as a delay 

seeding time after seed meal amendment and a compromise on application rates must be 

evaluated.  

 

Additional index words.  Brassica napus, Brassica juncea, Sinapis alba, Rhizoctonia solani 

AG-8, disease rating, wheat, glucosinolate, biopesticide. 
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6.2. INTRODUCTION 

Rhizoctonia solani Kuhn anastomosis group (AG) 8 is the causal agent of Rhizoctonia bare 

patch, an important root rotting disease of cereals, pastures and grain legumes in southern 

Australia and the Pacific Northwest of the United States (Weller et al., 1986; Murray and 

Brown, 1987).  R. solani AG-8 attacks seminal and crown roots, pruning away root tips and 

rotting the root cortex resulting in patches of dead or stunted plants up to several yards in 

diameter in the field (Schillinger et al., 2006).  This disease is characterized by stunting and 

the formation of patches of severely affected plants in the field and is favored by reduced 

tillage (Rovira, 1986).  Rhizoctonia root rot, caused by the fungus R. solani AG-8, has been 

identified as an important, yield-limiting disease in direct-seed systems (MacNish 1985, 

Rovira, 1986; Weller et al., 1986; Pumphrey et al., 1987; Smiley and Uddin, 1993).  

Rhizoctonia root rot poses a barrier to the adoption of conservation tillage in wheat 

production systems (Okubara et al, 2009); if direct-seed systems are to succeed in the Pacific 

Northwest, effective management of Rhizoctonia root rot must be developed.  Existing 

control practices are only partially effective (Okubara et al, 2009).  One potential 

management strategy could be the use of plant residue amendments.  Crop rotation is the 

oldest, and perhaps the best cultural practice for reducing the risk of Rhizoctonia bare patch 

in wheat.  However, recently studies have been reported demonstrating the effective use of 

Brassicacea material to suppress Rhizoctonia spp. in other crops (Chun et al., 2002, Mazzola 

et al., 2007).  

Numerous studies have indicated that managing crop residues or the addition of 

organic amendments either enhanced or suppressed diseases caused by soil borne pathogens 

(Thurston, 1997).  Among the crops used for residue amendment, cruciferous plants in 
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particular have attracted interest because they are known to contain sulfur-containing 

secondary metabolites called glucosinolates (Kasuya, 2006).  Many glucosinolates are 

hydrolyzed by the enzyme myrosinase to produce isothiocyanates (Brown et al.,1991), which 

are volatile and known to exhibit inhibitory effects on a wide variety of microbes, including 

soil borne pathogens (Manici et al., 1997; Rosa et al.; 1999).  Although soil amended with 

fresh mustard leaves or seed meal have shown promising results for controlling soil borne 

pathogens, results have been inconsistent due to variations in ally isothiocyanates content. 

(Dhingra et al., 2004).  Use of Brassicaceae seed meal soil amendments would be ideal due 

to high glucosinolate content and also the ease to quantify how much glucosinolate by-

products are incorporated.  Rhizoctonia species is one of the soil borne pathogens reported to 

be suppressed by glucosinolate hydrolysis products or mechanisms associated with the 

glucosinolates hydrolysis products.  B. napus amended soils reduced infection by native and 

introduced isolates of Rhizoctonia spp. in apples (Cohen et al., 2005).   In vitro bioassays 

have shown that glucosinolate secondary metabolites from Brassicaceae tissues killed several 

soil borne pathogens (Charron and Sams, 1999).  B. juncea, B. napus, and S. alba seed meals 

suppressed root infection by native Rhizoctonia spp. and an introduced isolate of R. solani 

AG-5, though B. juncea seed meal often generated a lower level of disease control relative to 

other seed meal types (Mazzola et al., 2007). 

The objective of this study was to evaluate the efficacy of B. napus, B. juncea and S. 

alba seed meal amendments on R. solani AG-8 in winter wheat. 
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6.3. MATERIALS AND METHODS 

6.3.1. Glucosinolate analysis of seed meals 

Seed meals produced from locally grown yellow mustard (S. alba) ‘IdaGold’ (Brown et al. 

1997), oriental mustard (B. juncea) ‘Pacific Gold’ (Brown et al. 2004a), and rapeseed 

‘Athena’ (B. napus) were used in this study. The seed meals were either autoclaved for 30 

min to denature the myrosinase enzyme by autoclaving the seed meal or  intact.  

Seed meal glucosinolates were analyzed and quantified before they were used  in this  

study.  Glucosinolate analysis was conducted using the procedure described by Daun et al. 

(1989) and Daun and McGregor (1989). The specifics of the method utilized in these studies 

is described in detail in Chapter 3 of this thesis.  

Pacific Gold and IdaGold seed meal used in this study contained over 3 and 4 fold 

more o total glucosinolate content, respectively, compared to the glucosinolate level in Dwarf 

Essex (Table 6.1).  The primary glucosinolate in Pacific Gold is allyl glucosinolate, 

accounting for over 99% of the total 165 µmol g
-1 

of glucosinolate in the defatted seed meal.  

The primary glucosinolate type in Ida Gold is 4-hydroxybenzyl glucosinolate accounting for 

over 97% of the total.  The major glucosinolate types in Dwarf Essex are 2-hydroxy-3-

butenyl and 3-butenyl glucosinolate.  On average, all the denatured seed meals contained 

approximately 10% less glucosinolate as compared to their intact seed meal form. 

6.3.2. Seed meal amendments 

Soil collected from University Idaho’s Parker Farm located in Moscow, Idaho, was 

pasteurized at 80
o
C for 24 h prior to being used in the experiment.  B. napus (Athena), B. 

juncea (Pacific Gold) and S. alba (IdaGold) seed meals were used as soil amendments.  The 

seed meals were applied at 0.5% by weight of soil.  
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6.3.3. Inoculum preparation  

Rhizoctonia solani AG-8 isolate C-1 was provided by the Plant Pathology, Tree Fruit 

Research Laboratory located in Wenatchee, Washington.  The effect of Brassicaceae seed 

meals on Rhizoctonia solani AG-8 was assessed in artificially infested pasteurized soil in 

greenhouse trials and planted with ‘Brundage’ winter wheat (Zemetra, 1998).  Inoculum of 

the pathogen was produced in an Erlenmyer flasks filled with 250 ml of oat grain soaked in 

water and autoclaved twice.  The grain was inoculated with 1cm
2
 R. solani-colonized agar 

pieces from a 2 week old potato dextrose agar plate culture.  The flasks were shaken once 

each week, and the inoculum was harvested after 4 weeks.  The colonized oat grain was 

spread out on clean paper, air dried, and stored at 4°C.  Tests for virulence were conducted in 

tapered plastic cones (4 cm in diameter by 20.5 cm long; Ray Leach Cone-tainer, Canby, 

OR) with drain holes plugged with cotton.  Tubes were with soil and two pathogen-colonized 

oat grains were placed at a depth of approximately 10 cm.  Controls consisted of tubes 

without added inoculum.  Due to known phytotoxicity of Brassicaceae seed meals that may 

be mistaken for disease effect, seed meal amendment treatments with no pathogen inoculum 

were included to differentiate between the growth limiting effect arising from the R. solani 

AG- 8 pathogen and those from the phytotoxicity of the seed meal amendment.  

6.3.4. Experiment Design 

There were seven replicate tubes for each seed meal ammendment treatment.  Each tube was 

watered with 10 ml of distilled water.  The Cone-tainers suspended in their racks, were 

covered with clear polyethylene to prevent the soil from drying and were incubated 

undisturbed for 7 d in a growth chamber set at 16°C, 95% humidity, and with a 12-h 

photoperiod.  After 7 d, two seeds of winter wheat were placed on the soil surface, covered 

with 10 cm
3
 of non-inoculated pasteurized soil and watered with 10 ml of distilled water.  An 



122 
 

additional 10 ml of distilled water was added to each Cone-tainer 10 days after planting.  At 

the end of 2 weeks, the plants were washed free of soil and debris using a high-pressure 

stream of tap water before root scans and  disease assessments on the roots were done.  The 

study was repeated three times. 

6.3.5. Quantification of Rhizoctonia solani AG-8 

6.3.5.1. DNA extraction 

Roots were taken from washed wheat plants that had been grown in different amended seed 

meals.  A 0.25 g root material was taken from each plant.  DNA was extracted from the roots 

using the MoBio UltraClean  Plant DNA isolation kit (MO BIO Labs, Carlsbad, CA). 

6.3.5.2. Real-time Polymerize Chain Reaction (PCR) 

6.3.5.2.1. Preparation of real time PCR reaction mix 

The primers R. solani AG-8 Rs8F:  5’- GGGGGAATTTATTCATTTATTGGAC-3’ and 

Rs8R:   5’- GGTGTGAAGCTGCAAAAG-3’ (Okubara et al., 2008)were used as forward 

and reverse primers, respectively.  A primer set solution comprising of :2 µL primer F (100 

pmol) + 48 µL H2O] + [2 µL primer R (100 pmol) + 48 µL H2O] was made and used for  real 

time PCR Reaction.  A real time PCR reaction mix containing 3.0 µL SYBR Green Master 

Mix, 1.0   µL primer set,  5.0   µL H2O  and  1.0 µL template DNA was put in a tube.  

Rhizoctonia solani AG8 DNA (1 ng/µL) was used as standard and the dilution range was 

from 10
0
 to 10

5
.  

6.3.5.2.2. Real-time PCR reaction 

In each well of an ABI MicoAmp Fast Optical 96-well Reaction Plate (Applied Biosystems, 

Foster City, Ca) 10 µL of the reaction mix was used.  The plate was sealed with adhesive film 

and followed by a brief spin to remove any air bubble in the wells.  ABI Step One Plus Real-
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Time PCR System (Applied Biosystems, Foster City, Ca) was used. Real-time PCR run 

method conditions were 95
o
C 10 min (95

o
C 15 seconds-58

 o
C 1 min) x 40 cycles 95

o
C 15 

seconds- 60
o
C 1 min-95

o
C 15 seconds. 

6.3.6. Data Collection and Analysis 

Plants were washed free of soil and debris using a stream of high-pressure tap water.  The 

number of emerged seedlings, seedling height (from the soil surface to tip of the longest 

leaf), length of the first true leaf, and number of seminal roots were recorded (Higginbotham 

et al., 2004).  Root systems were digitally scanned using a Hewlett-Packard Scan Jet 5370C 

scanner (Regent Instruments Inc., Québec, Canada), and saved as TIF files.  Root scans were 

analyzed using WinRhizo software (Regent Instruments Inc., Québec, Canada).  This 

software calculated the total root length, diameter and number of root tips (Paulitz et al., 

2003).  Only total root length was used in the analysis from the WinRhizo data output.  All 

the data collected was subjected to analysis of variance using SAS 7.1 version (1991). 

6.4. RESULTS AND DISCUSSION 

6.4.1. Effect of seed meal amendments on seedling root and shoot growth 

Number of seminal roots per plant were significantly (P<0.001) lower for seedlings grown in 

soil amended with intact S. alba seed meal (Table 6.2).  Wheat seedlings growing in soils not 

amended with seed meal had the same number of seminal roots as those grown in soils 

amended with either intact or denatured B. napus or B. juncea seed meals (Table 6.2).  Wheat 

seedlings grown in intact B. juncea, denatured B. juncea and intact S. alba amended soils had 

a 54%, 62% and 77% lower number of  crown roots per plant, respectively, compared to the 

non-amended control.  Intact B. napus, denatured B. napus and denatured S. alba amended 

soils resulted in wheat seedlings with 38%, 38% and 46% lower number of crown roots, 
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respectively, compared to the non amended control.  Total number of roots followed the 

same trend as that of the number of seminal and crown roots. 

Denatured forms of all B. juncea and S. alba seed meals resulted in wheat seedlings 

with the same shoot length as seedlings grown in non-amended soils.  Intact B. napus, 

denatured B. napus and intact B. juncea seed meal amended soils resulted in seedlings with a 

significantly (P<0.001) longer shoots (23%, 16% and 20% longer, respectively), when 

compared to seedlings from the non amended soils.  Seedlings grown in intact S. alba seed 

meal amended soils had a significantly shorter shoot length, which was 65% shorter than 

seedlings from the non-amended soil control (Table 6.2).  The treatment trend on shoot 

length was similar to that observed in shoot weight.  Root weight of seedlings grown in soils 

amended with intact S. alba seed meal was 67% less than that of seedlings from the non 

amended controls. 

The number of seminal roots was significantly (P<0.001) reduced in seedlings 

growing in soils amended with B. napus and B. juncea seed meals, when compared to 

seedlings growing in S. alba amended soils (Table 6.3).   

Seedlings from B. napus and B.juncea seed meal amended soils resulted were not 

significantly different, however, B. napus amended soils resulted in seedlings that had a 

significantly (P<0.001) heavier seedling weight than seedlings from B. juncea and S. alba 

amended soils (Table 6.3).  This is probably because in addition to the efficacy of B. napus 

on R. solani AG-8, B. napus had a minimal phytotoxicity effect on the wheat seedlings as 

compared to either B. juncea or S. alba based seed meal amendments.  This phenomenon 

likely also accounts for the significant (P<0.001) differences in shoot and root weight 
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between seedlings from B. juncea and S. alba amended soils. B. napus and B. juncea seed 

meal treatments were not significantly different with respect to shoot length, shoot weight 

and total number of roots, irrespective of the differences in glucosinolate type or content 

between the seed meals.  Seedling shoot length was significantly (P<0.001) longer in B. 

napus and B. juncea seed meal treatments compared to wheat seedlings from S. alba seed 

meal amended soils.  A similar trend was observed in seedling shoot weight.  Root weight 

was 197% and 98% higher in seedlings from B. napus and B. juncea amended soils when 

compared to root weight of seedlings from S. alba amended soils (Table 6.3). 

Seedlings from denatured seed meal treatments were significantly (P<0.05) taller than 

seedlings from intact treatments.   

6.4.2.  Effect of seed meal amendments on suppression of R. solani AG-8 

Intact seed meals significantly (P< 0.05) reduced the percentage root infection by 16% when 

compared to the denatured seed meals (Table 6.4).  Seedlings grown in soils amended with 

intact seed meals had 22% longer total root length when compared to seedlings grown in 

soils amended with denatured seed meals.  Disease rating scores were 52% lower in intact 

seed meal treatments when compared to denatured seed meal treatment.  R. solani AG-8 

DNA in roots of seedlings grown in soils amended with intact seed meals was significantly 

lower than the quantity of DNA detected in roots from seedlings grown in soils amended 

with denatured seed meals.  Extracts from autoclaved (cv Dwarf Essex) meal, in which 

myrosinase was denatured, and a low glucosinolate B. napus variety (cv Stonewall) produced 

little disease reduction and had less impact on mycelial growth (Smonlisnka et al., 1997).  

Denatured seed meals have the myrosinase enzyme denatured, thus a relatively lower amount 

of hyrdrolysis products were released when compared to the intact seed meals.  R. solani 
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AG-8 infection was reduced  by 48% in response to denatured seed meal amended soils, 

which may suggest that some mechanisms other than the glucosinolates hydrolysis products 

were responsible in providing disease control.  Another possibility is that the enzyme 

myrosinase existed in the pasteurized soils resulting in the hydrolysis of the denatured seed 

meals to release the glucosinolate hydrolysis products which resulted in the fungicidal 

properties of the seed meal amendments.  

All seed meal amendments provided some level of protection to the wheat seedlings 

with respect to percentage of infected seminal roots and disease score ratings (Table 6.5).  S. 

alba seed meal significantly reduced the number of infected seminal roots by 28% and 20% 

when compared to the B. napus and B. juncea seed meals, respectively.  These results are in 

agreement with the findings of Mazzola et al. 2007 who reported that all seed meals 

suppressed root infection by native Rhizoctonia spp. and an introduced isolate of R. solani 

AG-5.  Amending soils with B. napus seed meal protected 19% of the number seminal roots 

from infection by R. solani AG-8, which was not significantly different from the high 

glucosinolate containing B. juncea seed meal.  Disease rating scores were 29% and 33% 

higher in seedlings grown in soils amended with B. napus and B. juncea seed meals, 

respectively, compared to seedlings growing in S. alba amended soils.   B. juncea seed meal 

has been reported to generate a lower level of disease control relative to other seed meal 

types (Mazzola et al., 2007).  However, in our findings this was true only when B. juncea 

was compared to S. alba seed meal amendment.  A possible reason for this could be 

associated by the fact that Mazzola et al. (2007) observed that disease control was achieved 

when B. juncea and R. solani were introduced into a soil system simultaneously, but no 

disease control was detected if pathogen infestation was delayed until 24 h post seed meal 
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amendment.  In our study, B. juncea and R. solani were introduced into the planting pots 

simultaneously.   

 Considering that the glucosinolate levels of B. juncea are higher than those of B. 

napus seed meal, the argument that fungicidal properties are only a function of glucosinolates 

levels does not hold with respect to the findings in this study.  This suggests another possible 

mechanism involved that enables B. napus seed meal to have the same efficacy as the higher 

glucosinolates in B. juncea amendments.  These mechanisms may be directly or indirectly 

associated with glucosinolate hydrolysis products. 

 Overall, the lowest amount of pathogen DNA, lowest disease rating and lowest root 

infection was in seedlings growing in soils amended with S. alba when comparisons were 

conducted across all treatments.(Table 6.5).  

Seedlings grown in soils amended with intact S. alba seed meal had a significantly 

(P<0.001) lower number of R. solani AG-8 infected seminal roots compared to the no seed 

meal control (Table 6.6).  B. napus and B. juncea seed meal soil amendment in either intact 

or denatured form provide an equivalent reduction of seminal root infection by R. solani AG-

8.  The lowest disease rating scores were observed in wheat seedlings grown in soils 

amended intact S. alba.  Intact B. napus and B. juncea significantly reduced disease rating 

scores by 71% when compared to disease rating scores in seedlings grown in a no seed meal 

amendment control.  Intact S. alba and B. juncea had a significantly lower disease rating 

scores than their denatured seed meal form.  The differences observed between seed meal 

type may in part be accounted for by the fact that different AGs of R. solani have different 

degrees of sensitivity to allyl glucosinolate (Smith and Kirkegaard, 2002).  The highest 

amount of pathogen DNA was extracted from roots of seedlings that were grown in soils 
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amended with denatured B. juncea and denatured B. napus seed meals.  The least amount of 

pathogen DNA was detected in roots of seedlings grown in soils amended with denatured S. 

alba however, it was not significantly different to the amount of DNA of the pathogen 

detected in seedlings growing in soils amended with  intact S. alba,  B. napus and  B. juncea.  

6.5. CONCLUSIONS 

The greatest wheat seedling weight and root weight was obtained from plants grown in soils 

amended with B. napus or B. juncea seed meal.  There was a high level of phytotoxicity 

arresting normal seedling development in seedlings grown in soils amended with S. alba.  

Even though S. alba seed meal was associated with the higher wheat phytotoxicity 

levels relative to other seed meal amendments, it was the most effective in suppressing R. 

solani AG-8.  Interestingly, the similar disease suppression of B. napus and B. juncea with 

respect to disease suppression suggests that R. solani AG-8 suppression may be a function of 

glucosinolate content, but not entirely dependent upon this mode of action.  Some other 

mechanism may be involved and account for the same efficacy levels regardless of seed meal 

glucosinolate content and profiles. 

If seed meal amendments are to be used effectively in wheat cultivation to suppress 

R. solani AG-8, means to diminish the potential for phytotoxicity crop injury must be 

addressed especially in S. alba based amendments. 



129 
 

6.6. LITERATURE CITED 

Brown, P. D., Morra, M. J., McCaffrey, J. P., Auld, D. L., and J. III., Williams. 1991.  

 Allelochemicals produced during glucosinolate degradation in soil. J. Chem. Ecol.  

 17:2021-2034. 

Cohen, M.F., H. Yamasaki and M. Mazzola. 2005. Brassica napus seed meal soil 

amendment modifies microbial community structure, nitric oxide production and 

incidence of Rhizoctonia root rot. Soil Biology and Biochemistry. 37: 1215–1227. 

Charron, C.S and C.E. Sams.1999. Inhibition of Pythium ultimum and Rhizoctonia solani  by 

shredded leaves of Brassica species. J. Am. Soc. Hort. Sci.124: 462–467. 

Chung, W.C., Huang, J.W., Huang, H.C and J.F. Jen. 2002. Effect of ground Brassica seed 

meal on control of Rhizoctonia damping-off of cabbage. Canadian Journal  of  Plant 

Pathology 24:211-218.  

Dhingra, O.D., Costa, M.L.N., Silva, JR. G.J and E.S.G Mizubuti., 2004. Essential oil of 

mustard to control Rhizoctona solani seedling damping off and seedling blight in 

nursery. Fitopatologia Brasileira 29:683-686. 

Higginbotham, R. W., Paulitz, T. C., and Kidwell, K. K. 2004. Virulence of Pythium species  

 isolated from wheat fields in eastern  Washington. Plant Dis. 88:1021-1026. 

Kasuya, M., Olivier, A. R., Ota, Y., Tojo, M., Honjo, H., and R. Fukui. 2006. Induction of 

soil suppressiveness against Rhizoctonia solani by incorporation of dried plant 

residues into soil. Phytopathology 96:1372-1379. 



130 
 

MacNish, G. C. 1985. Methods of reducing Rhizoctonia patch of cereals in Western 

Australia.  Plant Pathol.34:175-181. 

Manici, L. M., Lazzeri, L., and Palmieri, S. 1997. In vitro fungitoxic activity of some  

 glucosinolates and their enzyme-derived products toward plant pathogenic fungi. J.  

 Agric. Food Chem. 45:2768-2773. 

Murray, G. M. and J.F. Brown. 1987. The incidence and relative importance of wheat  

 diseases in Australia. Aust Plant Pathol 16: 34–37. 

Mazzola, M., Brown, J., Izzo, A.D and M.F. Cohen. 2007. Mechanism of Action and 

Efficacy of seed meal-induced pathogen suppression differ in a Brassicaceae  species 

and time dependent manner. Phytopathology  97:454-460. 

Okubara, P. A., Schroeder, K. L., and Paulitz, T. C. 2008. Identification and quantification of  

 Rhizoctonia solani and R. oryzae using real-time polymerase chain reaction.  

 Phytopathology 98:837-847. 

Okubara, P.A., Steber, C.M., Demacon, V.L., Walter, N., Paulitz, T.C. and K.K, Kidwell. 

2009.  EMS- treated hexaploid wheat genotype Scarlet has enhanced tolerance to 

the soil borne necrotrophic pathogens Rhizoctonia solani AG-8 and R. oryzae. Theor. 

Appl. Genet. 119: 293-303.  

Paulitz, T. C., Smith, J. D., and K.K., Kidwell. 2003. Virulence of Rhizoctonia oryzae on 

wheat  and barley cultivars from the Pacific Northwest. Plant Dis.87:51-55. 

Pumphrey, F. V., Wilkins, D. E., Hane, D. C., and R.W. Smiley.1987. Influence of  

 tillage and nitrogen fertilizer on Rhizoctonia root rot (bare patch) of winter wheat.   

Plant Dis.71:125-127. 



131 
 

Rosa, E. A. S., and P. M. F., Rodrigues. 1999. Towards a more sustainable agriculture 

system: The effect of glucosinolates on the control of soil borne diseases. J. Hortic. 

Sci. Biotechnol. 74:667-674. 

Roget, D. K. 1995. Decline in root rot (Rhizoctonia solani AG-8) in wheat in a tillage and  

 rotation experiment at Avon, South Australia. Australian Journal of Experimental  

 Agriculture 35: 1009 - 1013. 

Rovira, A. D. 1986. Influence of crop rotation and tillage on Rhizoctonia bare patch of  

wheat.  Phytopathology 76: 669-673 

Schillinger, W.F., and T.C., Paulitz. 2006. Reduction of Rhizoctonia bare patch in wheat with  

 barley rotations. Plant Disease 90:302-306. 

Smiley, R. W., and W., Uddin. 1993. Influence of soil temperature on Rhizoctonia root rot 

(R.solani AG-8 and R. oryzae) of winter wheat. Phytopathology  83:777-785. 

Thurston, H. D. 1997. Slash/mulch systems in the Americas. Pages 31-72 in: Slash/Mulch  

Systems: Sustainable Methods for Tropical Agriculture. H. D. Thurston, ed. 

Westview Press, Boulder, CO. 

Weller, D. M., Cook, R. J., MacNish, G., Bassett, E. N., Powelson, R. L., and R. R., Petersen. 

1986. Rhizoctonia root rot of small grains favored by reduced tillage in the Pacific 

Northwest. Plant Dis. 70:70-73. 

Wiseman, B. M. and S. M. Neate. 1996. Suppression of Rhizoctonia solani AG- 8 in 

Australia and its biological nature. Soil Biology and Biochemistry 28: 727-732. 

Zemetra, R.S., E.J. Souza, M. Lauver, J. Windes, S.O. Guy, B. Brown, L. Robertson, and M.  

 Kruk. 1998.  Registration of ‘Brundage’ wheat. Crop Sci. 38:1404 



132 
 

Table 6.1. Glucosinolate concentrations (μmol g
-1

 of defatted seed meal) in different types of 

Brassicacaceous seed meals. 

Glucosinolate type 

B. napus 

 'Dwarf Essex' 

B. juncea 

 'Pacific Gold' 

S. alba  

'IdaGold' 

 

Intact Denatured Intact Denatured Intact Denatured 

Allyl - - 164.3 134 - - 

3-butenyl 33.5 28.8 0.8 0.7 - - 

4-pentnyl 8.2 6.8 - - - - 

2-hydroxy-3-butenyl 7 5.6 - - 5.8 4.8 

2-hydroxy-4-pentenyl 4.2 3.4 - - - - 

2-phenylethyl 1.4 1.2 0.7 0.6 - - 

4-hydroxybenzyl - - - - 195.5 179.6 

Total 54.3 45.8 165.8 135.3 201.3 184.4 
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Table 6.2. Numbers of seminal roots, number of crown roots, total number of roots, shoot length, shoot weight, seedling weight, root 

weight and total root length of seedlings grown in soils inoculated with R. solani AG-8 and amended with intact and denatured B. 

napus, B. juncea and S. alba seed meal and a non amended control.  

Seed meal 

type 

Meal 

treatment 

Number of 

seminal roots 

(cm) 

Number 

of crown 

roots 

Total 

number 

of roots 

Shoot 

length 

(cm) 

Shoot 

weight 

(g) 

Seedling 

weight (g) 

Root 

weight 

(cm) 

Total Root 

length/plant 

(cm) 

No meal 

 

4.0
a† 1.3

a
 5.9

a
 16.0

c
 0.193

bc
 0.308

bc
 0.253

a
 101.1

ab
 

B. napus Intact 4.1
a
 0.8

b
 4.9

b
 19.8

a
 0.289

a
 0.512

a
 0.223

ab
 123.3

a
 

 

Denatured 3.7
a
 0.8

b
 4.5

b
 18.6

ab
 0.224

b
 0.380

b
 0.156

abc
 107.8

ab
 

B. juncea Intact 3.6
a
 0.6

bc
 4.2

bc
 19.2

ab
 0.221

b
 0.341

bc
 0.120

abc
 78.8

bc
 

 
Denatured  3.5

ab
 0.5

bc
 4.0

bc
 17.2

bc
 0.197

bc
 0.331

bc
 0.134

abc
 55.0

cd
 

S. alba Intact 3.0
b
 0.3

c
 3.3

c
 5.6

d
 0.087

d
 0.130

d
 0.044

c
 32.0

d
 

 

Denatured 4.1
a
 0.7

b
 4.8

b
 17.3

bc
 0.168

c
 0.252

c
 0.084

bc
 29.0

d
 

se mean            0.2  0.1  0.2  0.6  0.02  0.03  0.02  13.7  
†
Means followed with different letters in a column are significantly different (P<0.05).   
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Table 6.3. Number of seminal roots, total number of roots, total root length, shoot length, 

shoot weight, root weight and seedling weight of wheat seedlings grown  in soils inoculated 

with R. solani AG-8 and amended with B. napus, B. juncea and S. alba amended . 

Seed 

meal 

type 

Number 

of 

seminal 

roots 

(cm) 

Total 

number 

of roots 

Total 

root 

length 

(cm) 

Shoot 

length 

(cm) 

Shoot 

weight 

(g) 

Root 

weight 

(g) 

Seedling 

weight (g) 

B. napus 3.2
a† 4.7

a
 115.5

a
 19.2

a
 0.256

a
 0.190a 0.446

aϯ
 

B. juncea 3.0
a
 4.1

b
 67.4

b
 18.2

a
 0.209

a
 0.127b 0.336

b
 

S. alba 2.5
b
 4.0

b
 30.8

c
 11.3

b
 0.127

b
 0.064c 0.191

c
 

se mean 0.3  0.2  12.7  0.7  0.017    0.030  
†
Means followed with different letters in a column are significantly different (P<0.05).   

 

 

 

 

 

 

Table 6.4. Shoot length, disease rating score, percentage root infection and amount of R. 

solani DNA in roots of wheat seedlings grown in R. solani AG-8 inoculated soils averaged 

over seed meal treatment of B. napus, B. juncea and S. alba seed meal amendments. 

Seed meal type 

Shoot length 

(cm) 

Disease 

rating (0-8) 

Percentage root 

infection 

R. solani AG-8 

DNA (pg 

DNA/g root) 

Denatured 17.7
a† 3.4

a
 83.1

a
 0.26534

a
 

Intact 14.8
b
 2.3

b
 71.9

b
 0.02259

b
 

se mean 0.6  0.1  3.2   0.0949 
 †
Means followed with different letters in a column are significantly different (P<0.05).   
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Table 6.5. The number of seminal roots infected, disease rating scores and of  R. solani AG-

8 DNA in roots of wheat seedlings grown in soils inoculated with R. solani AG-8 soils and 

amended with B. napus, B. juncea and S. alba seed meals.   

Seed meal type 

Percentage number of 

infected seminal roots 

Disease rating (0-

8) 

R. solani AG-8 DNA 

(pg DNA/g root) 

B. napus  80.8
a† 

 3.1
a
 0.294785

c
 

B. juncea 83.8a 3.2
a
 0.113745

b 
 

S. alba 67.8
b
 2.4

b
 0.023555

a
 

se mean 3.9  0.2  0.002  
†
Means followed with different letters in a column are significantly different (P<0.05).   

 

 

 

 

 

Table 6.6. Number of seminal roots infected, percentage number of seminal roots infected   

disease rating scores and amount of R. solani AG-8 DNA in roots of wheat seedlings grown 

in intact and denatured seed meal treatments of B. napus, B. juncea and S. alba including a 

non amended control. 

Seed 

meal type 

Meal 

treatment 

Number of  

infected 

seminal roots 

(cm) 

Percentage 

number of 

infected 

seminal roots 

Disease 

rating (0-8) 

Rhizoctonia 

solani AG-8 

DNA (pg DNA/g 

root) 

No meal 

 

3.9
a† 98.0

a
 4.8

a
 0.14474

c
 

B. napus Intact  3.3
ab

 77.6
b
 2.8

c
 0.02040

d
 

 

Denatured 3.1
b
 84.0

b
  3.4

bc
 0.56917

a
 

B. juncea Intact 3.0
b
 82.9

b
 2.8

c
 0.00486

d
 

 
Denatured 3.0

b
 84.5

b
 3.6

b
 0.22263

b
 

S. alba Intact 1.7
c
 55.2

c
 1.4

d
 0.04251

d
 

 

Denatured  3.3
ab

 80.4
b
  3.4

bc
 0.00460

d
 

se mean   0.22  4.39  0.20           0.0088 
†
Means followed with different letters in a column are significantly different (P<0.05).   
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Figure 6.1. Wheat seedling roots from soils amended Brassicaceae seed meal compared to seedling roots from soils inoculated with   

Rhizoctonia solani AG-8 and amended with seed meal amendments. 
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The results of this research show the effectiveness of Brassicaceae seed meal soil 

amendments as a bioherbicide and biofungicide.  Perhaps not surprisingly, different 

glucosinolates had varying herbicidal and fungicidal efficacy.   

S. alba seed meal had the greatest herbicidal efficacy against pigweed and prickly 

lettuce, where oriental mustard seed meal provided best results when used to control Italian 

ryegrass and wild oat.  In all experiments, a 1 Mt ha
-1

 application rate of either oriental or 

yellow mustard showed greater herbicidal effect compared to a 2 Mt ha
-1

 application rate of 

rapeseed meal.  There was little herbicidal effects of potting compost amended with B. 

napus, albeit that the cultivar used (‘Dwarf Essex’) has relatively high concentration of seed 

meal glucosinolates compared to, say, the more commonly utilized low glucosinolate B. 

napus (i.e. canola).  In practical agricultural and horticultural situations it is feasible that 

different seed meals can be blended so that a combination of weeds or other pests can be 

effectively controlled. 

The type and concentration of glucosinolate hydrolysis products in the seed meals had 

negative effects on seed-emergence and growth of tomato and pepper plants.  A six to ten 

day delay between soil amendment at 4 Mt ha
-1 

rates and seeding provided the best tomato 

and pepper seedling emergence and subsequent seedling growth, with minimal crop damage.  

B. napus, B. juncea and S. alba seed meal amendments can be applied at as high rates as 4 Mt 

ha
-1

 in tomato and peppers seedling production systems as long as a sufficient delay period 

lapses before crop seeding.  Such high seed meal application rates are likely to effectively 

manage weeds or soil borne pathogens without limiting its seedling emergence and growth.   
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In tomato and pepper transplanting systems, crop phytotoxicity and seedling mortality 

decreased with an increase in transplanting delay. This was attributed to soil disturbances 

experienced during the making of ridges at different transplanting delays.  Yield of peppers 

from B. napus or B. juncea seed meal amended soils was not significantly different over 

seasons or seed meal application rates, regardless of their different glucosinolate content and 

profiles.  There was high seedling mortality associated with transplanting tomato and pepper 

seedlings immediately after amending soils with B. juncea seed meal.  However, transplants 

that survived the first few days after transplanting recovered markedly and produced 

acceptable fruit yield.  For most effective weed management and high tomato and pepper 

fruit yields, S. alba soil amendments applied at 2 Mt ha
-1 

rate provided the best weed control 

and crop productivity when combined with a 4 day delay in transplanting  after seed meal 

amendments. 

Seeding tomato and pepper in soils amended with S. alba seed meal at 0.5% of soil 

volume resulted in significant crop phytotoxicity that made the assessment of the effect P. 

ultimum alone on seedling germination impossible.  Lower application rates of S. alba need 

to be evaluated to effectively assess the potential of S. alba as a fungicide for P. ultimum 

control.  However, the application rate must be low enough to not cause crop injury, yet high 

enough to suppress P. ultimum.  In addition, a possible increased delay in seeding after seed 

meal amendment has been shown to minimize phytotoxicity.  However, in crops whose 

germination is very sensitive to the presence of products of allyl glucosinolate degradation 

products present in B. juncea seed meal, it should be possible to use high glucosinolate B. 
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napus cultivar seed meal (i.e. Dwarf Essex) which can achieve the same P. ultimum 

suppression level as B. juncea with relatively lower crop damage. 

 R. solani AG-8 pathogen was effectively suppressed in seedlings grown in soils 

amended with intact B. juncea, intact S. alba and denatured S. alba.  However, S. alba seed 

meal amendments were more consistent in suppressing R. solani AG-8.  However, 

approaches to avoid or minimize crop injury such as a delay seeding time after seed meal 

amendment and a compromise on application rates must be evaluated.  

The bioherbicidal properties of seed meals varied with relatively small changes in 

environmental conditions in the greenhouse. This implies that when recommending use of 

Brassicaceae seed meal, perhaps climatic conditions such as temperature must be considered 

and perhaps even specific conditions specified.  In addition, different response noted in 

pepper and tomato cultivars particularly with respect to crop injury implies that when 

recommending use of seed meals at commercial levels knowledge of how different cultivars 

tolerate seed meals must be known.  Even though seed meal placement methods was  not a 

subject of these studies, seed meal placement such as incorporation of the seed meal into the 

soil maximizes herbicidal effect as compared to broadcasting the meal on the soil surface. 

S. alba has greatest herbicidal effect on broadleaf weeds while B. juncea is most 

effective in controlling grasses.  Lower glucosinolate B. napus did show herbicidal effects, 

albeit at a reduced level compared to B. juncea or S. alba.  This suggests some other 

chemistries other than glucosinolates may be involved in weed suppression. 
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Greatest crop mortality and crop injury was observed in B. juncea amended soils, but 

phytotoxicity was short lived in the soil.  Conversely, S. alba seed meals causes lesser crop 

phytotoxicity, particularly when transplanting or seeding directly after soil treatment, but was 

longer lived in the soil and this seem to be related to the characteristics types of 

glucosinolates hydrolysis products released by these two seed meals.  Allyl glucosinolate 

from B. juncea degrades to volatile allyl isothiocyanates which quickly volatilizes, whereas 

4-hydroxibenzyl glucosinolate from S. alba hydrolyze to water soluble ionic isothiocyanate 

that is relatively stable and persists in the soil longer than the volatile isothiocyanates.  

B. napus and B. juncea both showed good fungicidal efficacy against Pythium 

ultimum.  B. napus seed meal treatments resulted in most vigorous wheat seedling growth 

and Rhizoctonia suppression.  B. napus and B. juncea seed meal treatments were most 

effective in reducing Rhizoctonia when intact rather than denatured.   S. alba crop 

phytotoxicity clouds its fungicidal efficacy.  

In conclusion, use of a S. alba or B. juncea mustard amendments as a herbicide and 

fungicide has huge potential, especially when the crop can be planted or transplanted after a 

suitable delay after soil amendment.  This results in the best pest management and least crop 

injury.  However, more research will be needed to examine phytotoxicity of sensitivity of 

crops so that proper seeding or transplanting delays may be used to realize the full potential 

of Brassicaceae seed meals used as biopesticides.  In addition, the efficacy of Brassicaceae 

meals on a wide range of weed species and soil borne pathogens must be examined if 

Brassicaceae seed meals are to be adopted as an alternative to more toxic synthetic soil 

fumigants. 
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