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ABSTRACT

Sulphur, one of the macro-nutrients that is required by plants, has attracted wide

interest because it influences the production of glucosinolates and their

breakdown products. It has been found that lower levels of soil sulphur result in
reduced glucosinolate production rn B. napus and B. campesrr¡s. However, in the

case of Brussels sprouts (8. oleracea vaÍ. genvnifera), this association remained

unclea¡.

This project investigated the effect of applying different levels of soil sulphur on

the concentration of free thiocyanates, total thiocyanates, total glucosinolates,

and some individual glucosinolates, of Brussels sprouts grown in the glasshouse

and in the field. The effect of soil sulphur levels on the bitterness of this

vegetable was assessed by sensory tests, and the relationship between soil

sulphur levels and insect preference was also investigated.

The buds produced by Brussels sprouts grown in the glasshouse with a standa¡d

nutrient mixnue supplemented by different levels of sulphur were considerably

smaller than ma¡ketable-sized. A small improvement in size was noted when the

levels of sulphur and nitrogen were increased, but the problem of growing

Brussels sprouts in pots and producing acceptable-sized buds has not been

resolved. Despite bud size being small, strong responses to sulphur were

observed for leaf colou¡, leaf number, bud yield, and thiocyanate concentration of
glasshouse-gro,wn Brussels sprouts up to the highest level of sulphur applied.

There was a significant preference of the aphid, Brevicoryne brassicae, to

reproduce on plants which were receiving the highest sulphur levels. Infestation

with aphids for one month decreased the concentration of total thiocyanates and

total glucosinolates compared to control plants receiving the same amount of
sulphur. In conEast, there was an increase in the concenüation of free

ttriocyanates in the leaves of infested plants treated with the highest levels of
sulphur, suggesting that myrosinase activity was increased in the presence of
aphids.

The number of eggs of Pierís rapae on the leaves of Brussels sprouts was

significantly increased as the level of soil sulphur was increased. The effect was

greatest for cv. Roger indicating that cultiva¡ is a significant factor.

Glucobrassicin was found to be the most important glucosinolate for oviposition

of this butterfly.

It was found that the concentration of free thiocyanates, total thiocyanates, and

total glucosinolates in buds from plants grown in the field increased from the first
to the thi¡d harvest. This suggests that as the plant mature, there is : (a) a large

increase in the uptake of soil sulphur, (b) an increase in the rate of metabolic
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pathways involving sulphur, (c) r switch of metabolism from protein to
glucosinolate synthesis, (d) combination of (a), (b)' and (c).

Results from the field experiment showed that ttre application of KzSO4 at râtes

between 0 and 300 kg/ha had no significant effect on the concentratíons of free

thiocyanates, total thiocyanates, total glucosinolates, and the major individual
glucosinolates, progoitrin, sinigrin, gluconapin, ffid glucobrassicin in the buds of
Brussels sprouts. However, the concentrations rwere significantly affected by

cultiva¡ and/or site, and/or interactions between these two factors.

Bud yield increased between application rates of 0 and 300 kglha of KzSO¿, but

only by ll7o. The general lack of an effect of applied KzSO¿ in the field trial
appeared to be due to a release of sulphur from organic mater, since the amount

of SO.-S in the controls at the end of the experiment was greater than the level

prior to ttre start of the experiment.

Although there was no significant effect of KzSO¿ on the sulphur containing

compounds measured in field-grown Brussels sprouts, it was found that the

bitterness of the sprouts was significantly influenced by the level of KzSO¿

applied. Buds from plants treated with the highest level of KzSO¿ were judged

-õt" bitter than those from controls which received no KzSO¿. It is concluded

that other compounds, not identified in this research progfam, are primarily
responsible for the bitter flavour of Brussels sprouts.
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CHAPTER 1

INTRODUCTION

In some Brassica vegetables, increased levels of sulphur-containing compounds,

such as glucosinolates and/or their breakdown products, are associated with

stronger flavour, in particular an increase in bitterness or pungency (Freeman &

Mossadeghi, tg72 a; Macleod, 1976, Fenwick et al., 1983; Potter, L993). A

high proportion of the population, especially children, find this bitterness

unacceptable, and hence Brassica vegetables generally rate low in popularity

compared to other vegetables. However, the nutritional properties of the Brassica

vegetables ¿ìre exceptionally high, and there is increasing evidence of their anti-

carcinogenic activity (Chung et a1.,1985; Smith et a1.,1990, Vines, 1996).

Considering these findings, a decrease in the content of glucosinolates and/or

their breakdown products may lead to a decrease in bitterness and a greater

acceptance of Brassica vegetables by consumers. This hypothesis will be

examined for Brussels sprouts in this thesis.

Generally, glucosinolates and their metabolites play a role as a feeding stimulant

for many insects which specialise in feeding on the Cruciferae, but as a feeding

deterrent for other insects (Harborne, 1988). Therefore, other than influencing

the flavour of Brassica vegetables, it has been suggested that glucosinolates

and/or their breakdown products are involved in the plant-insect interaction (Van

Emden, 1972; Niemeyer, 1990; Ba¡let & Williams, 1991).

About one hundred glucosinolates have been identified in plants and these differ

only in the structure of the side chain attached to the basic thioglucose-sulfonated

oxime patt of the molecule, as shown in Fig. 2.3. However, it is unresolved

whether glucosinolates themselves, or their breakdown products, mainly
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contribute to the flavour as well as to the plant-insect interaction of Brussels

sprouts.

Sulphur, one of the macro-nutrients that is required by plants, has attracted wide

interest because it influences the production of glucosinolates and their

breakdown products. Lower levels of soil sulphur result in reduced glucosinolate

production in B. rurpus and B. campestris (Josefsson & Appelqvist, 1968);

Brassica nepus (Walker and Booth, 1992; 1994); and ,8. iuncea (Kaur et al',

1990). However, limited information was available in the case of Brussels

sprouts (B.olerace v ar. Semtnífera).

This project investigated the effect of applying different levels of soil sulphur on

the concentration of free thiocyanates, total thiocyanates, total glucosinolates,

and some individual glucosinolates, in Brussels sprouts gfown in the glasshouse

and in the field. The effect of soil sulphur levels on the bitterness of 'this

vegetable was assessed by sensory tests and the relationship between soil sulphur

levels and insect preference was also investigated.
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CHAPTER 2

LITERATTJRE REVIEW

2.1. Phylogeny and history of Brussels sprouts

The.Br¿ssÍcø species includes very diverse types of plants which are ha¡vested

for vegetables, fodder and sources of oils. Six species are identified, three of

which, Brassica nígra, B. oleracea, and B. campestrís, üê regarded as

elementary or basic species and the other three, B. carin¿ta, B- juncea, and B'

tu¿pus, a¡e derived from any two of the basic species, as shown in Fig. 2.1. In

addition, B. oleracea, B. campestris and B. iuncea are highly polymorphic

species (Prakash and Hinata, 1980).

The crop Brassica also can be divided into th¡ee basic gloups as follows:

1. Cole group : cabbage, cauliflower, Brussels Sprouts, broccoli, kohl¡abi, kale

2. Mustard group : black mustald, Chinese mustard, Chinese cabbage, turnip

3. Rape group: rape, swede.

The Cole group (8. oleracea) provides important vegetables all over the world

where practically every part of the plant, e.g. leaves, terminal and axillary buds,

stems and floral tissues a¡e utilized. The Mustard and Rape gloups ¿re a source

of vegetables and oil which constitute an important part of the human diet

(Prakash and Hinata, 1980). Brassica oleracea is divided into two groups with

different characteristics :

1. greatly developed axillary bud, e.g. head kale and Brussels sprouts

2. stem more or less unbranched, e.g. kale, kohlrabi, cabbage, broccoli and

cauliflower (Prakash and Hinata, 1980).

Brussels sprouts, Brassica oleracea var. gerwnifera. originated in northern

Europe no more than 400-500 years ago. The plant takes its name from the

Belgian city, in the vicinity of which it has long been grown (Yarnell, 1956).
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These plants have a large number of edible axillary buds which give economic

importance to the cha¡acter (Prakash and Hinata, 1980). Brussels sprouts are

biennial plants which develop flowering stems, and set seed, after the

vernalisation requirement has been met @dmond et a1.,1975).

Brussels sprouts grow best in the temperature range from 15-18oC, tolerate frost

well, but show inhibited growth and reduced yield under prolonged low

temperatues. For the best gfowth they need a soil pH around 7 (Lomman, 1988).

The vegetable contains high levels of protein, vitamin 81, B2 and C, and mineral

iron (yamaguchi, 1983). A cha¡acteristic of Brussels sprouts is its unpleasant

odour and bitterþungent flavou¡ which is thought to be related to the presence of

sulphur-containing compounds, called glucosinolates (Fenwick et a1.,1983).

2.2. The role of sulphur nutrition in the plants

Sulphur is an important element which contributes to physiological processes in

the development and growth of plants. Most sulphur in the soil occurs as

sulphate ion SO¿2- in which form it is absorbed by the roots. After absorption,

SOo'- is fansported to the leaf where it is reduced in the chloroplast and

incorporated into cysteine (Duke and Reisenauer, 1986). There are two pathways

for SO¿2- reduction in higher plants @ig.2.2). In the "bound" pathway all of the

intermediates in SOot- reduction are bound to an organic thiol carrier compound

(Car-SH), whereas in the "free" pathway, SO¡- and 52- ¿ìre intermediates

(Thompson et al., 1986; Anderson & Beardall, 1991). Plants, especially on

sulphur deficient soils, can absorb sulphur directly from the atmosphere in the

form of sulphur dioxide, and convert it into organic sulphur compounds through

the free pathway (Anderson & Beardall, 1991).

According to Thompson er aI. (1986). sulphate reduction changes the valency of

the S atom from +6 ¡o -2. Since most S compounds of the plant are in the
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reduced form and since SOo2- is the predominant S source, SOo2- reduction is a

vital biochemical process for the plant. Reduced S is redistributed throughout the

plant in the sieve elements of the phloem and incorporated into cysteine.

Furthermore, a major portion of cysteine is transferred to methionine, and both,

along with ni6ogen, are incorporated into proteins (Ihompson et aI., 1986;

Epstein, l97l).

Other than being necessary components for plant protein synthesis, methionine

and cysteine contribute to the structure and function of many enzymes (Duke and

Reisenauer, 1986), and thus all plant metabolism and physiology are dependent

on S-containing compounds. Therefore, S deprivation will cause basic metabolic

disfunctions which will result in reductions in crop yield and quality (Duke and

Reisenauer, 1986).

Hewitt and Smith (1975) stated that the symptoms of sulphur deficiency are

similar to those of nitrogen deficiency, and include reduced growth and chlorosis.

Chlorosis starts with interveinal yellowing of new leaves and develops gradually

over the entire leaf a¡ea, extending to the older leaves in some crops. With time,

reddening and purpling develops in the petioles, stems and leaves of many crops'

particularly the Brassica species (Duke and Reisenauer, 1986). Sulphur

deficiency also decreases leaf size and stem diameter (Hewitt and Smith, L975).

Another role of sulphur is its contribution to the process of photosynthesis.

Epstein (lg7l) mentioned that ferredoxin and other compounds involved in

elecfon transfer contain sulphur as one of their components. Therefore, S

deficiency often leads to low levels of carbohydrate production due to

diminishing of the photosynthesis process which involves sulphur. Sulphur

nutrition participates in the biogenesis of te¡penoid compounds, including many

of the essential oils, gibberellins, ca¡otenoids and steroids @pstein, l97I). The

sfiong taste and unpleasant smell of many plants in the Crucíferae and Allium
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families is thought to be related to their content of sulphur-containing compounds

which a¡ise from secondary metabolic pathways (Freeman and Mossadeghi,

197 0; 197 l; 1972 a & b; Glass, 1989).

2.3. Biochemistry of glucosinolates

Glucosinolates and their breakdown products are sulphur-containing compounds

which contribute to the strong taste and smell of many vegetables, especially in

the Cruciferae fanily (Freeman & Mossadeghi, 1972 a; Macleod,1976; Fenwick

et a1.,1983). The first glucosinolate was isolated more than a century ago, when

the enzymatic formation of mustard oil was studied by Boutron and Fremy in

1840 (Underhill, 1980). About one hundred glucosinolates have been found in

plants and they have a general physical structure as shown in Fig. 2.3, which was

proposed by Ettlinger and Lundeen in 1956 (Larsen, 1981). According to La¡sen

(1981), the va¡iability of glucosinolates is based on differences in the side chain

R, while the carbohydrate moiety is always ß-D-glucopyranosyl.

The nomenclature of glucosinolates is based on a semi-systematic system, where

glucosinolates are derived by naming the side chain R as a prefix. Howevet,

before this system was developed, trivial names were given to the glucosinolates

and these n¿unes are still popular. For example sinigrin. is 2-propenyl

glucosinolate, progoirin is 2-hydroxy-3-butenyl'glucosinolate (La¡sen, 1981).

Table 2.1 shows the R group, the name of the corresponding glucosinolate, and

the trivial n¿rme for some glucosinolates in the Brassicø species.

According to La¡sen (1981), glucosinolates are hydrophilic, non-volatile

compounds which are fairly stable at neutral pH value. In contrast, their

breakdown products, the isothiocyanates, are generally volatile compounds wich

often have a strong smell and taste.
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Table 2.1. Some glucosinolates in Brassíca species (Sang, et al'' 1984)

2-Hydroxybut-3-enYl ProgoirinC[Iz=CH-CH-CHr-
I

OH

C[Iz=C[I-C[Iz-

G{3SO(CH2)1-

GI3 S O-CH=C[I-CHz-CHz-

OH

CH¿=CH-CIJy'CIj2-

otf

-cl{: -

I
TI

CtI3-S-CH2-CHr-CHr-

CIIz=CII- CHz- CII2- CH2-

CH¡ - S - CHz-CH2-CHr- CHr-

CH¡-S-CH=CH-CH2-CHr-

-cH. -

ql{s-CH2-CH2-

oc¡{}

-CH' -

H

-CH=-

I
H

2-Propenyt (allyl)

4-MettrylsuphinylbutYl

4-Mettrylsuphinylbut-3-
enyl
2-Hydrorypent4-enyl

But-3-enyl

4-Hydroxy-3
indolylmethyl

3-Methylthiopropyl

Pent4-enyl

4-Methylthioburyl

4-Methylthiobut-3 -enyl

3-krdolylmethyl

2-Phenylethyl

4-Methoxy-3-
indolylmethyl

1-Methoxy-3-
indolylmethyl

Sinigtn

Glucoraphanin

Glucoraphenin

Napoleiferin

Gluconapin

4-Hydroxy glucobras sicin

Glucoibervi¡in

GlucobrassicanaPin

Glucoenrcin

Glucoraphasatin

Glucob,rassicin

Gluconasturtün

4-Methoxy glucobrassicin

Neoglucobrassicin

I

ocH,

Name of corresponding

glucosinolate

R group Trivial name
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Glucosinolates have been found in eleven families of dicoty'ledonous plants

(Underhill, 1980), but mainly in the families of Capparidaceae, Cruciferae and

Resedoceae. In the case of Cruciferae, glucosinolates seem to be present in all

species, and many of them contain several glucosinolates with large differences

in concentration between the major and minor components (Kjaer, 1976l, Kjaer,

1977; Larsen, 1981). Table 2.2 shows the major individual and total

glucosinolates in some fresh Brassica vegetables. According to Underhill (1980),

glucosinolates are found in the roots, leaves and seeds of Cruciferae with

quantitative differences within these parts. For example, higher concentrations

are found in the seeds of rape, in the leaves of cabbage, and in the buds of

Brussels sprouts.

Table 2.2. Major glucosinolates in Brassica vegetables (mg/100 g fresh weight)

(Sones et a|.,1984 a)

Total glucosinolate 226.2 108.9 62.0

Sinigrin 2-Propenyl
(allyl)
3-Butenyl
2-Hydroxy-3-
butenyl
3-rnethylsulfinyl
propyl
3-indolylmethyl
l-Methoxy-3-
indolylmethyl

45.5 26.3 t4.2

Gluconapin
Progoitrin

25.2
47.8

1.8

3.8
0.7
2.3

Glucoiberin 35.3 45.0 17.3

Glucobrassicin
Neoglucobrassicin

62.4
1 1.0

29.5
2.5

22.7
4.8

Trivial name Side chain Brussels cabbage cauliflorver
ts

Glucosinolates are derived frorn amino acids in a series of steps, as shown in Fig.

2.4. In these steps, several reactions occur, e.g. oxidation, decarboxylation,

sulphuration, glucosylation and fìnally sulphonation (Kjaer, 1976). The

intermediates between amino acids and glucosinolates that have been identified

are aldoxirnes, thiohydroxymic acid and desulphoglucosinolates (Larsen, 1981).

10



Glucosinolates are degraded by an enzyme called myrosinase. This enzyme is

released when the plant tissues are crushed or when autolysis occurs within the

plant (Underhill, 1980). This enzyme hydrolyses the thioglucoside bond;

therefore it can be called thioglucoside glucohydrolase (Larsen, 1981). The

enzymatic degradation of glucosinolates is shown in Fig' 2-5.

Glucosinolate hydrolysis is clearly a complex process with the range of hydrolysis

products produced being highly dependent on the nature of the medium (Larsen,

1981; McGregor et al., 1983; Duncan, 1991). The most cornmon enzymatic

degradation products of glucosinolates is shorvn in Fig- 2.5.

Duncan (1991) reported that glucosinolates are ahvays accompanied in plants

tissue by the thioglucosidase enzyme, myrosinase, rvhich catalyses the cleavage

of the thioglucoside bond of glucosinolates. In the intact plant, enzyme and

substrates occur in se parate plant compartments, presumably as an adaptive

measure to avoid auto-toxicity, but follolving cell disruption, enzyme and

substrate come into contact.

The resulting hydrolysis involves cleavage of the thioglucoside bond and yields

free glucose and an aglycone intermediate, thiohydroxamate-sulfonates, which

undergoes spontaneous degradation to one of a number of toxic metabolites, such

as isothiocyanates, nitriles, and thiocyanates (Larsen, 1981; McGregor et al.,

1983;Duncan, 1991).

The production of hydrolysis products of glucosinolates is under the influence of

conditions in the hydrolysis medium such as pH, temperature, the presence of

various co-factors, some of which are as yet unidentified, and the structure of the

parent molecule (Larsen, l98l; McGregor et a\.,1983; Duncan, l99l).
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When a preparation of myrosinase is added to an aqueous solution of a

glucosinolate, glucose is released and the reactive aglycone, thiohydroxamate 0-

sulfonate, is formed which at neutral pH undergoes a Lossen-type reafrangement

to produce an isothiocyanate. Not only isothiocyanates but also the

corresponding nitriles are formed in greater or lesser amounts with the

concomitant liberation of elemental sulphur. Nitrile formation is favored by low

pH values (Larsen, 1981;McGregor et a1.,1983). In studies with the aglycone of

allyl glucosinolates, generated chernically or by the action of myrosinase, it has

been shorvn that at pH 2,g7yo of the product is the nitrile, whereas at pH 5,97o/o

of the product is the isothiocyanate. At pH 3.5, the two products are formed in

equal amounts (Miller, 1965 cited in Larsen, 1981). Nitrile formation can also be

promoted by ferrous ions and other cations. When fresh plant plant tissue is

autolyzed, that is, the glucosinolates are hydrolysed by endogenous myrosinase in

the presence of cofactors, nitriles may predominate (McGregor et al',1983)'

In the case of 2-hydroxy-3 butenyl glucosinolate in rapeseed or crambe (Crambe

abyssinicaHochst. ex R.E. Fries), it has been shown that myrosinase per se is not

responsible for the difference in products, but that the presence of an as yet

unidentified cofactor favors nitrile production. Heat treatment of rapeseed and

crambe meals has been shown to favour isothiocyanate production at the expense

of nitriles. Treatlnent of rapeseed meals with ethanol has been shown to increase

the nutritional value, presumably by inactivating the nitrile factor and thus

reducing the formation of nitriles by autolysis (McGregor et al.,1983)'

proteins, isolated from various sources, can influence the nature of the hyrolysis

products forrned. Termed an epithiospecifier protein, it is, by it self, devoid of

myrosinase activity. However, when combined with myrosinase it directs the

hydrolysis of alkenyl glucosinolate to yield an epithionitrile such as l-cyano-2,3,

epithiopropane (McGregor et al., 1983). Studies with 2-hydroxy-3-butenyl

of and nitriles
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glucosinolate and isolates of myrosinase have shorvn that both ferrous ions and

epithiospecifier protein are required for epithionitrile formation, indicating that

the action of the epithios pecifier protein is superimposed on the nitrile induced

by ferrous ions (McGregor et al-' 1983).

Formation of thiocyanate ion

In a number of cases the crushing of glucosinolate-containing plants gives rise to

thiocyanate ions. Some aromatic and heterocyclic glucosinolates, notably 4-

hydroxybenzyl glucosinolates and indole glucosinolates, 3-indolylmethyl and l-

methoxy-3-indolylm ethyl glucosinolates give rise to isothiocyanates rvhich are

unstable at neutral or alkaline pH and break dolvn to release inorganic

thiocyanate ion (McGregot et al-,1983)'

Another as yet unidentified cofactor that can direct the hydrolysis of a

glucosinolate to produce a thiocyanate rather than isothiocyanate may be present

in some plants. For example, the allyl glucosinolate in stinkweed (Thlaspi

arvense L.) has been shown to produce predominantly allyl thioc)'anate when

fresh tissue is crushed. It has not yet been ascertained whether the products are

formed enzymatically or whether they are formed subsequently after the action of

myrosinase. Furthermore, the cofactor leading to the formation of'thiocyanates is

labile to both heat and oxidation, which parallels the formation of nitriles

(McGregor et al., 1983).

atron o idine-

Glucosinolates which possess a beta-hyroxyl group in their side chain, such as 2-

hydroxy-3-butenyl glucosinolates (progoitrin/epiprogoitrin) give rise to an

isothiocyanate that spontaneously cyclizes to form an oxazolidinethione' such as

5-vinyl oxazolidi ne-2-thione (Larsen, 1981; McGregor et al',1983).
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2.4. Sulphur nutrition and glucosinolate concentration

As mentioned above, sulphur plays an important role in the production of the

amino acids, cysteine and methionine. According to Serief and Schmotzer

(1968), methionine is a precursor for the biosynthesis of glucosinolates'

Therefore, if sulphate availability is low, production of methionine is limited and

as a consequence the biosynthesis of glucosinolates will be reduced.

Josefsson and Appelqvist (1968) studied the effect of sulphur on the

glucosinolates in seeds produced by plants of rape and tumip treated with five

different levels of sulphate as follows: 0, 0.5, I , 2, and 8 g SOa2-' The results

indicated that the glucosinolate content of the seeds increased successively with

larger quantities of sulphate applied to the plants until a constant level was

reached at 2 g SOo2-. They also noted that plants rvith no sulphate added

developed weakly, and the yield and protein content of their seeds was lower

compared to plants rvhich had been given sulphate' while seed yield and protein

content of seeds from all plants which received some sulphate was about the

same. Further research by Freeman and Mossadeghi (1972 a) found that there

was a significant correlation between sulphate nutrition and the production of

allyl isothiocyanate, a glucosinolate breakdown product, in the three Cruciferous

plants, radish, cabbage and white mustard.

The effect of sulphur on the levels of glucosinolates in the seeds produced by

Brassica jtmcea grolvn in a sulphur def,rcient soil has been studied. Kaur et al.

(1990) found that the addition of 30 ppm S to the sulphur deficient soil

signifìcantly increased the concentration of glucosinolates in the seeds by 50%.

All glucosinolates examined, except for gluconapoleiferin, showed increased

levels, and a ten fold increase was recorded for progoitrin.

A recent study by Walker and Booth (1994), found that glucosinolate levels and

seed yield produced by oilseed rape were raised by applying S, up to 64 kg/ha, on
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a sulphur-deficient site. They also found that glucosinolate levels were depressed

at high nitrogen levels, indicating that the balance between nitrogen and sulphur

affects the concentration of glucosinolates. However, they noted that site had a

far more influential effect on seed glucosinolate levels than either sulphur or

nitrogen application, particularly for the high glucosinolate cultivar Rafal. The

results of their experiment showed that, at the high sulphur site the mean

glucosinolate levels for oilseed rape, cvs. Rafal, Cobra and Tapidor were 60' 15'

and 8 pmol.g'l seed compared r,vith 23, 6, and 5 pmol'g'l seed for the same

varieties, respectively, at the lorv sulphur site'

In the case of cultivar differences, Booth and Walker (1993) noted that the

glucosinolate content of the seeds produced by the high-glucosinolate rape

cultivar responded more to S application than that of the low-glucosinolate

cultivar

Zao et al., (1993 b) found that at a sulphur-sufficient site, application of S did not

signif,rcantly affect seed yield, yield components, seed protein or oil content, and

resulted in only a marginal increase in seed glucosinolate content of B. napus ' A'

significant increase in seed glucosinolate content in response to increasing N rate

was obtained at this site, which was more noticeable in those treatments with

applied S than *,ithout. In contrast, at the S-dehcient site, there were significant

interactions betr,veen S and N on seed yield, protein and glucosinolate contents'

On averag e, a 2-fold increase in seed glucosinolate content in response to an

application of 100 kg S/ha was obtained at the s-deficient site.

Mailer (1989) applied different levels (4, 8, 15,25,100 and 200 pg.g'r of soil) of

sulphur as MgSOa on rape and turnip plants growing under glass house

conditions. As sulphur levels increased up to 100 Ftg'g-r the glucosinolate

concentration in the seeds increased more than l0-fold. The results showed that

increasing rates of apptied sulphur resulted in increased plant size and earlier
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plant maturity. Seed yield and seed size signif,rcantly increased as did oil content'

although these effects rvere found to plateau at relatively low levels of sulphur

(15-25 pg.g't). From this result, Mailer (1989) suggested that although sulphur

is used preferentially for normal growth and to satisff seed yield and oil synthesis

in rapeseed, its availability in excess has a strong influence on the resulting

concentration of glucosinolates. He also found a reduction of the concentration

of glucosinolates, oil yield, and seed yield at the highest sulphur treatment (200

pg.g-l), and suggested that this could be due to an imbalance in the nutrient

solution resulting from the level of calcium falling below that considered

adequate, with increasing sulphur addition'

In the case of Brussels sprouts grown in pots in the glasshouse, Potter (1993)

found no signihcant difference in the thiocyanate levels detected r.vithin the buds

harvested from plants treated with different levels of sulphate. He suggested that

one or more nutrients other than sulphate was limiting glucosinolate production,

and therefore thiocyanate levels, within the buds. Williams et al., (1996) studied

the effect of nitrogen and potassium nutrition on the yield and grade size

distribution of f,reld-grown Brussels sprouts. They applied different levels of

KzSO¿ as a source of K. As a part of this study they examined the effects of

KzSO¿ applications on the thiocyanate levels in the buds of Brussels sprouts'

They found, at one site, that there was a significant increase in thiocyanate

concentration in sprouts as K2SOa application was increased from 0 to 723 kg/ha,

while at another site this effect ,was not signif,rcant due to a residual effect from

high rates of sulphate based fertilizers which had been applied in the previous

year on this site.

2.5. Pharmacological activity of glucosinolates

The presence of glucosinolates in the plant has several important consequences.

Other than contributing to the flavour of many Brassica vegetables, high levels of

glucosinolates in the fodder of livestock result in many problems. Animal feed
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meals containing high levels of glucosinolates have a goitrogenic effect and their

use is restricted (Haughan et al., 1991; Booth & Walker, 1993)' Most of the

glucosinolates found in rapeseed may yield goitrogenic products, although the

modes of action may vary. Oxazolidinethione, various isothiocyanates,

thiocyanates and certain nitriles are variously capable of depressing iodine uptake

(Bell, l9B7; Bradsharv et al., 1984). Rapeseed meals containing glucosinolates

have induced a thyroid hypertrophy in sows and their foetuses' Foetuses are

especially sensitive since their liveweights before birth decrease as the

glucosinolate level in the maternal diet increases (Etienne & Dourmad, 1994)'

High levels of glucosinolates in the meals fed to laying hens caused thyroid

enlargement, decreased egg production and reduced the plasma urate level

(Martland et al., 1984).

Dietary-related indoles and isothiocyanates, particularly allyl isothiocyanate,

were suggested could be anticarcinogenic to two carcinogenic nitrosamines, N-

nitrosodimethylamine (NDMA) and 4-methylnitrosamino-1-(3-pyridyl)-l-

butanone (|INK) (Chung et al., 1985). Meanrvhile 2-phenethyl isothiocyanate,

the precusor to gluconasturtiin, has been found to inhibit carcinogenesis by NNK

in rats, mice and hamsters (Smith et a1.,1990).

There is also increasing evidence that allyl isothiocyanate and sulphoraphane,

both of which are derivatives of glucosinolates, have an anticarcinogenic effect in

humans (Vines, 1996).

2.6. Glucosinolates and the flavour of the Brassica species

Many members of the Brassica genus are known to contain pungent principles'

The dilferent species possess varying levels of glucosinolates rvhich, in turn,

yield various products on hydrolysis. Some of these products may rnake an

important contribution to the flavour and aroma of the vegetables (MacLeod,

r976).
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Isothiocyanates are enzymatic products of the breakdorvn of glucosinolates by

myrosinase (Fig. 2.5). They contribute to the flavour of numerous Cruciferous

vegetables such as mustard, radish, turnip and rape (Kjaer, 1977)' The major

flavour component of mustard is allyl isothiocyanate, a breakdown product of

sinigrin (Heaney and Fenrvick, 1980). Sinigrin is also known to be the precursor

of the pungent principle of black mustard (Brassíca nigra) (Fenwick et a1.,1983).

Freeman and Mossadeghi (1972 a) suggested that the flavour of cabbage

(Brassica oleracea var. capítata) and two other Cruciferous plants, radish

(Raphanus sativus), and white mustard (Sinapsis alba), consists of at least two

types of components:

l. Compounds lvhich impart a general "ve-eetable" flavour. These compounds

are independent of sulphur nutrition.

2. A specific component or components, rvhich are perceived as a burning

sensation on the tongue, sometimes accompanied by a characteristic odour.

The presence of these components is highly correlated with sulphur nutrition.

The burning taste of these plants is reported by Freeman and Mossadeghi (1972

a) to be due to the presence of isothiocyanates rvhich arise on hydrolysis of

glucosinolates by the enryme, myrosinase. In the case of 
' 
cabbage, allyl

isothiocyanate is believed to be the compound responsible for the strong taste.

Macleod (1976) found allyl isothiocyanate, rvhich is derived from sinigrin, to be

a very bitter compound. Consequently, the production of appreciable amounts of

this cornpound in vegetables results in a strong flavour. Larger proportions of

allyl isothiocyanate are produced in the heart of cabbage and this feature imparts

the stronger and more bitter flavour of this part of the plant. Therefore, it was

suggested that any process rvhich destroys or inactivates the enzyme myrosinase

will cause a decrease in isothiocyanate production and the result will be a product

of less distinctive flavour (Macleod, 1976).
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Horticultural practices can also influence the production of allyl isothiocyanate

and consequently change the flavour of cabbage. For example, plants sown two

months later than normal had a lower concentration of allyl isothiocyanate and

less bitter flavour than those sown at the normal time (Macleod, 1976). Also,

closer crop spacing of Brussels sprouts was associated with greater levels of allyl

isothiocyanate, and sensory tests conf,rrmed that the plant tissues had a stronger

flavour than normal. Macleod and Pikk (1978) found that the best flavour of

Brussels sprouts was described by tasters for plants grown af 45 cm spacin,e

compared to 30 and 60 cm. Buds from plants grorvn at the 30 cm spacing were

less preferred by tasters because of their very strong flavour, possibly due to the

extra isothiocyanate produced. At 60 cm spacing the flavour of Brussels sprouts

was definitely inferior, being rather bland. All six cultivars in this study

produced more isothiocyanates at 30 cm spacing than at 60 cm. Macleod and

pikk (1g7g) stated that isothiocyanates are the most important contributors to

Brussels sprout flavour, providing a characteristic desirable 'bite' to the flavour

when present in moderate amounts. Increases in the amounts of these compounds

were mainly responsible for the stronger, more bitter flavour when the plants

were grown close together. They suggested that the increase in flavour

compounds with closer crop spacing was due to increased biosynthesis of lo'uv

molecular weight precursors under stress conditions'

Williams et al. (1996) studied the effect of nitrogen and potassium (as K2SOa) on

the yield and grade size distribution of Brussels sprouts. In a part of this study,

they found that there was a significant increase in the bitterness of taste of field-

grown Brussels sprouts as the amount of KzSO¿ applied increased from 0 to 723

kg/ha, due to increasing thiocyanate concentration in the buds.

The major glucosinolates in the buds of Brussels sprouts are glucobrassicin,

gluconapin, progoitrin and sinigrin (Heaney and Fenwick, 1980). 2-propenyl

glucosinolate (sinigrin) was considered to be the most bitter, followed by (-)5-
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vinyloxazolidine-2-thione (goitrogen), a compound derived from 2-hydroxy-3-

butenyl glucosinolate (progoitrin), whilst gluconapin, glucobrassicin and

progoitrin were considered to have no flavour (Fenwick et al., 1983). The

amount of progoitrin is an indication of the potential, rather than actual bitterness,

of Brussels sprouts since the presence of myrosinase is necessary for the

production of (-)5-vinyloxazolidine-2-thione. Therefore, it was su,egested that

the removal of progoitrin and a reduction of sinigrin may be the most important

means of reducing bitterness in Brussels sprouts (Fenwick et al., 1983).

However, according to Macleod (1976), 2-propenyl isothiocyanate, the major

volatile product formed from sinigrin, is very bitter. Thus, it is not clear lvhether

the bitterness encountered with sinigrin is due to this glucosinolate per se, or to

its breakdown products, or a combination of both.

Macleod (1976) found that frozen Brussels sprouts contained less allyl

isothiocyanate than fresh buds. Prior to freezing, the sprouts were blanched by

plunging them into boiling water. He noted that the blanching treatment caused

inactivation of myrosinase, and therefore the production of glucosinolate

breakdow'n products, isothiocyanates, in blanched tissue was less than in fresh

tissue. In addition, he reasoned that possibly some isothiocyanates lvere lost in

the water during this process. Frozen buds rvere judged have flatter and less

distinctive flavour compared with fresh sprouts. Potter (1993) observed that the

bitterness of Brussels sprouts was reduced significantly as blanching time

increased from 3 to 7 and 12 minutes. He also found that the least bitter flavour

was judged for the smallest buds ol'Brussels sprouts which contained the lowest

level of thiocyanates, rvhile medium size buds, with the highest level of

thiocyanates were judged by the sensory panels to be the most bitter samples.

2.7. Glucosinolates and insect preference

The role of glucosinolates in the plant-insect interaction has been studied for

many Brassica crops, but not for Brussels sprouts. Niemeyer (1990), stated that
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glucosinolates afe important in host selection by the aphid, Brevicoryne

brassìcae. Aphids such as .8. brassicae and Myzus persicae, which prefer

glucosinolate-containing Cruciferae as hosts, more readily afe a diet containing

sucrose and sinigrin than Rophalosiphum padi, Aphis fabae and Acyrthosiphon

pisum, for which crucifers are non-hosts. Van Emden (1972), showed fhat B'

brassicae are guided to the most suitable site for feeding by the sinigrin level' He

found that this aphid preferred to feed on the more mature leaves of cabbage with

medium sinigrin levels and avoid young cabbage leaves with a very high sinigrin

concentration. Barlet and Williams (1991) reported that the feeding of cabbage

stem flea beetle (Psyttiodes chrysocephata) was stimulated by the presence of

glucosinolates in Brassica species. They found that glucosinolates were an

important feeding stimulant for this insect. Dethier (1972) found that larvae of

the cabbage butterfly can generally be persuaded to feed on an artificial diet that

contains sinigrin, and they die rather than eat a diet lacking sinigrin.

Glucosinolates also stimulate the oviposition of Diamondback moth, Plutella

xylostella (Reed et al., 1989) and a number of other insect species that feed

exclusively on crucifers (Nault & Styrer, 1972)'

Other than as feeding stimulants for oliphagous insects that use members of the

Cruciferae as hosts, glucosinolates also act as feeding deterrents and toxins for

many polyphagous insects. The reduction of glucosinolates in canola cultivars

may lead to an increase in infestation of the crop by polyphagous insects (Blau er

al., l97B). On the other hand, it might reduce the atractiveness of the crop to

crucifer specialists. Erickson and Feeny (1974) found that sinigrin in cabbage

plants has a clear defensive function against insects that do not normally feed on

this family of plants. Butts and Lamb (1990) reported that the level of

glucosinolates had no effect on the preference of the crop for Lygus bugs. They

tbund that oil seed rapes with either high or low levels of glucosinolates were

suitable hosts for Lygtts bugs.
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Insect attack may also affect glucosinolate content. Birch et al. (1990) found that

total glucosinolates in Brassica napus usually decreased after attack by Turnip

root fly (Detia floratis). They found that the concentration of total aromatic

glucosinolates (2-phenylethyl, 3-indolemethyl and 1-methory-3-indolemethyl)

increased significantly, while total aliphatic (2-OH-3-butenyl, 4-methylthiobutyl,

3-butenyl and 2-OH-4-pentenyl) glucosinolates were reduced after insect attack.

The concentration of total and individual glucosinolates in oilseed rape changes

after attack by Psytliodes chrysocephola. These chan-ees are mainl¡' due to an

increase in indole glucosinolate (3-indolylmethyl, 1-methoxy-3-indolylmethyl) in

the plants (Barlet and Williams, 1991).

2.8. Methods for analysing glucosinolates

The biological effect of the glucosinolates and their breakdo"vn products and their

contribution to the flavour of Brassicas stimulated considerable interest in

methods for determining their content. A wide diversity of methods have been

developed. These include both indirect methods, in which one or another of the

enzymatically released products are measured, and direct methods in rvhich intact

glucosinolates or thier derivatives are measured (McGregor et al-, 1983)'

Analytical methodology for determining the glucosinolates has been reviewed by

McGregor et at. (1983), and is briefly described follows:

1. Enzymatically released products

Isothiocyanates

Gravimetric, argentimetric, and iodometric methods, originally developed to

measure allyl isothiocyanate produced from black mustard seed, have also been

applied to the seed of brolvn mustard and rapeseed. But by the 1950s, when these

methods rvere proposed, lack of agreement between methods, attributed to

differences in glucosinolate composition, had led to doubt as to their reliability.

The requirement for a relatively large sample, and the tedious and time

S
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consuming nature of the steam distillati on and titration which were involved, led

to a search for better methods (McGregot et al'' 1983)'

Spectrophotometric method

In the early 1950s, Kjaer and co-workers took advantage of the intense ultraviolet

absorption of substituted thioureas of isothiocy anates, including allyl' to develop

a spectrophotometric method for quantitation. Ground seed was first added to a

mixture of hot petroleum ether and ethanol and refluxed to inactivate the

endogenous enzymes and partially extract the oil. Oil extraction was completed

by further refluxing with petroleum ether and ethanol' A myrosinase isolate from

mustard was added to the oil-extracted meal and the mixture was incubated. The

released isothiocyanates rvere then steam-distilled into ammonia to form thiour

eas. The clear solution containing the thioureas was then evaporated to dryness

and diluted to volume with ethanol, and the absorbance was measured at 220,

240, and 260 nm (McGregor et a|.,1983)'

Colourimetric method

Devani and co-rvorkers in lg76 (McGregor e/ al., 1983)' proposed a

colourimetric method for determining allyl isothiocyanate. The isothiocyanate

was reacted lvith sulfanilamide to form the coffesponding thiourea, lvhich was

then allowed to react lvith 2,3 dichloro-1,4-naphthoquinone in the presence of

ammonia before measuring the absorbance at 540 nm. The absence of any

requirement for steam distillation in this method was considered to be a particular

advantage.

Other methods-

Attempts have been made to specific ally analyze for allyl isothiocyanate by using

paper chromatography to isolate the thiourea. This approach is, however, tedious

and time consuming. Application of the gas chromatography method has proven

more appropria te. However the of an external rather than internal standard' and
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failure to control the conditions of myrosinase hydrolysis, are the main

disadvantages. High performace tiquid chromatography (HPLC) can be used to

rapidly and specifically quantitate minute amounts of altyl isothiocyanate

(McGregor et al., 1983).

Thiocyanate ion

Most glucosinolates give rise to stable isothiocyanates which ma1'be isolated and

measured. Notable exceptions are the indole glucosinolates, 3-indolylmethyl

glucosinolate (glucobrassicin), 1-methoxy-3-indolylmethyl glucosinolate

(neoglucobrassicin), and 4-hydroxybenzyl glucosinolate whose isothiocyanates

are unstable and breakdown under neutral, or alkaline conditions to release

inorganic thiocyanate ion. Indole glucosinolates appear to have an ubiquitous

distribution among the brassicas. They have been found in the vegetative parts of

all members of the genus investigated to date (McGregor et al.,1983).

Ashworth, lg75 cited in McGregor et al., (1983), extensively reviewed the

analytical chemistry of inorganic thiocyates. He classified most methods into 2

groups : those based on conversion to poorly soluble and/or coloured

thiocyanates, and those in which the thiocyanate undergoes oxidation. Both

approaches have been used to determine the indole and 4-hydroxybenzyl

glucosinolate content of agricultural products.

Colourimetric methods

The reaction of thiocyanate ion r,vith ferric chloride or ferric nitrate to produce an

intensely red ferric thiocyanate complex has been widely used to measure the

thiocyanate content of Brassicas. In some studi es, the method has been limited

by interfering substances that react rvith ferric ion to give back-eround color and

artificially high values, or by precipitation of some of the thiocyanate which

results in lor,v values. To overcome these difficulties, Johnston and Jones (1966)'
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added a little mercuric chloride to destroy the ferric thiocyanate complex and

subtracted the background measurement from the original value.

Both Brown mustard and rapeseed were observed to release thiocyanate ion, so it

was recommended that measurement of isothiocyanates and oxazolidinethiones

be complemented by measurement of thiocyanate ion to determine total

glucosinolate content. This is particularly true of the new, low-glucosinolate

varieties of rapeseed lvhere thiocyanate rvas observed to constitute as much as

43o/o of the aglucone hydrolysis products (McGregot et a1.,1983).

Oxidation method

Oxidation of the thiocyanate ion has also been used to analyze for indole

glucosinolate content. The method originally published by Aldrid-se in 1944,

involving reaction with bromine, pyridine, and benzine as chromophores, was

adopted by Michajlovskij and Langer in 1958 to analyze the thiocyanate content

of Brassicas (McGregor et al.,1983).

Nitriles

Measurements of enzymatically released nitriles has not seen widespread use for

determining the glucosinolate content of agricultural crop commodities.

Daxenbichler and co-workers in 1966, developed a method for measuring the

nitriles of crambe, based on infrared absorption. The same laboratory later

developed a gas chromatographic method to measure the nitrile, epithionitriles,

and isothiocyanate released by autolysis of 2-hydroxy-3-butenyl glucosinolate in

crambe (McGregor et a\.,1983).

2. Glucosinolates

There has been a signifrcant advance in methodology for determining the

glucosinolate content without involving myrosinase hydrolysis. Two approaches

exploit the potential of improved instrumentation, notably gas chromatography
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and high performance liqui d ch¡omatography, for greater resolution and sensitive

quantitation to determine both glucosinolate composition and content. A third

uses colourimetric analysis to determine total glucosinolate content (McGregor er

al.,1983).

Gas chromatography (GC) method

Gas chromatography of trimethylsilylated desulphoglucosinolates has not only

been used to determine glucosinolate composition, but has also been applied to

the determination of glucosinolate content. Gas chromatography of

trimethylsilylated desulphoglucosinolates on a package column of OV-7 has been

used to separate and quantitate most of the glucosinolates found in Brassica

species including whose which, on myrosinase hydrolysis, give rise to

isothiocyates, oxazolidinethiones, and thiocyanate ion. Notable exceptions are 3-

methylsulphinylpropyl glucosinolate, which form multiple peaks when

derivatized, and 3-indolylmetyl an d 4-hydroxy-3-indolylmethyl glucosinolates

which have recently been reported not to be separated on a package column of

OV-7 but which may be separated on a capillary column of SE-54 (McGregor er

al.,1983).

HPLC is a sensitive technique which has the potential to determine a great

number of individual glucosinolates in oilseed rape and other Brassica species or

cultivars, without initiating enzymatic degradation or drastic derivations (Quinsac

and Ribaillier, 1987). The use of HPLC requires purification of the

glucosinolate-containing extract to avoid serious problems from interfering

compounds (Bjerg and Sorensen, 1987).

The aryl-sulphate sulphohydrolase enzyme extracted from H. pomatia is now

quite commontly used in the analysis of glucosinolates. Desulphoglucosinolates

which are obtained after enzymic desulphatisation could be determined very well

e
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with HpLC (Quinsac and Ribaillier, 1987). The activity of this enzyme depends

on certain factors: temperature, pH, nature of the substrate, and presence of

chemical agent, the actions of which must be known and controlled. However, in

practice, this does not raise many difficulties (Quinsac and Ribaillier, 1987).

The principle of desulphation is that the glucosinolates are cleaved with a

desulphatase enzyme for the sulphate group which is fîxed to the anion exchanger

column, and the desulphoglucosinolates are eluted from the column.

Desulphoglucosinolates can be used directly for HPLC analysis (Muuse and Van

Der Kamp, 1987). An interesting advantage of the HPLC is the possibility of

collecting the compounds separately for further study. Drying the fractions

follow ing their separation on the HPLC system showed no alteration in their

composition, so indicating that the desulphoglucosinolates can be obtained in dry

form (Muuse and Van Der KamP, 1987).

The HPLC steps are based on reversed phase column, with mobile phase being

acetonitrile-water. HPLC of desulphoglucosinolates is a gradient technique

which requires two pumps and a system controller (Bjerg and Sorensen, 1987).

Colouriinetric method

Thies (1982) cited in McGregor et al. (1983), has developed a method whereby

the glucosinolate content of rapeseed can be estimated by reaction lvith sodium

tetrachloropalladate to form a coloured complex. Only a few seeds are required.

Glucosinolate content is estimated either with a colourimeter or visually by

compariso n with seed samples of known glucosinolate content. The method is

simple and rapid and apparently more sensitive than the glucose

oxidase/hexokinase glucose-specific test paper method of Lein in 1970

(McGregor et al., I 983).
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All experiments in this thesis will be based on either the measurement of

thiocyanates, the enzymatic breakdown product of glucosinolates, or individual

glucosinolates. Considering the methods described above, it was decided to

apply the colourimetric method for analysing the thiocyanates, for the reason of

its simplicity, low cost, and sufficient sensitivity (Sec. 3.2.5). Individual

glucosinolates will be analysed by using high perforrnance liquid chromatography

(HPLC) methods because of its sensitivity and accuracy (Sec. 3.2.6).
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CHAPTER 3

GENERAL MATERIALS AND METHODS

3.1. Materials

3.1.1. Glasshouse experiment

Materials used in the glasshouse experiments were as follows: seeds of Brussels

Sprouts (Brassica oleracea var. gemmifera), cultiva¡s Roger, which is a

commercially grown cultivar, and BS 085, a new cultivar selected to contain low

levels of the glucosinolates (Potter, 1993), were donated by Northrup King

Pry.Ltd. Potassium sulphate (&SO¿), was purchased from Chem-Supply,

Adelaide. Young seedlings were grown in a potting mix purchased from the

market. Established plants were grown in sand and perlite 2:1, containing no

nutrients with a pH of a¡ound 7 and sterilised before use. The dry weight of the

media per pot was 9.6 kg.

3.L.z.Assay for free thiocyanates, total thiocyanates, and total glucosinolates.

Ferric nitrate, Fe (NO¡)3 (Sigma), potassium thiocyanate, KSCN (BDH), lead

acetate (Ajax Chemicals), nitric acid (BDH), mercuric chloride (BDH) and

trichloroacetic acid (TCA) (BDH).

3.1.3. Assay for individual glucosinolates

The materials used for assessing individual glucosinolates by HPLC were :

methanol, ba¡ium acefate (BDH), lead acetate (Ajax Chemicals), ammonium

acetate (BDH), DEAE Sephadex A-25 (Pharmacia), trizma base (Sigma), 2-

mercaptoethanol (Sigma), O-nitrophenyl (ONP) Þ-D-galactopyronoside (Sigma),

sulphanilic acid (May & Baker), EDTA (Ajax Chemicals), aryl sulphatase

(Sigma), omnisolv water (EM Science), and acetonitrile (BDH).
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3.2. Methods

3.2.1. Germination of seedlings

Seeds were treated with hot water (50"C) for 25 minutes, in order to protect

against several serious seed borne diseases (Meakins, 1979), and germinated on a

tray containing vermiculite. The tray was placed in the glasshouse, Plant

Research Centre, Waite Campus at ZXC. Two weeks after germination, the

seedlings were transferred to another tray containing coûìmercial potting mix.

After a further 6 weeks, or when the first true leaves appeared, the seedlings were

transferred to pots.

3.2.2. Potting

Brussels sprouts seedlings rwere grown in 25 cm diameter plastic pots. Two

seedlings were sown in a pot containing sand and perlite 2:1. Two weeks after

potting, one plant was removed leaving the healthier plant remaining in each pot.

3.2.3. Fertilizer and sutphur applications for glasshouse experiment

A standa¡d fertilizer solution containing no sulphur (Table 3.1) based on Hewitt

and Smith (1975) was used in this experiment. Potter (1993) used sodium

sulphate, Na2SOa, as the sor¡rce of sulphur, and concluded that sodium at the

higher application rates of NazSOa, câuSed a deterioration in the growth of the

plants and inhibited the development of buds of Brussels sprouts. Therefore, all

experiments in this thesis used K2SOa as the source of sulphur.

For each treatment, the appropriate amount of KzSO¿ was added to the no S-

nutrient mix (Table 3.1) and the volume was adjusted to one liter with RO water.

The pH of the mixtrue was adjusted to around 7 with I mL of 0.5 M NaOH. For

the first 4 weeks after potting, plants were watered with no S-nutrient mix plus

the appropriate amount KzSO¿ once every two weeks. After that they were

fertilized and treated once a week, and 500 mL of RO water was applied

whenever supplementary twater was necessary'
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Calciumnitrate
Magnesium chloride
Magnesium nitrate
Potassium acid posphate

Potassium nitrate
Fe EDTA
Trace elements :

Boric acid
Copper chloride
Manganese chloride
Zinc chloride
MoliMic acid

5.0
5.0
5.0
5.0
5.0
1.5
2.0

o.72
0.02
0.45
0.06
0.0r

0.150
0.004
0.094
0.0r3
0.002

189
4l
51
27

tzt
(*)

94.4
21.35
26.56
t4.06
63.02
2.2t

Stock (glL) Amount NutrientNutrient

Table 3.1. Standa¡d fertilizer containing no sulphur used in the glasshouse

experiment

(*) Stock solution of Fe EDTA was prepiled þased on suggestion of M. Keen, pers.

comm.) as follows: L0.37 g of Na2 EDTA and3.77 g of Fe Cl3. 6 HzO were dissolved in

1 L of RO water. The mixture was adjusted to pH 5.5 with I M KOH

3.2.4. Harvesting, dry weight estimation, âtrd preparation of leaf and hud

tissue for chemical analysis

3.2.4.1. Leaf tissue

The fust three new fully-expanded leaves (counted from the top of plant) were

harvested from each plant and cut into small pieces and combined. About 5 g

was accurately weighed and dried at 100oC for 3 days to get dry weight values,

and the remainder was directly ground to a frne powder with liquid nitrogen

using a mortar and pestle, and stored at -80oC until analysis for free thiocyanates,

total thiocyanates, and total glucosinolates (Sec. 3.2.5).

If individual glucosinolates (Sec. 3.2.6) were to be assessed from the leaves (Sec.

7.2.2.7), then the s¿rme treatment was also done for fully-expanded leaves 4-10

(counted from the top of plant).
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3.2.4.2. Bud tissue

A random sample of five buds of the same size, from each treatment, was

selected and cut horizontally. The upper parts, furthest from the point of

attachment, tvhich contained a softer Stem, were taken for sampling and cut into

small pieces and combined. About 5 g was accurately weighed and dried at

l00oC for 3 days to get dry weight values, and the remainder rvas directly ground

to a fine porvder rvith liquid nitrogen using a mortar and pestle, and stored at -

80"C until analysis for free thiocyanates, total thiocyanates and total

glucosinolates (Sec. 3.2.5), and for individual glucosinolates (Sec. 3.2'6)

3.Z.S.Assay for free thiocyanates, total thiocyanates, and total glucosinolates

The colourimetric method for measuring thiocyanates, which was used in the

studies reported in this thesis, was modified from Johnston and Jones (1966) and

Josefsson (1968). This method was used because of its simplicity, low cost, and

suffìcient sensiti vity for determining thiocyanates (Sec. 2.8)'

Free thiocyanates lvere calculated based on the assumption that thiocyanates were

already present naturally (endogenous) in the plant tissue. Total thiocyanates

were measured after incubating the ground tissue in water at220 C for 20 minutes

to allow myrosinase to degrade glucosinolates. Total thiocyanates were therefore

composed of endogenous levels plus a component assumed to arise from the

breakdown of glucosinolates.

Total glucosinolate concentration was estimated by subtracting the value obtained

for tiee thiocyanates from that for total thiocyanates. Considering that only

specific glucosinolates are degraded to thiocyanates, including 3-indolylmethyl

glucosinolates, l-methoxy-3-indolylmethyl glucosinolates, and 4-hydroxybenzyl

glucosinolates (McGregor er al., 1983), therefore the total glucosinolates

determined in this study represent those glucosinolates only. Sones et al. (l98aa)

observed that in the Brussels sprouts, the concentration of 3-indolylmethyl
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glucosinolates and l-methoxy-3-indolylmethyl glucosinolates is 32o/o of total

glucosinolates, while 4-hydroxl'benzyl glucosinolates are not major

glucosinolates in this vegetable (Table 2.2).

3.2.5.1. Free thiocyanates

The concentration of free thiocyanates were measured as follorvs : 0.5 g of

ground tissue (Sec. 3.2.4) was added to 2 nL of water and 0.5 mL of 50% TCA

in a 25 mL beaker and mixed well. The mixture was transferred to a 10 mL

centrifuge tube and 0.5 mL of 1 M lead acetate was added and the volume rvas

adjusted to 5 mL with water. The mixture rvas centrifuged at 4000 rpm for

l0 min. The supernatant was filtered through Whatman No.l paper and 1 mL of

frltrate was mixed with I mL of 0.4 M Fe(NO¡)¡ in a 3.5 mL Bio-Rad disposable

cuvette. An orange colour developed rapidly in the presence of thiocyanate. A

blank was made by discharging the colour in a duplicate sample rvith 3 drops of

5olo mercuric chloride. The absorbance was read on a spectrophotometer (Pye

Unicam PU 8600 UVA/is) at a wavelength 460 nm. The difference between the

absorbances of the sample and blank was judged as absorbance for free

thiocyanate. The free thiocyanate content in the sample was determined from a

standard curye made by using a range of concentrations of potassium thiocyanate.

A typical standard curve is shown in Fig. 3.1.

3.2.5.2. Total thiocyanates

The concentration of total thiocyanates was estimated by incubating 0.5 g of

ground tissue in 2 mL water for 20 min at room temperature to allow myrosinase

to degrade glucosinolates. After 20 min, 0.5 mL of 50o/o TCA and 0.5 ml of lead

acetate were added and the volunle was adjusted to 5 mL with water. The

mixture lvas centrifi,rged and treated as above.
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Figure g.l. A typ¡cal standard curve for determining the corrcentration of lree

aù totallhiocyãnates in the leaves or br.¡ds of Brussels sprouts- Standard

curves were prepared fresh lor each experiment.
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3.2.5.3. Total glucosinolates

The concentration of total glucosinolates was calculated by subtracting the value

for free thiocyanates from that for the estimate of total thiocyanates.

3.2.6. Assay for individual glucosinolates

Individual glucosinolates were measured using high performance liquid

chromatography (HPLC), as developed by sang and Truscott (1984).

3.2.6.1, Extraction of glucosinolates from the buds or leaves of Brussels

sprouts

Twenty g of powder of leaves or buds (Sec. 3.2.4) were added to 100 mL of

boiling methanol and boiled for 3 minutes. The mixture was filtered through

gavze, then reextracted in 100 mL of 75Yo mefhanol and hltered. The filtrates

\¡/ere combined and reduced to 25 mL at 35oC in a rotary evaporator. Five mL of

a l:1 mixture of 0.5 M barium acetate and 0.5 M lead acetate were added and the

volume adjusted to 50 mL rvith lvater. The mixture was centrifuged at 3000 rpm

for 10 min.

3.2.6.2. Preparation of reagents

Extraction buffer : 0.390 g of 2-mercaptoethanol was weighed in a 100 mL

volumetric flask. Ten nrl- of 10 mM EDTA were added and the volume adjusted

to 100 mL rvith rvater.

Tris buffer : A stock solution of 50 mM Tris-HCl, pH 8 at room temperature

was prepared. The buffer rvas diluted to 20 mM with water for use.

Enzyme digestion buffer: 2 mL ol'extraction buffer was added to l8 mL of 20

mM Tris-HCl, pH 8.
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Internal standard solution :18.2 mg of ONP p-D-galactopyranoside and l8'2

mg of sulphanilic acid were dissolved in 100 mL of water. 10 mL of this solution

was diluted to 40 mL with rvater.

3.2.6.3. Preparation of desulphoglucosinolates

100 mg of DEAE-Sephadex A-25 was added to a polypropylene econo-column

(BioRad). Two mL of 0.5 M ammonium acetate was passed through the column

followedby 5 x t mLr,vater. One mL of extract (Section 3.2.6-l) and I mL of

water were applied to the column, and washed with 2 x I mL of enzyme digestion

buffer. The eluate rvas discarded. 500 ¡rL of 0.2Yo aryl sulphatase rvas added to

the column and incubated at room temperature for 16 hours. The column lvas

eluted with 4 x I mL of rvater and the volume of the eluate adjusted to 5 mL with

water. 500 ¡rL of the eluate was mixed with 400 ¡rL of internal standard solution

(Section 3.2.6.2) and centrifuged at 14,000 rpm for l0 min. The supernatant was

passed through a 0.45 ¡rm filter (Millipore) and 100 pL was injected into the

HPLC machine.

3.2.6.4. HPLC condition

The column used was a Lichrospher 100 Rp-l8 (5pm). The florvrate rvas 0.6

ml/min., and the absorbance was detected at 226 nm. The solvents used lvere

water and acetonitrile, with gradients as shown in Table 3.2.

Table 3.2. Solvent gradient used for HPLC with water as solvent A and

acetonitrile as solvent B

0

l0
40
60

100

88

88

0

100

0

t2
t2
r00
0

l0
30
20
5

565

Time Water % Acetonitrile % Durationminutes minutes
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3.2.6.5. Identification of individual glucosinolate peaks

Purified desulphoglucosinolates \ryere kindly donated by Mark Potter. These had

been isolated and identified from a wild Brassica oleracea plant. The

glucosinolate profile within this sample had been tested by HPLC and the identity

of the peaks confirmed by Gas ChromatographyMass Spectrometer. A HPLC

chromatogram of these desulphoglucosinolates is shown in Fig. 3.2.

3.2.6.6. Quantitation of the concentration of individual glucosinolates

The following formula was used to calculate the amount of individual

glucosinolate in the sample (Sang and Truscott., 1984):

¡rmol desulphoglucosinolate present tn20 g fiv sample : (area of

desulphoglucosinolatelarcaof sulphanilic acid) x response factor (Table 3.3).

Table 3.3. Response factors, determined relative to sulphanilic acid at 226 nm,

used for quantitation of desulphoglucosinolates (Sang and Truscott' 1984)

9.23

9.r7
9.87
2.62

Progoitrin
Sinigrin
Gluconapin
Glucobrassicin

Response factorGlucosinolate

3.3. Data analysis

Analysis of variance of the data was carried out using The Genstat 5 programme

The LSD (least significant difference) was calculated at 0.05 level of probability

If the F-test was not significant (NS), an LSD was not calculated.
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Figure 3.2. A chromatogmm of desulphoglucosinolaæs from the leaves of cabbage
(Brassica oleracea var. capítara) used for identification of individual glucosinolaæs of
Brussels sprouts. Peaks were identified as follows : 1. Sulphanilic acid (inærnal

standard); 2. progoitrin; 3. sinigrin; 4. gluconapin; 5. ONP Gal (internal standa¡d); 6.
glucobrassicin. Detection wavelength :226 nm" HPLC conditions are described in the
texL
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CHAPTER 4

THE EFFECT OF SOIL SULPHI,JR LEYELS ON THE CONCENTRATION OF

TOTAL THIOCYANATES OF GLASSHOUSE-GROWN BRUSSELS SPROUTS

4.1. Introduction

For many people, Brussels sprouts have an unpleasant odour and a bitærþungent

flavour which is ttrought to be related to the presence of sulphur-containing

compounds, such as glucosinolates (Fenwick et.al, 1983) and their breakdown

products, the thiocyanates (Potter, 1993). The levels of glucosinolates in various

Brassica species have been found to vary due to planting distance (Macleod &

Pikk, 1978), planting time (Macleod, 1976),moistrue availability (Mailer & Pratley,

1990) and sulphur application (Mailer, 1989; Kaur et al., 1990; Booth et a1.,1991;

Zao, et at., 1993 a & b, Walker & Booth, 1992, 1994). Although a considerable

amount of resea¡ch has been ca¡ried out on the relationship between soil sulphur

levels and sulphur-containing compounds in Brassicas, the exact relationship

between sulphur level and glucosinolates in Brussels sprouts (Brassica olerace var.

gemmifera) has not been satisfactorily understood.

The effect of applying different levels of soil sulphur on the thiocyanate production

of glasshouse-gfown Brussels Sprouts was ca¡ried out in this experiment.

4.2. Materials and methods

4.2.1. Materials

Seedlings of commercially grown cultivars of Brussels sprouts (Brassica oleracea

var.gemmifera), Roger and Stephen, were donated by Topline Nursery, Uraidla.

Fertilizer, potassium sulphate, planting media and chemical materials for thiocyanate

assessment were as described in Secs. 3.1.1 and 3.L.2.
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4.2.2. Methods

4.2.2.1. Experimental design

The experiment rwas designed as a randomized complete block with eight levels of

soil sulphur and two cultiva¡s, replicated 4 times. The seedlings were potted as in

5ec.3.2.2. The plants were grown in a shade house under partial environmental

control at the Waite Campus, University of Adelaide.

4.2.2.2. Fertilizer and sulphur treatment

Standa¡d fertilizer solution containing no sulphur, Table 3.1, was used as described

in section 3.2.3. Eight levels of KzSO¿ were applied as shown in Table 4.1.

Fertilizer solution and KzSO4 treatment were applied once a week as in Sec. 3.2.3.

4.2.2.3. Assessment of total thiocyanate

As the method for examining free thiocyanate had not been developed yet (Sec.

3.2.5.1), only the total thiocyanate was measured in this experiment. The method

was modified from Josefsson (1968), as follows: the buds from each pot were

pooled, cut into small pieces, and 6 g randomly taken for assay. This material was

blended :rr.z} mL water in an Ultra Turrax high-speed blender for I min and filtered

under vacuum. 0.15 g of lead acetarte was mixed into the filtrate, and the mixture

was centrifuged at 4000 rpm for l0 min. The supernatant was decanted and 5 mL

mixed with 5 mL of 0.4 M ferric nitrate in I M nitric acid. An orange colour

developed rapidly in the presence of thiocyanate. A blank was made by discharging

the colour in a duplicate sample with 5 drops of 57o mercuric chloride. The

absorbance was read on a spectrophotometer (þe Unicam PU 8600 UVf/is) at 460

nm. The difference benpeen the absorbance of sample and blank was judged as

absorbance for thiocyanate. Total thiocyanate concentration was determined by

reading the absorbance against a standard curve, made using a range of

concentrations of potassium thiocyanates (Fig. 3.1). In this assay there was no
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inhibition of myrosinase and thus the thiocyanate level is assumed to be composed

of endogenous levels plus a component from the enzymic breakdown of

glucosinolates, and is refered to as 'total thiocyanates'.

Table 4.1. Amounts of 0.1 M K2SOa added to 1 L of standa¡d 'no sulphur' nutrient

culture mixnlre

0.00
0.25
0.50
0.80
1.00
2.r0
4.20
8.40

0.00
0.08
0.17
o.n
0.33
0.70
1.40
2.80

KzSO¿ (0.t lø¡ (mL) S (ppm /pot)

4.3. Results and discussion

4.3.L. Sulphur deficiency symptoms

Suþhur deficiency symptorns (Figs 4.1 and 4.2) were obsewed during plant growth.

Up to eight weeks old, all plants appeared to be healthy, but beyond that age, plants

treated with 0 and 0.08 ppm S/pot had thinner and shofer stems and smaller leaves

than other treatments. By foufeen weeks after potting, plants receiving less than

O.27 ppm of S developed purple leaves, which was most marked on the young

leaves. The symptoms proglessed from purple to yellowing and were more severe

on cultivar Roger than on Stephen. Generally, sulphur deficiency symptoms

occurred at sulphur levels below 0.70 ppm as shown inFig.4.2.

4.3.2. The number of leaves

The number of fully expanded leaves per plant was recorded when the plants were

ten weeks old.
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Figure 4.1. Sulphur deficiency symptoms at the application of 0'17 ppm S/pot on

Brussels sprouts cv. Roger at 14 weeks after potting
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Figure 4.2. Sulphur deficiency symptoms in Brussels sprouts in relation to different

tevets of sulphur applied in nutrient culture solution (Table 4-l) at 16 weeks after

potting.
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4.3.2.1. Main factors

Sulphur effects

The mean leaf numbet, averaged over the two cultivars, was significantly affected

by the level of sulphur applied (Fig. 4.3). Plana Eeated with 0.70 ppm S or higher

had a significantly greater mean number of leaves than plants treated with 0, 0.08

and 0.17 ppm S. There was no significant difference in the mean number of leaves

between ttre plants treated with 0.17 ppm S or less. The unusually high mean value

for leaf number at 0.27 ppm S compared to the other treaünents could not be

explained. Plants treated with 2.80 ppm of S had a significantly higher mean

number of leaves than treatments with 0.70 ppm or less.

Cultivar effects

There was no significant difference between the tr¡¡o cultivars, averaged over the

eight levels of sulphur, on the mean number of leaves.

4.3.2.2. fnteraction

There was no significant interaction between soil sulphur level and cultivar on the

mean number of leaves of Brussels sprouts.

4.3.3. Bud development and Yield

Buds started to appear 10 weeks after potting but their growth was very slow. To

stimulate bud growth, the amount of calcium nitrate applied was doubled and all

nutrients were applied whenever watering was necessary from 21 weeks on. Very

hot temperatures during bud development may have influenced their growth. At

that time, mid-October 1994, day temperatues were between 27-32'C

(Meteorological report, Waite Agricultural Research Institute, 1994, unpublished).

As the plants wefe grown without temperature control in a sarlon-covered shade

house, hot temperatures could not be avoided. Brussels sprouts need relatively low
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temperatures (15-18oC), especially during bud development (Lomman, 1988). So,

the plants were exposed to temperatures above their optimum, and this would have

adversely affected their growth.

In a commercial situation bud harvesting cornmences about 16 weeks after planting.

In this experiment, bud growth was very slow and harvesting did not cornmence

until 23 weeks at which time the buds were starting to open. The largest buds were

only aboutfiz}ththe size of commercially produced buds, and with cultivar Sæphen

no buds were produced with sulphur levels less than 0.70 ppm. Subsequent

experiments showed ttrat the sulphur and nitrogen levels used in this experiment

were very low compared to those used in the field. It is not clear whether the poor

growth was due to high temperatures, low nutrient levels, or a combination of both.

4.3.3.1. Main factors

Sulphur effects

Fig.4.4. shows that, averaged over the two cultivars, the plants treated with sulphur

ar rates of 1.40 and 2.80 ppm had significantly higher mean bud yield than those at

the lower rates of sulphur apptied. Further inspection of the data @g. 4-5) showed

that there rwas a polynomial relationship (third order) between bud production and

soil suþhur levels (y= -2.16 x3 + 8.26 *' - 1.09 x + 0.09. ? = 0.926). There

appeared to be an exponential response up to 1.40 ppm S and at higher S level the

response was about linear.

Cultivar effects

There was no significant difference between the two cultivars, averaged over the

eight levels of sulphur, on the mean bud yield.
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Figure 4.3. Number of fully expanded leaves of Brussels sprouts in relation to

ditferent levels of sulphur applied ¡n nutr¡ent culture solution. The data is averaged

over two cuhivars. Each bar is the mean of 8 values. The vertical line indicates

the LSD at P=0.05. Sulphur deficiency symptoms were more marked below

0.70 ppm of S
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Figure 4.4. Bud yield of Brussels sprouts in relation to different levels of sulphur

applied in nutrient culture solution. The data is averaged over two cultivars. Each

dot is the mean of I values. The vertical line indicates the LSD at P=0.05.
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4.3.3.2. Interaction

There was no significant inæraction between soil sulphur level and cultiva¡ in the

mean bud yield of Brussels sprouts.

4.3.4. rTotal thiocyanate' concentration in the buds

Sufficient bud material for a 'total thiocyanate' assay was available only from the

plants treated with sulphu¡ levels of 1.4O and 2.80 Ppm/pot. However, since not all

replicates yielded enough buds to be analysed, there was no statistical analysis for

this measr¡rement. Fig. 4.6 shows that for both cultivars, the concentration of 'total

thiocyanates' in the buds from plants treated with 2.80 ppm of S was higher than

those treated with 1.4O ppm of S. The concentration of 'total thiocyanates' in the

buds of cv. Roger was higher than that of cv. Stephen.

4.3.5. Soil sulphur analYsis

Soil samples were taken from each pot after harvesting. The soil from the 4

replicates of each treaünent was mixed and sub-samples were sent for sulphur

analysis by the Australian Agriculnr¡al Laboratories, Perth. The results are shown

in Table 4.2. In general, the levels of SO4-S in the soil samples wele below the

sensitiviry of the test used.

The result for cv. Roger treated with 2.80 ppm of S/pot shows that there is no

accumulation of S and suggosts ttrat this cultivar absorbs S at about the same rate at

which it is applied.

The results for cv. Stephen show that the level of SO¿-S in the soil is greater than the

concentration at which it is applied, suggesting that at application rates of 1.40 and

2.80 ppm S/pot, there is an accumulation of sulphur, and that cv. Stephen takes up S

at a slower rate than cv. Roger. The more rapid absorption of sulphur by cv. Roger
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could explain the higher level of thiocyanate found for this cultiva¡ than for cv

Stephen (Ftg.a.6).

Table 4.2. Sulphur analysis on soil samples

0.00
0.08
0.17
o.n
0.33
0.70
1.4.0

2.80

*
*
*
*
*
:ß

*

*
*
:1.

*
*
*
5
52.5

Sulphur treatrnent
(ppm S/pot)

SO¿-S (ppm)

Roger

* = less than 2.5 ppm of S

4.4. Conclusion

From this experiment, it can be said that the levels of sulphur applied to the plant

significantly influenced vegeøtive growth, especially leaf number and bud weight.

There were no significant differences between the two cultiva¡s in their responses to

the level of soil sulphur. Different levels of sulphur may influence the

concentration of 'total thiocyanates' in the buds. The differences in 'total

thiocyanate' concentration by the nvo cultivars, may be related to ttreir different rate

of uptake of sulphur (Table 4.2). Because of the poor production of sprouts in this

experiment, and to clarify whether this was due to high temperature inhibition, or

deficiency of nitrogen or sulphur, or both, an additional pot experiment was caried

out as described in the next chapter.
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CHAPTER 5

THE EFFECT OF DIFFERENT LEYELS OF STJLPTIIJR AND NITROGEN ON

THE CONCENTRATION OF FREE THIOCYANATES AND BI.JD YIELD OF

GLASSHOUSE-GROWN BRUSSELS SPROUTS

5.1. Introduction

A soil analysis taken after the previous experiment was hanested (Sec. 4.3.5)

showed that soil SO¿-S levels in the media were 5 ppm or less, which is low

compared to soil sulphur levels of 150 ppm qpically found for commercial

production (Potter, 1993). This could be a major reason for the production of

very small buds in the previous experiment. Soil nitrogen level is also important

for good bud development (Cranwell,1994, pers. comm.).

Since no information could be found on the dosages of fertilizers for growing

Brussels sprouts in the glasshouse, a further investigation was undertaken into

optimising the levels of these nutrients in order to produce marketable buds from

Brussels sprouts grown in pots. The concentration of free thiocyanates was also

investigated.

5.2. Material and methods

5.2.1. Materials

Seedlings of Brussels sprouts, unkrown cultivar, were purchased from the

market. Potassium sulphate (KzSO¿), the planting media of sand and perlite, and

the chemical materials for thiocyanate assessment were as described in Secs.

3.1.1 and 3.1.2.
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5.2.2. Methods

5.2.2.1. Experimental design

The experiment consisted of a combination of four levels of sulphr¡r and th¡ee

levels of nitrogen. There were no replicates, therefore statistical analysis could

not be done for this experiment.

The seedlings were potted as in Sec. 3.2.2, in November, 1994 and grown in the

glasshouse at the Plant Resea¡ch Centre, Waite Campus. During the experiment

the temperature was maintained at 22"C.

5.2.2.2. Fertilizer, sulphur, and nitrogen treatment

Standa¡d fertilizer conøining no sulphur (fable 3.1), w¿ts used in this

experiment. The four levels of sulphur applied are shown in Table 5.1. Based

on the results of the experiment described in Chapter 4, the lowest level of

sulphur applied in this experiment was 9.5 ppm/pot.

Table 5.1. K2SOa applied for each pot of Brussels sprout

9.5
38.5
77.O

t14.5

0.09
o.37
o.74
1.10

5.6
23.0
46.0
68.8

S (ppm/pot)S (e/pot)0.5 M KzSO¿ (mllpot)

There were three sources of nitrogen used in this experiment: calcium nitrate,

magnesium nitrate and potassium nitrate. Magnesium nitrate and potassium

nitrate were applied as described in Table 3.1. In addition, thtee levels of 1 M

calcium nitrate (Ca(NO¡)z) were applied, i.e. 5, 10, and 15 mL as nitrogen

treatment. The total N applied was accumulated from those 3 sources, i.e. 28

ppm, 45 ppm, and 62 ppm/pot respectively (Table 5.2). Fertilizer solution,

KzSO¿ and Ca(NO3)2 were applied once a week as in Sec. 3.2.3.
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Table 5.2. Ca(NOg)z aPPlied for each pot of Brussels sprout

28
45
62

11.63
11.63
11.63

16.80
33.62
50.43

5
10
15

Total N applied
(ppm/poÐ

N from other
sources (ppm/pot)

N from Ca(NOgÞ
(ppm/pot)

1 M Ca(NOg)z
(ml/poÐ

5.2.2.3. Harvesting of leaves and buds

To determine whether the thiocyanates could be measured in leaf tissue of

Brussels sprouts, leaves were ha¡vested from the plants at 13 weeks after potting.

There were 2 different positions of leaves'measured in this experiment: The l't

and 2"d youngest fully expanded leaves, and old expanded leaves number 9 and

10. The leaves are numbered consecutively according to their position on the

stem, starting from the top of plant. The dry weights of the leaves wefe

estimated as in Sec. 3.2.4.1, and the remainder was directly ground into a powder

with liquid nitrogen and kept at -80oC until analysis.

Buds were harvested from plants at 26 weeks after potting. Th¡ee buds were

taken randomly from each plant. Each bud was cut into two, and the upper parts,

furthest from the point of attachment, were combined and used for the sample.

The dry weights of the buds were estimated as in Sec. 3.2.4.2, and the remainder

was directly ground into a powder in liquid nitrogen and stored at -80oC.

5.2.2.4. Assessment of free thiocyanates

The concentration of thiocyanates was assessed using the method modified from

Josefsson (1968). One g of finely ground powder of bud or leaves was added to

5 mL l}ToTCAto inactivate myrosinase, then shaken gently for 20 min. 0.5 mL

of I M lead acetate was added and the volume was adjusted to 10 mL with l07o

TCA. The mixture ,ffas centrifuged at 4000 rpm for 10 min. The supernatånt

was filtered through Whannan No.l paper and I mL of filtrate was mixed with 1

mL of 0.4 M Fe (NO¡)¡ in a 3.5 mL Bio-Rad disposable cuvette. An orange
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colour developed rapidly in the presence of thiocyanate. A blank was made by

discharging the colour with 3 drops of 57o mercuric chloride. The absorbance

was read on a spectrophotometer @ye Unicam PU 8600 Wffis) at a wavelength

460 nm. The difference between the absorbances of the sample and blank was

judged as absorbance for thiocyanate. The concentration of free thiocyanates in

the sample was determined by reading the absorbance from a standard curve,

made using a fange of concentrations of potassium thiocyanate @g. 3.1).

Because the frozen tissue was mixed directly into TCA, it is assumed that the

data represents only the concentration of free (endogenous) thiocyanates.

5.3. Results and discussion

5.3.1. Observations during plant growth

It was observed that up to 6 weeks after potting, the plants were healthy and were

growing rapidly. At 8 weeks after potting the apicat meristems of plants treated

with// ppm of S and higher looked burned and eventually died.

Up to 15 weeks after potting, bud growth very slow. To stimulate development,

the following suggestion from Cranwell (l994,pers. comm.) was used: the apical

meristems of plants weÍe removed at 15 weeks after potting and the plants were

stressed by withholding water for one week or until the leaves looked wilted.

This treatment (topping) was done th¡ee times, once per week, and resulted in

faster growth of the buds. However, buds were not harvested until the plants

were 26 weeks old, which is about 10 weeks later than in a typical commercial

situation.
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5.3.2. Bud yield

5.3.2.1. Main factors

Sulnhur effects

Fig. 5.1 shows the effect of sulphur, averaged over three levels of N, on bud

yield of Brussels sprouts. Bud yield was simila¡ at application rates of 9.5 and

38.5 ppm S, and was sharply reduced at77 and 114.5 ppm.

Nitroeen effects

Fig.5.2 shows ttrat at 45 ppm N bud yield, averaged over four levels of S, was

l2i7 glplant, which was higher than at 28 and 62 ppm N which were 86 and 82

g/plant respectively.

5.3.2.2. lnteraction

Fig. 5.3 shows that at application rates of 9.5, 38.5 and 77.O ppm S, bud yield

from theplants treated with 45 ppm of N was higher than at 28 and 62ppm of N.

The highest bud yield was found for the combination of 38.5 ppm S and 45 ppm

N. At all levels of N, application of S beyond 38.5 ppm decreased bud yield. At

the highest levels of S (77 and 114.5 ppm), plants receiving the lowest amount of

N (28 ppm) showed the greatest inhibition of bud yield. kt fact, for the

combination of 114.5 ppm S and 28 ppm N, no buds were harvested. There

appear to be an interaction between S and N whereby plants receiving high levels

of S need correspondingly high levels of N to produce buds.

5.3.3. The concentration of free thiocyanates

5.3.3.1. Free thiocyanates in the leaves and buds of Brussels sprouts

The concentration of free thiocyanates in young and old leaves, averaged over

four levels of S and three levels of N, is compared in Fig. 5.4. The mean

concenEation of free thiocyanates in young leaves was 39 pg.g dw-l and in old

leaves was 14 pg.g dw-l. Fig. 5.5 shows the comparison between concentration

of free thiocyanates, averaged over four levels of S and three levels of N, in the
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Figure 5.1. Bud yield of Brussels sprouts in relation to different levels

of sutphur appl¡ed in nutrient culture solut¡on. The data is averaged

over three levels of nitrogen applied. The results were not statistically

analysd as the treatments were not replicated.

Figure 5.2. Bud yield of Brussels sprouts in relation to different levels

of nitrogen applied in nutrient culture solution. The data is averaged

over four levels of sulphur applied. The results were not statistically

analysed as the treatments were not replicated.
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sulphur and nitrogen applied in nutrient culture solution. The results

were not statistically analysed as the treatments were not replicated.
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Figure 5.5. The concenlration of free thiocyanates in the leaves and buds of

Brussels sprouts. The data is averaged over 4 levels of sulphur and 3 levels of

nitrogen applied. The leaves data is averaged over the young and old leaves.

The results were not statisticalty analysed as the treatments were not replicated.
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leaves (averaged over old and young leaves) and buds, which were 26 and 300

pg.g dw-r respectively.

These results indicate that the concentration of free thiocyanates was almost 3-

fold higher in young leaves than in old ones and more than lO-fold higher in

buds than in leaves. Porter et al. (1991) found that in older leaves of B. naPus,

the glucosinolate concentration was lower than in the younger leaves. A simila¡

result was found for B. carinata, where leaves closest to the stem apex exhibited

higher allylglucosinolate levels than older,lower leaves (Glover et a1.,1988).

5.3.3.2. Main factors

Sulphur effects

Fig. 5.6 shows the effect of soil sulphur levels, averaged over three levels of N,

on the concentration of free thiocyanates in young leaves, old leaves a¡d buds of

Brussels sprouts. h all cases, the concentration of free thiocyanates was a

maximum at 38.5 ppm S; however, changes in the level of sulphur had a greater

effect on the concentration of free thiocyanates in buds than in leaves.

Nitrosen effects

Fig. 5.7 shows the effect of soil nitrogen levels, averaged over four levels of S,

on the concentration of free thiocyanates in young leaves, old leaves and buds of

Brussels sprouts. For buds the maximum level of free thiocyanates occurred at

45 ppm N. For leaves, the maximum level of free thiocyanates occured at 28

ppm N. Young leaves showed little change in free thiocyanates as the level of N

increased, but for old leaves there was a marked reduction with increase in

applied N
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5.3.3.3. Interaction

Fig. 5.8 shows the effect of interaction be¡veen soil sulphur and nitrogen levels

on the concentration of free thiocyanates in young leaves, old leaves and buds of

Brussels sprouts.

In general, the highest concentration of free thiocyanates for young leaves, old

leaves, and buds was found for the combination of 38.5 ppm S and 28 ppm N.

This was in contrast to bud yield where the highest yield was found for 38.5 ppm

S and 45 ppm N (Fig. 5.5).

kr young leaves (Fig. 5.8a), the concentration of free thiocyanates were

stimulated by high levels of N when the amount of S was low (9.5 ppm). This

situation was reversed at 38.5 and 77.0 ppm S, and at the highest level of S

(114.5 ppm) there was no response to the application of N between 28 and62

ppm.

In old leaves @g. 5.8b), the concentration of free thiocyanates was inhibited by

45 ppm N at low S level (9.5 ppm), but at higher levels of S, the inhibition was

grearesr at 62ppm of N. At the highest level of S (114.5 ppm), the concentration

of free thiocyanates appeared to be unaffected at the lowest level of N (28 ppm).

For buds (Fig. 5.8c), the highest concentration of free thiocyanates occurred at

38.5 ppm S. At higher levels of S the concentration was reduced.

Thus, at high levels of S, old leaves appear to have an interaction to N and S,

whereas young leaves and buds show no interaction. Since there was no

replication, the significance of this result is not known.
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The results were not statistically analysed as the lreatmenls were not

replicated.
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5.4. Conclusion

This experiment found that the highest bud yield (198 g/plant) was reached at the

combination of 38.5 ppm S and 45 ppm N. This was lGfold more than the

highest production from the experiment described in Chapter 4. Since ttre plants

treated with 45 ppm N had the highest bud yield, this level of N was used in the

glasshouse experiments described in Chapters 6 and7.

Although the production of buds was much higher in this experiment compared

to the previous experiment, the largest buds produced from this experiment were

still smaller than the marketable bud size. Considering this result, it was decided

that further experiments to test the effect of sulphur would be done in the field in

order to get buds which are representative of normal commercial buds (Chapter

8).

64



CHAPTER 6

THE EFFECT OF SOIL SI.JLPIIUR LEYELS ON THE FEEDING

PREFERENCE OF THE APHID, BREVICORYNE BRASSICAE, AND THE

CONCENTRATION OF THIOCYANATES AND GLUCOSINOLATES IN

BRUSSELS SPROUTS

6.1. Introduction

It has been suggested that glucosinolates and/or their breakdown products are

involved in the plant-insect interaction (Van Emden, L972; Niemeyer, 1990;

Barlet & V/i]liams, 1991). Glucosinolates and their metabolites are reported to

play a role as a feeding stimulant for many insects which specialise in feeding on

Cruciferae, ffid as a feeding deterrent for other insects (Ha¡borne, 1988). It also

has been found that soil sulphur levels a¡e related to the production of

glucosinolates in some Brassica species (Kaur et al., 1990; Booth et al, l99l;

Walker and Booth,1992,1994). However, there do not appear to have been any

studies reported on the effect of soil sulphur levels on the insect feeding

preference of the aphid, Brevicoryne brassicae, orr Brussels sprouts plants.

The effect of soil sulphur levels on the number of aphids (Brevícoryne brassicae)

per leaf and the effect of aphid infestation on the concentration of free

thiocyanates, total thiocyanates and total glucosinolates were carried out in this

experiment.

6.2. Materials and methods

6.2.1. Materials

Two cultivars of Brussels sprouts, Roger and BS 085 were used. KzSO¿, the

ptanting media, and chemical materials for assessment of thiocyanates and

glucosinolates were as described in sections 3.1.1 and 3.1.2.
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Cabbage seedlings (cv. unknown) for culturing the aphids, and soil potting mix

for growing the seedlings, were purchased from the Adelaide market'

6.2.2. Methods

6.2.2.1. Experimental design

The experiment was designed as a split plot rvith five levels of soil sulphur, two

cultivars, and two levels of aphid infestation, replicated three times. The levels

of K2SOa applied are shown in Table 6.1. Plants which were infested with B'

brassicae are hereinafter called treated plants. Plants which were kept healthy

and were not infested with aphids are hereinafter called untreated plants.

Analysis of variance (anova) was carried out using The Genstat 5 programme

The LSD (least significant difference) was calculated at 0.05 level of probability

If the F-test was not significant (NS), an LSD rvas not calculated.

6.2.2.2. Potting

The seeds of the two cultivars were germinated as described in section 3.2.1.

The six week-old seedlings were transplanted into pots in early June, 1995 as in

section 3.2.2.

The plants were grolvn in the glasshouse at the Plant Research Centre, Waite

Campus. During the experiment the temperature in the glass house was

maintained at23oC.

6.2.2.3. Fertilizer and sulphur treatment

A standard fertilizer solution containing no sulphur, Table 3.1, was supplemented

with different levels of S as shown in Table 6.1. A further supplementation of N

at 16.8 ppm/pot (5 mL of 1M Ca(NO3)2/pot), based on the results obtained in
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Chapter 5, was made to all treatments. Fertilizer solution was applied to each

treatment once/week as described in Sec. 3.2.3.

Table 6.1. K2SOa applied to each pot of Brussels sprout

0.00
3.75
7.50

tL.25
15.00

0
36
72

108
LM

0.00
2.25
4.50
6.75
9.00

S (ppm/pot)S (me/bot)0.5 M KzSO¿ (ml/pot)

6.2.2.4. Aphid culture

The aphids (Brevicoryne brassicae) were cultued on cabbage (Brassica oleracea

var. capitata) seedlings which were planted n 12.5 cm diameter plastic pots, one

seedling for each pot. The pots were placed in the open to attract aphids. The

aphids were identified according to Blackman and Eastop (1984).

Since the alate form of the aphid is the primary dispersive form, it was selected

for this experiment to determine the initial phase of preferences. To obtain the

alate individuals, heavily infested plants were placed in a terylene voile-covered

cage in the glasshouse where development of alate occured (Nault and Styer,

r972).

6.2.2.5. Infestation of aphids onto treated plants of Brussels sprouts

The aphids were infested to the 7 weeks old treated plants. Just before aphid

infestation, ten pots, consistin g of 2 cultiva¡s treated with 5 different levels of

sulphur, were put in cages measr:ring 1.5 x 0.75 x 1 m covered by terylene voile

(Frg. 6.1). There were 3 cages, one for each replicate.

Alate aphids were selected which had flown from the infected cabbage plants

and alighted on the inner surface of the terylene voile-covered cage (Nault and

Styer, 1972). These aphids were placed onto 3 cm x 3 cm pieces of white paper,
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and immediately moved to the release points which were two paper swings in

each cage (Fig. 6.1). Forty aphids were infested to each cage.

The number of apterae aphids per leaf was counted for each plant 4 weeks after

infestation and the three new fully-expanded leaves of each plant were harvested

for measuring free thiocyanates, total thiocyanates and total glucosinolates.

6.2.2.6. Aphid counting

Total apterae aphids were counted per leaf on every plant, four weeks after

infestation. Since the total number of aphidsþlant va¡ied from 0 to 657, the data

was transformed as follows (Steel and Torrie, 1981) :

The number of aphids/Ieaf =

(total aphid/plant) + 0.5

(total leaves with > I aphid) + 0.5

6.2.2.7. Assessment of free thiocyanates, total thiocyanates and total

glucosinolates

The experiment described in Chapter 4 measured the total thiocyanate

concentration, which was composed of endogenous levels plus a component

assumed to arise from the breakdown of glucosinolates by myrosinase, while in

the experiment described in Chapter 5, only the endogenous thiocyanates were

measured. In this experiment, both sources of thiocyanates were measured, and

the total glucosinolate concentration was estimated by subtracting the free

thiocyanates from total thiocyanates (Sec. 3.2.5).

Three new fully-expanded leaves from treated and untreated plants were

harvested immediately after the aphids were counted. The dry weights of the

leaves were estimated as in Sec. 3.2.4.L The concentration of free thiocyanates,
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total thiocyanates and total glucosinolates were assessed as described in Sec.

3.2.5.

6.3. Results and discussion

The levels of significance of the main factors, and thei¡ interactions, on the

number of aphids/leaf is shown in Table 6.2.

Table 6.2.Thelevels of significance of the main factors, and thei¡ interaction,

on the number of aphidsÂeaf (square root transformation)

Note : NS = not significant; * = significant at P<0.05; ** = significant at P<0.01

6.3.1. The number of aphids/Ieaf (square root transformation)

6.3.1.1. Main factors

Aphid infestation effects

The mean number of aphidsÄeaf on the treated and untreated plants, averaged

over the five levels of Sulphur and two cultivars, was significantly different as

would be expected. On the treated plants, the mean number of aphidsÂeaf was

4.8.

Sulphur effects

The mean number of aphidsfleaf on the treated plants, averaged over the two

cultivars, was affected significantly by the rates of sulphur applied (Fig.6.2).

Plants treated with sulphur at 11.25 ppm had significantly more aphids than all

other treaünents except for 15 ppm S. The plants treated with 15 ppm S had

significantly more aphids than those with 0 and 7.5 ppm. There was no

signifrcant difference in the numbe¡ of aphids/teaf berween the plants treated
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Aphid infestation (A)
Sulphur levels (S)

Cultiva¡s (C)
Interactions
SxC

**
*

NS

NS

Factors and their interaction Number of



S.

with 0, 3.75 or 7.5 ppm S or between the planS treated with 3.75,7.5 or 15 ppm

Cultivar effects

The mean number of aphids[eaf on the rwo cultivars, averaged over the five

levels of sulphur, was not significantly different.

6.3.1.2. Interactions

There rü/as no signifrcant interaction between sulph and cultiv¿[ on the mean

number of aphids/leaf on the treated plants.

6.3.2. The concentration of free thiocyanates, total thiocyanates and total

glucosinolates

The levels of significance of the main factors, and their interactions, on the

concentration of free thiocyanates, total thiocyanates and total glucosinolates in

the leaves of Brussels sprouts is summarised in Table 6.3.

Table 6.3. The levels of significance of the main factors, and their interactions,
on the concentration of free thiocyanates, total thiocyanates and total
glucosinolates in the leaves of Brussels sprouts in the presence and absence of
the aphid, Brevicoryne brassícae.

Main factors
Aphid infestation (A)
Sulphur levels (S)
Cultivars (C)
Interactions
AxS
AxC
SxC
AxSxC

NS
NS
*

*
NS
NS
NS

*{.

NS
NS

*
NS
NS
NS

**
NS
NS

**
NS
NS
NS

Factors and their
interaction

Free
thiocyanates

Total
thiocyanates

Total
glucosinolates

Note : NS = not significant; * = significant at P<0.05; ** = significant at P<0.01
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63.2.1, Free thiocyanates

63.2.1.1. Main factors

Anhid infestation effects

The mean concentration of free thiocyanates in the leaves of treated and

untreated plants, averaged over the five levels of sulphur and trvo cultivars, \ryas

not significantly different.

Sulnhur effects

The mean concentration of free thiocyanates in the leaves of Brussels sprouts,

averaged over the treated and untreated plants and fwo cultivars, was not

significantly affected by the rates of sulphur applied.

Cultivar effects

The mean concentration of free thiocyanates in the leaves of the two cultiva¡s,

averaged over the treaæd and untreaæd plants and five levels of sulphur, rtras

significantly different (Fig. 6.3). The mean concentration of free thiocyanates in

the leaves of Bn¡ssels sprouts cv. Roger was significantly higher than those of

cv. BS 085 (41.7 and37.5 pg.g dw'r respectively).

6 3.2.1.2. Interactions

Anhid infestation x sulphur interaction

There was a significant interaction between aphid infestation and sulphur levels,

averaged over the t'wo cultivars, on the concentration of free thiocyanates. Fig.

6.4 shows that for treated plants, the free thiocyanate concentration in the leaves

was significantly higher at 15 ppm of S than for all other treatments, except for

untreated plants with 3.75 and 11.25 ppm S. At the application of 3.75 ppm S,

the free thiocyanate of untreated plants was significantly higher than for treated

plants. There was no significant difference in the concentration of f¡ee

thiocyanates at different levels of sulphur within untreated plants.
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Other interactions

There was no significant interaction between aphid infestation and cultivar' or

between sulphur and cultivar, or between aphid infestation, sulphur and cultiva¡

in the mean concentration of free thiocyanates in the leaves of Brussels sprouts

(Table 6.3).

6.3.2.2. Total thiocYanates

6.3.2.2.L. Main factors

Anhid infestation effects

The mean concentration of total thiocyanates in the leaves of treated and

untreated plants, averaged over the five levels of sulphur and ¡ro cultivars, was

significantly different (Fig. 6.5). The mean concentration of total thiocyanates of

untreated plants was significantly higher than that of treated plants (169.8 and

127.3 pg.g dw'r respectivelY).

Sulphur effects

The mean concentration of total thiocyanates in the leaves of Brussels sprouts,

averaged over treated and untreated plants and two cultiva¡s, was not

significantly affected by the rates of sulphru applied.

Cultivar effects

The mean concentration of total thiocyanates in the leaves of two cultivars,

averaged over the treated and untreated plants and five levels of sulphur, was not

si gnificantly different.

6.3.2.2.2. Interactions

AnhÍd infestation x sulphur interaction

There was a significant interaction between aphid infestation and sulphur levels,

averaged over the two cultivars, on the mean concentration of total thiocyanates

in the leaves of Brussels sprouts (Frg. 6.6). For untreated plants, the
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concentration of total thiocyanates at applications of LI.25 and 15 ppm of S was

significantly higher than for treated plants at all levels of S. The concentration in

untreared plants with 15 ppm S was also significantly higher than for other

untreated plants at O, 3.75 and 7 .5 ppm, but not significantly different from that

at 11.25 ppm. There was no significant difference between the total thiocyanate

concentration of untreated plants which received 0,3.75,7.5 and lt-25 ppm of S.

For treated plants, there was no significant difference in the total thiocyanate

concentration at any of the different levels of sulphur applied.

Other interactions

There was no significant interaction between aphid infestation and cultivar, or

between sulphur and cultivar, or between aphid infestation, sulphur and cultiva¡

on the mean concentration of total thiocyanates in the leaves of Brussels sprouts

(Table 6.3).

6.3.2.3. Total glucosinolates

6.3.2.3. 1. Main factors

Aphid infestation effects

The mean concentration of total glucosinolates in the leaves of treated and

untreated plants, averaged over the five levels of sulphur and trvo cultivars, was

significantly different (Fig. 6.7). The mean concentration of total glucosinolates

of untreated plants was significantly higher than that of treated plants (L29.4 and

88.5 pg.g dw-l respectively).

Sulohur effects

The mean concentration of total glucosinolates in the leaves of Brussels sprouts,

averaged over the treated and unEeated plants and two cultiva¡s, was not

significantly affected by the rates of sulphur applied.
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Cultivar effects

The mean concentration of total glucosinolaæs in the leaves of nvo cultiva¡s,

averaged over the treated and untreated plants and five levels of sulphur, was not

si gnific antly different.

6.3.2 3.2. Interactions

Aphid infestation x sulphur interaction

There was a significant interaction between aphid infestation and soil sulphur

levels, averaged over the two cultiva¡s, on the concentration of total

glucosinolates (Frg. 6.8). For untreated plants, the concentration of total

glucosinolates at applications of 1L.25 and 15 ppm of S was significantly higher

than for treated plants at all levels of S. The concentration in untreated plants

with 15 ppm S was also significantly higher than for other untreated plants at 0,

3.75 and 7.5 ppm, but not significantly different from that at 11.25 ppm. There

was no significant difference between the total glucosinolate concentration of

untreated plants which received 0, 3.75, 7.5 and 11.25 ppm of S. For treated

plants, there was no significant difference in the total glucosinolates

concentration at any of the different levels of sulphur applied.

This result was similar to that found for the concentration of total thiocyanates in

Sec. 6.3.2.2.2, suggesting ttrat the gfeater number of aphids at higher levels of S

have depressed total glucosinolate metabolism and this has resulted in a lower

concentration of total thiocyanates.

Other interactions

There was no significant interaction between aphid infestation and cultivar, or

between sulphur and cultivar, or between aphid infestation, sulphur and cultiva¡

on the mean concentration of total glucosinolates in the leaves of Brussels

sprouts (Table 6.3).
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6.4. Conclusion

Aphid numbers varied greatly between plants in the same treatments. The aphids

settled and colonised on individual plants, and there was little movement

between plants, so the dat¿ of aphid numbers was transformed as in Sec. 6.2.2.6.

This experiment found that the number of aphids was significantly increased at

higher levels of soil sulphur, possibly due to higher concentrations of total

thiocyanates and total glucosinolates in the leaves before infestation occurred. It

was observed during the period of aphid infestation that young leaves of plants

with higher number of aphids showing slight curling.

After one month of infestation with aphids, the concentration of total

thiocyanates and total glucosinolates, especially at the highest level of sulphur

(11.25 and 15 ppm) were signifrcantly less than those in the untreated plants

(Figs 6.6 and 6.8). This suggests that the greater number of aphids at higher

levels of sulphur have depressed total glucosinolate metabolism and this has

resulted in a lower concentration of total thiocyanates. In a similar study by

Koritsas & Ga¡sed (1985), it was found that Brussels sprouts grown with high

soil nitrogen levels grew more rapidly than those with low, but in the plants

infested by B. brassicae the improvement in growth at the higher levels of

nitrogen was offset by the increased size of aphid population. The chlorophyll

and leaf total nitrogen concentrations were significantly lowered by aphid

infestation.

Van Emden (1990) studied the effect of B. brassîcae on leaf area, dry matter

distribution and amino acids of Brussels sprouts. He found that the number of

leaves, as well as individual teaf area, was reduced, and leaves on aphid-infested

plants were less efficient assimilators compare to the uninfested plants. Infested

plants also had smaller root systems and a reduced concentration of leaf amino

acids. He suggested that the effects were mainly due to the wounding and saliva
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effects of aphid infestation enhancing respiration rate and causing a loss of

assimilate to plant respiration. Moreover, the effective leaf area for assimilation

on heavily infested plants was fr¡rttrer reduced by the noticeable leaf cr¡rling (Van

Emden, 1990).

In addition, a previous study by Birch et aI. (1990) found that the total

glucosinolate content in Brassica røpus decreased after attack for 6 weeks by

Turnip root fly (Delia floratis). Attack by D. floralis lan¡a considerably

modified both the concentration and relative proportion of individual

glucosinolates in the toots of .8. nopus. Total aliphatic glucosinolates

(progoitrin, gluconapin, glucobrasicanapin, napoleiferin, glucoerucin) were

reduced by 39-56Vo after attack, while aromatic glucosinolates, such as

gluc obras sicin and neo glucobras sicin were increased.

In this experiment, therefore, a reduction of total leaf nitrogen and amino acids in

treated plants, might be the main reasons for the decrease in total thiocyanates

and total glucosinolates produced in those plants compared to untreated plants

Gigs. 6.5 and 6.7). Generally the concentrations of total thiocyanates and total

glucosinolates in treated plants were less than those in untreated plants (257o and

32Vo, respectively). This result is in contrast to the free thiocyanates where the

concentration at 15 ppm S, was higher in the treated plants than in untreated

plants (Frg. 6.a). It is suggested that the greater number of aphids on these

plants activated myrosinase enzyme, which degraded glucosinolates into free

thiocyanates, thus some of the decrease in the concentration of total thiocyanates

and total glucosinolates in treated plants, at the highest level of sulphur, also can

be explained by the accumulation of free thiocyanates.

As the individual glucosinolates were not measured in this study, no cleat

conclusion can be made regarding the effect of aphid attack on individual

glucosinolates in Brussels sprouts. However, it is clear that, at higher sulphur
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levels (11.25 and 15 ppm S), treated plants contained significantly less total

thiocyanates and total glucosinolates and were higher in free thiocyanates (at

application 15 ppm S) than those of untreated plants. These changes might be

due to the greater number of aphids found on the plants at higher application

rates of sulphur.

82



CHAPTER 7

THE EFT'ECT OF SOIL ST'LPHTJR LEVELS ON THE OVIPOSITION

PREFERENCE OF THE BUTTERFLY,PIERIS RAPAE AND THE

CONCENTRATION OF TIIIOCYANATES AND GLUCOSINOLATES IN

BRUSSELS SPROUTS

7.1. Introduction

Glucosinolates a¡e known to play a role in the chemical mediation of the interaction

between plants and other organisms (Harborne, 1988). Studies have been shown

that oviposition by the butterfly, Pieris rapae, is stimulated by glucosinolates

(Renwick & Radke, t987; Tralmier & Truscott, 1991; Renwick et al., 1992; Huang

et al, 1993; Huang and Renwick, 1993,1994). There do not appeaf to have been

any studies reported on the effect of soil sulphur levels on the oviposition preference

of. Píeris rapae on the leaves of Brussels sprouts.

In this present study, the effect of different levels of soil sulphur applied to the

Brussels sprouts plants on the oviposition preference of Píerís rapae was carried

out. The concentration of free thiocyanates, total thiocyanates, total glucosinolates

and individual glucosinolates in the leaves of those plants were also measured.

7.2. Materials and methods

7.2.L. Materials

Two cultivars of Brussels sprouts, Roger and BS 085 were used. KzSO¿, the

planting media and the chemical materials for assessment of thiocyanates and

glucosinolates were as described in sections 3.1.1 and3.l.2.
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Cabbage seedlings (cv. unknown) for culnuing the butterflies, and soil potting mix

for growing the seedlings, were pruchased from the Adelaide market.

7.2.2. Methods

7 .2.2.L. Experimental design

The experiment was designed as a randomised complete block with four levels of

soil sulphur, two cultivars, and four replicates. The levels of KzSO¿ applied are

shown in Table 7.1.

In comparison with the experiment described in Chapter 6 with the aphid,

Brevicoryne brassícae, tro control plants were included in this experiment. It was

assumed that the plants would not respond to the presence of either adults or eggs of

Píeris rapae, because the adults do not feed on ttre plans, and the exposure time for

eggJaying was only four days. During the four days, sucrose solution was provided

for the butterflies to feed (Sec. 7.2.2.5).

Analysis of variance (anova) was ca¡ried out using the Genstat 5 Programme. The

LSD (least significant difference) was calculated at 0.05 level of probability. If the

F-test was not significant (NS), an LSD was not calculated.

7.2.2.2. Potting

The seeds of the two cultivars were germinated as described in Sec. 3.2.L. The six

week-old seedlings were transplanted into pots in mid June 1996, as in 5ec.3.2.2.

The plants were grown in the glasshouse at the Plant Research Centre, Waite

Campus, University of Adelaide. During the experiment the temperature in the

glasshouse was maintained at23"C.
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7.2.2.3. Fertilizer and sulphur treatment

A sunda¡d fertilizer solution containing no sulphur, Table 3.1, was supplemented

with different levels of sulphur as shown in Table 7.1. Afurther supplementation of

N at 16.8 ppmþot (5 mL of lM Ca(NOa)z/pot), based on the results obtained in

Chapter 5, was made to all treatments. Fertilizer solution \ilas applied to each

treatment once/week as described in Sec. 3.2.3-

Table 7.1. K2SOa applied to each pot of Brussels sprouts

0
7.5
15

30

0
72
L4
288

0
4.5
9
18

S (ppm/pot)S (me/pot)0.5 M K2SO4 (ml/poÐ

7.2.2.4. Rearing of Pierís ragae

The initial culture of Píeris rapae was supplied by the Departrnent of Crop

protection, Faculty of Agricultural and Natural Resou¡ce Sciences, University of

Adelaide, and subsequent generations were rea¡ed in a cage in the insectary, Waite

Campus. Six week-old potted cabbage plans were put inside the cage to allow

butterflies to lay their eggs on the leaves. Three days later, the plants were

transfered to another cage to allow the eggs to hatch. The caterpillars were allowed

to feed on the cabbage plants for about two weeks, after which they pupated. The

pupae were collected and washed with 5@ mL water, which contained 5 drops of

chlorine solution (Lfto wlv as sodium hypochtorite). The pupae were cultured for

about 2 weeks before they turned into butterflies. During the culture, the room

rcmperature was maintained atzZ-C under fluorescent light providing a photoperiod

of 16 : 8 hours light: da¡k.
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7.2.2.5. Infestation of butterflies onto Brussels sprouts

The butterflies were infested to the 9 weeks old Bnrssels sprouts plants. Just before

the infestation, eight pots consisting of 2 cultivars and four different levels of

sulphur, were put in cages measuring 1.5 x 0.75 x I m covered by terylene voile

(Fig. 7.1). There were 4 cages, one for each replicate. Thirty pafus of 1-3 days old

butterflies were infested to each cage tluough t'wo release points at the top of the

cage. Each cage was supplied with two vials of 107o sucrose solution containing

a¡tificial yellow colour to facilitate feeding.

The number of eggs per leaf was cor¡nted 4 days after infestation and leaves were

harvested for assessment of thiocyanates and glucosinolaæs (section7.2.2.7).

7.2.2.6. Egg counting

Eggs were counted on each leaf of every plant 4 days after infestation. The average

number of eggs per leaf was calculated as: total eggs per planltotal leaves with > 1

egg.

7.2.2.7. Assessment of free thiocyanates, total thiocyanates, total glucosinolates

and individual glucosinolates

Immediately after the eggs \ilere counted, the leaves of Brussels sprouts were

harvested for analysis of free and total thiocyanates, total glucosinolates, and

individual glucosinolates.

The first three fully-expanded leaves (counted from the top of plant) were harvested

from each plant, and cut into small pieces. 5 g was taken for dry weight estimation,

as described in Sec. 3.2.4.1, and remainder was directly ground into powder with

tiquid nitrogen, and stored at -80oC until analysis.
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Figure 7.1. Terylene voile covered-cages (1.5 x,O'7.5 x I m) used to caÍ-y out the

infestation of n-rr"fr sprouts with butterflies (Pieris rapae). The two holes at the

top of the cage were ,rrrd ut points of release of the butterflies (a¡rows)'
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The next seven fully-expanded leaves (counæd from the top of plant) were also

harvested, dry weight estimated, and remainder was gfound and stored as above.

portion of the powder from leaves 1-3 was used for assessment of free and total

thiocyanates, and total glucosinolates, as described in Sec. 3.2.5. The remaining

powder was then mixed with that from leaves 4-10 for assessment of individual

glucosinolates, as described in Sec. 3.2.6.

7.3. Results and discussion

7.3.1. The number of eggs/leaf

The levels of significance of the main factors, and their interactions, on the number

of eggs[eaf is shown in Table 72.

Table 7.2. Thelevels of significance of the main factors, and their interactions,

on the number of eggsÄeaf.

Main factors
Sulphur (S)
Cultivar (C)

Interaction
SxC

NS
NS

*

Factors & thei¡ interaction Number of s/leaf

Note : NS = not significant; * = significant at P<0.05; ** = significant at P<0.01

7.3.1.1. Main factors

The mean number of eggs/leaf on the plants treated with different levels of sulphur,

averaged over the two cultivars, was not significantly different.

The mean number of eggs/leaf on the two cultiva¡s of Brussels sprouts, averaged

over the four levels of sulphur, wil not significantly different.
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7.3.1.2. Interactions

There was a significant interaction between sulphur level and cultivar on the number

of eggs/teaf. Fig. 7.2 shows that cv. Roger treated with 30 pPm S had a

significantly higher mean number of eggsÂeaf than this cultivar at 0 ppm and cv. BS

085 at 30 ppm S. At O ppm S, the mean number of eggs/leaf of cv. BS 085 was

significantly higher than cv. Roger at the same level of S. There was no significant

difference for the number of eggsÂeaf between the two cultivats at the application of

7.5 and 15 ppm of S. Vfithin cv. BS 085, there was no significant difference in the

number of eggs/leaf as different levels of sulphur applied.

7.3.2. The concentration of free thiocyanates, total thiocyanates and total

glucosinolates in the leaves of Brussels sprouts

The levels of significance of main factors, and their interactions, on the

concentration of free thiocyanates, total thiocyanates and total glucosinolates is

summarised in Table 7.3.

Table 7.3. The levels of signifrcance of the main factors, and their interaction, on

the concentration of free thiocyanates, total thiocyanates and total glucosinolates.

Main factors
Sulphur (S)
Cultiva¡ (C)
Interaction
SxC

NS
NS

*:1.

NS
NS
NS

* ** *

Factors & their
interaction

Free
thiocyanates

Total
thiocyanates

Total
glucosinolates

Note: NS = not significant; * = signif,icantatP<0.05; ** = significant atP < 0.01
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7 .3.2.1. Free thiocyanates

7 .3.2.1.1. Main factors

The mean concentration of free thiocyanates in the leaves of Brussels sprouts treated

with different levels of sulphur, averaged over the two cultiva¡s, was not

signific antly different.

The mean concentration of free thiocyanates in the leaves of two cultiva¡s of

Brussels sprouts, averaged over the four levels of sulphur, was not significantly

different.

7 .3.2.1.2. Interaction

There \ryas a significant interaction between sulphur levels and cultivars on the mean

concentration of free thiocyanates in the leaves of Brussels sprouts. Fig. 7.3 shows

that cv. Roger, at the application of 30 ppm S had significantly higher mean

concentration of free thiocyanates than for all other treaünents, except for cv. Roger

and BS 085 with 15 ppm S. At applications of O,7.5 and 15 ppm S, there was no

signifrcant difference in the mean concentration of free thiocyanates in the leaves

between the two cultiva¡s. V/ithin cv. BS 085, there rwas no significant difference in

the mean concentration of free thiocyanates as different levels of sulphur applied.

7 .3.2.2. Total thiocyanates

7 .3.2.2.L. Main factors

The mean concentration of total thiocyanates in the leaves of Brussels sprouts

treated with different levels of sulphur, averaged over the two cultivars, was

significantly different @g. 7.4). The plants treated with 15 and 30 ppm of S had

significantty higher mean concentration of total thiocyanates than those treated with

0 and 7.5 ppm S. There was no significant difference between the mean

concentration of total thiocyanates in the leaves of the plants treated with 15 and 30

ppm S or between those in the plants treated with 0 and7.5 Ppm S.
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The mean concentration of total thiocyanates in the leaves of the two cultivars,

averaged over the four levels of sulphur, wð not significantly different.

7 .3.2.2.2. Interaction

There was an interaction be¡veen sulphur levels and cultivars for the mean

concentration of total thiocyanates in the leaves of Brussels sprouts. Fig.7.5 shows

that cv. Roger, treated with 30 ppm S had a significantly higher mean concentration

of total thiocyanates than for all other treatments. The mean concentration of total

thiocyanates in the leaves of cv. Roger treated with 15 ppm S was significantly

higher than those treated with 0 and 7.5 ppm S.

For cv. BS 085, the plants treated with 15 ppm of S had significantly higher mean

concentration of total thiocyanates than those treated with 0 and 30 ppm of S. kì

addition, plants treated with 7.5 and 15 ppm S had signifrcantly higher mean

concentration of total thiocyanates than those treated with 30 ppm S. There appoars

to be a significant decrease in the concentration of total thiocyanates at the highest

level of sulphur applied (30 ppm). A similar, although not significant, decrease

occured for free thiocyanates (Fig.7.3).

7.3.2.3. Total glucosinolates

7 .3.2.3.L. Main factors

The mean concentration of total glucosinolates in the leaves of Brussels sprouts

treated with different levels of sulphur, averaged over the two cultivars, was not

significantly different.

The mean concentration of total glucosinolates in the leaves of two cultiva¡s of

Brussels sprouts, averaged over the four levels of sulphur, was not signifrcantly

different.
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7 .3.2.3.2. Interaction

There was a significant interaction bet'ween sulphur levels and cultivars on the mean

concentration of total glucosinolates in the leaves of Brussels sprouts. Fig. 7.6

shows that cv. Roger treated with 30 ppm S had significantly higher mean

concentration of total glucosinolates than for all other treatments, except for cv.

Roger and BS 085 at 15 ppm S. Within cv. BS 085, there was no significant

difference in the mean concentration of total glucosinolates at the different levels of

sulphur applied.

7.3.3. The concentration of individual glucosinolates

The concentrations of individual glucosinolates were measured only from the plants

treated with 0 and 30 ppm of S ( the lowest and the highest levels sulphur applied in

this experiment).

The three major individual glucosinolates found in the leaves of Brussels sprouts,

cvs. Roger and BS 085 were sinigrin, gluconapin and glucobrassicin (Fig. 7.7). The

concentration of progoitrin, which also a major glucosinolate in the buds of Brussels

sprouts (Fig. 8.18), was too small to be detected. A typical HPLC chromatogram of

the desulphoglucosinolates is shown nFig.7 .7 .

The levels of significance of main factors, and their interactions, on the

concentration of sinigrin, gluconapin and glucobrassicin is summa¡ised in Table7.4.
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Figure 7.7. A typical chfomatogram of desulphoglucosinolates from the leaves of

Brussels sprouts. Peaks were identifred as follows : l. sulphanilic acid (internal

standard); 2. sinigrin; 3. gluconapin; 4. ONP Gal (internal standa¡d); 5'

glucobrassicin. Detection wavelength : 226 nm'
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Main factors
Sulphur (S)

Cultivar (C)
Interaction
SxC

NS
NS

NS :t*

*
*

NS
NS

**

Factors & their
interaction

Sinigrn Gluconapin Glucobrassicin

Table 7,4, The levels of significance of the main factors, and their interactions, on

the concentration of sinigrin, gluconapin and glucobrassicin in the leaves of Brussels

sprouts.

Note : NS = not significant; * = signiñcant at P<O.05; ** = significant at P < 0-01

7.3.3.1. Sinigrin

7.3.3.1.1. Main factors

The mean concentration of sinigrin in the leaves of Brussels sprouts treated with

different levels of sulphur, averaged over the two cultivars, was significantly

different (Frg. 7.8). The mean concentration of sinigrin in the leaves of plants

treated with 30 ppm of S was significantly higher than those with 0 ppm S (23.5 and

15.5 nmol.g d*-t respectively).

The mean concentration of sinigrin in the leaves of the two cultiva¡s of Brussels

sprouts, averaged over the two levels of sulphur, was significantly different (Eg.

7.9). The mean concengation of sinigrin in the leaves of cv. Roger was significantly

higher than that of cv. BS 085 (23.2 and 15.85 nmol. g d*-t respectively).

7 .3.3.1.2. Interaction

There was a significant interaction between sulphur level and cultivar on the mean

concentration of sinigrin (Fig. 7.10). For cv. Roger, ttre plants treated with 30 ppm

S had significantly higher mean concentration of sinigrin than for all other

treatments. For cv. BS 085, there was no significant difference in the mean

concentration of sinigrin in the leaves of plants treated with 0 or 30 ppm S, and there
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Figure 7.8. The concentrat'lon of sinigrin in the leaves of Brussels sprouts

inielation to ditferent levels of sulphur applied. The data is averaged over

two cultivars. Each bar is the mean of 8 values. The vertical line indicates

the LSD at P=0.05.

Figure 7.9. The concentrat¡on of sinigrin in the leaves ol two cultivars of Brussels

spiouts. The data is averaged over two levels ol sulphur applied' Each bar is the

mean of 8 values. The vertical line ind'aates the LSD at P=0'05'
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S.

was no significant difference between the nvo cultiva¡s at the application of 0 ppm

7 33.2. Gluconapin

7 .3.3,2.1. Main factors

The mean concentration of gluconapin in the leaves of Brussels sprouts treated with

different levels of sulphur, averaged over the two cultivars, \ryas not signifrcantly

different.

The mean concentration of gluconapin in the leaves of two cultiva¡s of Brussels

sprouts, averaged over the two levels of sulphur, wö not significantly different.

73.3.2.2. Interaction

There was no interaction benveen sulphur levels and cultivars on the mean

concentration of gluconapin in the leaves of Brussels sprouts.

733.3. Glucobrassicin

7.3.3.3.1. Main factors

The mean concentration of glucobrassicin in the leaves of Brussels sprouts treated

with different levels of sulphur, averaged over the two cultivars, was not

si gnificantly different.

The mean concentration of glucobrassicin in the leaves of nvo cultiva¡s of Brussels

sprouts, averaged over the two levels of sulphur, wð not significantly different.

7.3.33.2. Interaction

There was a significant interaction between sulphur level and cultivar on the mean

concentration of glucobrassicin in the leaves of Brussels sprouts (Fig.7.1l). For cv.
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Figure 7.10. The concentrat¡on of sinigrin in the leaves of two cultivars of
Brussels sprouts in relation to dífferent levels of sulphur appl¡ed. Each bar is

the mean of 4 values. The vertical line indicates the LSD at P=0.05.

Figure 7.11. The concenlration of glucobrassic¡n in the leaves of two cultivars

of Brussels sprouts in relatíon to different levels of sulphur applied. Each bar ís

the mean of 4 values. The vertical line indicates the LSD at P=0.05.
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Roger, the plants treated with 30 ppm S had significantly higher mean conc jij

of glucobrassicin than for all other treatments. At 0 ppm S, the mean concentration

of glucobrassicin of cv. BS 085 was signif,rcantly higher than that in cv. Roger.

For cv. BS 085, the mean concentration of glucobrassicin in the leaves of plants

treated with 0 ppm S was significantly higher than that for plants treated with 30

ppm s.

7.4. Conclusion

The results of this experiment showed that there \\'as an interaction between sulphur

levels and cultivars on the number of eggs/leaf laid by Pieris rapae butterflies. For

cv. Roger, at 30 ppm S, the number of eggs/leaf rvas higher than at 0 ppm S' The

concentration of free thiocyanates, total thiocyanates, and total glucosinolates in the

leaves of cv. Roger at 30 ppm S were also higher than at 0 ppm S. For cv. BS 085,

there was no significant effect of sulphur on egg number/leaf, and neither was there

any effect of sulphur on free thiocyanates and total glucosinolates. This suggests

that oviposition preference is related to the concentration of one or more of these

compounds.

Three major individual glucosinolates were identified (Fig.7.7) in the two cultivars

used in this experiment. The concentration of gluconapin rvas not significantly

affected by either the level of sulphur or the cultivar, and so it can be discounted as

influencing the oviposition of Pieris rapae. The concentration of both sinigrin and

glucobrassicin were significantly increased in the leaves of cv. Roger treated with 30

ppm S compared to the controls treated with 0 ppm S (Figs.7.l0 and 7'11)'

However, the number of eggs/leaf rvas significantly higher for cv. BS 085 treated

with 0 ppm S than for cv. Roger at 0 ppm S (Fig. 7.2), and the concentration of

glucobrassicin is atso higher for BS 085 at 0 ppm S. Therefore it is concluded that
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glucobrassicin is the most important glucosinolate in the oviposition preference of

Pieris rapae.

This finding supports previous studies with cabbage rvhich the major oviposition

stimulant for Pieris rapae is glucobrassicin (Renwick et al', 1992' Huang &

Renwick, 1993). Traynier & Truscott (1991) in their study with solutions of

glucobrassicin purified from Brassica foliage and sinigrin, found that both of these

glucosinolates elicited oviposition by P. rapae, however, glucobrassicin was much

more effective than sinigrin.

sulphur treatment significantly affected the concentration of total thiocyanates

(Table 7.3). The plants treated with 15 ppm and 30 ppm of S had a significantly

higher mean concentration of total thiocyanates than those treated rvith 0 and 7.5

ppm S. This finding differed from that described in Chapter 6 (Table 6.3), where

there was no significant effect of sulphur on the concentration of total thiocyanates.

The differences might be explained as follows :

The experiment in Chapter 6 rvas designed as a split plot, with hve levels of soil

sulphur (0.00; 3.75;7.50;11.25;15.00 ppm S/pot), two cultivars of Brussels sprouts,

and two levels of aphid (Brevicoryne brassicae) infestation i.e. plants which were

infested with aphids, called treated plants, and plants u'hich rwere not infested with

aphids, called untreated/control plants. The experiment was replicated three times

(Sec. 6.2.2.1). The concentrations of total thiocyanates were measured 4 weeks after

infestation with the aphids (Sec. 6.2.2.5). During the period of infestation it was

possible that the presence of the aphids depressed glucosinolate metabolism, as well

as their breakdor,vn products, thiocyanates (Sec. 6.4). Table 6'3 shows that the effect

of aphid infestation on the concentration of total thiocyanates was greater than for

the effect of the amount of applied sulphur. Furthermore, the effect of sulphur
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interacted significantly with the aphid infestation on the concentration of total

thiocyanates.

The experiment in Chapter 7 was designed as a randomised complete block, with

four levels of soil sulphur (0.00; 7.50;15.00; 30.00 ppm S/pot), two cultivarsof

Brussels sprouts, and four replicates (Sec' 7.2.2'l)' In comparison with the

experiment described in chapter 6, no control plants were included in this

experiment. Total thiocyanates were measured 4 days after plants were infested with

the adult butterflies , Pieris rapae. It was assume that the plants rvould not respond

to the presence of either adults or eggs during this short period of infestation'

Moreover, sucrose solution was provided for the butterflies to feed'

The different levels of soil sulphur applied in those two experiments might also

contributed to the different results. Applications of sulphur from 0 to l5 ppm S/pot

(chapter 6) did not produce a significant effect, while application of 30 ppm S/pot

(chapter 7) significantly affected the concentration of total thioc¡'anates compared to

the control which received no added sulphur'

The experiment decribed in this chapter measured free thiocyanates, total

thiocyanates, and total glucosinolates using the colourimetric method and also

individual glucosinolates using the HPLC method. Therefore, it is interesting to

compare the value of the concentration of total glucosinolates measured by those tlvo

di fferent methods. The mean concentration of total glucosinolates measured by

HpLC method was g4.B pg.g dw'|, which was the sum of the mean concentration of

the three individual glucosinolates, sinigrin(7.7 ¡rg.g d"v'r ), gluconapin (19.8 pg'g

d*'') and glucobrassicin (57.2 ¡rg.g drv-r)'
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From this it can be seen that 3-indolvlmethyl glucosinolates (glucobrassicin)

contribute d 67 5% of the total glucosinolates'

The mean concentration of total glucosinolates measured by the colourimetric

method was 206.2 pg.g dw-r. It has been mentioned in Sec. 3.2.5 that total

glucosinolates measured by the colourimetric method only represent specific

glucosinolates, including 3-indolylmethyl -elucosinolates 
(glucobrassicin), 1-

methoxy-3-indolylmethyl glucosinolate (neogluco-brassicin), and 4-hydroxybenzyl

glucosinolates. Of these glucosinolates, only glucobrassicin can be detected in the

sample of leaves of Brussels sprouts by the HPLC method (Fig' 7'7)' It is possible

that total glucosinolates in the leaves, measured by the colourimetric method, only

represent glucobrassicin. If this is so, this value represents about 67 5% of the total

glucosinolates, so the mean concentration of total glucosinolates determined by the

colourimetric method is equivalent to 644-4 Fg'-s dw'r'

The differences in the concentration of total glucosinolates between the two methods

described above could be explained by differences in the samples used in those t'uvo

different methods (Sec. 7.2.2.7). The sample used in the assessment of free

thiocyanates, total thiocyanates and total glucosinolates by the colourimetric method

was originally from the first three fully-expanded leaves. while the sample used in

the assessment of individual glucosinolates with the HPLC technique was mostly

from leaves numbered 4 to 11 (counted from the top of plant) and a portion of the

powder from leaves 1-3. The concentration of glucosinolates in the leaves of

Brussels sprouts is dependent on the position of the leaves on the stem' The newly

expanded leaves, which are found on the upper part of the stem, contain more than

7-fold higher levels of total glucosinolates than the lower, older leaves. This result
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supports the finclings described in Chapter 5, and also supports previous studies by

Glover, et at.(1988) and Porter et al- (1991)
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CHAPTER 8

THE EFFECT OF SOIL SULPHUR LEVELS ON BUD YIELD AND TI{E

CONCENTRATION OF THIOCYANATES AND GLUCOSINOLATES OF

FIELD.GROWN BRUSSELS SPROUTS

8.1. Introduction

Previous experiments, described in Chapters 4 and 5, were ca¡ried out with plants

grown in pots in the glasshouse. Although the plants grew well under adequate

fertilization, the quality of the buds was consistently below that of field-grown

plants on a coÍtmercial farm. Because of this, no clea¡ conclusion could be drawn

from the pot trials about the effect of sulphur on the concentration of thiocyanates

and glucosinolates in the buds of Brussels sprouts. It was therefore, necessary to do

the experiments in the field in order to get sprouts which would be representative of

those normally eaten by consumers. These would be sampled by tasting panels and

ranked for bitterness in relation to the amount of sulphur applied to the soil.

The effect of different rates of IISO. on the thiocyanate and glucosinolate

concentration and bitterness of freld grown Brussels sprouts was carried out in this

experiment. The effect of different amounts of ÇSOn on the soil nutrient levels and

bud yield of Brussels sprouts were also measured.

8.2. Materials and methods

8.2.1. Materials

Two sites were chosen for this experiment, John Cranwell's proPerty (Nairne,

Adelaide Hills) and the Alverstoke horticultural orchard, Waite Campus. The

general environmental conditions of these two sites is shown in Table 8.1. The

Nairne site had not been planted for several years and the paddock had only been
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used for grø:rrrg (Cranwell, 1995, pers. comm.). The Waite site is commonly used

for growing fruit trees, vines, and vegetable crops.

Table 8.1. General environmental conditions of the Nairne and V/aite planting sites

(Scott, 1982)

Seedlings of Brussels sprouts, cultivars Oliver and Ottoline were supplied by John

Cranwell of Nairne. A basic fertilizer dressing of urea (60Vo N), triple super (201o

P) and muriate of potash (507o K) was applied (Sec. 8.2.2.3). Individual plots were

treated with different levels of ÇSOo (Table 8.2).

The materials used to assay for thiocyanates and individual glucosinolates were

described in Sec. 3.1.2 and 3.1.3. Quinine sulphate was used to introduce the

concept of bitterness to tasters prior to the sensory test (Section 8.2.2.8).

8.2.2. Methods

8.2.2.1. Soil tests of experimental sites

Soil tests were ca¡ried out on the experimental sites before planting, and one week

after the last harvesting, which was 29 weeks after planting. For the initial test, soil

very gentle.l-3VosteeD slopes.3l-567oSlope

neelieible, less than 6 mhigh, 181-360 mRelief

sub-humid, 300-399 mmwet sub-humid 500-699
mm

Annual rainfall

gradational texture profiles-
soil texture gradually
becomes more clayey with
increasing depth. Soil is
calca¡eous throughout

uniform texture profiles-no
appreciable change in soil
texture down the profile.
Uniform sands or sandy
loams

Soil sub-divisions

red-brown earth
CWells. L964\

red podzolic
(Maschmedt, 1986)

Soil type

Waite (Adelaide)NairneItems
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cores were taken 10 cm deep at random over the experimental sites. These were

bulked, and sub-samples sent to Crop Tech Laboratories, New Farm Road, IWS 963'

Bundaberg, Queensland, 4670 for analysis of a wide range of nutrients (Table 8.3).

For soil tests taken after the last harvest, soil cores were taken 10 cm deep at random

from each plot. These were bulked, and suÞsamples sent for analysis of N, P, K,

and S (Table 8.4).

8.2.2.2. Experimental design

This experiment was designed as a split split-plot with two different sites of planting

as main block, cultivars as the sub-blocks and sulphate levels as sub sub-blocks

with three replicates. Seedlings of each cultivar were planted in pairs in each plot,

and each treatment consisted of 8 pairs of plants. Planting distances were the same

as for commercial crops: 60 cm between rows, 50 cm between plants and 1 m

between each plot. Cultivar Ottoline was planæd 2 weeks after Oliver because of

seedling availability from the grower. Planting was in early October 1995 and the

harvest was finished in April 1996 after approximately 28 weeks.

Analysis of variance (anova) was ca¡ried out using The Genstat 5 prograÍlme. The

LSD (least significant difference) was calculated at 0.05 level of probability. If the

F-test was not significant (NS), an LSD was not calculated.

8.2.2.3. Fertilizer and sulphate application

A basic fertilizer dressing of wea, triple super and muriate of potash (KCl) applied

at260,400 and 24Okgtha, respectively, was broadcast by hand in the ro\ils between

plants two weeks after planting. Additional nitrogen, as urea at 25O kg/ha, was

applied after the first, second and third harvests. At the Nairne site, the additional

urea was applied by the farmer with a spinner, and at the V/aite site, it was broadcast

by hand.
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ß:SOn was applied by hand in the rows between the pairs of plants in the treatrnents,

starting two weeks after planting. Because of the possibility of leaching with rain

and/or irrigation water, ÇSOn was applied as split dressings several times as shown

in Table 8.2.

Table 8.2. Amount (kg/ha) and timing of ÇSOn applied to Brussels sprouts

grown at the Nairne and Waite siæs.

8.2.2.4. Irrigation

Natural rainfatl was supplemented by irrigation at both sites. At Nairne, the

experimental site was sprinkler-irrigated by the farmer at the same time as the

commercial crop. At ttre Waite site, irrigation was applied with micro-sprinklers

almost daily, but as the height of the crop increased, leaves interfered with the

distribution of water, because the sprinklers were set too low.

8.2.2.5. Harvesting and collecting of samples

The first harvest of buds from cv. Oliver was taken when the plants were 13 weeks

old and from cv. Ottoline when the plants were 18 weeks old. Both of these

harvests were taken at the same time as the farmer was harvesting his commercial

crop. The buds from each treatment were collected, pooled and weighed, and a

random sample of five buds of the same size was selected and cut horizontally. The

upper pafts, furthest from the point of attachment, were cut into small pieces,

combined, and used for the samples. About 5 g was taken for dry weight

estimation, as described in Sec. 3.2.4.2, and remainder were directly ground into a

0.0
8.3

16.6
25.0
33.3

0.0
8.3

t6.6
25.0
33.3

0.0
8.3

16.6
25.0
33.3

0.0
t2.5
25.0
37.5
50.0

0.0
12.5
25.0
37.5
50.0

0.0
12.5
25.0
37.5
50.0

0.0
12.5
25.0
37.5
50.0

0
75

150
225
300

248 t2 16 20 24 Total
time
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powder with liquid nitrogen and stored at -80"C, until analysis for free thiocyanates,

total ttriocyanates, total glucosinolates and individual glucosinolates. Considering

that the best buds were produced at the third harvest (Cranwell, 1996; pers. comm.),

the data for this experiment was taken from buds collected at the third hawest (see

also Chapter 9)

8.2.2.6. Assessment of free thiocyanates, total thiocyanates and total

glucosinolates

The concentration of free thiocyanates, total thiocyanates and total glucosinolates in

ttre buds of Brussels sprouts were measured using the methods described in Sec.

3.2.5.

8.2.2.7 . Assessment of individual glucosinolates

The concentrations of individual glucosinolates within spfout samples were

measured using high perfoÍnance liquid chromatography, as described in Sec' 3'2'6'

8.2.2.8. Sensory test

About 20 buds of the same size, collected at the time of the third harvest, were

stored at 4"C for two days prior to the sensory test. Considering that somo volatile

isothiocyanates ate lost from cooked Brussels splouts (Macleod, 1976), the raw

buds were tasted in this experiment. The buds were cut longitudinally into four

pieces and portions served to the 30 panelists. Ideally five samples should be tested

for each cultivar to include all levels of sulphate. However because of the

likelihood of reducing the sensitivity of the palates of the panelists, only three

samples were served to each panelist as a Balanced Incomplete Block design

(Meilgaard et a1.,1991). Quinine sulphate (0.01 gll-) was served to each panelist,

before the buds were tasted, as an introduction to the taste of bitterness. The

panelists were asked to taste and rank the raw Brussels sprouts buds from I for the
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lowest sensation of bitterness to 3 for the highest sensation of bitterness, as shown in

the questionai¡e sheet (Frg. S.1). The value of Friedman's analysis test statistic T

was computed to determine if there were any differences ¿rmong samples in the

intensity of bitterness. If the T value exceeded the upper 57o cntrcal value of f
with (t-1) degree of freedom it was concluded ttrat significant differences existed in

the data set. If there were significant differences, the value for the LSD at the 957o

level was calculated to determine which of the samples was signifrcantly different

(Meilgaard et al., 199 1).

8.3. Results and discussion

8.3.1. Plant condition at the two sites

During the trial period, it was observed that plants grown at the Nairne site were

very healthy (Fig. 8.2a). This area of the Adelaide Hills is commonly used for the

commercial production of Brussels sprouts. In 199L192,967o of the production of

sprouts in South Ausralia (SA) was from the outer Adelaide a¡ea including the

Adelaide Hills a¡ea. From 153 ha of total planting area of Brussels sprouts in SA,

146 ha (95.42Vo) was in the outer Adelaide area. Also the production/ha of sprouts

from the outer Adelaide area was higher than that of the Adelaide area (Gardner,

1993).

On the other hand, plants grown at the Waite site showed slower gtowth, and the

condition of the plants was not as good (Fig. 8.2b). One reason for this poor

growth was the inefficient irrigation, as mentioned in Sec. 8.2.2.4. In addition many

insect pests attacked the plants at the Waite site during the growing season. They

included Píerís rapae, Brevicoryne brassícae and snails.

To overcome the insect problem, the plants at the Waite site were sprayed with

either Orthene (active ingredient: acephate) 1.3 g/L, or Dipel (active ingredient:
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RANKING TEST

Name :

Tpe of samPle : Brussels sProuts

Characæristic studied : Intensity of bitterness

Instruction:

1. Taste Quinine sulphate Írs an introduction to bitterness

2. Tasæthe samples in the order in which they are presented and note the bitærness

intensity

3. Wriæ ..1" h the box of the sample which you find has the lowest bitær intensity.

Write 3cZ" 'nthe box of the sample with the second lowest and write tt3" for the

highest bitter intensitY.

4. Iltwo samples appear the same, make a best guess as to their rank order, and

make comments on that.

Code

Rank

Comments

Figure 8.1. The questionaire sheet used for Brussels sprouts tasting
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Figure 8.2 (a). Brussels sprouts gfown at the Nai¡ne site
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Figure S.2 (b). Brussels sprouts grown at the Waite site
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Bacillus thuringiensis) 2 glL, every 10 days. These recommended rates did not

achieve good control, and the concentrations of both insecticides were doubled.

However, even at this higher rate, the insecticides did not achieve the desiied

control. One of the reasons for this is that the experimental a¡ea at the Waite site

was surrounded by other plants, such as EraPes, apples and oranges, which may be

hosts for the insects. Also many suburban households surround the site and this

increases the possibility of resistant insects due to back yard sprays.

8.3.2. Soil nutrient levels before planting

The results of the soil test ca¡ried out just before planting is shown in Table 8.3.

Since the pH of the soil at the Nairne site was only 5.75, CaCO, was applied at 2

t/ha by the farmer to increase the pH to a¡ound 7. This is the optimum for Brussels

sprouts and also helps to inhibit fungus diseases. No lime was applied at the V/aite

site as the pH was already 6.8.

Soil nitrogen levels were about the same at the two sites, however, soil sulphur at

the Waite site was more than 2-fold higher than at Nairne. This was probably a

reflection of the history of superphosphate used at the two sites. Soil phosphate,

potassium and almost all other nutrients were higher at the Waite site compared to

the Nairne site, but available Fe was four-fold lower at the Waite site, probably due

to the high level of calcium from the presence of limestone noduled in this site.

8.3.3. Soil nutrient levels after the last harvesting

The results of the soil tests of the two experimental sites taken after the last han¡est

of buds at}g weeks after planting is shown in Table 8.4. The levels of significance

of various experimental factors, ild their interactions, on the soil nutrient levels

after the last harvest is summarised in Table 8.5.
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pH
Nitraæ Nitrogen (N me/kg)
BSES P (P me/ke)
Bica¡b P (P mgßg)
Sulphur 15 mg/kg)
Organic ca¡bon (C 7o)

Znc (Zn mg/kg)
Copper (Cu mg/kg)
Manganese (Mn mg/kg)
Iron (Fe mg/kg)
Boron (B mg¡kg)
Chloride (CI mg/kg)
Potassium (K mglkg)

meqTo
7o CattOn

Calcium (Ca mg/kg)
meqTo
Vo catto¡

Magnesium (Mg mg&g)
meqlo
7o catton

Sodium (Na mg/kg)
meqTo
7o catton

5.8
23.0
61.5
69.5

8.5
2.L
4.8
1.3
0.6

27.4
o.2

68.5
136.0

0.4
6.t

9L7.0
4.6

77.5
94.0
0.8

13.2
40.0

0.2
3.2

6.8
29.0

518.3
155.0

18.7
3.3

3s.5
1.0
1.1

3.6
0.4

96.3
3r3.3

0.8
3.9

294t.7
L4.7
70.5

592.0
4.9

23.t
97.3
0.4
1.9

WaiteNairne
SiteNutrients

Table 8.3. Soil condition of experimental sites before planting

8.3.3.1. Soil sulPhur levels

8.3.3.1.1. Main factors

K-SO. effects

The mean value of soil sulphur levels, averaged over the two cultivars and two sites,

was significantly affected by the application fates of ÇSOn (Frg. 8.3). The plots

which received IqSO. ar 300 kg/ha had a significantly higher mean soil sulphur

level than the other treatments. There was no significant difference in the mean of

soil sulphur at applications of 0, 75, 150 and 225 kglha of ÇSOn.
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Table g.4. Soil test of the experimental sites measured afær the last harvest of

sprouts rtzg weeks afterplanting. The data is averaged over the two cultiva¡s and

three replicates.

Tabte 8.5. The levels of significance of va¡ious experimental factors, and their

interactions on the soil nutrient levels measured after the last harvest of sprouts at29

weeks after planting.

Note : NS = not significant; * = significant at P<0.05; ** = significant at P<0.01
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Cultivar effects

The mean value of soil sulphu levels under the two cultiva¡s, averaged over the five

levels of ÇSQ and rwo sites, was not significantly different.

Site effects

The mean value of soil sulphur level at the two sites, averaged over the five levels of

IqSO. and two cultiva¡s, w¿rs not signifrcantly different.

8.3.3.1.2. Interactions

K'SQ x cultivar interaction

There was a significant interaction between IqSO. and cultivar, averzrged over the

two sites, on the mean soil sulphur levels (Frg. 8.4). For cv. Ottoline at 300 kg/ha

LSO., the mean soil sulphur level was significantly higher than for all other

treatments. There was no significant difference in the mean soil sulphur levels

between the two cultivars at application rates of 0, 75, 150 and 225 kglhalqso..

KrSO, x site interaction

There was no signifrcant interaction between IlSq and site, averaged over the two

cultivars, on the mean soil sulphur levels.

Cultivar x site interaction

There was no significant interaction between cultivar and site, averaged over the

five levels of ÇSOn, on the mean soil sulphur levels.

KrSOn x cultivar x site interaction

There was a significant interaction between LSO., cultiva¡ and site on the mean soil

sulphur levels (Frg. 8.5). For cv. Ottoline grown at the Waite site with 300 kg/ha

&SOo, the mean soil sulphur level was 194 ppm. This was significantly higher than
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for all other treaünents at both sites. There was no significant difference in the mean

soil sulphru levels for either cultiva¡ at0,75,150 and 225 kglhalqsO. at the Waite

site. At the Nairne site, there was no significant difference in the mean soil sulphur

levels for either cultiva¡ at any application rates of ÇSO..

From this result, it is concluded that the amount of sulphur provided by the

application of ÇSO1 was balanced by the uptake of sulphur by both cultivars at the

¡wo sites for all rates of IqSO., except for cv. Ottoline at 300 kg/ha of ÇSOo applied

at the Waite site.

8.3.3.2. Soil potassium levels

8.3.3.2.1. Main factors

K^SO, effects

The mean value of soil potassium levels, averaged over the two cultivars and two

sites, was significantly affected by the application rates of ÇSO. (Fig. 8'6)' The

mean soil potassium under the plants treated with 300 kg/ha of ÇSOo was

significantly higher than under the 0 kg/ha application, but not significantly different

from applications of 75, 150 and ?r5 kg/ha.

Cultivar effects

The mean value of soil potassium level under the two cultivars, averaged over the

five levels of ÇSOo and ¡wo sites, was not significantly different-

Site effects

The mean value of soil potassium level at the two sites, averaged over the five levels

of ÇSOo and two culrivars, was significantly different (Fig. 8.7). The mean soil

potassium at the Waite site was 236 ppm, while at the Nairne site it was 135 ppm.
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This reflecæd the higher soil potassium before planting at the Waite site (313 ppm)

compared to the Nairne siæ (136 ppm) (Table 8.3).

8.3.3.2.2. Interactions

K'SQ x cultivar interaction

There was a significant interaction between ÇSO. and cultivar, averaged over ttre

two sites, on the mean soil potassium levels (Frg. 8.8). For cv. Ottoline at 300 kg/ha

IÇSO., the mean soil potassium level was signifrcantly higher than for all other

treatments, except for cv. Ottoline at 225 kg/ha and cv. Oliver at 75 kg/ha IqSO..

There rwas no significant difference in the mean soil poøssium levels be¡ween the

two cultivars at application rates of 0, 75, 150 and 225 kglha IqSO..

From this result, it is concluded that the amount of potassium provided by the

application of ÇSO1 was balanced by the uptake of potassium by both cultiva¡s for

all rates of ÇSOn, except for cv. Ottoline at 300 kg/ha.

K-SO. x site interaction

There was no significant interaction between ÇSOn and site, averaged over the two

cultivars, on the mean soil potassium levels.

Cultivar x site interaction

There was no significant interaction between cultivar and site, averaged over the

five levels of ÇSOo, on the mean soil potassium levels.

K;SO, x cultivar x site interaction

There was no signifîcant interaction between ÇSOo, cultivar and site on the mean

soil potassium levels.
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8.3.3.3. Soil nitrogen levels

8.3.2.3.1. Main factors

K^SO. effects

The mean value of soil nitrogen levels, averaged over the two cultivars and two

sites, was not significantty affected by the application rates of ÇSO".

Cultivar effects

The mean value of soil nitrogen level under the two cultivars, averaged over the five

levels of ÇSOo and two sites, was not significantly different.

Site effects

The mean value of soil nitrogen level at the two sites, averaged over the five levels

of ÇSOo and two cultivars, was significantly different (Fig. 8.9). The mean soil

nitrogen at the Waite site was about 3-fold higher than at the Nairne site as

measured after the last harvest (98.9 and 27.7 ppm respectively)- Prior to planting,

both sites had about the same level of soil niÍogen (Table 8.3), and both received

supplemental nitrogen as urea (250 kglha) after the first, second and third ha¡vests.

Because of poor irrigation (Sec. 8.2.2.4) and insect attack at the Waite site (Sec.

8.3.1), growth of the plants was inhibited and possibly much of the supplemental

nitrogen was not used.

6.3.3.3.2. Interactions

There was no significant interaction between any of the main factors on the soil

nitrogen levels (Table 8.5).
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8.3.3.4. Soil phosphate levels

8.3.3.4.1. Main factors

There was no significant effect of any of the main factors on the mean value of soil

phosphate levels Clable 8.5).

8.3.3.4.2. Interactions

There was no significant effect of interactions between any of the main factors on

the value of soil phosphate levels (Table 8.5).

8.3.4. Conclusions on soil nutrient levels

Initial tesrs before planting showed that the \Maite site was higher in P, S, Zn, Cl,

K, Ca, Mg, and Na. It was four-fold lower in available Fe, probably due to the high

level of Ca.

The soil test after ttre last harvest measured only N, P, K, and S. Of these, the rnean

values for the levels of N and K were higher at the Waite site, and those for P a¡rd S

were about the same at both sites. However, at 300 kg/ha of ÇSQ, the value of S

at the 'Waite site was about 707o htgher than that at Nairne, and the difference in K

between the two sites was even greater (Table 8.4). Inspection of the interactions

between the main factors showed that those differences in the levels of soil nutrients

occurred mainly for the plots of cv. Onoline growing at the Waite site with a

treatment of 300 kg/ha IqSq. This was probably due to an inhibition of growth of

this cultiva¡ by insect damage and inefficient irrigation. However, uptake of sulphur

by cv. Oliver appeüs to have continued at a high rate at the Waite site. This

suggests either ttrat this cultiva¡ has a greater metabolic demand for sulphur, or that

cv. Oliver was more adaptable to the 'ha¡d' conditions, at the Waite site, than cv.

Ottoline.
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Except for cv. Otroline at the Waite site with application of 300 kglha ÇSOo, no

other application of ÇSOo significantly affecæd the level of soil sulphur. This

means either ttrat the plants removed it at same rate as it was applied, or it was

leached out, or both of these factors were operating.

At O kglha of ÇSOo added, the level of soil sulphur after ttre last han¡est was greater

ttran that before planting, suggesting that there has been a release of sulphur

probably from the breakdown of organic matter.

8.3.5. Free thiocyanates, total thiocyanates and total glucosinolates

The levels of significance of various experimental factors, and their interactions, on

the mean concentration of free thiocyanates, total thiocyanates and total

glucosinolates in ttre buds of Brussels sprouts is summa¡ised in Table 8.6-

Table 8.6. The levels of significance of va¡ious experimental factors and thei¡

interactions on the concentrations of free thiocyanates, total thiocyanates and total
glucosinolates in the buds of field-grown Brussels sprouts

Main factors
K2SO4 (S)
Cultiva¡s (C)
Sites

Interactions
SxC
S x Sites
Cx Sites
S x Cx Sites

NS
*:F

**

NS
**
**

NS
NS
**
NS

NS
**
**

NS
NS
**
NS

NS
NS
NS
NS

Factors & their
interactions

Free thiocyanates Total Total

Note : NS = not signifrcant; * = significant at P<0.05; ** = significant at P<0.01
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8.3.5.1. Free thiocYanates

8.3.5.1.1. Main factors

K,SQ effects

The mean concentration of free thiocyanates in the buds of Brussels sprouts'

averaged over the two cultiva¡s and two sites, \ilas not signifrcantly affected by the

rates of IqSO. applied.

Cultivar effects

The mean concentration of free thiocyanates in the buds of two cultivars, averaged

over rhe five levels of ÇSQ and ¡ryo sites, was significantly different. Fig. 8.10

shows that the mean concentration of free thiocyanates of cv. Oliver were

significantly higher ttran that of cv. Ottoline (27O and 128 ¡tg.gdw-'respectively).

Site effects

The mean concentration of free thiocyanates in the buds from the ¡wo sites,

averaged over the five levels of ÇSOo ild two cultivars, was also significantly

different. Fig. 8.11 shows that the mean concentration of free thiocyanates in the

buds from Waite site was significantly higher than those from the Nairne site (264

and 134 pg.g dw'' respectivelY).

8.3.5.1.2. Interactions

There was no significant interaction between any of the main factors on the

concentration of free thiocyanates in the buds of field-grown Brussels sprouts (Table

8.6).
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8.3.5.2. Total thiocYanates

8.35.2.1. Main factors

K.SQ effects

The mean concentration of total thiocyanates in the buds of Brussels sprouts,

averaged over the two cultivars and two sites, was not significantly affected by

arrrount of ÇSOo apPlied.

CultÍvar effects

The mean concentration of total thiocyanates in the buds of two cultivars, averaged

over rhe five levels of ÇSOo ild rwo sites, was significantly different (Fig. 8.12).

The mean concentration of total thiocyanates of cv. Oliver was significantly higher

than that of cv. Ottoline (950 and 554 ¡rg.g dw'' respectivety).

Site effects

The mean concentration of total ttriocyanates in the buds from the two sites,

averaged over the five levels of ÇSO. and ¡vo cultiva¡s, was significantly different

(Fig. 8.13). The mean concentration of total thiocyanates in the buds from Waite

site was significantly higher than those from the Nairne site (920 and 584 pg.g ctw''

respectively).

8.3.5.2.2. Interactions

K'SQ x cultivar interaction

There was no significant interaction between ÇSO. and cultivar, averaged over the

two sites, on the mean concentration of total thiocyanates.
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IÇSQ x site interaction

There was no significant interaction between IqSO. and sites, averaged over the two

cultivars, on the mean concentration of total ttriocyanates in the buds of Brussels

sprouts.

Cultivar x site interaction

There was a signifrcant interaction between cultiva¡ and site, averaged over the five

levels of ÇSQ, on the mean concentration of total thiocyanates in the buds of

Brussels sprouts (Fig. 8.14). At the V/aite site, the mean concentration of total

thiocyanates of cv. Oliver was significantly higher ttran that of cv. Ottoline and

significantly higher than for those of both cultivars from the Nairne site- The mean

concentration of total thiocyanates in the buds of cv. Oliver grown at the Waite site

was 637o higher than for buds from cv. Oliver grown at the Nairne site. The mean

total thiocyanate concentration in the buds of cv. ottoline grown at the 'waite site

was 497o higher than for buds from cv. Ottoline grown at the Nairne site.

Therefore, it can be said that the mean concentration of total thiocyanates of cv.

Oliver was more affected by the planting site than that of cv. Ottoline.

K'SQ x cultivar x site interaction

There was no significant interaction between ÇSOo, cultiva¡ and site on the mean

total ttriocyanate concentration in the buds of Brussels sprouts.

8.3.5.3. Total glucosinolates

8.3.5.3.1. Main factors

K-SO. effects

The mean concentration of total glucosinolates in the buds of Brussels sprouts,

averaged over the two cultiva¡s and two sites, was not significantly affected by

application rates of ÇSOn.
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Cultivar effects

The mean concentration of total glucosinolates in the buds of two cultivars,

averaged over the five levels of ÇSQ and ¡vo sites, was significantly different.

Fig. 8.15 shows that the mean concentration of total glucosinolates of cv. Oliver was

significantly higher than that of cv. Ottoline (680 and a26 Wg.g dw'' respectively).

Site effects

The mean concentration of total glucosinolates in the buds from two sites, averaged

over the five levels of ÇSOn and two cultivars, was also significantly different (Fig.

8.16). The mean concentration of total glucosinolates in the buds from'Waite site

was significantly higher than those from the Nairne site (656 and 450 pg.g dw''

respectively).

8.3.5.3.2. Interactions

K'SQ x cultivar interaction

There was no significant interaction between ÇSOo and cultivar, averaged over the

two sites, on the mean concentration of total glucosinolates.

K,SQ x site interaction

There was no significant interaction between KrSO, and site, averàged over the two

cultivars, on the mean concentration of total glucosinolates.

Cultivar x site interaction

There was a significant interaction between cultivar and site, averaged over the five

levels of ÇSO., on the mean concentration of total glucosinolates (Fig. 8.17). The

mean total glucosinolate concentration in the buds of cv. Oliver grown at the Waite

sire, was significantly higher than those at the Nairne site and significantly higher

than for cv. Ottoline at both sites. The mean total glucosinolate concentration in the
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buds of cv. Ottoline gfown at the \Maite was not signifrcantly different from those at

the Nairne site. This result suggests that site differences had a greater effect on the

mean total glucosinolate concentration of cv. Oliver than those of cv. Ottoline,

which is similar to the finding for the mean total thiocyanate concentration.

{rSQ x cultivar x site interaction

There was no significant interaction between LSO., cultiva¡ and site on the mean

total glucosinolate concentration.

8.3.6. Conclusions on free thiocyanates, total thiocyanates, and total

glucosinolates

The results of this experiment show that there was no significant effect of different

amounts of ÇSO. applied on the mean concentration of free thiocyanates, total

thiocyanates and total glucosinolates in the buds of field-grown Brussels sprouts.

Possible reasons are:

1. Most of sulphur applied, up to application rates of 300 kglha of ÇSOn, was used

for protein synthesis, and/or increasing bud yield (Sec. 8.3.9) rather than for

glucosinolate production. Josefsson (1970) found that at low application of

sulphate, rapeseed plants used this nutrient primarily for protein biosynthesis and

secondly for glucosinolate production. Williams et al. (1996), found that

application of ÇSOn at a higher level than was used in this experimeît,7z3 kglha,

significantly increased the concentration of thiocyanates in the buds, as well as

bud yield, of field-grown Brussels sprouts.

2. Soil sulphur levels on the experimental sites before treating with different levels

of ÇSOn (8.5 and 18.7 ppm S at the Nairne and 'Waite site respectively), may

have been sufficient for glucosinolate synthesis for both cultiva¡s. Therefore,

addition of ÇSO. to the soil may have had only a. small effect on the

glucosinolate concentration. However, the results of the pot trials (Chapter 5)
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suggest that those levels would be limiting for glucosinolate production.

Therefore, it suggests that additional sulphur from the breakdown of organic

matter at aratewhich was sufficient for the needs of the plants prevented a strong

response of the plants to suþhur.

Zao et al. (1993 b), found that at a sulphur-sufficient site, application of S did not

significantly affect the seed glucosinolate content of -8. tutpus. In contrast, at a

sulphur deficient-site, they found that seed glucosinolate content increased 2-fold in

response to an application of 100 kg S/ha. Similar results by \Milliams et al. (1996)

found that at one site, there was a significant increase in thiocyanate concentration

in buds of field-grown Brussels sprouts as I!SO. application increased from 0 to

723 kglha while at another site this effect was not significant due to the application

of sulphate based fertilizers in the previous year on this site. Other workers have

found that sulphur treatrnents, applied to sulphur deficient-sites (amount of S

deposited/year is less than 10 kg S/ha), does have an effect on the concentration of

glucosinolates in the seed of B. napus (Booth et a1.,1991; W'alker and Booth, 1992,

1,994; Booth and Walker,1993;) and B. iuncea (Kaur et a1.,1990).

Mailer (1989) found that generally sulphur did not appear to directly influence the

synthesis of glucosinolates by field-grown rapeseed, although it may interact with

orher factors to do so. Parnell et aI (1983) cited in Mailer (1989) found that the

effect of sulphur on the glucosinolates of field-grown oilseed rape were small and

could not account for the large variation in seasons.

Other studies have shown that plant glucosinolate levels a¡e affected by many

factors such as genetic and environmental influences (Gustine & Jung, 1985; Mailer,

1989), nutrient imbalances (Shelp et aI., 1992), moisture deficiency (Freeman &
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Mossadeghi,lg73), insect infestation (Birch et a1.,1990; Koritsa et a\.,1991 a & b)

and disease infection (Shatnrck, 1993; Shattr¡ck &'Wang, 1994).

This experiment found that cultiva¡ and site significantly affected the concentrations

of free thiocyanates, total thiocyanates and total glucosinolates. The interaction

between cultivar and site also significantly affected the total thiocyanate and total

glucosinolate concentrations (Table 8.6). The concentration of free thiocyanates,

total thiocyanates and total glucosinolates of cv: Oliver was significantly higher than

those of cv. Ottoline, and all were significantly higher in the buds from the Waite

site than those from the Nairne site. It was also found that site differences had a

greater effect on the concentration of total thiocyanates and total glucosinolates of

cv. Oliver than those of cv. Ottoline.

The higher concentration of free thiocyanates, total thiocyanates and total

glucosinolates found in the buds of Brussels sprouts grown at the Waite site,

compared to the Nairne site, may be due to the higher levels of soil sulphur at Waite

site, and/or this may be related to the stress condition of the plants grown at this site

(Sec. 8.3.1). The amino acid biosynthesis of stressed plants is much increased and

consequently the production of glucosinolates from these amino acids is also

increased (Macleod,l976). This result is consistent with prior studies that reported

increased glucosinolate in stressed plants (Freeman and Mossadeghi, L973;

Lammerink et a\,1984, Shattuck and Wang,1994).

From this experiment, it can be concluded that there was no significant effect of

application rates of K'SO. on the concentration of free thiocyanates, total

thiocyanates and total glucosinolates in the buds of field-grown Brussels sprouts

treated with up to 300 kglha of ÇSOo. Cultivar and site significantly affected the

concentration of free thiocyanates, total thiocyanates and total glucosinolates, and
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the interaction betrveen cultiva¡ and site also signifrcantly affected the concentration

of total ttriocyanates and total glucosinolates.

8.3.7. Individual glucosinolates

The major glucosinolates were identifred by HPLC from samples supplied by lvlark

Potter (Sec. 3.2.6.5). They were progoitrin (2-hydroxy-3-butenyl glucosinolate),

sinigrin (2-propenyl or allyl glucosinolate), gluconapin (3-butenyl glucosinolate) and

glucobrassicin (3-indolylmethyl glucosinolate). The peaks of those glucosinolates

from a typical I{PLC a¡e shown in Fig. 8.18.

The levels of significance of various experimental factors, and their interactions, on

the concentration of individual glucosinolates in the buds of field-grown Brussels

sprouts is summarised in Table 8.7.

Table 8.7. The levels of significance of various experimental factors and their

interactions on the concentration of individual glucosinolates in the buds of field-
grown Brussels sprouts.

Main factors
K2SO4 (S)
Cultiva¡ (C)
Site

Interactions
SxC
S x Site
C x Site
SulphurxCxSite

NS
rF

¡1.*

NS
NS
**
NS

NS
rF*

**

NS
**
NS

NS
NS
NS
NS

NS
*
**

NS
NS
*

NS

NS
:F

**
NS

Factors & their
interactions

Progoitrin Sinigrin Gluconapin Glucobrassicin

Note : NS = not significant; * = significant at P<0.05; ** = significant at P<0.01
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Figure 8.1S. A rypical chromatogram of desulphoglucosinolates from the buds of

Brussels sprouts. 
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glucobrassicin. Detection wavelength : 226 nm-
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8.3.7.1. Progoitrin

8.3.7.1.1. Main factors

K-SO. effects

The mean concentration of progoitrin in the buds of Bnrssels sprouts, averaged over

the two cultivars and two sites, was not significantly affected by application rates of

Iqso..

Cultivar effects

The mean concentration of progoitrin in the buds of two cultivars, averaged over the

five levels of ÇSOn and sites, was significantly different. Fig. 8.19 shows that the

mean concentration of progoitrin of cv. Ottoline was significantly higher than that of

cv. Oliver (139 and 69 nmol.g dw'r respectively).

Site effects

The mean concentration of progoitrin in the buds from the ¡vo sites, averaged over

the five levels of ÇSQ and two cultiva¡s, was significantly different (Fig. 8.20).

The mean concentration of progoitrin in the buds from Nairne site was significantly

higher than those from the Waite site (124 and 84 nmol.g dw-l respectively).

8.3.7 .1.2. Interactions

K-SO. x cultivar interaction

There was no significant interaction between ÇSOo and cultivaÍ, aveÍaged over the

two sites, on the mean concentration of progoitrin in the buds of Brussels sprouts.

K-SO. x site interaction

There rüas no significant interaction between ÇSOo and site, averaged over the two

cultivars, on the mean concentration of progoitrin in the buds of Brussels sprouts.
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Cultivar x site interaction

There was a significant interaction between cultiva¡ and site, averaged over the five

levels of ÇSQ, on the mean concentration of progoitrin in the buds of Brussels

sprouts (Fig. 8.21). At ttre Nairne site, tt¡e mean concentration of progoirin found in

buds of cv. Ottoline wÍrs significantly higher ttran that of cv. Oliver and signifrcantly

higher than for those of both cultiva¡s at the Waite site. At the Waite site, there was

no significant difference between the ¡to cultiva¡s in the mean concentration of

progoitrin, ild there was no significant difference between the trvo sites for cv.

Oliver. The result showed that the mean concentration of progoitrin in the buds of

cv. Ottoline had gfeater response to the planting site than ttrat of cv. Oliver.

KrSO*x cultivar x site interaction

There was no significant interaction between ÇSO., cultivar and site on the

concentration of progoitrin in the buds of Brussels sprouts.

8.3.7.2. Sinigrin

8.3.7 .2.L, Main factors

K-SO. effects

The mean concentration of sinigrin in the buds of Brussels sprouts, averaged over

the two cultivars and ¡wo sites, was not significantly affected by application rates of

&Soo'

Cultivar effects

The mean concentration of sinigrin in the two cultivars, averaged over the five levels

of ÇSOo and two sites, was significantly different (Frg. 8-22)- The mean

concentration of sinigrin in the buds of cv. Oliver was significantly higher than that

of cv. Ottoline (244andlZl2nmol.g d*-t respectively).
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Figure g.22. The concentration of sinigrin in the buds of two cultivars of Brussels

spiouts. The data is averaged over five levels of KzSOr applied and two planting

s'ites. Each bar is the mean of 30 values. The vertical line indicates the LSD at
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Site effects

The mean concentration of sinigrin in the buds from ttre fwo sites, averaged over the

five levels of ÇSOo and two cultivars, was signifrcantly different @g. 8.23). The

mean concentration of sinigrin in the buds from the Nairne site was significanly

higher than that from the rü/aite site (240 and 126 nmol.g dw-r respectively).

8.3.7 .2.2. Interactions

KoSOdr cultivar interaction

There was no signifrcant interaction between LSO. and cultivar, averaged over the

two sites, on the mean concenEation of sinigrin in the buds of Brussels sprouts.

K SO. x site interaction

There was no significant interaction between IqSO. and site, averaged over the two

cultiva¡s, on the mean concentration of sinigrin in the buds of Brussels sprouts.

Cultivar x site interaction

There was a significant interaction between cultiva¡ and site, averaged over the five

levels of ÇSOo, on the mean concentration of sinigrin in the buds of Brussels

sprouts (Fig. 8.2a). At ttre Nairne site, the mean concentration of sinigrin found in

buds of cv. Oliver was significantly higher than that of cv. Ottoline and significantly

higher than for those of both cultivars at the 'Waite site. For both sites, the mean

sinigrin concentration of cv. Oliver was significantly higher than that of cv. Ottoline.

For both cultivars, the mean concentration of sinigrin in the buds from the Nairne

site was significantly higher than that from the'Waite site. The mean concentration

of sinigrin of cv. Oliver gtown at the Nairne site was about 857o htgher than that at

the Waite site. The mean concentration of sinigrin of cv. Ottoline grown at the

Nairne sire was about l06Vo higher than that at the Waite site. It can be said that the

mean sinigrin concenüation of cv. Ottoline had greater relative response to the site
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Figure 8.24. The concentration of sinigrin ¡n the buds of two cuhivars of

Brussels sprouts grown at the two sites. The data ¡s averaged over five levels of
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the LSD at P=0.05.
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than that of cv. Oliver, which is similar to the finding for the mean concentration of

progoitrin.

K-SO. x cultivar x site interaction

There was no significant interaction between ÇSOo, cultiva¡ and site on the mean

concentration of sinigrin in the buds of Brussels sprouts.

8.3.7.3. Gluconapin

8.3.7.3.1. Main factors

K-SO. effects

The mean concentration of gluconapin in the buds of Brussels sprouts, averaged

over the two cultivars and two sites, was not signifrcantly affected by amount of

IqSO. applied.

Cultivar effects

The mean concentration of gluconapin in the two cultivars, averaged over the five

levels of ÇSO. and ¡wo sites, was significantly different (Fig. 8.25). The mean

concentration of gluconapin of cv. Oliver was significantly higher than that of cv.

Ottoline (143 and 85 nmol.g dw-r respectively).

Site effects

The mean concentration of gluconapin at the two sites, averaged over the five levels

of ÇSO. and two cultivars, was not significantly different.

8.3.7 .3.2. fnteractions

There was no signifîcant interactions between any of the main factors on the mean

concentration of gluconapin in the buds of Brussels sprouts (Table 8.7).
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8.3.7 .4. Glucobrassicin

8.3.7 .4.1. Main factors

K-SO. effects

The mean concentration of glucobrassicin in the buds of Brussels sprouts, averaged

over the two cultivars and two sites, was not significantly affected by the amount of

qSO. applied.

Cultivar effects

The mean concenüation of glucobrassicin in the buds of the two cultivars, averaged

over the five levels of ÇSOn and ¡wo sites, was significantly different (Fig. 8.26).

The mean concentration of glucobrassicin for cv. Oliver was significantly higher

than that for cv. Ottoline (1146 and713 nmol.g dw-r respectively).

Site effects

The mean concentration of glucobrassicin in the buds from the two sites, averaged

over the five levels of ÇSOo ild two cultivars, was significantly different (Fig.

8.27). The mean concentration of glucobrassicin in the buds from the'Waite site was

signifrcantly higher than that from the Nairne site (1071 and 789 nmol.g dw-l

respectively).

8.3.7 .4.2. Interactions

K-SO. x cultivar interaction

The¡e was no significant interaction between ÇSO. and cultivar, averaged over the

two sites, on the mean concentration of glucobrassicin in the buds of Brussels

sprouts.
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Figure 8.26. The concenlration of glucobrassic¡n in the buds of two cultivars

of Brussels sprouts. The data is averaged over five levels of KeSOr applied and

two planting sites. Each bar is the mean of 30 values. The vertical line
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\SO* x site interaction

There was a significant interaction between ÇSO. and site, averaged over the two

cultivars, on the mean concentration of glucobrassicin in the buds .of Brussels

sprouts (Fig. 8.2S). At ttre Waite site, the mean concentration of glucobrassicin in

the plants treated with 150 and 225 kg/ha IqSq, was significantly higher than for

all other treaunents at both sites, except for applications of 0 and 75 kglha ÇSQ at

the V/aite site. At applications of 0, 150 and 225 kg/ha IqSO., the mean

concentration of glucobrassicin in the buds from the plants gfown at the Waite site

was significantly higher than those from the Nairne site. At the Nairne site, there

was no significant difference in the glucobrassicin concentration as a result of

different levels of ÇSOo.

The concentration of glucobrassicin in the plants at the Waite site treated with 300

kg/ha IqSO. was lower compared to those treated with applications of 150 and 225

kg/ha. It appears that at 300 kg/ha of ÇSOo, the synthesis of glucobrassicin is

inhibited. No corresponding change was found in the concenmtion of the other

major glucosinolates that were measured. It is possible that the extra sulphur that is

not being utilised for the synthesis of glucobrassicin is diverted to minor

glucosinolates, or other sulphur-containing compounds.

Cultivar x site interaction

There was a significant interaction between cultiv4r and site, averaged over the five

levels of ÇSOn, on the mean concentration of glucobrassicin in the buds of Brussels

sprouts (Fig. 8.29). At the Waite site, the mean concentration of glucobrassicin in

the buds of cv. Oliver was significantly higher than that of cv. Ottoline and

significantly higher than for those of both cultiva¡s at the Nairne site. The mean

concentration of glucobrassicin of cv. Ottoline from both sites was not significantly

different. This finding suggests that the concentration of glucobrassicin in cv. Oliver
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Figure 8.28. The concentratíon ol glucobrassicin in the buds of Brussels sprouts

g.*n at the two planting sites in relat¡on to diflerent levels of KzSO¡ applied'

The data is averaged over the two cultivars. Each bar is the mean of 6 values'

The verlical line indicates the LSD at P=0.05.
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shows more response to the planting site than cv. Ottoline, which is in contrast to the

findings for the mean concentrations of progoitrin and sinigrin.

Considering that the concentration of glucobrassicin in cv. Oliver (Fig. 8.26) is about

B-fold higher than that of gluconapin (Fig. S.25) and about 4.5-fold higher than

sinigrin (Fig. 8.22), then it can be concluded that the significantly higher level of

total glucosinolates found in cv. Oliver (Fig. S.15) is mainly due to glucobrassicin.

KzSO¡ x cultivar x site interaction

There was no significant interaction betrveen K2SO4, cultivar and site on the mean

concentration of glucobrassicin in the buds of Brussels sprouts.

8.3.8. Conclusions on individual glucosinolates

The results of this experiment show that amount of K2SO4 applied did not

significantly affect the mean concentration of major glucosinolates in the buds of

field-grown Brussels sprouts (Table 8.7). This is similar to the finding for the mean

concentration of free thiocyanates, total thiocyanates and total glucosinolates.

The mean concentration of sinigrin, progoitrin, gluconapin and glucobrassicin in the

buds of Brussels sprouts were affected signifrcantly by the cultivar. Cultivar Oliver

significantly contained higher mean concentrations of sinigrin, gluconapin and

glucobrassicin than cv. Ottoline. This was in line with the results for the mean

concentrations of free thiocyanates, total thiocyanates and total glucosinolates, which

was higher in cv. Oliver than cv. Ottoline (Sec. 8.3.5). However, the concentration

of progoitrin in cv. Oliver was significantly lorver than in cv. Ottoline.

The significantly higher level of total glucosinolates found in cv. Oliver is probably

due mainly to the presence of glucobrassicin.
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planting sites affected significantly the concentration of progoitrin, sinigrin and

glucobrassicin. The concentration of progoitrin and sinigrin in the bud of Brussels

sprouts grown in the Nairne site was higher than those from Waite site. While, the

concentration of glucobrassicin in the buds from Waite site at all application of

K2SO4, except for 300 kgha, was higher than those from the Nairne site. It was

possible that stress conditions (Sec. 8.3.1) at the Waite site decreased the

concentration of progoitrin and sinigrin and, in contrast, increased the concentration

of glucobrassicin, while the concentration of gluconapin in the buds of Brussels

sprouts was not changed significantly by the planting site. Koritsa et al. (1991 a &'

b) and Bodnaryk (lgg2) reported that the concentration of indole glucosinolates,

which includes glucobrassicin, increased in stressed plants. As glucobrassicin gives

the highest contribution to the total glucosinolates in the buds of Brussels sprouts

(Fig. B.l8), this is possibly the main reason for the higher concentration of free

thiocyanates, total thiocyanates and total glucosinolates in the buds from the Waite

site than Nairne site (Sec 8.3.5).

In this chapter, free thiocyanates, total thiocyanates, and total glucosinolates lvere

measured by the colourimetric method, and individual glucosinolates were measured

by HpLC. Therefore the concentration of total glucosinolates can also be calculated

by summing the concentration of individual glucosinolates which were analysed by

HpLC. The mean concentrations of progoitrin, sinigrin, gluconapin and

glucobrassicin in the buds of Brussels sprouts rvere 44.32 ptg.gdw-l; 72.85 ¡t'g'g

dw- 1 ; 46.85 þrg.g dw- 1 ; and 452.67 Vg.e dw- l respectively, giving a total of 616.69

Fg.g dr,v-1. From this figure it can be seen that 3-indolylmethyl glucosinolates, or

glucobrassicin, contributed 73.4% oIthe total glucosinolates.

The mean concentration of total glucosinolates measured by the colourimetric

method was 553 pg.g dw-l. It has been mentioned in Sec. 3.2.5, that total
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glucosinolates measured by the colourimetric method only represent specific

glucosinolates. From these glucosinolates, only glucobrassicin can be detected by

HPLC (Fig. S.l8). In this case, it is assumed that the total glucosinolates measured

by the colourimetric method only represent glucobrassicin, and since this was 73.4o/o

of the total glucosinolates, the corrected total glucosinolate concentration analysed

by the colourimetric method was equivalent to 753.4 Ftg.g dw-l.

From these calculations, it can be concluded that the concentration of total

glucosinolates measured by the colourimetric method (753.4 Fg.g dw-l

corresponded quite well with the value from the HPLC method (616.69

pg.g dw-1).

8.3.9. Bud yield

The levels of significance of various experimental factors and their interactions on

the bud yield of held-grown Brussels sprouts is shown in Table 8.8.

8.3.9.1. Main factors

KrSOt effects

The mean yield of buds of Brussels sprouts, averaged over the two cultivars and tlvo

sites, was significantly affected by the amount of K2SO4 applied. Fig. 8.30 show's

that plants treated with 300 kg/ha K2SO4 had the highest mean yield, which was

significantly higher than the plants treated with 0 kg/tra of K2SO4. There was no

significant difference in the mean yield between plants which were treated with 300

kg/ha K2SO4 and plants which received 75,150,225 kglha K2SO4. The mean yield

of buds from the plants treated with 0 k/ha of K2SO4 was not significantly

different from the mean yield of the plants which received 75 kglha K2SO4.
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Table 8.8. The levels of significance of various experimental factors and

their interactions on the bud yietd of field-grown Brussels sprouts.

Main factors
K2Soa (S)

Cultivar (C)
Site

Interactions
SxC
S x Site
C x Site
SxCxSite

,1.

*
**

NS
NS
NS
NS

Factors & their interactions Bud yield

Note :NS : not significant; * : significant at P<0.05; ** : significant at P<0.01

Cultivar effects

The mean yield of the two cultivars, averaged over the five levels of K2SO4 and two

sites, was significantly different (Fig.8.31). The mean yield of cv. Oliver was 44.27

t/ha which was significantly higher than that of cv. Ottoline w'hich was20.4 tlha'

Site effects

The mean yield of Brussels sprouts at the two sites, averaged over the five levels of

K2SO4 and two cultivars, r,vas significantly different (Fig. 8.32). The mean yield

from the Nairne site was 54.73 t/ha, which was significantly higher than that from

the Waite site which was 20.4 t/ha. The higher production from the Nairne site

might be due to the greater uptake of nitrogen and potassium by the plants at the

Nairne site compared to those at the Waite site (Sec. 8.3.2), also the effect of insect

damage (Fig. 8.2 a and 8.2 b).

8.3.9.2. Interactions

There was no significant interaction between any of the main factors on bud yield of

Brussels sprouts (Table 8.8).
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8.3.10. Conclusions on bud Yield

Bud yield of field-grown Brussels sprouts was significantly affected by the levels of

K2SO4 applied. The plants which received 300 kg/ha of K2SO4, had significantly

higher mean bud yield than the plants treated with 0 k/ha of K2SO4. Cv. Oliver

had higher mean bud yield than cv. Ottoline. Brussels sprouts gro\¡/n at the Nairne

site had higher mean bud yield than those glown at the Waite site.

8.3.11. Bud tasting

No tastings were carried out on buds harvested from the Waite site because of

damage from insect attack and the possibility of residual levels of insecticide (Sec.

8.3.1). Only Brussels sprouts harvested from the Nairne site were tasted by the

panels. Cvs. Oliver and Ottoline were planted separately (Sec. 8.2.2.2) and their

harvest times did not coincide. Hence, the buds from the two cultivars were tasted

separately and the results could not be used to differentiate between them. Buds for

the sensory test were taken from the third harvest'

The effect of different rates of K2SO4 on the rank sum of bitterness of the two

cultivars of Brussels sprouts is shown in Fig. 8.33. For cv. Oliver (Fig. 8'33 (a))'

the panels judged that buds from the plants treated with 75, L50,225 and 300 kglha

of K2SO4 were signif,rcantly more bitter than those from plants treated rvith 0 kg/ha.

There was no significant difference in bitterness between buds from the plants

treated with 75, 150,225 and 300 k/ha of K2SO4.

For cv. Ottoline, Fig. 8.33 (b), the panels judged that buds lrom the plants treated

with 225 kg/ha of K2SO4 were significantly more bitter than than those from the

plants treated with 0, 7 5 and 150 kg/ha, but not from plants treated with 300 kg/ha.

There was no significant difference in bitterness betrveen buds from the plants

treated with 0, 75, 150 and 300 kg/ha of K2SO4'
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8.3.12. Conclusions on bud bitterness

This experiment found that the levels of K2SO4 applied affected the bitterness of

Brussels sprouts grown at the Nairne site. However, the levels of K2SO4 applied

did not significantly affected the concentration of free thiocyanates' total

thiocyanates, total glucosinolates and individual glucosinolates, such as progoitrin,

sinigrin, gluconapin and glucobrassicin in the buds of Brussels sprouts. It was

possible that other glucosinolates and/or their breakdorvn products, which were not

measured in this experiment, may have been affected by the levels of sulphur, and

therefore affected the bitterness of Brussels sprouts'

There is still a debate about which glucosinolates or which breakdown products of

glucosinolates mainly affect the bitterness of Brussels sprouts. A previous stucly

(potter, 1993) found that buds with higher concentrations of free thiocyanates were

more bitter than those with lower concentrations. Fenwick et al. (1983) concluded

that 2-propenyl glucosinolate (sinigrin) in Brussels sprouts rvas the most bitter

glucosinolate, followed by (-)5-vinyloxazolidine-2-thione (goitrogen), a compound

derived from 2-hydroxy-3-butenyl glucosinolate (progoitrin). Other studies with

cabbage suggest that it is not sinigrin per se, but allyl isothiocyanate which is

derived from sinigrin, rvhich is responsible for bitterness (Freeman and Mossadeghi.

lg72 a; Macleod, 1976, Macleod &. Pikk, 197s). It is possible that allyl

isothiocyanates were responsible for the bitterness of Brussels sprouts in this

experiment, but these compounds were not measured.

8.4. Conclusion

Observations made during the growing season showed that plants grown at the

Nairne site were very healthy, while plants grown at the Waite site had slorver

growth, and the condition of the plants was not as good (Sec. 8.3.1). Inefficient
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inigation (Sec 8.2.2.4), and insect pests which attacked the plants at this site during

the growing seasons, were probably responsible for this result.

A soil analysis taken before planting showed that soil nitrogen levels were about the

same at the two sites, but soil sulphur, phosphate, potassium and almost all other

nutrients were higher at the Waite site compared to the Nairne site (Table 8.3).

The results of the test taken after the last harvest showed that the highest level of soil

sulphur occurred in plots which received 300 kg/ha K2SO4 for cv. Ottoline grown at

the Waite site, probably due to an inhibition of grorvth of this cultivar by stress

conditions. Stress conditions were probably responsible also for higher levels of

nitrogen and potassium at the Waite site due to lower uptake of these nutrients, for

lower bud yield, and for higher concentrations of glucobrassicin, free thiocyanates,

total thiocyanates and total glucosinolates in the buds harvested from Waite site.

There \¡/as no significant effect of different amounts of K2SO4 applied on the mean

concentration of free thiocyanates, total thiocyanates and total glucosinolates in the

buds of field-grown Brussels sprouts. However, cultivar and site significantly

affected all of them and the interaction between cultivar and. site significantly

affected the total thiocyanate and total glucosinolate concentrations (Table 8.6).

The amount of K2SO4 applied also did not significantly affect the mean

concentration of major glucosinolates in the buds of field-grolvn Brussels sprouts

(Table 8.7). Generally, cultivar and/or site and/or their interaction signif,rcantly

affected the concentration of the major individual glucosinolates, progoitrin,

sinigrin, gluconapin, and glucobrassicin.
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The levels of K2SO4 applied, cultivar and site sigrrificantly affected bud yield of

field-grown Brussels sprouts. Bud yield was higher at the application of 300 kgiha

of K2SO4 than those from 0 k/ha.

The levels of K2SO4 applied significantly affected the intensity of bitterness of two

cultivars of f,reld-grown Brussels sprouts. The buds from higher levels of K2SO4

were judged more bitter than those from 0 application of K2SO4. Since bitterness

was perceived to increase with higher applications of K2SO4, but there was no

change in the concentration of free and total thiocyanates, total glucosinolates, or the

four major individual glucosinolates, it is concluded that the bitterness of Brussels

sprouts is due to some other compound. An alternative explaination is that the

concentration of sugar was probably increased in the buds of plants grown at lorv

rates of K2SO4, and that this marked the bitterness.
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CHAPTER 9

THE EFFECT OF DIFFERENT HARYEST TIMES ON TIIE

CONCENTRATION OF THIOCYANATES AND GLUCOSINOLATES IN TIIE

BI.JDS OF BRUSSELS SPROUTS TREATED WTTH DIFFERENT LEVELS

OF SI.'LPHTJR

9.1. Introduction.

In commercial practice, the buds of Brussels sprouts a¡e harvested from 3 to 7

times, every trwo \teeks, depending on when the buds reach marketable size. The

highest yield of buds usually comes from the third hanrest and therefore, the

experiment described in Chapter 8 used buds taken from the thi¡d ha¡¡est. This

experiment examined the effect of different harvest times on the concentration of

free thiocyanates, total ttriocyanates, and total glucosinolates in the buds of field-

gforwn Brussels sprouts treated with different levels of KzSO¿.

9.2. Materials and methods

This experiment formed part of the experiment described in Chapter 8. Buds

were collected at the fitst, second, and third han¡ests from cultiva¡s Oliver and

Ottoline at the Nairne site, at the same time as the farmer harvested the field.

Five buds with the s¿rme size were taken randomly from each plot and used for

samples. Dry weight of bud tissue was estimated as in Sec. 3.2.4.2. The free

thiocyanates, total thiocyanates, and total glucosinolate were measured as in Sec.

3.2.5. Each treatment was replicated 3 times.

9.3. Results and discussion

The levels of significance of various experimental factors, and their interactions,

on the concentration of free thiocyanates, total thiocyanates, and total

glucosinolates is summa¡ised in Table 9.1.
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Main factors
Han¡est Time (H)
K2SO4 (S)

Cultiva¡ (C)
Interactions

HxS
HxC
SxC
HxSxC

**
NS
NS

**
NS
NS

**
**
NS
NS

NS
**
NS
NS

NS
*:1.

NS
NS

**
NS
*

Factors & their
interactions

Free Total Total

Table 9.1. The lçvels of significance of various experimental factors, and their

interactions, on the concentration of free thiocyanates, total thiocyanates, and

total glucosinolates in the buds of Brussels sProuts from different hanrest time

Note : NS = not significant; * = significant at Pd.05; ** = significant at P<0.01

9.3.1. Free thiocyanates

9.3.1.1. Main factors

Harvest time effects

The mean concentration of f¡ee thiocyanates in the buds, averaged over the five

levels of KzSO¿ and ¡vo cultiva¡s, increased significantly with every harvesting

time (Fig. 9.1). The mean concentration of free thiocyanates at the third harvest

was significantly higher than those at the first and second harvest, and the mean

concentration at the second harvest was significantly higher than that from the

first harvest.

K'SO, effectsæ
The mean concentration of free thiocyanates in the buds, averaged over the three

harvest times and two cultivars, was not significantly affected by the rates of

KzSO¿ applied.

Cultivar effects

The mean concentration of free thiocyanates in the buds of the two cultivars,

averaged over the three hanrest times and five levels of KzSO¿, was signifrcantly
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different (Fig.9.2). The mean concentration of free thiocyanates in the buds of

cv. Oliver was 117.8 pg.g d*-t, which was significantly higher than cv. Ottoline

which contained 68.4 Pg.g dw-r.

9.3.1.2. Interactions

Harvest time x KaSO¿ interaction

There was a significant interaction between ha¡vest time and KzSO¿, averaged

over the ¡vo cultivars, on the mean concentration of free thiocyanates (Ftg. 9.3).

At the first harvest, there rwas no significant difference be¡ween the mean

concenüations of free thiocyanates of Brussels sprouts as different levels of

KzSO¿ were applied.

At the second harvest, the mean concentration of free thiocyanates in the buds of

plants treated with 300 kg/ha KzSO¿ was significantly less than those treated with

150 and 225 kglha. There was no significant difference between the mean

concentration of free thiocyanates for plants treated with 0, 75 and 3@ KzSO¿ or

for plants treated with 0, 75,150 and225 kg/ha of KzSO¿.

At the third harvest, the mean concentration of free thiocyanates for plants treated

with 300 kg/ha K¿SO¿ was significantly higher than 0, 150 and 225 kglhaKzSO¿.

There was no significant difference between the mean concentration of free

thiocyanates for plants treated with 75 and 300 kglha of KzSO¿ or for plants

treated with 0, 150 and 225 kglha KzSO¿.

This result shows that the effect of KzSO¿ on the mean concentration of free

thiocyanates was not evident at the fust harvest, but became significant at the

second and third harvests. Maximum levels of free thiocyanates for the second

harvest occured for 150 and225 kg/ha KzSO¿. At 300 kg/ha the concentration in

the buds of the second harvest was reduced. The levels of free thiocyanates in

the buds taken from the third harvest increased to 145 pg.g dw-l ar 75 kg/ha
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Figure 9.1. The corìcentrat¡on of free thiocyanates in the buds of Brussels
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Figure 9.2. The concentration of lree thiocyanates in the buds of two cultivars
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levels of KzSO+ applied. Each bar is the mean of 45 values. The vertical

line indicates the LSD at P=0.05.

3I

1¿þ

1n

Et-q
I¿
Ëæ
(E

Feog

E&
l.¡- n

0
OtblirpOliver

Cultivar

t67



KzSO¿, then decreased significantly to 100 Pg.g dw-r at 225 kg/ha and then

increased significantly to L70 ttg.gdw-r at 300 kglha KzSO¿.

Harvest time x cultivar interaction

There was a significant interaction between han¡est time and cultiva¡, averaged

over the five levels of KzSO¿, on the mean concentration of free thiocyanates in

the buds of Brussels sprouts (Frg. 9.4). For cv. Oliver, the mean concentration of

free thiocyanates significantly increased every harvest time. For cv. Ottoline, the

mean concentration of free thiocyanates at the first harvest was signifrcantly

higher than that at the second harvest, but there was no significant difference

between the first and third ha¡vests or between the second and third harvests. At

the first harvest, the mean concentration of free thiocyanates of cv. Ottoline was

significantly higher than that of cv. Oliver, but at the second and third harvests,

the mean concentration of free thiocyanates in cv. Oliver was significantly higher

than that in cv. Ottoline.

K'SO, x cultivar interaction

There was no significant interaction between K2SO4 applied and cultivar,

averaged over the three harvest times, on the mean concentration of free

thiocyanates in the buds of Brussels sprouts.

Harvest time x K¿SO¿ x cultivar interaction

There was no significant interaction between ha¡vest time, K2SOa applied and

cultivar on the mean concentration of free thiocyanates in the buds of Brussels

sprouts.
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93.2. Tot¿l thiocyanates

93.2.1. Main factors

Harvest time effects

The mean concentration of total thiocyanates in the buds, averaged over the five

levels of KzSO¿ and nvo cultivars, increased significantly with every harvesting

time (Fig. 9.5). The mean concentration of total thiocyanates at the ttrird harvest

was significantly higher than those at the fi¡st and second harvest, and the mean

concen6ation at the second harvest was signiñcantly higher than that at the first

hanest.

K'SO, effects

The mean concentration of total thiocyanates in the buds, averaged over the three

harvest times and trvo cultivars, was not significantly affected by the rates of

KzSO¿ applied.

Cultivar effects

The mean concentration of total ttriocyanates in the buds of two cultivars,

averaged over the three harvest times and five levels of KzSO¿, was not

significantly different.

93.2.2. Interactions

Harvest time x K¿SOg interaction

There was no significant interaction between harvest time and K2SO4 applied,

averaged over the ¡wo cultivars, on the mean concentration of total thiocyanates

in the buds of Brussels sprouts.

Harvest time x cultÍvar interaction

There was a significant interaction between harvest time and cultivar, averaged

over the five levels of KzSO¿, on the mean concentration of total thiocyanates in

the buds of Brussels sprouts (Frg. 9.6). For cv. Oliver, the mean concentration of
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total thiocyanates significantly increased every harvest time. For cv. Ottoline, ttre

mean concentration of total thiocyanates at the second and third han¡ests were

significantly higher than that at the first harvest, but there lilas no signifrcant

difference benveen ttre second and third harvest. At the first and third haryests,

the mean concentration of total thiocyanates of cv. Oliver was significantly

higher than ttrat of cv. Ottoline. There was no significant difference in the mean

concentration of total thiocyanates berween the nrro cultiva¡s at the second

harvest.

K"SO, x cultivar interaction

There was no significant interaction between KzSOc applied and cultivar,

averaged over the three han¡est times, on the mean concentration of total

thiocyanates in the buds of Brussels sprouts.

Harvest time x K¿SOg x cultivar interaction

There was no significant interaction between ha¡vest time, KzSO¿ applied and

cultiva¡ on the mean concentration of total thiocyanates in the buds of Brussels

sprouts.

9.3.3. Total glucosinolates

9.3.3.1. Main factors

Harvest time effects

The mean concentration of total glucosinolates in the buds, averaged over the five

levels of KzSO¿ and nvo cultivars, was significantly affected by harvest time

(Frg. 9.7). The mean concentration of total glucosinolates at the second and third

harvests were significantly higher than that at the first harvest, but there was no

significant difference between the second and third harvest.
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K'SO, effects

The mean concentration of total glucosinolates in the buds, averaged over the

three harr¡est times and t'wo cultivars, was not signifrcantly affected by the rates

of IÇSO¿ applied.

Cultivar effects

The mean concentration of total glucosinolates in the buds of the two cultivars,

averaged over the th¡ee harvest times and five levels of KzSO¿, was not

signific antly different.

9.3.3.2. Interactions

Harvest time x K¿SOg interaction

There was no signifrcant interaction between harvest time and KzSO¿ applied,

averaged over the two cultivars, on the mean concentration of total

glucosinolates in the buds of Brussels sprouts.

Harvest time x cultivar interaction

There was a significant interaction between harvest time and cultivar, averaged

over the five levels of KzSO¿, on the mean concentration of total glucosinolates

in the buds of Brussels sprouts (Frg. 9.S). For cv. Oliver, the mean concentration

of total glucosinolates significantly increased every harvest time. For cv.

Ottoline, the mean concentration of total glucosinolates at the second and third

harvests were significantly higher than that at the fust harvest, but there was no

significant difference between the second and the third harvests. This result was

simila¡ to that for total thiocyanates, where the mean concentration of total

glucosinolates of cv. Oliver, at the first and third harvests, was significantly

higher than that of cv. Ottoline. There was no significant difference in the mean

concenEation of total glucosinolates between the two cultiva¡s at the second

harvest.
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K¿SO¿ x cultivar interaction

There was no significant interaction between KzSOa applied and cultivar,

averaged over the three harvest times, on the mean concentration of total

glucosinolates in the buds of Bn¡ssels sProuts.

Harvest time x K¿SOg x cultivar interaction

There was no significant interaction between harvest time, KzSO¿ applied and

cultivar on the mean concentration of total glucosinolates in the buds of Brussels

sprouts.

9.4. Conclusion

This experiment shows that harvest time significantly affected the mean

concentration of free thiocyanates, total thiocyanates, and total glucosinolates in

the buds of freld-grown Brussels sprouts. The amount of each increases from the

first to the third harvest, suggesting that:

1. There is a large increase in sulphur uptake as the plants mature

2. Plenty of sulphur is already present and the rate of metabolic pathways

involving sulphur increase as the plants mature

3. As the plants become more mature, metabolism switches from protein

synthesis to glucosinolate synthesis, in other words the utilization of sulphur

is redirected.

4. Combination of 1,2, and 3.

There was no significant effect of KzSO¡ as a main factor, averaged over the

three han¿est times and two cultivars, on the mean concentration of free

thiocyanates, total thiocyanates and total glucosinolates in the buds of Brussels

sprouts.

Cultivar differences affected significantly the mean concentration of free

thiocyanates. Cv. Oliver had a higher concentration of free thiocyanates than cv.
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Ottoline (Frg. 9.2). It was also found that cv. Oliver had more free thiocyanate

concentration at the second and thi¡d han¡ests (Frg. 9.4), and more total

thiocyanate (Frg. 9.6) and total glucosinolate concentrations (Frg. 9.8) at the fi¡st

and thi¡d harvests than cv. Ottoline.

The concentration of free thiocyanates are more influenced by the rates of KzSO¿

applied as the plants become more mature (Frg. 9.3). A possible reason for this is

that the buds nearer the growing point are more sensitive to KzSO¿ application.

There was no significant interaction between harvest time and the rates of KzSO¿

applied on the concentration of total thiocyanates and total glucosinolates,

suggesting either the concentration of free thiocyanates Íìre more sensitive to the

application of K2SO¿ than those of total thiocyanates and total glucosinolates, or

sulphur influenced the activation of endogenous myrosinase to breakdown the

glucosinolates into free thiocyanates.
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CHAPTER 10

GENERAL DISCUSSION AND CONCLUSION

10. 1. Pot trials

10.1.1. Growth responses

The size of the buds of Brussels sprouts produced by plants growing in pots and

treated with different levels of K2 SO4, was considerably smaller than those

produced commercially, and they lvere harvested after 26 weeks compared to l6

weeks on commercial farms. Potter (1993) found the same using Na2SO4 and

assumed that Na toxicity occurred at high rates of application. In this experiment,

K2 SO4 was used instead, but there was no improvement in bud size or time of

harvest. Further experiments were done to increase the level of sulphur and

nitrogen, up to levels which were toxic to the plants. The bud size was improved,

but they were still too small and there was no change in the time of harvest. The

problem of grorving Brusseis sprouts in pots and producing acceptable-sized buds

has not yet been resolved.

Despite the bud size being small, there were strong responses to sulphur for leaf

colour, leaf number, and bud yield. Generally, sulphur deficiency symptoms

occurred for plants which received less than 0.7 ppm S/pot (Fig. 4.2)' The

symptoms progressed fro m purple to yellowing and \¡r'ere more severe on cv. Roger

than on cv. Stephen. Both leaf number and bud yield were significantly increased by

the addition of sulphur. Leaf number increased by about 30% between 0 and 2'8

ppm S/pot (Fig. a.3). Bud yield increased exponentially betrveen 0 and 1.5 ppm/pot,

andthen appearedto increase linearly from 1.5 to 2.8 ppm S/pot (Fig' a.5). When

additional sulphur was applied at the same level of nitrogen (Fig. 5.1) bud yield

again increased, and appeared to reach a ma ximum at about 38.5 ppm S/pot

(approximately equivalent to a rate of 225 kglha of K2SO4 applied in the field)'
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Also, the addition of extra nitrogen increased bud yield (Fig. 5.3) showing that bud

production depends on an interaction between these two nutrients'

10.1.2. Soil sulPhur analYsis

A soil test taken at the end of the pot experiment showed no residual SO4 -S for cv.

Roger and only a small residual amount for cv. Stephen (Table 4.2). This result

suggests that, at the levels of sulphur applied, up to 2.8 ppm/pot, the use of sulphur

by the plants matched the rate of application. Hence, the strong growth res ponse to

sulphur in the pot trial has occurred because sulphur was limiting even at the highest

level applied.

10.1.3. Sulphur-containing flavour compounds

In addition to the growth responses to sulphur in the pot trials, there were strong

response in sulphur-containing compounds. For plants grown at less than 1.4 ppm

S/pot, there were not enough buds produced for thiocyanate analysis. However total

thiocyanates increased by 760/o when the level of sulphur lvas increased from 1.4 to

2.g ppm S/pot (Fig. 4.6). The levels of free thiocyanates vary considerably

depending on the part of the plant analysed (Fig. 5.6). The highest levels are found

in the buds, followed by young leaves, and then old leaves. This result supports

previous research by Porter et al. (1991) who found that in older leaves of B. napus,

the concentration of glucosinolates rvas lo,uver than in the younger leaves. A similar

result was found for B.carinata, where leaves closest to the stem apex exhibit higher

allylglucosinolate level than older, lower leaves. This f,rnding parallels the result

described in Sec. 7.4, which found that the new expanded leaves, on the upper part

of the st em, contain more than 7-fold higher concentration of total glucosinolates

than lower, older leaves.
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Buds and young leaves are more responsive to the addition of sulphur than old

leaves, and the three different tissues varied in the degree of interaction between

sulphur and nitrogen on the concentration of free thiocyanates (Fig. 5.8). The

maximum conce ntration of free thiocyanates in buds of pot-grown plants was found

for 38.5 ppm S and 28 ppm N, although maximum bud yield was found for 38.5 ppm

S and 45 ppm N (Fig. 5.3).

10.1.4. Feeding preference of the aphid, Brevicoryne brassicse

The effect of sulphur on the feeding preference of aphids was examined over a

period of 4 weeks. After their release onto the test plants, the aphids tended to move

only slowly from one plant to another. However, there was a significant preference

of ap hids to reproduce on plants which were receiving higher sulphur levels' When

these plants \,vere analysed for total thiocyanates and total glucosinolates four weeks

after the aphids were introduced, the levels of these compounds were significantly

reduced in treated plants compared to untreated, at leveis of sulphur greater than 7 .5

ppm/pot. The presence of a larger number of aphids on the leaves of plants

receiving higher I evels of sulphur is associated with a reduction in the concentration

of total thiocyanates and total glucosinolates. Growth differences were observed

betr,veen the treated and untreated plants, the former showing slight curling of young

leaves where infect ion was highest. It is assumed that the decrease in sulphur-

containing thiocyanates and glucosinolates occurred because of decreased

assimilation rates of the infected leaves (Van Emden, 1990). At the highest level of

sulphur used, 15 ppm/pot, some of the decrease in total thiocyanates ancl total

glucosinolates can be explained by the accumulation of free thiocyanates (Fig. 6.4)

probably due to an increase in the activity of myrosinase.
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10.1.5. Oviposition preference of butterfly, Pieris røpae

The effect of sulphur on oviposition preference of ){\i\fs26 Pieris rapae}{\fs26 was

examined over a period of 4 days. The number of eggs/leaf increased in response to

sulphur, but only at the highest level of 30 ppm S/pot, and for cv. Roger (Fig. 7.2).

This cultivar also showed a signihcant increase in free thiocyanates, total th

iocyanates and total glucosinolates at the same level of sulphur compared to plants

grown with lower levels of sulphur. This result suggests strongly that the

oviposition preference is related to the conc entration of these sulphur-containing

compounds. It is interesting that this response occurs for the established cv. Roger,

but not for the new cv. BS 085 which has been bred to contain a lower concentration

of glucosinolates (Potter, 1993).

Analysis of leaf extracts by HPLC for individual glucosinolates shorved that both

sinigrin and glucobrassicin were significantly increased in cv. Roger at 30 ppm of

S/pot. There was no significant difference between the cultivars for the levcl of

sinigrin at 0 ppm S/pot (Fig. 7.10), but cv. BS 085 had a signifîcantly higher level of

glucobrassicin at 0 pp. S/pot, and had a significantly higher number of eggs/leaf

compared to cv. Roger. Similarly, there was a significant decrease in the level of

glucobrassicin for cv. BS 085 at 30 ppm S/pot and a significantly less number of

eggs/leaf compared to cv. Roger. It is therefore concluded that glucobrassicin is the

glucosinolate which is responsible for the oviposition preference of Pieris rapae.

This finding is supported by previous studies which found that the major oviposition

stimulant for this butterfly in cabbage plants was glucobrassicin (Traynier &'

Truscott, l99l Renwick et al. 1992;Huang & Renwick, 1993, 1994).

10.2. Field trial

The sites for the field trial were selected on the bases of low soil sulphur content.

These were 8.5 and 18.7 ppm sulphur at the Nairne and Waite sites respectively
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(Table 8.3). It was expected that these sites would show responses to additional

sulphur .

The yield of buds showed a slight response to sulphur of ll%o between 0 and 300

kglha of K2SO4 Gig. 8.30). Assuming that the K SO becomes mixed in the top l0

cm of soil, then 300 kgitra of K2SO4 is equivalent to about 53 ppm of S.

There were no significant effects of K2SO4 on the concentration of free

thiocyanates, total thiocyanates and total glucosinolates, and the individual

glucosinolates, progoitrin, sinigrin, gluconapin, and glucobrassicin in the buds of

field-grown plants. There lvere however, significant difference s betrveen cultivars

and sites. Plants grown at the Waite site were considerably stressed by both

inefficient irrigation and insect attack. These plants had a higher concentration of

glucobrassicin in the buds than those grown at the Nairne site. This result supports

the finding by Koritsas e/ al. (1991 a & b) and Bodnaryk (1992) who reported that

the concentration of indole glucosinolates, which includes glucobrassicin, increased

in stressed plants. In general, the levels of the other glucosinolates was less at the

Waite site than at Nairne. It is concluded that the level of glucobrassicin is more

responsive to stress than the other glucosinolates, and that the effect is dependent on

the cultivar. Of the four glucosinolates that were measured, glucobrassicin h as the

highest contribution in the buds of Brussels sprouts, about 73% (Fig. 8.18), and

small changes in its concentration may result in large changes in free thiocyanates,

total thiocyanates, and total glucosinolates (Figs. 8.1l, 8.13, 8'16).

Examination of the soil analyses in Tables 8.3 and 8.4, shows that the level of soil

sulphur, measured as SO4 -S, after harvest for 0 kg/ha of added K2SO4 is greater

than that before planting. It is assumed that the additional sulphur was derived from

the breakdown of organic matter rvhich accounted for 2 to 3Yo of the soil weight
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(Table 8.3), and which was not measured by the soil test. This additional su lphur

appears to have been released at a rate which was sufficient for the needs of the

plants and prevented the plants from exhibiting a strong response to sulphur.

Although there was no significant effect of K2SO4 on the concentration of free

thiocyanates, total thiocyanates, total glucosinolates, and the individual

glucosinolates, progoitrin, sinigrin, gluconapin and glucobrassicin, it was found that

the bitterness of Brussels sprouts was significantly influenced by the levels of

K2SO4 6ig. 8.33). For cv. Oliver, the buds from plants treated with 75, 150,225

and 300 kglha of K2SO4 were judged more bitter than those from 0 kglha. For cv.

Ottoline, the buds from plants receivin 9225 kdha of K2SO4 were found more bitter

than those from other treatments, except for 300 k/ha of K2SO4. This finding

suggests that other glucosinolates and/or their breakdolvn products, which were not

measured in this experiment, may have been increased by high levels of sulphur, and

accounted for the increased bitterness of Brussels sprouts detected by the sensory

panels.

In the experiment described in Chapter 8, the concentration of total glucosinolates

measured by the colourimetric method (Sec. 3.2.5) and the.concentrations of

individual glucosinolates measured by HPLC were compared. It is concluded that

the values from the two methods corresponds quite well, indicating that they have a

similar level of accuracy.

The concentration of free thiocyanates, total thiocyanates, and total glucosinolates in

the buds from different harvest times, receiving different levels of K2SO4 was

examined. The amounts of those compounds increased from th e first to the third

harvest (Figs. g.l,9.5,9.7), suggesting that there was an increase in sulphur uptake,
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and/or the rate of metabolic pathways increase, and/or metabolism srvitches from

protein synthesis to glucosinolate synthesis as the plants mature.

It is concluded that reducing the amount of soil sulphur to levels less than 38 ppm S

will result in reduced bud yield and leaf number, and reduced concentrations of free

and total thiocyanates, and total glucosinolates. Further increases in sulphur res ult

in only small increases in yield. and no increases in the sulphur-containing

compounds mentioned above. Hence, the release of sulphur from organic matter

during the growing season makes it extremely difficult to manipulate the flavour of

Brussels spr outs by withholding sulphur-containing fertilizers.

Considering that there were significant differences in the concentrations of

sulphurcontaining compounds between the two cultivars of Brussels sprouts, a more

practical method of manipulating the flavour of Brussels sprouts rvould be by

conventional plant breeding or genetic engineering, rather than by altering the

management practices of growers.
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