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HAK-YOON JU Horticulture 

TUIOCYANATE ION CONTENT OF CRUCIFEROUS 

VEGETABLES AS INFLUENCED BY 

STAGE OF DEVELOPMENT, GENOTYPE 
AND GR1\FTING 

~~ 

Several commercially qrown cultivars of cabbago,)cauli-

flower, broccoli, Brussels sprouts and Chinese cabbage wera ( 

tostad for their contant of thiocyanate ion. Significant 

difforel1bQS in thiocyanate ion content \~ere obsarved among 

cultivars of cabbaqe, cauliflo\>ler and Chinase oabbage but 

not among broccoli and Brussels sprouts cultivars. Brussels 

~prouts oontai~ed much highar amounts of thiocyanate ion 

than any of the other vegetables. 

The average thiocyanate ion content of cabbage cultivars 

was muoh high\r in 1975 than in 1974. Presumably d~y condi~ 

tions and high temperatures were responsible for the increased 

yields of thiocyanatej iO,n in cabbage. Also for oabbage, the 

latJ maturing- cUltiv~rs ~ended to have higher thiocyanate 
" 

.ion contents than early maturing cultivars. 
" ' Variations in thiocyan&te ion co~tent, during pl~nt de-, 

~~ ~ rZ, 
'il" j 

velopment, were observed in/field-grown cauliflower and bro-

cooli. For both crops, thiocyanate ion content of tissues f 
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tendod to decreasa AS plants. Agod. 

Tho thiocyanate ion content of kala,was genetically 

dotarminod. The variation of thiocyanl\te ion content nmong 

plants o~ tho sama 90notype (clones) Wl\S smaller than that 

amonq plants propaqat6d from s8ads. 

1 .A study ~o datormine the affect ôf recipro1a1 grafta 

on radish thiocyanate ion content indicated that foliage 

had ft dominant influGl'\ce on overall thiocyanata ion c:on-

tant of the plant. 
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\ SOMMAIR~ 

UAl(-YOON cru 
1 

L'influanco du stada d\! d6valoppoment 
1 

du 9~notype ct du groffon sur la 

contenu on ions thi()cyanat~ ch.z 

. -des cruclf6res 

Horticulture 

La contenu en ions thiocyana te à 6t6 êvalu6 che. 

plusieurs lêgumes commerciaux soit le chou, le chou-fleur, 

le brocoli, 10 chou da Bruxelles ot le chou chino;is.. Des 

diff6roncos significativos dans le contenu on ions thi6-
< 

cyanato ont êt6 obsorv6es chal le chou, le chou-fleur et le 
.., 

chou chinois mais non chez le chou do Bruxolles ct 10 bro-
\ 

coli. Le chou de Bruxellos fontenait plus d'~bns thiocya-

nate quo l0~S les autres lêgumes. 

Le contenu moyon en ions'thiocyanato chez le chou 

\ 

:-,; l' 
\ !I i 

~tait beaucoup plus ~lev6 en 1975 qu'en 1974. Des-conditions 

de sêcheresse et des hautes tempêratures sont problement 
~ • 

responsables pour ces aU9men~ations. De'plus les cultivars 

tardifs de chou contenaient plus d'ions thiocy~nate que 

ceux hâtifs. 

Des variations dans le contenu en ions thiocyanate pen

dant la croissance ont ~t6 observf.es chez le chou-fleur et 
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10 brocoli cul ti v6s an plail'\ champl.,_ Daus lG9 deux CAl, 10, 

eont.anu des tiSS\lS cm ions thiocynnate Rembla d~crotttc llvac 

,l'I(]o_ 

No\\s avons nussi compar6 le -contenu on iOl'S t.hiocya-
f, 

natc de choux fris's g6n~tiquom&nt dilleront.. Ln vAria-

tion on ions thiocyanato 6tait plus petito parmi ~es plantes , 

de même genotype (clonas) qua l parmi lets plantes issues do 

semences. 

Enfin, une 6tude a Gt6 fnite pour 6valuar l'effet 
\ \ 

des greffas .r§ciproques sur le contenu en ions thiocyl\l'late 

. chez le radis, les r~sultats ont montr~ qua le 'fouillage avait 

uno influence ,marquante s~~ le contenu tot~l on ions thio

cyanato de la Jlan~f!hr:; 
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• INTRODUCTION 
\ 

Endemie goitre has been known for many years. 1 The 

disease is more wide1y spread throughout the world than is 
, 

g~nerally suspected (Nutritioh Canada, 1973; Greer, 1968; 

Clements ~ Al., 1960; Anonymous, 1946). 

Many studies have eonfirmed or imp1ied that crueiferous 

plants as a part of the diet could be one of the con~ributing 

factor,s to goitre in human and animaIs (VanEtten and \~01ff, 

1973; Wright, 1958). 

M~st plants of t~ Cruciferae family ,(Mustard family) 

contain g1ueosino1ates which ean be hydro1ysed by the enzyme 

system myrosinase, yielding isothiocyanates, glucose and 

sulphate. The isothiocyanate and its related products, i.e. 

thiocyanatJ ion (SeN-), thiooxazolidone and nitrile have 

been founa toxic ahd goitrogenic to human beings and animaIs. 

Hany studies have related goitrogenic toxicity of 

crucife'rous plants to their SCN- content (Michajlovskij and 

Langer, 1958; Munoz-Rodriquez, 1970) •. Thiocyanate ion 

content of cruciferous plants varies between various morpho-

10gica1 parts, and during plant growth and development. 

Perhaps the consumption of oruciferous vegetables contributes 

to the continuing problem of goitre disease that persists in 

\ 

. ' \:" \ 

\ 

\ 
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the population in spi te of t~e widespread use of iodized 

, table salt. 

r 
J 

\ 

, ' The purpose of this study was to determine the SCN

content of VrriOus cr~ciferous veget~les, and also was to 

study SCN- conte~of cruciferous vëge~ables as influenoed 
1 \ ' 

by stage of devel9pment, genotype and grafting. "T~e result' 

of this study should be of interest to plant breeders, 
• 

\ " toxicologists and nutritionists. 
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/ 
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REVIEW OF LITERATURE 

I. Inëidenee Qf Goitre 

f Goitre i.e. any abnorma1 en1argement of the thyroid 

gland which is visible as a swe11ing in the front of the-neck 

in humans or animaIs, has been known sinee prehistoric times. 
a 

It is be1ieved to have been first described by the ancient 

Chinese, ear1y Hindus and ~e Egyptians (Cooper ~ !l., 1958). 

But the difficulties in language and lack of know1edge in 

ear1y times about body organs leaves us uncertain as to how 

long thi~ disease has been known. It was ~ot recognized as a 

deticieney disease until .the late 19th century (Lowenberg 

~ ~., 1974; Cooper ~ al., 1958). 

For surveya of endemie goitre many different criteria 

have been used. For instance pêrez' ~ ~~ (1960) outlined 

the fol1owing ~1assifieation'System: Grade* l - palpable 

goitres that are more than 4 to 5 times enlarged but not vi-
" sible unless the head is thrown back and the neck extended; 

Grade II - goitres that are visible wh en the head is in a 

normal position; Grade III goitres that are large and pro-

minent. 

* Grade is sUbstituted as Group in original paper. 

3 

\ 
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~In 1895, Baumann 1iSCOVered i~dine which was, itself 

a normal éonstituent of the thyroid gland~ Severai years 

4 

later iodine was found to be a curative treatment for endemic 

goitre. ,Since the fiscoV~ry of the effect lf iodine on ~e 

thyroid gland, the bulk of evidence has s~orted the hypo-

thesis that lower concen~rations of iodine exist in soil and 

water in areas where goitre is endemic (Kennedy and Purves, 

1941; Greer, 1968). However, this disease may a1so be caused 

by inhibitîon of iodine uptake which rnay result from the 

effects of such natura1 goitrogens as thiocyanate (SCN-), 

isothiocyanÇlte and,gOitrin etc. (VanEtten and Nolff, 1973). 

In 1917, goitre was common in humans and animals in 
'-~>- / ' 
th~tPemberton val.ley (north of Vancouver) (Keith, 1924). 

, ' 

European se,ttlers suffered so severely from goitre, both in 

themselves and among their cattie, pigs and horses, that 
• 

they almost decided to leave the valley. 

In' 1932, t'lalker reported a great deal of goitre in a 

strip of territory~etween Edmonton and Calgary in Alberta. 

Goitre was prevalent in the irrigated districts of the 

.. 

\ 
southern parts of the province and north ofA"the Peaoe River 

1 

territory where drinking water cornes ch~~fly from rain and 

snow. 

In 1932, Abbott reported goJtre studies of school chil

dren made at w~dely separated places in ~anitoba. At Dauphine, 
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5 

/ \ . in the west of the province, 74 per cent of the children 

were affected. At, Norden, in the south, 21 per cent of 
) 

1 

children had goitre. In Winnipeg the incidence was 50 per 

cent, and in the tm·ms of Birds Hill and Stonewall, bath in 

the Winnipeg area, '85 per cent' of children were sufferers. 

The Indian School at Waugh., in the extreme east of the pro

vJnce, was free from goitre. 

In 19~4, the~e are accounts of goitre at Saskatoon in 

Saskatchewan (Binning, 1935). According to Jackes (1941), 

goitre was also found farth~r south, ,in the country 

irnrnediately surrounding the tO\-1n of Regina. 
1 

In 1975, Nutrition Canada reported that goitre was ob-

served in all groups beyond pre-school age in the Prairie 
/ 

provinces, British Colurnbia'and Newfoundland. The pre-

valence was lower in New Brunswick, Prince Edward Island, 

Quebec and Ontario and among Indians. The results for Nova 

Scotia were intermediate between these high and low pre- ! 

valence areas. Grade l goitre, classification of Pérez 

et al. (1960), was relatively common in both male and fe

male; the highest prevalence (17.8 %) was among pregnant 

women (Nutrition Canada, 1975). Grade II and Grade III 

goitres occurred in a small percentage of fem~les and were; 

rarely seen in males. The Nutrition Canada survey indicates 
• 

that goitre is still a significant problem in sorne parts of 

Canada, in spite of the mandatory iodization of table salt. 

\ 

• 
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In 1960, ac~~rding to World Health Organization (WHO), 

there were estimated,to be 2~rnillions cases of endemic 90i-

tre in the world (Kelly and Snedden, 1960). 

II. The .Thyroid Gland 

A. The Normal Thyroid Gland 
/ 

Thyroid size varies in the adult male from 20 to 60 

grams, the avekage being about 2,$ grams (Anonymous, 1946). 
) 

This agrees with Marine (1922) ~ho suggested that the normal 

thyroid gland should not exce~d _:0.35 of a- gJam for every 

kilogram of body weight. On this basis the thyroid of a 

man of 70 kilograms would be 24.5 grams in \~'eigh t. 

The thyroid gland is a ductless gland -the largest in 

the endocrine system- located immediately below the larynx 

on either side of and anterior to the trachea (Guyton, 1966). 

It consists of two lateral lobes connected by a narrow strip, 

~e Isthmus, from 5 mm to 2 cm in breadth (Huber, 1930). 

The height of the lateral lobes range from 3 cm ~ or less, 

to twice as much within normal limits. The transverse dia-

meter of the whole organ is 6 to 7 cm. 
, ~ 

-. < 
" 

According to Rice (1938), the average thyroid weight 

is 1.5 grams at birth, and it increases to 3d grams in younq 
1 

adults. It gradually decreases "in weight to less than 20 

grams at the agë of 80 years. It has been observed that 

thyroid enlargement is common during puberty in adolescences, 
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and during menstruatiqn, pregnancy and lactation in women 

(Greer, 1968: Marine and Lenhart, 1909). 

The thyroid gland is composed of spherical, 9ystlike 

follicles 0.02 to 0.9 mm in diameter, lined with a sim~le 
, 

epitheliurn and oontaining a gelatinous colloid (Bloom and 

7 

Fawcett, 1968), that arises from the secretory ~ctivity of 

the epithelium. There ~s great variability in f~riqle size 
t;-

,in man but the follicles in animals are more uniform. 

These closed, saclike lobules are independent secrei 

tory units separated from each other only by fine stands of 

connective tissue which contain capillary blood vessels ~o 

carry the gland secretion into larger vesse1s embedded in 

the stroma and from thence into the main blood stream 

(Anonymous, 1946). When the gland is fu~ctioning norma11y, 

S~CTION,OF THE HYPERPLASTIC GLAND 

Magnified 250 diarnet~r~ 

\ 
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aIl the follicles are weIl filled with colloid. 

B. 
\ 

The~yroid Secretion 

Tte thyroid gland synthesizes, stores and secretes the 

thyroid hormones, which are stored aS,thyroid colloid in the 

follicles (Stanbury, 1967). The thyroid gland normally re

leases its hormonal secretion in the event of an appropriate 

stimulus. This SUbst~ce was first isolated in crystalline 

*' form by Kendall (1915) who named it thyroxin (Kendall, 1919). 

Harrington and Barger in 1927 established the chemica~ formula 

of thyro~ine and synthesized it. 
\ 

The mechanisrn of secretion was explained briefly by Guyton 

(1974). First iodine is absorbed into the follicular ce Ils 

in the form of an iodide salt. The foll~cular cell converts 

the iodide to elemental,iodine. At the sarne time th~ cell 

also secretes a protein called thyroglobulin into the follicle. 

The elemental iodine reacts with the thyrog1obulin either 

before be!~ released into the follicle or after release to 

con vert much of the amine acid tyrosine in the molecule of 

the thyrog1obulin into thyroxine. The chemical reaction for 

this process is as follows (Harrington and Barger, 1927): 

*'Now usually spe11ed thyrOXi~e. 
1 

\ 
\ 
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2 rOI -o-CHî-CHNH2-COOH]+ 4I 
1 Tyrosine 

/ 

HO 

"-

1 

1 

o 

1 

Thyr0?tine 

9 

• . ... 

Accordinq to Orten and Neuhaus (1970), much of the iodine 

present in the glànd (about 70 %) i9 present as an even eloser 

relative ta ttrasine, namely, diiodatyrosine and also some 

'monoiodotyrosine, which has little physiologie aetivity. 

HO 

1 
Diiodotyrosine 

Sinee the ql~nd eonverts diiodotyrosine to thyroxine, 

it -is believed that diiodotry~inè is the precursor of ~ 
\ 

thyroxine. Another related compound 3,5,3' -triiodothyronine 

has five times the physiologie aetivity of thyroxine but it 
1 

_/ ~~ pre1ent in relatively sm~ll amounts • 

• 
3,S,~' -Triiodothyronine 

\j 
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It is possible that neither thyroxine nor triiodo~ 

thyronine is the tru~ thyroid horm~ne (Orten and Neuhau~, 

1970). Some authorities maintain that the true thyroid 

hormone is a mu ch larger molecule, e.g., thyroglobulin or 

a peptide complex buil t around one or more o'f the iodine-

10 

, containing compounds. Thyroglobulin has a greater activity 
\ 

than thyroxine in proportion to its iodine content. 

However, a current study (Hamilton, 1968) indicates that 

thyroxine, causes an increased synthesis of all forms of' RNA, 

nuclear, ribosomal, and transfer. This may well p~ove to be 
. \ 

th~ fundamental biochemical effect of the thyro~d hormone-in 

'affecting growth and development of the body and in stimulating 

totil metabolism. 

C. The Thyroid Changes in Goitre 

M~rine and Lenhart (1909) observed in test animals that 

the strictly normal glands have the highest iod\ne contents 

\ 

and those with marked glandular hyperplasia the lowest. 
\ 

They ~ndicated that the weights of thyroid glands vary di-

rectly with the\degree of hyperplasia and inversely with the 

~centage iod!ne content. 1 "' 

How~ver it.Ls clear that a deficien~ in iodine intake 

and a consequent deficiency in thyroid hormone synthesis 

leads to the compensatory change in the thyroid gland recog

nizable as hyperplastic goitre (Astwood,·1948). 
\ 

\ 

\ 
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According to Guyton (1966), lac~ of iodine prevents • 
production of thyroxine by the thyroid gland, and, as a 

result, no thyroxine is available to inhibit production of 
q, 

thyrotropin by the adenohypophysis, this allows the adeno-
1 

1. • 
hypophys~s to secrete excessively large quantities of thyro-

tropin. Actually the thyrotropin causes the gland to 

enlarge. 

Using the Brassica-seed diet/Which usually causes goitre 

in test animals, striking results have been obtained in rats 
\ 

given adequate iodine rations (Kennedy and Purves, 1941). 

They found that during the first seven days the thyroid loses 

the greater part o~ its colloid. There is considerable 
1 

hypertrophy of the epi~helium, the gland as a whole remain-

ing unchanged in size. During the second week there oecurs l 

a rapid increase<in the weight of the entire gland. At four-

teen days advanced hypertrophy together with hyperplasia is 

observed, and complete los~ of colloid. At the end of the 

third week the changes are at a maximum. Thereafter a slow 

thyroid growth ~ontinues, paralleling that of body growth 

in the rat. Colloid, absent from the fourteenth day, re-

appears in significant amounts in glands examined subsequ~nt 

to the fifty-sixth day. Sinee no progressive accumulation 

of colloid oceurs thereafter, i t assumed that the thyroid 

at this period has attained physiologie equilibrium. 
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Whenever" the amount of thyroid tissue becomes in

sufficient to supply thyroid secretion, whet~er from reduced 

'iodine intake or from increased demands· or follmüng par,tinl . 
1 thyroidectomy, compensatory hypertrophy oceurs (Marine,. 193,5). 

1 This hypertrophy appears always to be the, result of direct 

stimulation by the -thyrotropic hormone. This is characterized 

prineipally by a decrease in the stainable colloid and in the 
, 

iodine content, by an increase in theJ blood supply and by a 

change in the follicular epithelium from low cuboidal and 

cuboidal to high cuboidal or even columnar. Then, as hyper

plasia takes place, infoldings and plications of the ,lining 
~ 

epithelium are :f.;ormed (M.arine and Lenhart, 1909). This pro

Icess is apparently an attfomPt to increase the epithelial sur

face without undue genera1 glandular en1argement. ?>\arine 

and Lenhart (1909) mentioned that there is no essential 

difference between the forros seen in human and in dog, sheep, 

ox or pig thyroids. Greer (1968) explained that the reasons 

for thyroid change during puberty in adolescent, and during 
1 

1 menstruation, pregnancy and ~actation in women are rlue to 

the increased demands for thyroid ho~pne during these 

periods, thus causing an augrnented 'secretion of thyrot~ophin 

and hence an.increase in thyroid size and activity. 

These hypertrophie and hyperplastic changes are in 

their very nature inevit~b1y accompanied by enlargement of 
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the gland. Tne degree of enlargement will depend on the 
A 

-extent of the hyperplasia (Anonymous, 1946). 

III. Relationship between Incidence of Goitre and 

consumptifn of Cruciferous Vegetables and Weeds 

13 

The relationship between iodine deficiency and endemic 

- . \- . 

goitre has been well established {Keith, 1924; McClure, 1937; 

Spencer, 1954; Clements et al., 1960), and no factor other 

than iodine deficiency has been as yet related to the dis-
,1 

tribution of endemic goitre in humans (Kennedy and Purves, 

1941; Orten and Neuhaus, 1970). 

According to Fertman and Curtis (1951), the iodine-

deficiency hypothesis alone fails to explain satisfactorily 

several si t~ations ,.,hich are still enigmatic. Thus, there 
, ' .. e 

is the problem of certain isolated seacoast regions wheré 

the iodine intake is presumably high and yet simple goitre 

is prevalent; or the more baffling observations concerning 
1 

cretinism, which over-runs certain areas endemically while 

shunning others. 

Since the discovery of 'cabbage goitre' (Chesney et al., 

1928~ , many studiis have confirmed or implied a rêlationship 

between corlsumption of cruciferous'plants or their products 
, 
and incidence of goitre in humans and animals (VanEtten, 1969; 

1 
.. • 1 1 

Wright and Sinclair, 1958)., 

.~ 
, 
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l 
From a study of sirnp1~ goitre in \'linnipeg ~nd i ts rela-

tion to racial incidence and to nutrition 1 Abbott (1932) 

reported that cabbage was a predominant constituent in the 

diet of the central European races arnong which thyroid en-

largement was very prevalent. The recent Nutrition Canada 

(1975) study shows a high incidence of goitre even though 

people ha~e adequate iodine. 

The production of thyroid enlargement experimentally 

in laboratory animaIs caged and controlled under different 

conditions of diet has added greatly to our knowledge of 

the factors ~hich may cause goitre in a natural environment. 

~Chesney et al. (19'28) obperved large llyperplastic goi-

tres in rabbits maintained on cabbage diets. Accor~.ing to 

McCarrison et al. (1933), a group of rabbits fed exclusively 

on fresh raw cabbage had significantly heavier thyroid glands 

compared with another group which were fed on a stock diet 

of raw cabbage, carrots, bran, sprouted Bengal gram, and 

. green gralgs. 'Stiner (1933) reported that goitre was pro

duced in guinea pigs by the daily feeding of 10 9 kohlrabi 

leaves (Brassica oleracea). Judina (1940) reported that 

addition of the wild herb Brassica raEa oleifera (140 g 

daily for months) to the diet of rabbits increased the thy-

~' roid weight by 25 to 65 per cent in six out of ten animaIs. 

Similarly, 150 9 daily of Rë;lphanus raphanistrum (wild 

/ 

-- - - --~------------_-...II 
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radish) for three-and-a-half months increased the thyroid 
. 1 

weight by 45 to 125 per cent in three out of ten animals. 

In 1941, Kennedy and Purves from'their study of experi-
o 

\mental goitre of rats found that diets including 45 per 

cent groundoseeds of Brassicae such as (rape, swede, soft 

and hard turnip, ~d chou moellier) produced thyroid hyper-

plasia in rats which was not prevented by gi ving ~. 3 mg of 

potassium iodide (i.e. 1,000 pg iodine) per rat dai1y. 

Blum (1943) reported that the goitre produced by consump-

tion of large amounts of cabbage presents a stage preceding 
\ 

true exophtha1mic goitre. 

Often cabbage failed to cause any goitre. According ta 
. 

Hercus and Aiken (1933), cabbage feeding sometirges gave 

rise ta sma11 goitres in rabbi ts but often no effect was 

observed. Marine (1933) suggested that the reason why 

cabbage sometimes does and sometimes does not cause goitre 

depends on the relative proportions present in cabbage of 

. antigoi trous factors (iodine and hexuronic acid) and gai tro-

genic factors (cyanides) • 

The goi trogenic chemicals in cruciferous plants appear 

to be transferable to the tnilk of cows consuming the~e plants 

and to be capable of interfering ,ü th thyroid function of 

humans who arink such mi~k (Wi~ls, 1966). Thus, Clements 

and Wishart (1956) have ~uggested that an appreciable 

amount of endemic goitre in c~rtain areas lOf Tasmania 
/ 

§ , 
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(Australia) may be due ta a goitrogen present in the milk of 

cows fed 'chou moellier'., Apart fron other evidence, rnilk 

and extracts of skim rni1k from chou ~oe11ier-fed cows were 

found to depress the uptake of iodine-131 by the thyroid 

glands of experimental animaIs and human volunteers. Greene 

and G1ascock (1958), in comparing milk from cows fed hay, 

chou moellier or pastures 1ightly contarninated with crucife-

rous weeds, found the latter to have the highest goitrogenic 

activity. 

In 1ate 1949, Greer et al. isolated a compound similar 

to thiouracil, 1-S-vinyl-2-thio-oxazolidone from the seeds 

of rutabaga~ turnip, cabbage, kale ~nd rape. This compound 

.- was thought responsible for the goitre in sheep fed on tur

nips (Hercus and Purves, 1936) and for the epidemic of gai-

tre in western Europe among the peoples who had to subsist 
\, 

largely"bn brassica vegetables during world war II 

(Bastenie,1947). 

Kreula and Kiesvaara (1959) have'obtained evidence that 

the goitrogenic activity in milk is unlikely ~o be due ta 

1-s-vlnYl-2-thio-axazolidone even thaugh t~rnip root or other 

forage known to pravide this compound is eaten by cows. 

This finding seems to indicate that the thiocyanate or sorne 
\ 

unknown goitrogenic material other th an a derivative of 

r-thiooxazolidone must be ingested by cows grazed on grass 

~aving an admixture of goitrogenic weeds (Wills, 1966). 

'. 

\ 
'le 

\ ;' 

/ 
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Wright (1958) fa und that milk from goats fed on kale con-
, 

tained 4.6 mg per cent of thiocyanate al though that from 

animaIs fed on grass pasture contained only 0.8 mg per cent. 

By implication, other cruciferous weeds might be consi

dered suspect in re1atioEship to the genera1 hypothesis of 

an association between plant thiog1ycosides (glucosinolate) 

and endemic goitre in certain circumstances (Bachelard and 

Trikojus, 1960). 

Accordinq to Astwood (1949), the incidence of goitre 

is strikingly reduced by increasing the iodine intake but 

goitre is by no means comp~etelY aboli shed by this procedure. 

This might be suggest that sorne other factor besidés iodine 

deficiency is contri~uting ta goitrogenesis. Clements and 
. . 

Wishart (1956) stressed that goitrogenic substances in. th~ 

diet may be a significant factor in the rtiology of endemic ,-

goitre. These findings give ris1 to the questions: what is! 

the proper public health policy for the prevention of goitre, 

and what are the ramifications for agricultural practice? 

\ 

1 -

0
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1 
IV. Natura1 Goitfogens and Associated Compounds 

A. Chemistry and Deve10pment 

1. Thiocyanate Ion 

Thiocy~~te ion, SCN-, wnich was first observed to act 

as a goi trogen by Barker in 19'36, is only one of several 

products 1iberated by enzyme hydrolysis of glucosinolates 
; 

when plant cells are ruptured (Gmelin and Vir~anen, 1960; 

Ettlinger and Kjaer, 1968). 

1 

thlocyanate 

Gmelin and Virtanen ,(1960) showed that the cleavage of 

glucosino1ates into SCN- by the myrosinase in the presence 

',~ of an unidentified enzyme factor is common in plants of the 
,~ 1 

'" Cruciferae. 

Together WiJ thiooyanates, related hY<h[0lyti,C products 

such as isothiocyanates<and nitriles and thiooxazolidones 

(a group containing very potent antithyroid compounds) are 

responsible for the pungent odor, taste and toxicity of 

plants of the Cruciferae I!.l(Friis and Kjaer, 1966; VanEtten, 

1969). 

., " 
t 
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, According to VanEtten (1969), most of the thioglucosides 

(glucosinolates) have been characterizéd through the is~ 
1 

thiocyanates formed by hydrolysis because their formation 

appears ;avored over the nitriles and thiocyanate as fOlloi: 

R-N=C=S 

Isothiocyanate 

R-CaN 

Nitrile 
+ 

Sulphur 

J", 
R-S-CEN 

Thiocyanate 

Ettinger and Thompson (1962) rep'orted that ~-lndolyl

methyl and 4-hydroxybenzyl isothiocyanate readily evolve 

thibcyanate ion . 

. ' 

Glucosinolates 

G1ucofinolates are the naturally oecurring precursors 

of organic isothiocyanates, thiocy~nates, and cyanides, and 

of further transformation products of these~ Little is 
, 

known about the functions of glucosinolates in the plants ) 

that produee them (Ettlinger and Kjaer,"l968). 
\ 

Sinalbin, sinigrin and pr9goitrin are trivial names 

for specifie g1ucosinalates., As early as in 18'31, Robiquet 

and Boutron isolated from the seeds of white mustard 

(Sinapis alba L.) a crYstalline, su~-containing consti

tuent which w~s later named sina1bin and recognized as a 
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mustard-oil producing glucosinolate. Busy (1840) isolated 

another gl ucosi~olate, ,.,hich has become krtown as ~inigrin 

from black rnustard seeds (Brassica nigra Koch). He envi

saged also the enzymatic conversion of glucosinolates to iso-
() 

thiocyanates from his work. 

Ettinger and Kjaer (1968) indicated"that only eight 

different glucosinolates had been observed in plants until 

1912. At presedt about 6S different glucosinolates have 

been isolated from plants of the Cruciferàe and related 

families (VanEtten and Wolff, 1973)., 

T~e crystal~ine compounds sinigrin and sina1bin were 

early subjects of structural speculations. Gadamer (1897) 

reported the structure of sinigrin and sinalbin as fol1ows: 

Sinigrin:' 

Sinalbin: 

R = CH
2 

R = {pl 

x = K 

HOC'6H4CH2 X = sinapine 

! 
He conc1uded that the general structure apparently 

1 

accounted for the production of'isothiocyanates, glucose 

and sulphate on enzymic hydrolysis. Several investigators, 

including Gadamer, had commented upon th9 unexpected for

mation of varying amounts of nitriles concomitant with 

-' 

, , 
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isothiocyan~tes during enzymic qlucosinolate hydrolysis as 

weIl as upon chemical deqradation. However, the above 
/' 

structure (Gad~er, 1897) was generally accepted for many 

years., ~ 
" ~ 

Ettlinger and undeen (1956) 

sinigrin and sinalbin s follows: 

revised the structure of 

S C6HlloS 
c/ R - N = 
~N - o - 50 - O-X+ 

t • 2 

:Sinigrin~ R = CH2 = CH - CH2 X = K 

Sinalbin :0 R = (p) HOC6H4<::H2 X = ainapine 

/ 
This revised structure explains the occurrence of ~~t,~iles 

and/isothiocyanates in the same essentia1 oil. 

Like MOst subsequently c~stallized ~ustard oil gluco

sinolates, sinigrin is obtained as a potassium salt from 

plant sources, in most of which ions of this metal are abun-
\ \ 

dant1y present. In sinalbin, however, the basic moiety con-

sists of the aromat.j.c choline ester sinapine (1) (Kjaer, 1961). 

1 

'1 

J : 
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The glucosino1ates in which the R group is allyl-3-

butenyl-, 4-pentenyl-, benzy~-, 2-phenylethy1-, or 

4-methyl-thio-3-butenyl- are the sources o~ the isothiocyanates 

that are the steam-volat{le mustard oils CVanEtten and Wolff, 
1 

t973). GlUCOsipolates are distributed diffusely thrOU9hjut 

the parenchymal tissue in plants (Kjaer, 1960). 

These compounds invariably seem to conform to the 9~neral 

structure as sinigrin and sinalbin, differing only in the 

chemical nature of the sid~-chain, R (Kjaer, 1966). 
\ 

3. Myrosinase 

According to Rjaer (1961), the embtyonic tissue\of seeds 

oOntains the glucosinolates, functioning as substrates for . 
the enzyme 'myrosinase', which is accumulated in special cells 

(i4ioblasts). Thus, it is only after disintegration and 

subsequent contact between glucosinolate and enzyme that 

enzymic hyd~olyst.;> takes place .. 

The enzymJ was first demonstrated tor crucifers by 

Guignard (1890). A more detailed study of the enzyme which 

was called 'myrosin' at that,time was initiated in 1926 by 
\ 

Neuberg and Waqner. -They adopted ~e term 'myrosinase t 

instead of 'mYfOsin • • 

According to van,Euier and Erikson (1926), the enzyme; 

myrosinase was composed of two entities, one liberatinq 

\ 
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glucose in a fast reaction and another ~cting rs a slow i 
sulphatase. Subsequent work by Sandberg and Holly (1932) 

supported the two-enzyme system theory. 
( 

In contrast to these investigations, Nagashima and 
\ 

Uchiyama (1959) confirrned ~e conception of myrosinase as 

.23 

a ~ingle enzyme that,hydrolyzes the glucosino1ate linkage. 

Ett1inger and Dateo (1961) agreed with the one enzyme theory. 

. Several investigators have tested the stabi1ity of 

myrosinase by varying pH and temperature. It appears that 

myrosinase has a pr optimum at 6.5 - 7.5 and a temperature 

optimum between 3do and 400 C (Kjaer, 1960). 

Appelqvist and Josefsson (1967) showed that myrosinase 

in seeds with a moisture content of about 8 per cent was 
( 

leffectively destroyed by heat treatment in a closed vessel, 

for ~5 min. at 900 C. Recent work by Paxman and Hill (1974) 

and Josefsson (1975) also suggests that myrosinase can be 

destroyed by heat treatment. 

4. Isathi.Jcyanate 

Most isothiocyanates are punqent substances, easily 

detected by their bitinq taste. In higher cpncentrations 

they posses vesicant and frequent1y lachrymatory properties. 

Fo~ these reasons many isothiocyanate-producinq plants have 

been applied as potherbs, condiments, and remedies in folk 
1 • 

medicine {Kjaer, 1966}. However, on account of the conspi
't, 

~, \ 

\ , 
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cuously pungent properties of many isathiocyanates (mus tard 

oils) this group of compounds has attracted scientific 

interest for hundreds of years (Kjaer, l~60). 

According to Challenger (1959), Portas in 1968 and Febure -----------
ir 1660 in Paris observed first that the fOrnlaiion of a 

volatile oil on distillation o~ mustard seeds with water. 

A Dutch scientist Boerhaave appears ta have been the first 

to prepare mus tard ail and to describe it~ properties in 

1732. 

Isothiocyânates are not present in the free state in 

plants but produce on enzymic hydrolysis of precursors 
• • 1 

'glucosino1ates 1 (jjaer, 1960). These glucasino1ates are 

found in a large numb~r af plants belonging to a small 
-

number of botanica1 families. Of these families, the 

Cruciferae is the rnost prominent source of isothiocyanate-
r , ' 

producing glucasinolates. 
/ 

Isothiocyanates, of the genex;al formula R-N=C=S, are 

considered as esters of isothionic acid, H-N=C=S (Assany, 

1961).' They are isameric with the thiocyanates, R-S-ceN. 

Iso~ocyanates will react with ammonia to ·yie1d thiourea 

in the followi~g manner CEttlinger and Thompson, 1962): 

R-~S+~;-----------------+. R-NHCSNB2 

! 
This reaction 15 the basis of severaI techniques for the 

identification and quantitative estùmation of the isothio-

" 

1 
1 

1 
1 

.\ 
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1 
cyanates. 

The following reaction shows the products generally 

formed when glucosino1ates (1) are hydro1yzed by myrosinase 

(F1orkin and Stotz, 1965). Glucose and sulphate ions are 

always released while the remainder of the glucosinolate 

molecule, the aglucon, is usually converted t~ thiocyanate 

(III), to nitriles (IV) and sulphur through a Lassen arrange-

ment to isothiocyanate (II). 

R-N=C-S R-C:N R-S-C:N 

l II III IV 

The glucosinolates in which R group is allyl-, 3-buteny1-, 

4-pentenyl-, benzyl-,~ 2-phenylethyl-, or 4-methylthio~3-buten~ 

are the sources of~the isothiocyanates that ~~---
\~, !--------------

vola't~lle mustard oils (lT~ \volff, 1973). Although " \ 

~ 1 
the mus tard oils appear to be the main hydrolysis products 

\from the organic. aglucon of the 91ucos~Îolates, the,nitri1es 

may be forme~ instead (Challenger, 1959; Kjaer, 1960). In 

sorne instances the isothiocyanates initially formed undergo 

further transformation. According ta Kjaer \(1960) enzym~c 1 
\ 

hydralysis of sinalbin (P-hydroxybehzylqlucosynolate) from 

white mus tard giv~s p-hydroxylbenzyl isothiocyanate w!!.ich 

4~ 

1" 1 _ 

" 

" 

", 
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Ettlinger and Thompson\I96i)have reported ~hat 
_' , .. ----- 1 

2-hydroxy-3~buteny1 isothiocyanaté naturaI1y ~c1izeS'to 
S-vinyl-2-thiooxazolidone. These cyclic products are 

ca11ed gOitrins because of theii potent goitrogenic acti-

vit Y (VanEtten and Wolff, 1973). 
(). 

Ettlin~er an~ Thompson (1962) have not~ed aiso that 

sulforaphene was the major isothiocyanate compound in 

radish (RaphClnus mari timus Smith). According to them, in 

Brassica nigra seed is the classic source of allyi isothio

cyanate. ,In Brassica oleracea, ally1 isothiocyanate is also 

prominent except for broccoli, but th.~ other compo~nds are 
, . 

notable and var~ed. In Brassica campestris, 3-butenyl iso-

~~~-;--:nd goi trin are dominant in the seed and goitrin 
~---- ~ 

oceurs also in turnip root but allyl isothiocyanate recedes 

to a trace. 

It is of intere~t that certain 

produced in aIl parts of the plant. 

~ 
compounds are no~ always 

Acc6rding to Neuberg 

j and Wagner (1926), 3-indolylmethyl isothiocyanate is found 

in fresh plants of Brassica and Raphanus but not in the 

seed. 

\ 

! 
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B. Effect of Thiocyanate Ion on Thyroid Gland 

The first indications of the effect of thiocyanate ion 

upon the thyroid gland were provided b~ observations of 

Barker (1936) on patients with hypertension.' It was observed 
r 

that a certain number of patients experienced enlargemen~ 

of the thyroid gland. 

Rawson et al. (1943) implied that the ~echanism of 

Brassica-seed goitre and that of thiocyanate caused goitres 

in human' patients were one and the same. 

Thiocyanate was found to be goitrogenic in animaIs, 

but it was soon apparent tqat it differed from the large 

groups o'f antithyroid compounds in being readily inhibited .. 
by ·increasing the iQdine intake (Astwood, 1943). Thiocyanate 

was also set apart from other goitrogens by findings of ' 

Franklin and Chaiko!f {1943} who showed that thiocyanate 

inhibits the uptake of iodine by surviving thyrqid slices 

in vitro, whereas other antithyroid agents have little eff~ct 

-
at concentrations which effectfve1y~prev~nt hormone synthesis. 

According to Langer (1964), a11yl ~s~thiocyanate acts 

as a goitfo~en, because the compound is metabolized to give 
/ 

,the thiocyanate ion as one of the products. Doses of 2-4 

mg of all~l isothiocyanate mJxed with water and fed by stomach 
,~ ~r 

tube ~o rats cause} a marked increase in thioc~ana~e ion in 
. 

the 'blood plasma and 'a decrease in radioactiveliodine uptake 
f\, 

1 

,1' l '-.. 
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by the thyroid gland. This dosage is equivalent to the 

1 J 1_ 
arnount of the compound each rat would get in eating 40 ~ 

cabbage per day. 

In the presence of thiocyanate, the thyroid gland is 
" 

obliged to synthesize thyroid hormone from the iodide which 

passively diffuses into it from the blood, when the blood 

iodide is very low, because of deficient ingestion of iodine, 

hormone synthesis is deficient and hypothyroidism and goitre 

ensue (Astwood, 1948). Thus thiocyanate ion acts by lowering 

iodine concentration iR the thyroi~. Its goitroge~ic effect 
?" 

can be prevented or reduced by increasing the iodine content 

of the diet (VanEtten, 1969). 

Rawson et al. (1943) outlined the relationship between 

thiocyanate and goitre in the following diaqram. 

From the diagram, we see that the thiocyanate oion blacks 

the formation of thyroid hormone by the thyroid, and that the 

consequent lowerinq of concentration of active thyroid hormo~e 

in the blood ~tream causes stimulation of the anterior pi-

tuitary ta produce an excess of thyrotropic hormone. This 
/ 

in turn causes thytoid hyperplasia but, because of the black, 

trere i~ no increase in output of physio1ogically ac~ive thy

roid hormone. It is a hyperplasia of frustration. An excess 
( 

of administered iodine may force the block, and cause libera-

tian of active hormone. Administration of thyroid hormone by 
, . ~ ,. 

'passes the block, and relieves the situation by substitùtion. 

/ 

~ 1 

( 
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Figure 1. Diagrammatic representation of the ef~ect of thio-
cyanate on the pituitary-thyroid ax~s. ~:;' 

1. 'Normal relationships. The anterior pituitary-AP- ' 
, by means of its hQrmone~SH- and in the p'resence of an ade
quate supply of iodine, stimulates the thyroid-T- to produce 
its hormone--r'H- which stimulates -the metabolism of tissue 
cells-'l'C- and inhibits AP. 

( 1 2. Thiocyanate imposes an obstruction te the comp1e
tion of '!'B. The BMR of TC therefore falls, and the un
inhibited AP produces an excess of 'l'SR. This causes hyper
p1asia of 'l', but since the black remains, no active TH ia 
delivered to the body. . 

1 
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3. The supp1y of an excess of iodine forces the thio
cyanate block so that TH is made in! adequate

t 
amounts, BMR 

remains normal and TSH formation remains normal, and the re
fore no enlargement of T takes place. 

'o •• ,4. The supply of TH from without by-passes the thio
\ CYëU1~te block 50 that Bl-m remains normal and TSH formation 
rema1ns normaL, as does ~he thyroid gland. 1 

Thus, thiocyanate goitre can be reduced or1prevented 

by prophylactic doses of iodfne, and also can.be relieved 

by the admin~stration of th~roid hormone. 

C. Occurrence of Thiocyanate Ion in Cruciferous Vegetab1es 

The most prominent source of thiocyanateJproducing 

gluoosinolates is undoubtedly the family Cru~iferae (Kjaer, 1 

1966). On basis of the available evidence, about 300 

cruciferous species have been investigated and aIl con-
\ 

tain one or more glucosino1ates. 

Josefsson (1~67) isolated glucosino1ates from lamina, 

petiole, stem, root tissue of Brassica naius, Brassica c""",,' 

pestris and Braasica oleracea cultivars. The highest con

centration of glucosino1ates has been found in mature seeds 

(VanEtten, 1969). 

It is weIl known that the production of thiocyanate on, 

tissue'disintegration ia dependen~ upon the presence of both 

gl~cosino1a~e and enzyme(s) (Ettlinger and Kjaer, 196r7 

Gme1in an~ Virtanen, 1960). Paxman and Hill (1974) observed 

.f 
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that small young kale leaves contained more than five times 

/ the amount of thiocyanate found in large, fully formeâ leaves, 

and about twice the amount present in leaves of intermediate 

size. Chong and Bible (1974) suggested that thiocyanate 

precursors or possibly their ~nzyme(s) of hydrolysis are 

synthesized in yo ng photosynthetic tissue. They also 

reported the amo nts of thiocyanate presen~ in leaf and root 

MicAjlovskij and (1958) found that the edible 

part of cabbage and related lants contained thiocyanate 

ion ranging from 0.7 to 10.2 per 100 9 fresh material. 

According to pa~ and Hill 74), the thiocyanate content 

of small young leaves of four' of kales was about 50 

mg/lOO 9 of fresh tissue, in l~aves of intermediate size about 
1 / 

25 mg/lOO 9 and in large fully for.med leaves about 10 mg/lOOg. 

The factors affecting the occurrence and the level bf 

glucosinolate compounds in plant tissue are not weIl known. 
\ 

However, Josef~son and AppeIqvist (1968) indicated that en-.. 
vironmental fact6rs may play a role in determining glucosino-

late levels in plant tissue. From their study of rape and 

turnip rape seed,~cosinolate content was effected by 

polyploidisation,and sulphur ievel. 

,1 
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GENERAL MA'I'ERIALS AND METH6DS 

General Procedure 

AlI field, greenhouse, and growth chamber work was 

done at Macdonald College, Ste Anne de Bellevue (450 25* 
o 1 

North,! 73, 56 r West), Quebec. Seeds were purchased from 

Stokes Seed Ltd., Ste Catharines, Onuario. 

In 1974 sevefal commercial cultivars of cabbage, cauli-
1 

flower, broccoli, Brussels sprouts and Chinese cabbage were 

seeded on April 30 in paper trays (24.5 x 14.5 cm) contain-

ing turface medium and kept in the greenhouse at a mean 
l' -

daily temperature of 22 ± 40 C. After sprouting, seedlings 

were watered every othe:t;:' day with a di1.ute solution of 

20-20-20 fertilizer (about 0.25 9 per traY)i subsequent1y' 

trays were thinned to 12 plants each, with three trays of 

plants for each cultivar. At field setting (St. Bernard 

clay loam sqil) on May 28, seven plants per row were spaced 

at 0.6 m intervals in rows 0.9 m apart and plants watered 

in with 10-52-17 starter solution -,:(2. 5 9 of 10-52-17 in 

250 ml water per plant). Standard commercial recommenda

tions were" followed during growth of the crops for appl±ca-

" tion of insecticides.,.. fungicides and fertilizerr and;--irri-

gation was used occasionally ta supplement rainfall. 

/ 32 
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jThe different crops were each set out in randomized 

complete block designs with three replications. The data 

was tested by analysis of variance where appropriate. 

Thiocyanate Ion Analysis 

Thiocyanate ion was determined by the ~olormetrÎc 

method of Johnston and Jones (1966). Each samp1e of tissue 

was extracted by homogenizing or grinding in a suitable 

volume of distilled water, clarifieâ, and determined in 

triplicate, as described hy Neil and Bible (19~2), but 
1 

with various modifications due to different size of sample 

or different morphological part of sample. In aIl cases , . 

paral1el samples were co11ected and used to determine per 

cent dry weight.' for seed analysis, it was necessary to 
1 

\ 

~tore unc1arified seed extracts over nigh~ in the refri?erator 

1(40 C) before further processing (Chong and Bible, 1975). 

Lead acetate (Pb (CH3COO) 23H20) (0.1 g) was used for the cla

rification of aIl extracts (12 ml a1iquots). Extracts from 

red cabbage cultivars were clarified by addition of both lead 
l , 

acetate (0.1 g) and magnesiwn oxide (0.,2 - 0.5 g) for the 
\ 

...... " removal of red pigmentation. 
~ .... "" . 1he clarified extract was cen-

1 . 
'trifuged and the SCN- content immediately read at 460 nm on 

1 

\ 

a Coleman MO~1 6A Junior spectrophotome~! from aliquots 
~ \ 

2.5 ml) 1 each made up to a 2.5 ml volume with (0.5 ml -

! 
i , 

\ 

• 
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distilled water and to whidh were added 2.5 ml of 0.4 M 

ferric nitrate (Fe (N03)-39H20) in 1 N nitric acid (HN0
3
). 

To provide the reference blank for reading the sample" one 
\ 

drop of 5 % HgCl2 was used to destroy the red ferric thio-

cyanate camplex. Readings of the SCN- content were corrected 

for the percentage moisture in each"sample and are expressed 

as ~g KSCN per, gram dry weight of tissue. 

Reagents 

0.4 M Fe (N03 )9H20 in l N fiN0
3 

• 32 ml of ,.15.5 N 
\ . () 

nitric acid was added to 80.8 9 ferric nitrate dissolved in 

200 ml distil·led water and volume adjusted up to 500 ml. 

5 % HgC12 • 5 9 .~f mecuric chloride was dissolved 

in 100 ml of distil~ed water. \ 

KSCN 0.1 N (9.418 / 1) potassium thiocyanate 
, 1 

solution was used for the standard curve determination. 

1 \ 
( 

() 

\ 

1 
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Experiment 1 

l 
,~ 4 

l ' . , 
~,' 

Thiocyanate ionlcontent of cabbage, cauliflower, 

broccoli, Brussels sprouts and Chinese cabbage cultivars 
~' 

(Field) 

Cabbage (B~assica oleracea var. capitata) 
• 

Fourteen cultivars of green cabbage Early Greenball, 

35 

Princess, Badger Market, Canada'Kraut, Stonehead, Copenhagen 

Market Late, Early Round Dutch, Roundup Hybrid, Jumbo, Penn 

State Bal1head, Autumn Marvel, Storage Green, Evergreen Ball-

head and Ultra Green and two red pigmented cultivars Storage 

Red and Red Acre were grown in 1974 as previously described. 

For each cultivar four mature cabbages per row were 

se1ected at random, harvested and number/~f outer wrapper 

leàves, top weight, and head weight per plant recorded. 

Thin slices of tissue from cross-sectional cuts through the 

center of the head were taken from each pair of cabbages'and 

combined into single samples that weighed about 100 g. 

These samples were ground with distilled wa~er 1:2 ratio 

(i.e. 100 g of sample ta 200 'g of water) in a ~lender and 

SCN content determined as previous1y described. Each datum 

of SCN content 

in triplicate. 

two plants. 

is the mean of three samples, -each analfsed 
j , 

Each sample consisted of head tissue from 

\ 

In 1975-essentially the same cabbage trial as 1974 was 

1 

/ 
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repeated with the following exceptions,: the growing medium 

for the transplants was 1/3 loam soi,l, 1/3 peat moss, and 

1/3 vermiculite, and extra four and a half week old trans

plants of each cUltivar(were sampled for their SCN- content 

on May 31. Three samples each consisting of leaf and stem 

tissue of two plants were tested for each of the 16 cultivars. 
\ 

tauliflower \(Brassica~~1eracea va~. botrytis) 

Ten cultivars of cauliflower Jet Snow, Stokes Early 

Abundance, Whitehorsè, SiOk~S Super Snowball, Snowball-Y, 

Snowball Imperial, Snowmpund, Clou, Imperial 10-6 and Iglo~ 

were grown in 1974 as previously described. For each cul~ 

! tivar, four pl~ts per row with mature curds were selected 

at random, harvested and nurnber of leaves and weight of 

curd, lraf and stems recorded. Representative sect~ns of 

curd, leaf and stem tissues were taken from each pair of 
\ 

'. 

cauliflower plants and combined into single samples for each 

of the respecti~e tissues. Sample size and amount of water, 

added for grindirg of curd, leaf and stem tissues were 100 9 

in 250 9 of water, 100 9 in 250 9 of water, and 20 9 i,n 

40 9 of water respectively. 

--'" 

Broccoli (Brassica oleracea var. cauliflora) 

S~ven cultivars of broccoli Spartan Early, Italian 

fliprouting, Cleo}?atra, Rapine, Waltham 29', Green Mountain and 

\ 
,:, 

1 

\ 
'. 
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Experiment/2 

) 

Variation of SCN content in cauliflower and 

broccoli plants during their life cycles 

(field) 

38 

Sn~IglOO and 

! 

wo and Waltham 29 were grown i!1 ____ -.--

------~--and set in ~~~~as previously 

descr ibed·: j 
The seeds and- cotyledon stage of the four~çyl.tiva.rs was 

analysed for seN';'. Subsequent]3,--different morphologica1 
--

parts {i.e. curd or-head, leaves and stem}' were each analysed 

-fof SCN- conte~t, at two week interval from the transplanting 

stage to the seed producing stage. Number of leaves and 

plant weight were recorded at each sampling. The samples 

were taken as previously outlined for the cauliflower and 

broccoli. Seed samples of 1 q were qro~d in 25 qjOf water. 

Relative variability of sCN-;;'-èo-ntent .. of kale 

in clonaI plants versus plants from seed 
_ ('field)~ , -1. 

'; 

Dwarf Green Cur1ed kale was seeded on August 14, 1974 

and qrown to maturity in the qreenhouse. On April 14, 1975 

one plant was selected for cloning from which severa! cutting 
1 
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were taken and placed in perlite for rooting. At the same 

tim~ seeds of Dwarf Green Curied kale were aiso started.~ 

Three weeks later both rooted cuttings and seedlings were 

transplan~ed~~o peat pots and grown in tWê greenhouse until 

field setting on May 29. f' ---- ---------
Fertili2ing~ pest control, and plant spacing were the 

S same as previously di5cuss~d in ~e general methods, however 
! 

the ~lones and plants from seed were alternated in each row. 

AlI plants were labelled with plastic tags to identtfy clones 
,1 

and seeded plants: On June 20, nine clonaI plants and -nine 

plants from seed .Fere harvested and representative samples 

of leaf blade (~\lUding midrib), pe~iole and stem tissue 

were collected from each plant. Sample size and amount of 
" 

water added for grinding 'of leaf blade: petiol~ ang .. st...em .... · ..... --.. 

tissue wer'e ab~ut 70 9 -i~ 350: '~j"'of .. watert·20 .. ·~ .. ·~~ .. ·100 g of 

water and 7 9 in 35 9 of water respectively. 
f 

The variability of SCN- content was compared through 

the calculation of the standard deviation and peroeent 

variation due to geneties. Percenta~e of variation due toi 

genétacs was determined according to the formula: 

1 Variation('> due to geneties = IlQO 
1 

where Sl. 
2 is the variance of control Jd 

of clone. 

S 2 
1 

S 2 
2 

," 

is the variance 

/ 
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Experiment 4 

1 
Eff.eet 6f reciprocal qrafts on ,SCN~ content of radish 

(growth chamber) 

.. 
Grafting 

., 
\ 

40 

, Two radish cul-tivars (cv. White Icicle and Burpee White) 

- wereSeLded"On July 5, 1974 in the greenhouse. On July 17, 
~" 

seedlings ~removed from the growing medium and caref~ly 

washed wi th wa~50 C) tap water. The cleaned seedlings 

of ,each ~_~ltiV9I we~ kept in a beaker of water, prior to 

gr~fting. The small ~e~ves and growing points were removed 
.' \ ' 

from each rootstock seedling while cotyÎedonJ wer~ left until 

after the grafts took~ The apical portion of, the stem was 

split ddwn the middle longitudinally (about 0.4 cm) with a 

clean razor blade. Tll'è scion was .prepared by slanted cuts' 
1 . 

on both side of tl).e stem j ust below the cotyledons. The" 

scion was inserteq into the split on the rootstock stem, and , \ 

tied with small pieces of masking tape. Grafted seedl.ings 1. 

were placed in 1 ~ thick styrotfoam. Plà\e~ ,.suspended over. 

eight liter containers ,filled with tap waté.t". On July 24 
,} . \ 

more seeds of the two cultivars liere started 'ta produce ., 
plants that could be used as non-grafted controIs. The un-

qrafted plants were st~ted lat~r bec~use qrafting delayed 

the radish deyelopment about two and one half weeks. 

r -

-, , 

1 
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For this expe~iment, 56 plants,were grafted with a 

successfùl takè of 52 per cent. 

Radishes grafted on Ju1y 17, 1974 

-

&1--1 

Scion Rootstock 
cultivar cfl 0tvar 

No. of 
grafts 

No. of 
successful 

Per cent 
successful 

White Icic1e Burpee White 

Burpee White White Icihle 

29 

27 

grafts 

19 

10 

66 

37 

On July 23,\grafted plants were placed in a growth 

chamber with a photoperiod~of 12 hours; thermoperiod, 

20/170 C, illuminarce at plant leve!, 6,000 lux; relative 

humidity, 50-60 per cent. ' On July 31, non-grafted control/ 

plants were placed id the growth chamber with the grafted 

plants. Due to poor plant growth the thermoperiod was 
~) .' 

adjusted to 21/150 C on July 31. 

Plant spacing was 9 cm,between plants in the plastic 

pot, ~Jth a maximum population of eight plants per po't. 
, ! 

Plants were grown in solution culture using 1/2 ~ Hoaglandfs 

nutrient solution. The nutrient solution was renewed every 

week except for the first two weeks. 

, 
/ 

\ 
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ml/8 1 of 
• i nutrient solution Nutr:Lent 

1/1 

KN03 
(1 Mo1ar) 20 

Ca (N03) 2' 4H20 (1 Molar) 20 .. 
KH2P04 (1- Molar) 4 

MgS04 Cl Molar} 8 

Micronutrient mix 8 

FeEDTA (Fe 5,000 ppm) 8 

Both grafted and control plants were analysed after 
I!) 

50 days ,from seeding. Por each plant, foliage, scion root 
, 

(see Fig. :~ and rootstock root were weighed and samples 
\ 

collected and their SCN- content determined. From control 

p~ants o·f both cultivars 1 foliage 1 stem tissue (hypocotyl 
i 

-\ ,. '..:'..-
, • 'i- - -

region of root) and root tissue were also weighed and seN 

determined. Samp1e size and amounJ of water adc:;1ed for 

grinding of foliage, st~rn tissue and root tissue were about 

15 9 in 30 g\of wau,r, 8 9 in 16 9 of water and 20 9 in 40 9 

of water respectively. 
1 

The experiment was repeated.again beginning December 

21, 1974 and ending on February 28', 1975. Gratts were made 

on January' 2~. 'l'his time insteàd of usinq non-grafted 

J'1ants as checks, gratta were made for aIl possible combi-
" 

nations. 

1,.. 

1 
1 ~-
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All other procedures were the same as for ~h~,previous 
" 

~ grafting experiment. ,,,. 

\ 
. ',I:J'" 

~ishe8 grafted on January 6, 1975 

Scion 
cultivar 

White Icicle 

Burpee White 
! 

Whi te Icicle 

Burpee white 

1 

Rootstock 
cultivar 

Burpee White 

White Icicle 

White Icicle 

Burpee White 

f 

\ 

No. o~ 
grafts 

31 

30 

28 

28 

\ , 

1/ 

No. of ,- 'per cent 
successful ()' successful 

grafts 

21 

0 
68 

13 43 

Il 39 

Il 39 

\ 

1 

43 

\ 
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RESULTS AND DISCUSSION 

Experi.ment 1 

ThiOCyana~e ion content of cabbage, 
cauliflowe4, broccoli, Brussels sprouts 

and Chinese cabbage cultivars 
(field) ,1 

There are many reports in the literature on the re

lationshi.p between consumption of cruciferous v~getable or 

their products and incidence of goitre in humans and animaIs 

(Wright _~nd Sinclair, 1958; va~Etten, 1969). Binee endernic 

goitre continues to be'of wor1dwide eoncern (Stanbury, 1969; 

Nutrition Canada, 1973), there is need to know the arnounts of 

toxins, such as SCN-, in vegetab1e cultivars (Kehr, 1973). 

For this reason, several cultivars of the most impor-
1 

1 tant cruciferous vegetables were grown and tbeir SCN- con-

tent determined. 

/ 
Cabbage CBrassica oleracea var. capi,tata) 

1 \ -

There was a 4.4-fo1d difference in the 1974-75 'average 

SCN- content of marketab1e heads of 16 cabbaqe cultivars 
) 

(Table l~ (Appendix 2 and 3). The red type fU1tivars appeared 

to have a 10wer SCN- content on the average than the green l ' 

type. 

44 \ 
/ 
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/ 
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How~ver, the)anthocyanin (red pigment) may have interferred 

with the SCN- re/adings so the data must be interpreted with 

caution. Among the green cultivars, the early maturing 

(Table 2) Early Greenball and princess had much lower SCN

contents than the la te maturing ,Penn State Ballhead,.Autumn 

Marvel and Storage Green. This evidence if indicative of 

a genetie control of SCN- content of cabb~e. ~ 

Generally, the greater the number of days from seeding 

to'maturity for a cultivar, the greater its SCN- content. 

This aqre'es Jith the findings of Chong and Bible (1974) for 

radishes and turnips. Michaljlovskij and Langer (1958) 

found that the head of cabbage contained SCN- ranging from 
1 

0.7 to 10.2 mg per 100 9 fresh weifht. One can convert their , 

readinqs to 700 to 1,020 }lg/g D.W. ,qiven that a qabbage . 
head has about 10 per cent dry weight. Their readings 

correspond 'to the highest SCN- readings for cabbage sampled 

durinq 1975. 

The average SCN- content of cabbage was 92 per cent 

highe! in 1975 than( it was in 1974 (:able 1). The number 

of·days from seeding to maturity, top weight and he ad wei~ht 

were aIl reduced in 1975 compared to 1974 (Table 2). In 

Table 3, the 16 cultivars have been/divided into two groups, 
-

J 
those that received more rainfall in 1975 than 1974 and 

those that received less. The resu1ts indicate that those / 

/ 

1 \ 

\ 
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cultivars receiving 1ess rainfall in 1975 than 1974 had 

the largest per cent increase in SCN- content in 1975 

relative' to 1974. 
1 

The daily temperature and daily mean 

hours of bright sunshine were higher in 1975 than ~974 
\ 

(Table 3). Perhaps warrn, dry conditiqns and bright days 

stimulate accumulation of SCN- precursors in cabbage. 

Several investigators have reported increased goitro-
- 1 

genic potency of cabbage during periods of high rainfa11 

(McCarrison et al., 1933; Spence et al., 1933). Bible and -- --/ 

Chong (1975) have obtained a positive icorrelation bet\'leen 

rainfall and SCN- content in radishes;growrr in loam soil. 

However, the results of the present cabbage expertments do 

not agree with those reports. 

Josefsson (1970) reported that the environmental1y 

determined variation of glucosinolate content of white mus-
l ' 
1 

tard (Sinapis ~ L.) generally arnounted to t 12 per cent. 
1 -, 

But the cabbage experiments showed a 92 per cent differ-

rence in SCN-, content between the years 1974 and 1975. 

The results of this two year study with aabbage indi

cates tbat variation in~CN- content ia under genetic con-

trol but markedly influenced by c1imatic factors. 

Table 5 shows the SCN- contents of'cabbage plants 
1 analyzed at the transplanting stage during the spring of 

1975. 

1 
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Table 1- Thiocyanatè ion content of marketable heads of sixteen cabbage cultivars 
grown during 1974 and 1975 

1 , 
1974 1975 Average 

SCN- content 0i SCN- content of 
. ," 

SeN- content 
Cultivar h~ad(~g/g D.W. } c.v. 2 head{pg/g D.W.) C.V. of head (llg/g 

D.W.)1974-1975 

Green type l," ,1". 

Barly Greenba11 184 ± 48 26.1 291 t 45 15.5 238 "'.f.--..-

Princess 182 ± 44 24.2 284 :!: 32 11. 3 233 
-------

.' .-': 
Badger Market 168 ± 8 4.8 451 :!: 61 13.5 310 
Canada tKraut 203 ± 18 8.9 467 ± 78 16.7 335 
Stonehead 178 ± 25 14.0 596 ± 143 24.0 387 
Copenhagon Markèt Lata 27G ± 51 18.5 415 ± 93 22.4 346 
EarlY Round Dutch 399 ± 59 14.8 660 ± 136 20.6 530 
Rounciup Uybrid 303 ± 35 11.6 816 ± 88 10.8 560 
JUmbo , ---- 264 :t 97 36.7 573 ± 155 27.1 419 
Penn State Ba11head 425 :± 111 26.1 700 :t 95 13.6 563 
Autumn Marvel'- 425 ± 96 22.6 699 't 156 22.3 562 
Storage Green 447 :!: 75 16.8 71B ,:!: 72 ~O.O 583 
Evergreen Ba11head 358 :!: 30 8--;;4 649 ± 62 9.6 504 
Ultra Green 306 ± 64 20.9 710 :!: 69 9.7 508 

----- ~ 

Red type 
Red Acre 117 ± 2B 23.9 150 :!: 49 32.7 13~ 

Storage Red 209 ± 34 16.3 352 t 56 15.9 281 

------- Average 278 ± 51 1-S-.4 533 :t 87 17.2 406 
" 

Per cent change \ 

1974-1975 +92 -6.5 ~ 

IDry ~ei9'ht 
.. 

----- --------
-..J 

---- 2Coefficient ~ariation - , '. 
-.... .::,...,. ,c 
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---Table 2_ Days te maturity, number of leaves, top weiqht and head weight for sixteen 
cabbage cultivars groWn for SCN- analysis during 1974 and 1975-

Days ~ seeding No_ of outer 1eaves Top weight(kg) Head weiqht(k~ 

Cultiv~ 1974 1975 1974 <-1975 . 1974 1975 1974 1975 , 

Green type .-:-
1 

Early Greenball 78 71 12-14 12-15 1.09 0.99 0.71 0.56 
princess 84 77 13-16 12-16 1. 96 1. 77 -1.21 1.09 
Badger MarKet 107 84 10-15 15-22 2.32 1.53 1. 74 0.83 
Canada 'Kraut 107 87 11-14 11-17 2.90 2.02 2.19 1. 30 
Stonehead 107 84 13-19 16-19 2.59 1.40 1. 81 0.78 
Copenhagen Market Late 113 93 13-16 16-22 3.71 2.43 2.48 1.46 --- Barly Round DU,tch 113 93 11-17 16-25 3.26 2.06 2.18 1.1~ 
Roundup Hybrid 113 93 22-29 25-31 4.03 2.6-1_ 2.37 L28 
Jumbo ,125 104 14-18 16-30 3.74 3.45 2.36 1.82 
Penn State Ba1lhead 128 120 19-27 22-45 4.10 3.10 1. 75 1.36 
Autumn Marvel ' 145 123 11-17 11-17 2.89 2.34 1.59 1.25 
Storaqe Green 145 123 19-25 24-36 3.41 2.91 1.84 1.31 

------
lSvergreen Ballhead 145 123 12-23 25-34 3.84 3.24 2.10 1. 44 
Ultra. Green 148 120 17-34 31":48 4.44 3.49 2.59 1.49 

Red type 
Red acre 148 104 10-16 11-J.Jt 3.17 1.91 2.11 1.12 --. 

Storage Red 148 125 13-24 17-26 3.19 3.07 ' 1.54 0.99 

Average 122 102 3.17 2.40 1.91 L20 - ~ 

---------Per cent change . 
1974-1975 -16\ ~ 

-24\ -37% 
....... 

~ 
co 

--
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Table 3. 

! 
49 

" 

Re1ationship of iainfa11 accumu1ation1 to per cent 
change from,1974 ta 1975 in head SC~ content of 
sixteen cabbage cultivars 

1 ( 

Rainfa11 1975 
Cultivar . -rainfa11 1974 

Per cent increase 
of SCll- content 

from 1974 to 1975 

_ ~,enn stati Ba11head 11.57- 9.19 = +2.38 65 

). Jumbo 9.99- 8.72 = +1.27 117 
\ 

Autumn Marve1 11. 61-10.14 = +1.47 64 
Storage Green 11. 61-10.14 = +1.47 61 

Evergreen Ba11hea4 11. 61-10.14 = +1.47 81 
Storage Red 11.61-10.22 = +1. 3~ .68 

, Ultra Green 11.57-10.22 = +1.35 132 
Princt:!ss ~.02- 4.59 , +0.43 56 

Ear1y Greenba11 4.29- 4.05 = +0.24 58 

Average +1.27 78 

Red Acre 9.99-10.22 = -0.23 28 
Copenhagen Market: Late 7.59- 8.45 = -0.86 50 

Early Round Dutch 7.59- 8.45 :: -0.86 65 
Roundup Hybrid 7.59- 8.45 = -0.86 169 

Canada 'Kraut 6.66- 8.21 = -1.55 130 
Badger Market 6.14- 8.21 1: -2.07 \ 168 

Stonehead 6.14- 8.'21 • -2 .. 07 235 

Average -1.21 121 

1Inches of rainfa11 accum~lated between transplanting and 
harvest. 

1 
{ 

1 

1 , 
1 , 
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Table 4. Meteorological conditions in growing period of each cabbage cultivar in ~4 and 19751 
l 

Heat unit (degree----days) 2 Rainfall (inch) Bright sunshine~hoùrs 
Cultivar Accumulation Dai1y mean Accumulation Dal1y mean Accumulation Daily mean 

1974 1975 1974 1975 1974 1975 1974 1975 1974 1975 1974 1975 

Green typè 
Ear1y Greenba11 1337 1250 26.7 29.B 4.05 4.29 O.OB 0.10 425.7 394.3 8.51 9.39 
Princess 1507 1449 26.9 30.2 4.59 5.02 0.08 0.10 471.5 440.0 8.42 9.11 
Badger_Market 2179 1670 27.6 30.4 8.21 6.14 0.10 0.11 638.6 504.5 8.08 9.17 t, ~ 

l Canada ' XraJl,t \ - 2179 1767 27.6 30.5 B.21 6_.66 0.10 0.11 638.6 522.6 8.08 9.01 
Stonehead 2179 1670 27.6 30.4 B.21 6.14 0.10 0.11 63B.6 504.5 8.0B 9.17 
Copenhagen Market Late 2344 1917 27.6 30.4 8.45 7.59 0.10 0.12 691.9 591. 6 8.14 9.39 
Barly Round Dutch 2344 1917 26.7 30.4 8.45 7.59 0.10 0.12 691.9 591. 6 8.14 9.39 
Roundup Hybrid- 2344 1917 27.6 30.4 8.45 7.59 0.10 0.12 691.9 591.6 8.14 9.39 
Jumbo 2698 2353 27.B 31.4 8.72 9.99 0.09 0.13 781.0 675.3 8.05 9.00 
Penn State Ba11head 2743 2811 27.4 30.9 9.19 11. 57 0.09 0.13 789.7 811.4 7.90 8.92 
Autumn ~1arve1 3110 2893 26.6 30.8 10.14 Il.61 0.09 0.12 885.8 833.0 7.57 8.86 
Storage Green _ 3110 2893 26.6 30.B 10.14 11.61 0.09 0.12 88s.8- 833.0 7.57 8.86 
Everqreen -Ba11head 3110 2893 26.6 30.8 10.14 11. 61 0.09 0.12 885.8 833.0 7.57 8.86 
Ultra Green 3120 2-811 26.,4 30.9 10.22 11.57 0 •. 09 0.13 887.9 811.4 7.52 8.92 

Red type 
Red Acre --- 3120- 2353 26.4 31.4 10.22 9.99 0.09 0.13 887.9 675.3 7.52 9.0U 
Storage Red. 3120 2947 26.4 30.7 10.22 11.61 0.09 0.12 887.9 833.0 7.52 8.68 

Averaqe 2534 2219 27.1 30.6 8.6 8.8 0.09 0.12 736.3 652.9 7.93 9.07 
• 

Per cent change / 
1974-1975 -12 +13 ±2 +33 -Il +14 

1These data were carried out from transp1antlng to harvest of each cultivar. 

2Heat units were calculated with 400 F as base temperature. 
CJ1 
0 r: . ---- . , 
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Table 5. Thiocyanate ion content of 4\ 
weeks old cabbaqe transplants 
in 19751 • 

Cultivar 

( Green -type 
Barly Greenball 
Princess 
Badger Market 
Canada 'Kraut 
Stonehead 
Copenhaqen Market Late 
Ear1y Round Dutch 
Roundup/ Hybrid 
Jumbo / 
Penn St~e Ballhead 
Aut.umn Marvel 
Storaqe Green 
Evergreen Ba1lhead 
Ultra Green 

Red type 
Red Acre 
storaqe Red 

-Average 

SCN- coriten~ 
(l1qlq O.W.) 

275 ± 26 
247 ± 22 
180:t 1'6 
257 ± 62 
l89:t 17 
264:t 80 
214 ± 54 
225 ' ± 97 
284 ± 128 
298 ± 22 
191 ± 58 
~47 ± 20 
163 ± 42 
328 ± 61 

266 1: 82 
422 ± 24 

259 ± 51 

IAfter 3~ days from seedlnq', each plant. 
(4-6 leaf stage; top w~i9ht.: 4-5 q) was 
eut just. below lst.trbe leaf. 

2Eaeh value is the ~an of J samples and 1 
2 plants (tops) were ~sed for eacb ' 
semple, ± standard error. 
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The SCN-,content of pl~nts at the ,ransplanting stage was 

lower than at the marketable stage except for the red type 

cultivars. The SCN- content at the transplanting stage was 

not related to time of maturity for the cultivars. In fact, 

thëre appeared to he no relationship between SCN- content> 

at the trapsplanting st~ge and content at the marketable 

stage. 

Cauliflower (Brassica oleracea L.) 

Fqllowing the observation,of 'cabbage goitr~' by 

Chesney et/al. (1928), it was also rapidly established that 

the other vegetables of genus Brasslca, such as 'cauli-'. 
flower, turnips and Brussels sprouts, have g6it;ogenic pro-

perties (Marine et al., 1931). Various isothiocyanate com

pounds were observed by Ettlinger and Thompson (1962) in 

different cauliflower cultivar seeds as weIl as in the Qther 
! J 

genus Brassica seeds. However, variety trials for SCN- con

tent- in ca~liflowerl have fiot ~been ~~. 

The curd ~N- content of tne extremely early cUltivar! 

Jet Snow was the lowest (268 pg/g D.W.) while the latest 

cultivar (Igloo) had the hiqhest SCN- content (1,435 pq/g 

D.W.) (Table 6). - The other cultivars yielded SCN- content 
- 1 

in curd of about 1,000 pq/g dry weiqht. 

The SCN- content of leaves ranged from 120 to 300 pg/g 

dry weight and was gene~ally ~igher than tbat of stems. ( 
1 

. \ 

_ 1 

\ 
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TapIe 6. Thioeyanate ion content in different tissues of ten eau1if10wer cultivars at the 

. marketab1e stage in 1974 

Cultivar 

Jet Snow 

Stokes Early Abundance 

Whitehorse 

Stokes S,uper Snowbal1 

Snowball-Y , 

'Snowball Dmperial 

Snowmound 

Clou 

Imperial 10-6 

1<]100 

Average 

.: 
--~_._---~-- , . 

Days from Leaf Weight(kg) l SCN-Cpg/g O.W.)2 
seeding -'stage Top Curd Leaf Stem curd Leaf. stem '.,'0 

79 
r 

15-22 .0.80 0.26 0.50 0.04 26B± 91 1~1± 61 159±14 

85 21-28 1.23 0.45 0.71 0.07 102S±lS0 224± 94 iS9±25 

94 22-29 1\60 0.78 0.71 0.11 948±156 268~144 134±41 

94 20-28 1.77 0.68 0.98 0.11 954±192 132± 62 153±16 

99 29-37 1.98' 0.74 1.08 0.16 1172±176 217± 67 162±42 

100 29-42 1.86 0.72 1.01 0.13 1221±223 196±159 129±19 

101 28-38 1.78 0.71 0.93 0.13 1087±247 164± 72 134±17 

101 2.4-33 1.99 0.69 1.16,0.14 10S9i109 292± 95 139±47 

101 ~3-46 2.09 0.84 1.11 0.14 1084±130 1B5± 05 115± 9 
~ , 

116 24-40 2.80 0.85 1.72 0.23 1435±121 301± 75 139±17-

97 1.79 0.67 0.99 0.13 1028±160 210± 91 ·142±25 

1Each value is the mean of 12 samp1es. 
2 ' Baeh value is the mean of 6 samp1es. Two plants were used for eaeh samp1e. 
Each sample was arialysed in triplieate, t standard errer; 
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The analysis of variance of scrr content in' curd, 

showed significant differences (p ~ 0.01)" between t..lle 

cultivars (Appendix 4). There were also,significant 

differences both for blocks (p S 0.01) and cultivars 

~p:S 0.05) for the stem seN content (Appendix 6). How

ever tbere we~e no significant differences OfJSCN-,con~' 

tent of leaves for blocks or cultivars (Appen~ix 5). 

Broccoli (Brassica oleracta var. botrytis) 

As shown in Table 1~, SCN- content 'of broçcoli heads 

fram 6 cultivars averaged 830 pg/g dry weight. The_ana~y~ 
", 

54 

. -. 

sis of variance 'showed no significant differences among the 

l ' 

-~éultivars for pead SCN- content (Appendix 7). The 1eaf and 

stem tissue a,veraged 140 .and 130 P9/9 dry weight, of scn-

-' ., 

, ( 

o ~ 1 
content respectively. The~~ were significant differences. 

Cp ~ 0.01), in SCN- content among cultivars both for 1ea~ 
il' 

L I~ 

and stem tissue (Appendix 8 anq 9). There was no relation-

shlp between plant size or days to maturity and th~ SCN-\ 

content of the head. 
) 1 ~ 

''i 

Brussels sprouts (Brassica oleracea var. qemmifera) 
! 

In this exp~riment, it is quite noticeable that 
.~ l ' \ 
Brussels sprouts cçntained much higher SCN- content tban 

~ 

the other ve9'et~les tested. As shown in Table 8 , the 

. . 

1 
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~able 7. -!biocyanate ion-content in different tissues of six broccoli cultivars 

1'~_ 
at the aarketable stage in 1974 

Days from Leaf weig:htCkg:)l , SCN~(Jlq/q D.t~.)2 

CUl.tivar seedi.ng stage Top Curd Leaf Stem. Curd Leaf Stem 

'~Early 78 16-:20 0.57 0.-15 0.32 0.10 9501240 154:t18 220137 

ltalian Sproutinq 85 16-23 0.90 0.15 0.57 0.18 8681295 150137 146130 
.~ 

Cleopatra 91 25-30 1.66 0.51 0.83 0.32 7701146 77:t 9 86t12 

--:- waltbaa 29 92 21-31 1.10 0.25 0.58 0.27 883:t302 80:t47 122132 

---Gxeen Mountain 101 19-38 1.59 0.35 0.87 0.36 6251134 150122 981 7 
ç' 

Barly hrple Head 111 24-40 1 .. 67 0 .. 79 0.26 0 .. 63 8711287 234:t54 133149 

~ 

1.25 A~~ 93 0.37 0.57 0 .. 31 8281234 1-41-31 134128 

~ch value is the mean of 12 samples. 
i 

------

~ch ~val.ue ls Ue lDean of 6 samples obtained from 12 different plants.. Bach 
SUlpl.e vas analysed _in tripl.icate # :!: standard error .. 
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Table 8 .. 
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\ 

Thiocyanate ion content of marketable sprouts1 of. 
seven Brussels sprouts cu1tivar~, 1974 

Daye from 

1 
1 

Sprouts 
, 

Cultivar seedinq Weiqht(g') 2 SCN-(pq/q D.W. ) 

1 
r~, 

'\ Early H~rn 129 16 1895 % 201 

\ Long Island 

, 

~ 
1 

" 

ImpX'oved 130 13 2596 :f: 92 

een Pearl 142 21 :' 1536 % 260 

re 142 13 2198 % 132 

Jade Cross 
'1 

143 
• 

16 2471 :f: 136 

Indra 143 16 2291 1: 447 

Peer Gynt 143 14 21~0 :f: 436 

Average ,139 \ 16 2158 % 243 
l' 

~samples were taken from basal portion of .talk. 
, 

2Averag8 we!qht of 24 to 38 Bru •• el •• prout •• 
<l 

l.sach value 1a the -';'ean of. 6 .ampl.. anc.1 3 to 5 aprou'ta were 
u •• d for each grinc.1ing'.. Each _ampl. wa. an.ly •• d in tri-: 

. p11cate, i atandard error. 

'"" 

1 
1 

-, 
" 
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cultivar Green fearl was lowest (1,536 pg/g D.W.), but the 

other ~ix cultivars had SCN- 'contents ranging from 1,895 

57 

1 .(1 

to 2,596 pg/g dry weight. However, anakysis of yariance 

showed noosignificant differences in SCN- content among 

The size of sprouts might be related to SCN- content; 
1 

for examp1e the cultivar Long Island Improved had the sma1l-

est sprouts and the high~~t SCN- content, whereas the cultivar 

Green Pearl had the largest sprouts and the lowest SCN- con

tent k'ljAb1e 8). 
A further sampling of sprouts,was taken'from different 

--"i 

positions on the stalk from the (cultivar Indra. The very 

small sprouts coslectèd from the apical ragion of the sta!k 

had more than twice the content of SCN- of the 1argcst sprouts 

at the bas. of the stem (Table 9). 

According to Chong and Bible (1974), SCN- precursors 

or possibly the1r enzyme(s) of hydroly.ie arc probably syn

thesized in young photcsynthetic tissue. In addition po 
the above hypothe.i., SeN- precur.or. or their enzyme(B) of, 

hydroly.i." may be tran.torred to the young photosynthetic 

ti • .u, ~rom older photosynthetic ti.sue. 1 , -

aevora1 inv •• tigator. (Clement and Wi.hart,' 1956, Wil1_, 

19661 Paxman and Hill, 1974) .u99 •• ted that 90itrogenic .ubs-

o 

.. 
./ 

1 
1 
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Table 9. 

I/IJ-

/ 

2ffect of .talk position on the SCN- content of 
cv. Indra Brussels sprouts 

58 

-Position of sprouts Average weiqht Diameter of SCN 
on stalk of sprouts (9) 1 .prouts (cm) (P9'/9 D.W.)2 

7 
Apical 1.8, 1.0 - 1.6 2945 

MieS apical 3.8 1.6 ... 2.2 2414 
1 

MieS basal 9.4 2.0 - 3.0 1651 

Basal 1(;' 7 3.0 - 4.3 1335 
t. 

1Each value is the mean of S ta 25 .àmPl~~ froJ 2 plants. 

2Each val~. is the m.an of 2 sample. and e.ch analy •• d in 
J triplica t •. 
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Table 10. ,Effect of boi1ing on -SCN- content of Brussels sprouts 

Cultivar 
Average wei.qht 

Treatment of sprouts1(CJ} 

--- Check 

Gree~ Pearl' Boiled2 

Mixed3 

Indra 

Check 

Boiled2, 

-Mixed3 

---20 

21 

12 

13 

~ 

SCN"':" 

(11CJ/9 D.W .. ) 

1966 

185 

1"113 

.. 
1910 

209 

1654 

Per cent decrease 
in SCN- content 

relative to check 

o 

91 

1.3 

o 

89 

1.3 

~Ulples of Brussels spro~ts vere taken most1y from the basal· portion 
of the stalk .. 

2samplèS'vere incubated in boiling water both for 10 minutes. 

~xed sample vas . obtained by mixinq 3 parts of boiled and. l part of 
check sample respect! ve1y .. 
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1 

tances of cruciferous plants can be reduced by boiling the~ 

tissues before homogenizinp' Sin ce Brussels sprouts are 

uBually boiled before" being eaten, l tested the affect of 
- . ,1 

boiling on the seN content of Green Pear~ and Indra sprouts 

by placing the sprouts in boiling water for 10 minutes prior 

to homogenizing. Boiling reduced the SCN- yield of the sprouts 

by 90 per cent comparcd to the unboiled checks (Table 10). 
;) 

A mixed sample comprised of 3 parts boiled tissue and l part 1 

unboiled tissue yielded only 13 per cent less SCN- content 

than the unboiled check.' Presumably, when the"Brussels 

sprouts were boiled before homogenization, myrosinasc 
1 

(enzyme) was destroyod. Apparently the precuraor glucosino-

late which gives rise to SCN- content is-not dCBtroyed by 

boiling, ainee the mixcd sample Cwhich W8S 75 per cent boiled 

tissue) yielded almost as much SCN- content as the unhoiled 

checks. 

Chineso cabbago (Bras sica campe8tris '(PokinensiB group]> 

Chinese cabb4go can he caton at Any .tago from tranB-

planting to maturity. For thi. reason, both transplanting 
j' 

-
and maturé stage. wero analysed tor BCN-1 As shawn in Table 

11, SCN- contcant of the,tranlplanting stage of tho throe 

cultivar. WA' talrly low comparod with that of the ma·turo 

.;a9., whicb had'bi9ber seN- level. than comparable wo.t

ern typo cabbaq. (8ra •• ica oleracea var. capitata). 

, 

1 

1 
------- --- .~-~------_________ ..J 
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'l'able 11. 

1 

Thiocyanate ion ~onte~t of three Chin.se cabbaqe 
cultivars at two stages of c1evelopment, 1974 

! 

61 

. 
Day. trom Leaf Top weight sen- content of 

Cultivar seeding stage Cg/plant) top (pq!q 'D. lof .. ) 

1 Tr4nsp1antin,q stage1 t 
/ 

Chihli 44 6 - 9 15.0 159 

Hybrid F-l No.ll 44 4 - 7 5.8", 163 
\ 

Michihli 31 7 .. 8 21.4 389 
\ 

Avoraqe 40 " ~4.1 237 
, { 

UAture .tage2 

C)'lihli 98 1 1060 894 
r 
1 

Hybrid '''1 .0.11 98 1755 1105 

Hichihli ~8 2145 1124 
;\ 

; 

Average 9$ 1653 10,41 

lEach, value i. the m.an of 2 .amp1.~ and 2 p1a~ts were u.ed for 
1 _.ch sampl •• 

2Each value i. the m,an of 2 .ampl.. and .ach .ampl. analy •• d 
in triplioato.. ~~ 
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1 
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Experiment 2 
cJ 

Variation of SCN- content during the life cycle of 
~, cauliflower and broccoli / 

, 0 (field) 
! \-

Although there are a few reports on the variation of 

seN- content in plant tissues du ring their life cycle, none 

are available for caul~flower and broccoli. 

For this experiment plant top8 inclu4e~ lea! and stem 
1 

tis.ues and excluded ourd, head and tlower .talk tissues 

(Fig. 2, 3, 4 and 5). The mature ,stage ~f tJ. caulif10war 

and broecoli wa8 considere4 to be .a~ as the marketable 

1 
Cauliflower (cv. ,Jet Snow and Igloo) 

1'he .arly cultivar Jat: ,SnOlf mat:ur"128 dJY8 e'.rUer 

than Igloo. Top weiqht of Jet Snow increased up to the ma-

tu~e stage (820 9) and then deereased gradually with leat 

stage unti1 •• a4ing ' ••• 4 producinq) .tage (Fig. 2), Where-.. 
1 

a. the top weigbt of Igloo inerea.ad continuously througb 

to the final 8ampling (Fig. 3). However, th!. cultivar d!d 

not'r.~Oh flOlfaring bec.ut. t:ba curd/rott.d without floJ.r

inq, thu. there wa. no SC.- an.1y.is alter the over-mature 
, Q 

1 

1 

rllA!QfJiU!Zll, dl4d1t!"', 3 },,,,}J'IliJ 
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Curd. In the curd of both cauliflower cultivars, a -
rapid decreasipg trend in SCN- content was observed during 

the development of curd. 

In Jet Snow" the SCN- content of curd decreased rapid

ly from 960 P9/9 D.W. when curds were small and pre-mature 
1 to 180 pg/g D.W. at full size or maturity. 

In Igloo there was also a rapid decrease in SCN- con

tent from a max~mum of 2,360 ~~/9 D .. W. 10r pre-mature curds 

to 1,38'0 pg/g D.W. 'for over-mature curds. At the mature 

stage or marketable curd stage for Igloo, the SCN- content 

wa. 1,970 Jlg/g D.W. 

) 

Foliaga. ln the foliage of both cAuliflower cultivars, 
~ 

there was a decrea.ing trend in the SCN- content duri~g 

early vegetative growth prior to transplanting. Both Jet 
) 

-, Snow and Igloo toliage showed only ~defate fluctuation ~t 

BCN- content after tran.planting. 

The SCN- content of Jet Snow toliage decreasad trom 
L 
A maximum of 690 ~g/q D.W. for •• 04lin98 at the cotyledon · 
l ' 

.taqe to A minimum of 70 P9/9 D .. W .. at senf.cenee or the __ fJ 

. \ 

.eeding stage, wbile that ôf 19100 dscrea.ed trom a maxi-

'''~~ muro of 1,570 P9'/9 D~W .. for ••• cUings té 260 )19/9 D .. K .. At 

~-. the t t -- over-ma ure a age .. 

1 

( . 

Il 

) 
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The stem tissue of both cauliflower cultivars show-

ed a decreasing trend in SCN- content during developMent. 

In the stem of Jet Snow, the SCN- content decreased 

rapidly from 910 pg/g D.W. when plants were at the cotyledon 
\ 

stage to 130 ~9/gD.W. at maturity. Thereafter stem SCN-

content was relatively constant. The decreasing trend of , 

stem SeN- content 'was similar to that of leaf SPN-, but the 

SCN- content of stems was slightly higher than for leaves. 

In Igloo, there wa8 a simil:ar rap!d decrease in SeN

content ofestems from 1,460 pg/g D.W. at rhe fotyledon stage 
~ 1 

to 130 ~9/9 D.W. at the over-mature stage. por early growth 

of Igloo, the stems containe4 more SeN- than the leaves while 
J 

during the later stages of development the situation waa 
• 

reversad. 

" -
In the .eed of both cAuliflower cultivars, the SCN-

~ 

content was lower th an the corresponding cotyledon stage. 

In the seed of Jet Snow the SCN- cBntent was 580 pg/g D.W. 

and in seeds of Igloo the SeN- content was 860 pg/g D.W. 
1 

Accoréling to t~eil· (1971)", the SCN- content ol radish 
\ 

root decrea.ed as the plant mature. and th!. Agrees with my 
1 

finding.. aedau.e, in th!. experlment, SCN- contont of 

young ti •• ue. wa. mueh higher than.that of ~rresponding 
'. 

4gin; ti •• ue.. ~h. cur4 tissue. of the lat. cultiVAr Igloo 

.howe4 4 mueh bigher,SCW- content th.n the correspon4ing , 

/ 
1 

/ 

! 
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1 

tissue of the ear1y cu1ti'var Jet Sncy'-l, while differences 

between the cultivars for ,stem and 1eaf SCN- contents were 

much 1ess. 1 ) 

1 

Broconli (cv. Spartafi Early and Waltham 29) 

The resu1ts for ,brocco1i were very similar to those 
• '1 1 

for cauliflower. The ear1y cultivar Spartan Ear1y matured 

TJe 28 days earlier than the late cultivar Waltham 29. 

top weight and 1eaf number 'of Spartan E~r1y increased until 

the over-mature stage, then both decreased until the final, 
~ 

sarnpling. For Waltharn 29, tOl/ wel.ght and Il-eaf nurnber showed 

about the sarne pattern as des1ribed for Spartan Early. 

Head. For bath brocco1i cultivars, the head SCN- -con- . -
1 

tent decreased with development. On1y two samplings of 
( 

head tissues were possible because of the rapid development 

of the heads. In Spartan Early, the SCN- content decreased 
. . 

rapi41y from 1,710 119/9-. p.W. at rnaturity to 370 llgï9. D.W. 

at over-rnaturity., 'However, in Waltham 29" the~SCN- content 

on1y decreased from 1,490 ~9/9 D.W. st t~e pre-mature stage 
t 

to 1,000 P9/9 D~W. at over-maturity. _ 

/ ) 

roliaqe. In spartan"~arlYI fOliaqe SCN- content decreaeed 

trom ,900 llq/9 D .. W. "At the ,c:otyledon ,t~;1 to 180 ~ÇJ/9 D .. W. 

et flow.rin;. In Waltham 29 foliaq_ SCN~ content decrea.ed 
/ . ,-' 

." /J / 

f -

. ' 

" 

• 

, 
'" , 
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from'6l0 pg/g D.W. at the cotyledon stage' to 60 pg/g Q.W. 

at fl~wering: 

Stem. .. 1 

For both broccoli cultivars, stem SCN- content 

was qenerally higher ,than theSCN:~~~~~~~~2affinld it 

decreased with age. 

In Spartan Ear~y, stem SCN- content decreased fram 

1,970 pg/g D.W. at the coty.ledon stage to l~O pg/g D.W. at 

f10wering and then increased slightly to 250 pq/g D.W. at 

the seeding •. tage. In Wa~tham 29, stem SCN- content de- / 
. 

creased fram ~,250 P9/9 D.W. at the cotyledon stage to 90 

Q Jl9/9 D.W. at the seeding ,stage. 

Seed. For-both cultivars, the seed SCN- content was -
lower than leavea at the cotyledon stage. The s~ed of Spar

t~n Ear1y yiel4ed 490 pg/g D.W. 'of SCN-, an~othose of Wa1tham 
, ' 

29 440 )19/9 D,. W. 
1 

The SCN- content of broccoli showed a trend of decrea-
1 

sing with age of plant ti&éue 48 shawn f~r caulif1ower. 
,~ 

'-Trzebney U962) reported that tbe contentrof isothiocyanate 
, \ 

&.,cre~sed as plants age. His reaul1:. are ba.ed on, analysis 

of root, stem and leaf tissue of two cultivars of kale and t 1 

one 'cultivar pf In6ian mustard. However, no'explanation' 

ha. beet put ~~~ard for th!. 4eçrease in iaoth1ocyanate 

and seN content in Agirig piant ti •• ~. 

1 
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Ro1ativo varidbility of, seN- contont of, ~a10 \ 
in clon~l plantl v.r.u~ plant. grown trom •• od . 

(cv. Dwart Graon Curlod) / 
(ti01<1) 

Tho compari.on of BeN- Gont.nt. ol clonal plant. ver

lU. plant. trom ••• 4 indicat.d that within th. cultivAr 

Dwart Oroen Curlod, qenPtypie 41tt.ronc •• accoun~.d ~or ~ 
por cont and 67 por cont ot th. variation in seN contont 

'" 
of lo.! b~.4. an4 p.tiol. ti.,u •• r"9.ctiv.ly (Table 12). 

'.cho con.i.t.ntly hiqher lJum c,ontent ot BCN~ in th. clon~~' 

compcr.4 to,plant. !rom ••• 4. ot th. IJArno cultivar i. 'Ur-
t' 

pri"ing. Ev.n mo~. ,u~pri.in9 i. th. larq.r variMl90 tor 

.torn BeN- oont.nt tor clonal plant. A' compàre4 to that of . 
plant. trom ••• 4. The roa.on. for th ••• turiou. re.uIt. are 

unknown. / 1 

/ I~b. eo.ffici.nt~ of variation to~ BC~ contint. of the 

v&ri~u. ti.,u.. 10% ••• 404 plant. wer. hifb.r (About 30 p8r 

cent) ,tban th. QOZ% •• pondini valu •• tor olonal plant'I A • 

• "p.ou" th. clonal plant,', ,i4.ntical ,onot)'" •• , .bow.d 

1... v.~iation 'O~ .C.- oontent th.ft 4i4 plant. PZ09~~ 
9atea trom ••• 4. 'r •• umably ov.n wLthin a cultivar of 

,\ 

JJ \ 

\. 

, . 1/' 

1 

\ 
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~.~12-. ~ of sat- c:œt:ent in differeD.t ~ogieal. parts of clonai 
plaD.'ts ~_ plaIlb &ca seèd for kale (lMarf Green CUrleè!) 

'. 
"lm!. SCll- 'CDeffi.ci.en~ 
~9 D .. _.l v.ari.a~OD(') 

cl.. cbecl:J dOGe check 

lâI!af bl.acJa 1.5'~ 40 1.0'!: 69 '- 24 

h't.lole laS'!: '4--AOt!:110 -" 19 

Sba t,Stl" 2S0tlOS . 34 

A~ 3SOt:" 280'!:l.O.l- - 26 ----
~ c::ea~ 
chaJlge 

I!. 

-25 +' 

3ft--

32 

42 

37 p 

---
+30 

vari.ancefS2 ) 

clOl1e check 

-~.O9 .. 05 5424 .. 39 .. ' 
51'3 .. 01 17350 .. 80 

22169 ..... 99 .... 96 
,....-' 

991.7 .. 1.7 1.,~O6 .. 72 

+1.0 

Per cent varia.ti.~ 
due to genetics 

56 

70 

-123 

\ 

l-.. daba i.s talt.eD &ca t:he a~~ " Plldtts .. 

~ nfer to IMttf Gnu. Ottled lia.~ ~~ts 9r<Ml &ca.seec1s .. 

~ wa:ttëmCe èlQe ta ger.etîcs is ealcul.ated by the foxaul.a.:: 
R 

(~2)_(cl0De-S2) , 
.. ~ _~ x 100 

(dt~) 

~ "-. 

_ li L as 1& ~ ,- cre P' T 77 77% 'Cnitrent· ~w, •• ' rI' r Ir 

-

~ ..., 

-~-

1 

1 
-1 
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kal. tbero i. con.i4orab18 90notypio vAriation tor SCN- con

tent. !law.ver, the vAriation tor BeN- cont.n_t \ .. von .mong 
" 

clonal pl~t. indicato •• trang orivironmental/otteot8 an4~ 

po •• ~bl. y.ri.tion ari.ing tram .ampling and analytical tech

nique.. ~ 
- It i. ot intcu:cu.t that the ooetticiont ot variation 
" . 

tor top w.iqht ot plant. i,. l~.r in olonal plant. a. corn-

parod ta plant. trom ••• d (Appendix 11). 
.. \ l, 

Variou. invo.ti9ator. (Jo •• t •• on, 19701 Jo •• t •• on and 

Appalqvi.t, 19'8) h.~e roporte4 the influenoe'of".nviron

mental taetor. on th. variability ot fluoo.incl.t. content 

in eruoif.rou. .a.d.. No raport. bav. baen toun4 in th. 1 

'" litoraturo on the relative 4itterone. in variation of ICM-
" \ 

oontont botw.an ,anotypieally ido,tio.1 (olonal' plant. 
, 

and ~bo.e with .ome qonotypic veri.bilitr (i,.~ plant. 01 

one oultivar, vrown lrom •• a4). 

\ 
Zftact of ~aoip~oêal fratt. o~ .c~ ~ontent of ra4i.h 

(frowth ohUlbal') 

AltbPUfh it ha. ba.n 'Uff •• te4 th.t ICMÎ ,r.our.or. 

or-po •• ibly tbair an.yme(.' of h~dl'oly.i. ara ,robab1y "n
the.i.a4 Gin fOUftf photo.yntb.cio ti •• UI (Cbnnt and libl., 

1'7~', ther •• 1'. no r0'fl'c, ~n th.ir~ tr~n.1oG.tLon within 

,1, 

! 

\ 

/ 

, 
; 
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the plant. 'Th!. po •• ibility wa. t.,tod with roaiprocal 
, \ 

9raft comb!nationl of radi.h .,odling8 mado botweon the 
( 

\ . 
cultivar. Burp •• Wh1te and Whito 101010. 

~ 

In thi. oxparimont, non-9rattod plant. woro u •• d a. -

check plan~.tor bath cultiVAr.. Tho odiblo portion ot ra-
I 

4i.h (hypocotyl-root ti •• u.' con.i.t. of .tom and roat ;i-' 

•• ue. In thi. experim.nt the .tem ti.,u. we. lab.llod (soion 

root) and the root ti.,ue (.tock root). It wa. o.'Y to •• -

p.rata .cion root froml.tock root ti •• ue. in 9ratte4 plant. 

booau.. the po~tion abov. the 9ratt wa. .cion root and that 
/ 

below .tock root ti •• ue (,i9. 7). SO,lon root ti •• u8 .how • 
.j-

9" •• nin; ,on" ."po.u~e to 1191\t duo t9 -chlorophyll .ynth •• i. 

wbile .tock ti •• ue. a". not capable ot cblo"ophyll .Ynthe.i •• , 
ThU' the two type. ot ti •• ue. cou14 be 4i.ti~IUi.h.4 and 

.epArate4 tor SCN-' détermination •• 

A. .hown in 'l'able 13, the to~t.fJ. woipt o't 9rattod 

White tciole an4 Burpe. White plant. va. ra4uood 25 por c.nt 
\" 

and 28 per cont "o.p.ctive1y relative to the non-urafted 

ch.ok plant •• Total ,"oot weiqht of Durp •• Whita root. vith' 

Wbi~a %otole .0Lon. va. ra4uo.4 2~ p.r oent oomparo4 te 
/ -

root. of Dur,.. White obe"" plant., But the total root ".iqht 

of White %oiolo ~oo~. witb Dur,.. White 'Dion "a. inor •••• d 

br ,5' ,er oont CJolD9&r.4 to êctal root. w.i9ht of White %~iol0 

~.. Thi. iMioate. that 'u~, •• White fo1illl. may .ti-

- f ! 

, 
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'!'able 13. Effect of ~~xocal grafts. \Vith-bOn~afted plants as checks. on plant 
0;...'" 

~-t:h ahd sor- content:. of rad.i.sb. tissues 

~ ,,"Edght;. (g/pl.an t) scx- content(~g/ç D.N.} 
" 

Scion 9oot:s~ Fo.li.age Scion Stock Total ~liaqe Scion Stock 'rota1 
c::\Il.ti~ cul.ti~r,~ root: root root - ~t root 

~ 

Grafteà1 

----Wû.œ l:c.icl.e Burpee fihl te 21.-4 1.2 .. 9 :29.8 ":2.7 1 .... 13S' 235 ' 

Bupee lihitè .Ù:~ l:cicle 22.4 1 
9.5 t;7.:2 76 .. ' 271 103 -l09 

lioIt-grafted dleèb2 ---
8ù.œ l:cl.cl.e 28 .. 6 10 .. 7 38 .. 0 48 .. 7 197 90 353 

Bupee 1ihi~ 31 .. 0. 1.3 .. -5 -1 ... 4 57 .. 9 1.83 26S 358 

~ ~Qe '1s tJ;e' aèan of 9 te 16 suples. èach S<mpl.e ~as analysed in triplicate .. 

~c::b ~1U'e is the mean of 3 ~ .. _~cl.es. each saap1e vas ana1ysed in trip1ica.te .. 
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mu14t~ thu growth ot Whit~ Iciclo root. . . 
'J'hej ()CN- content ()t ~lhito Icicl0 fOl.iN.go CJl'o'tm on Bur-

"pet) Wh i tt} roo tJJtocku Wftfij (ltlCT,fJIJN(j(1 by '27 VOl,' c(Jnt c()mJ?~T-ed j 
- ' 

ta tho fft)litllJ(j BCU- contont of White 101010 ChlolCKgj whoro

.8 th0 BeU- cQnt~nt of Burpoo Whito foli490 9rown on Whito 

leielo root§toc~1 Wti§ incroalo9 by 48 p4r c~nt comparod to 
l ,/ 

tho 'foli490 BeN cont~nt of Burpo. Whito chQckl. 

Whit4 1cic1o 8c1onM docrcul •• d thfJ BCN- c()ntt.tnt of Bur

poo Whito Jtock root. comp4ro4 to Durpoo Whito chock., whor.o

•• Burp •• mlito Icion. incroA.od tho SCN~ oontont of Whito 
/ 

leiclr .tOCK rQotl compdro4 ta Whito Ieiclo chock., Th! • 

• Qom,' ta indio.to that Durpoo Whito .oion. ar4 bottor §uppli-
/ " ' 

MI ' orH of BeN procur8or. ta root.took8 than Aro Whito teiel. 
/ 

""ion", 
.DuJ:p •• Whito rootltQCKtI wor. tU'lIooi.tocS with h.tqh BC~t 

çontont of .oion root ti •• uo , wh!lo whito r.ciQl~ root8tock'
4 

'~.r. A •• ooiat414 with low Bett aontont al Boion t'i'}~t ti.BUG, 

'L'ho 8'.mct ."per;,fll<lnt w •• ropoato4 wj,th tn@ OXoljpt.tQn th"t 

th. ohock plant. w.r~ ~l.o 9rattod, Oonor,al1y th. r •• ult. 

tor 8CN- oonten,. ~.r. limilar ~ the fir.8t ~rial, how.vor 

th. pattorn of tOli&g. and total root woiqht. wa. dittor.nt 

(Tabl. 14), 

~h~N. r •• ult. in4ieate ln intoraetinw aft.ct ot toliaq. 

and rootM on th. ION- cont.nt of th. ti.Jue. tt,ted, How,vor, 

1 

1 
4 .. 
" 
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~le 1....... &ffect of ~ srafts~ rith ~fted pl.ants a.s checks r on plant 
gro.."th and sc.."r oon~~ of radisb tissues 

" ~ 

-----
--- l'resh ~~gh~(ç/plant,-r SCN- co.'!\~ent.{p.<!/ç' DOoN .. ) 2 

sei.on 
cultivar: 

RootSt:cck 
C\lltivar 

Forra~-- -SC~on- -StOCk -TOtal 
'«!Ot rcot:. root 

Foliage Scion Stock 'i"o ta1 
roo"t root root 

------'fihite I:cicle 15 .. 8 7 .. 7 27 .. 1 34 .. 8 229 79 .... 1 
tibite leicle 1> 

B\upee tlhit:e 19 .. 5 12 .. 3 19 .. -1 31 .. 7 174 113 333 
<. 

'" lRù.t:e lcicl.e 22 .. 2 2 .. 0 36 .. S 38 .. 8 257 133 "55 
~"itê 

~ lihite 25 .. 0 9 .. 6 19 .. ~ 29 .. 3. 163 230 3i" 

"'-
1 .. ~ vaille .is the, lISIealt: 0; 6 t:o lS s<JJDples .. each s~l.e anal.ysed in triplieate .. 

, 
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t~. to1iago rnay bo th. dominAnt partner i~d8t.rminin9 the 

over a11 amount. of SCN- in rAa~.h p1~nt •• 

Sorne 4~fficu1tie. ari.. in intorpretinq tho rOlult. 
/ 

ot the.. oxp.ri~nt. booau.. the SCN- content. ot th~ two ' 

oUltivars, Burpoe White and White Ioi010 were vory 8~milar. 
Th ••• oultivar. wero obo.on bOOAU •• Burp •• 'Whito wa. thougbt 

to hava' a mucb ~i9h.r BCN- contont than Whito loiol. a. ro-

I ." ~rt.d by Chon9 and D~bl. (1974) 1 howevor, thi. wa. no)t the 

e ••• in the •• ~xp.rim.nt •• 

1 
/ 

'< 
l, ~ -

r 

Expl.nation ot Figur •• 

ri9ur.6. Iociprocal ;ratt. of radi.h •• (l,W. x B.W" 

If /1 .. ~ D,"' .. , B. W.. "W, I • 1 W. Z. " .., .. 1 .. ' • t market

~bl •• tag •• ! (Surp •• Whit.. B.W., Whito letel •• 

W.I .. ) 
\ 

ri9ur.7.. Scion r~t.\.r •• lw.y. lorme4 from th •• t.m ti-

/ 

•• ~ in th •• oion. A(foliaqe); .'acion roots .t.N 

t1 •• ~." C(.took roots J:~t ti"U'I' fJ (cotylfJ4on 

. trao. of D .. W, .tock root) 1 

fh. mi441a r09ion i. cAllu. (b), tor.me4 botw •• n 
1 

the .cion root 0' lutp .. w.hito 'a' an4 th. .took 

~oo, 01 White IGiel. (0'. ..v~r.l xyi ••• (d) 

.p, •• #û in the cop, .Lcldl. anet in th. bott.O., 

.. 

1 
,/ 

1 
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Wh1te 1c1010 (.tock roct) 0.11. /(8) .howod 

lar90r than callûS't1.8ue coll. (A). 

Whito (ecion) coll. wore not .hown horo. 
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Insa 111111 

Fiqure 6. 
, 1 

r i nt 

1 

( ••• Plate 1) 

/ 
1 
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;. , 

__ Reo~prooa1 9raft. b.tw •• n Burp •• White 
and White %oio10 radi.b cultivar. 

/ 

\ 

/ 

/ 

ri9UZ. 7. ( ••• Plata 2) , 

/ 

.Morpbo109i,,.1 •• ,.ct. of z."i9Z00.1 ' 
fzatt. 01 luzp.. White and White %oiol. 
rdi.b oultivA'" 
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/ 
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1 
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ri9'uro s. ,( •• a Plate 3) 
Liqbt mieroqraph (Axl00' 

," 
UZCHIŒ'l') ot, 

cro .. - •• etion ot qrafte4 reqion (.cionr 

" 
8urpe. White, root.toekr White lciel.) 

~ 

" 

. 

~ 1 / 
. ," '" . 

/ ' 

\ 1 . '" 
/ 

( ••• 'lat. 4) 
Lipt JlL"%'D9ra9b (Ax400 J aICHIIn) of ... ~\_~ 

\~, 

oro •• -•• otion of qratte4 retion (.cLanl 
~u%'9N N'bite,. root.t?"Ju Whi" 'oiol.) 

, 

~ 
-/ 

/ 

11 
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oaNI~ DISCUSSION 

1 
.,\ 

tt hal 10ft; b •• n conaidero4 po •• ible that factorl other 

than iadin. dofici.ncy miqht play .. part il\ 'the etiolovy' of 

endemie VOitH. but no~ until. t.he .t.U.acovery o! ~ba9. 90i

tre (Ch.aney ~!!' 1928) wal inailputahle preo! obtained 

of the .xiatGnce of naturel 90i~ro;tna. Sino. th.n. vari

OUI ;oitroqenl auoh aa seN-. iaothiooyanat. and related 
- ~ 

co~undl have b.en iaolatod moatly from oommon'v.vetabl.a. 

fodder orop, and w •• da b.lon;ing to th. crUCif~ra. faml~Y~ 

Iv.n thoUih there il " ne.a for 1'I\Oro knowl.d9. on the . -

content in food. of nat.urel ;oltrov.n." luoh Aa SCN- which 
" .p-" 

poee ~ potenti.l danger ta humah ~nd animal h~altht only a 
.. ~....... + 

.... 

\ f.w H~rtl have app.ar.d on ScN- oont.1llnt of vtgetablea. 

~ ! 
The reeul~1 of .~.rim.nt l Ihowed that SON- content of th. 

1 _~ , .. 

~ibl. parti of orucif.roui v.v.table. varied among cropi 

and within oropa Amon; cultivars ,(.xc.pt Brue •• l. eprout. 

and broccoli). Th. variation of SON- content of cabb~q. b.\ 

tw •• n 2 yeara wa. muoh hiqher thaft that reported previoully 
- , 

by JOI.felon (1970), Lo~ r.lntall. hiVh t.mp.r~tur. and 
. -l;)right eunllqht may, htlve cau •• d t1.'. h19hp yield of SON for ~ 

cabo,p VJ!'Own in 197~.. How.ve~, 11tt.l~ i~ known abôut th., 

environm.ntal factor. that aff.ct th. b~o.ynth •• l. of SeN-
\ 

'preourlora .. 

\ 82 \ 

. 

l, 

1 \ 



r 

\ 

La~. cabbave 6ultiv~l'. cantaln.d von.l'ally hi9h.~ '; 
amo~ftt.·o! seN- th~n early cultivArl, Tho ro.uJtl &vr..e w~th 
provioui ~rk on radilh and turnip (Chenq and I\ibl', 19'74) ~ 

, - " ' Tht ~r.cur.orl of SCN- mi;ht.hIVO more timo to flccumulate 

Viv1n tho,lon;or pari ad ot qrowth far lato cultivara, but 
/ 

- <,\ci oxple.nation hal b ••• '\ roported, 

arua •• l •• prout. co"tai~od much\hivhor amount~ of SeN
~ 

than cabbavo, cauliflow'~f broccoli .ne! Chine •• clbba,o, . ~ 
but SCN ln Bru ••• ll .prout. oan b. Hduc_d by gO per cent 

• 
. by boil!n; the ti.aue prior ta horftOvonilinq_ 'Preaumably, 

1 \ 

the onlymia .yat.~ (myrolin.e.) w~~ch c.n hydrOlylia 91uca~ 
, ~-6y~:I f~ ..... : ~; 

einolate wa. d •• troyed by thie h.~t treatmont, 

'.w reportl have apP.Ared on variation ln. SCN- content 

ot plant tieeu'l durinv plant dovelopmont, Thiocyanato 10n 
\ 

content of bath cauliflower\and broccoli d.c~.a •• d •• planta 
, 

m.tu~.d, 'The amoun~of SCN- in curd, and h.ade of cauli-

flower and broceoli wal vory hiVh at the pr.maturo a'tave . 

at which'timo the amounta of SCN- in l •• vo. and .tem. had 
- ' -\ alro.dy decre ••• d rapidly, :h~. may in~icat. ~hat SCN p~.-

our.ora tranelocate jO ourdi or head, from.le.v., and atM\. 
/. "\ . -The decr. •• in9 trend_o~ SCN content in curde and head • 

1 

• from bOf lat. and .ady cul.t~vua corre.pond.ed to reaulta 1:. 
1- for other &vin9 tiIIU.', C But t}\. amount of SeN- in~curd. / 

\ ~nd he.d. of lat. cultivar. 4id not decr.a.e ~a l'apldly •• 

• 
, \ 
\ 

! 
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1. 
\ \ , 

for •• rly c~ltiv.rl, ~h. 1 •• , oondition mly oxpllin \hil~ 
\, . 

• ino. l'Iv" of lato cultivl~. dieS not m~tu~, •• rapidly •• 

tho •• ot th~ oarly cultivar., th.y may hAVI contlnu.d. to j 

l\lpply SCN- 'pr'C\l~.or. to tho dlv.lolU,nv O\ll"<ll and h •• ctl, 
, . . 

Unf~rtunlt.ly the .~lbl. ~~tionl of cauli!low.~ and 
'. -brocoo1i have the hivho.ta seN contenta (i,., ourdi and 

ho.ct. oontain muoh more SCN- th,n _toma an~ l,.vel), 
l ' ' • 

l' Provioully Noil (1911) .u'V •• toct that th. vafiation 

Amon, planta ot • cultiv.~ could b. ,liminat,d by ulin; • 

c~., But th, vA~i.bility of SCN- content in kalo clonal 
• ~ 

plant._ W"I ol\ly 30 per cont lowor th,n plant. p~p'l,at.ed 
. /' l, ' 

from I.odl. The individu.l variability of clon. plantl tor 
\ . - ' seN cont.nt. wa. hi,h.r than .xpoct.~, Thil auv; •• tl that 

en~lronMont.al faotora m'Y m.ok von.tio influenco on SeN-

~1.1cl, \ , 

Studi •• on radi.h reciprocal 9raft. inclic.t~ t~t. 

tOl~9~ (_o10~) w •• ,mo~o i~rt.nt to SCN- yi.1el of root 

thaft reot.teok w •• t.o SeN- ~i.ld ~f !èliavo, Scion ~ot 

seN- wa ... ~f.ct.d 1\\o.tl'y by th. t'Oet.tock, '.rhapl SeN-. 
precurlo~, or th,ir enaymo(a) of hy4roly.ia .t.'lynth •• i •• 4 

ind.~ndontly in tOlia" &n4 rcot ti •• uel, but folia,. lome-
, • 1 

how "~l"On,ly -inf1uen~e. the over all piant contenta ot SeN-. 

. r 
\ 
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" 
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~hlooy.n.te lon cont.nt·of v.~1ou._ oruolferou. veve-
.. - . 

table~ a~ lnfluenoe4 by .ta,. of 4evelopment,·venotype .nd 

~otproc.l ,~.fttn, ~.a Itud1.4. 1 
- 1 _--------', _ 

l 'l'ho cult1v.r trlal. for SCN content. of ;-oaull-' -. . 
f10wer, broc~~ a~~ .nd Chlne •• o.bb~,. .howed 

\ that. ~ruu.l. 'p'ro~t. centalned 2 tim •• l'ftOH ICN- 11;/9 D,W~ . 
\ than,c&ullflow.r, brooooll~nd Chln ••• oabba,e, .~d. t.o 

\ '1 tlme. more -th.n cabb.,e. A 2 year, eç.rl.nt.· ahowed that , , . . ---.. . , 
.. aver.v- amount. of leN ~n lI. c,bb~,. 'oult,1-vara v.rled by 

ta ~er cent b~twe.n the twc •••• on •• · th. lat. m.turln9 , 

oabbave cultivar •• ~owed a t.~dency t.o yi.~4 hi,her SCN-

than •• rly oultivar •• Thl. rel .. t.~on.hlp wa. oba.rved ~n ' 
J 

lem. of ~he ôt.he~ O~pl t. •• t.ed. 
.. ,~ .' / 

The .mount. of SCN con-
\ 

t.ent. -it{ edlbl. part. of ",et.ab.le •. "a. livn1-fioantl.y cliffer-

ent' amont cult1v.~. ln all· oropa ~.K.t fOl' brocQ011 and · 
l ' 

IN ••• I •• p~t.., ~he OUN' ancl h ... d., of ,'cau11flo"1' and 
... -' -----

~ooo11 oontained .t. l .... t. 5~ t,lme. ftlOH SCN- than tb.ir\': 
. -' , l ' 

, lea.,.. and .t,... .' V:' . 

j'the ac~- cont.ent. o~, c.ul1fl~r .. nd bzooco11 t.l •• ue •. 

deo-" ... e4 cl~rln, fzovth of tiaaue., o.n.~ __ lly. ICN- oon

trent. of l.a' ancl at._ wai cleo~ •• ~. ftPicllY \l'nUl .. t.ui ty 

\ t.henafte&- n1Mlnin, at. a oonat.a"t low 1.".1. It va. quit.. . , 

. IS \ 
\ , 

. ! 
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',notiboabl. that 8CN~ 

," 

\ 

, 1 

culti~a~. of eauliflowor .~d braocoll ~id not dOQ~OlIO to 

the I~m •• xt~nt ~. '1t did in .&r~t cultivara, 

l'rom a atudy ~f SON- v~rlatlon 11\ clonal matorlal ver

lUI planta propAqatod from ••• d t lt wa. ahown thêt 41ff.rlnce 

ln 9~notYp. ~withln • cultlvar c.n 1neroAI0 the V~l.bilitY 
• 1-

of SON- readl~9a, Newlver. the SON- varlibillty oxh1blted by 
\ 

clonal planta waa larvlr thln exp,eted. 
\ \.. t\ 

, A ItUdy ta detor,mlne th, offoct' of r.cip~O.l 9raftl 

,on ll41ah SON- content lnd1cAted tbat foli.;, 1nflu.n~ed 
root SCN-.contont. Tho r.lult, auqq •• t that the seN- may 
\. _~ • 1 

tranllboate from foll~V. to· reot ln ~a41ah, but th1a ha. 

not b.en proven. 

" 1 / 

\ , , 

~ 1 
-1 

0-

f' 

\ 
-, , 

\ 
\ 

/ 

, 1 
\ 

\ 

('J 

'. 1 



ê 

'* 

,~. \ 
\ 

, .: :1',' ;", 

\ 

"'" , , 
IUGOIS'1'XON rol\ l'UItTHIR UIBAI\CH . , 

, , , - ' , I\emarkable variation ln a~N content of oabbave"between 
, 

a year. waJ ob.eZ've4" Certain envl~M\ental fao'tOr •• uob 
f • 

•• ~ail\fall, -"1\191\ tU\peZ'atuH etc" .Y 1ftfluenoe SCN- con-

tent 07 cabblwe". F\l~tbe~ .tudie. ahould be oonduote4 wlth 

th_ .Ime cabblW- cultivar. oveZ' a pe~iod of .e~ral yelr.", 

Meterolovical' c~dition. ooulet be QoZ'relate~ with v.Z'lation " 

'ln IbN- yie~d of the èabba.,. for .me etiffe~t year'''1 

- . 2,,' Itucli •• on v.ri~tion of seN durin,fetevelo~nt of cau· 
. ~ .-

liflower ancl bJ:Ocooli coul"d be improved by .. a.urin, seN 
~ both in' ~.r ,,,am clzy wei9ht and ,.ir total dry ~l,ht of 

~ .' 1 

plant., Durinv .arq 91'Owth, hl,~ amount. of SCN- ft"e ~oul\d 

ln "Ill OUH' .nd, ~.d. of cauliflolfer and bZ'OO~li "1\11.. 
_ , ',. J .1 i. -l', tbe .... .!j.M the amount of SCN ln 1 ...... an4 .t. •• cle-

on •• ecl &'ap1di.y. Xf ,l.'ra' aH th. .1 te. of ,luco.lnolate' 
~ , , ~ 

, \ 

.ynthe.l •• thl. can b. te.te4 by pinoh~", off amall oul'4. , 1 

and h .. de .men follow the 1.".1. of SCN- ln \the !011191" 
-' 

" . 
. -' Le.. v.rlatton 0' kil. seN content va. Ob •• rYe4 ln 

, ~ 

olon •• ' than 1n plut. f~ ••• d but environmental- laoton 

. j" 1~ th. fieU ~Q oeu.d mach vad.ùUU:,y. ,.dlap. 010" •• 

lhoulc1 bè te.tecl \lftc1er ,rqwth ohu\beZ' oonc1ition." 
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• J •• j l';~I~~ __ , h •. 

" -

~." . . 1 •• 

" 

\ 4 •. ',oU.av., h •• ' b •• f Il\Own ta ·infl\\.nc. seN- cont.nt in root 

ti •• uo b ••• d on r •• u1 t. of r.cip~cal < 9rafta of racU.lh •• 11 , 

It~lin9.~ an~ \'OrnpIO~ ,('l,~_.howe~ that t~l'nip and rld1.h 
\ • ---<; ~ , { 

hl~ ditteront 410thl0Cy~h.t6., Perhap. It~di •• o~ l'ooi-

procal ~I'âlt. b.~'.~·turnip and ,radl.h would yi.l~ mo~. 
" • ~ \ , " t If! • .".., J • 

informAtion on th. relative 1'01. of folt.vo and rootl ~n 
- , ~ , .... •• \ 1 . ... . . \, 

lupplyinv ilothlooYln.t •• or th.lr pr.~~rlor.~ -
'. . 
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AppmIdiJc 1. HetéorO:iCai. Ltions frOtA" April :., Septellber in 1914 and 197i ~ 

April 

May 

June ' 

Ju1y 

August 

SeptElDber 

... 

) Mean temperature AcCUllUlated---
(OP) rainfa11 (incb) 

1914 1915 

42 

S1 

66 

70 

69 

59 

" 

-

38 

64 

68 

73 

71 

56 

1914 1915 

Î 
3 .. 09 1.45 

3.61 2.66 

3.16 2.57. 

2.96 4.36 

2.49 4.02 

2.08 6 .. 82' 

J\cClDlUlat:ed 
brigbt .uasbine. 

-hr. 

1914 1975 

155 

161 

248 

132 

1S7 

~ 

250 ,,299 

250 241 

148/ _2 

l'the data 'vere obtained froa Seed Farm, Macdonald Coltege .. 
. 1 

2Dàt.a vere -not a-vailab1e. 
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Average' 
relative ba-idity 

(~) 

1974 1915 
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71 

11 
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69 

68, 
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68 
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~ 2. Aaaly_i_ 01 .. ariance, of ~- contimt in cabbage 
cultivar_ in 1974 

,,/ 

SOUrce of 
variation 

~ 

-9lock 

CUltivar 

ExP. Brror 

4.f. 

47 

2 

15 

30 

s.s. M.S. 

568,974.63 

2,.01 .. 31 -~ï ,.200 .. 66 
. -

513,958 .. 84 34,263 .. 92 

52,614 .. 48 --- 1,753~82 

•• i 1 • 

significant.at 0 .. 01 Leve1 

/"" 

• "'" 
-~-

/ 

F cal F tab 

0 .. 01 0 .. 05' 

0 .. 68,. 5.39 3 .. 32 

•• .d' 

19 .. 54 2 .. 70 2 .. 01 

--

e 

----

/' 

----



1 

;;., 

J'. 
~., 

'- . 

." 

-., 

~ 

--,~ 

/ 

-= 

~ 
/" . 

/ 

Appea4i.x 3. .Ana1rei. of variance of SCR- content 
.i1s cabbaqe cultivars in 1975 

SourCe of '4 .. t: 
-var4.ation 

s.s. . ~.s .. 
< 

F cal F tab 

f ,0.05 ~01 
ct ,\ 1\ 

1'ota1_ 41 l,841,8~S .. 5931 , 
~ ~ ~ 

1 B10ck 2 12,42~.7400 6/212.~700 1 .. 2916 JI .... 3 .. 32 5.39 
. • CUltivar 15 1,685,142 .. 7398 /1.2,342.8494 2.5'62 2 .. 01 2.10 

" 

kp. Bn:or 30 144,298.1133 4/80~~9372 ---r 

) 

- . ~ 
. significant at 0 .. 05' leve1-' 

,14. 
- \ l , 
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Appendis 4. 

/ - -Analyais of variapce~ of SCJf content of curd-
in cauliflower cultivars' 

Il 
~ /' .. 

~~ 

Source of d.f. 's.s. ' ---- M.S. Feal F tab 
---- ~ 

variance 0;05 0.01 
'" -----. 

" 

-rotal Zf. 2,836 .. 436 .. 31 

Slock L....._ 2 8,012.49 .,036 .. 25 - 0 .. 2035 B.S. 3.55 6.01 
----

CUltivar 
.... 

3;];0 9 2,411,211 .. 26 214,585 .. 10 13,8411 2.--46 . .. 
\ 

Exp. Error 18 351,092.56 19,838.48 
k.. .. __ ~ ~~ ~. ____ ~__ _ .. _. ____ ._._ .. "_ ... __ .. _ , . ./. __________ • __ ~ 

\ 
~- --

.... i ~ 
sigDificant at 0.01 leve1 ~ 

'. .-/ 
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----------

~, ~ - '''-
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1 Appên4ix S. Analysi. of, ririance of SCJf- contem of leavès 
in cau1iflower cultivars 

./ 

) . 

./ 

- '~ 
-,. ~ 

SOUrè'e 'Of 

variance 

Total 

'IS1~ 

" 

CUltivar 

-Exp. Error 

... ---

---

4 .. f. s.s. M.S .. 

-2' 222,045 .. 7'" 

. 2 3,949.3486 1,974.6743 

9 107,"2 .. 8096 11",''' .. 2011 1 

18 110,10~ .. 6114 6,116 .. 8'73 

# 

-----_._ ... _ ... _._-------------------------------------------

F cal 

0 .. 3229 n.s,. 

1 .. '617 n ....... 

:.) 

./ 

F tab 
- -

1» .. 05 0 .. 01 

3 .. '55 

2.46 
QI 

6 .. 01 

3 .. 60 

11_ 

v 

e 

. - -~.--/' 

:'-

o • 

.--/ -
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Appeadix ~. Analysis of variance of sèB- content of stell 

in cau1iflower cUltivars 

SourCe ot d.f. s.s. N .. B .. 

variance 

'l'otal 29 16,292 .. --5670 
---

B10cJl '4,578.5660 2 2,289 .. 2830 
'J 

Cultivar 9, . , 6,469 .. 2804 7/18.'8090 
.... .c~J 

Bxp .. 'Error 18 5,244~7206 291 .. 3734 

----•• si9Di:ficanf: at 0 .. 01 1evel 
l , .-

signiticant at 0 .. 05 Leve! 

b 

• 

--.--

Feal 

7.8S69 

2.4670 

F t.a:b 
-

0.05 0.01 

--•• 3.55 6.01 .. 
2.46 3.160 

=:J 
~ 

---

'f ~ 

-

.... / 

.> 

'\ 

... .. 
\, 

• 

, --

------
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Appendix 7. Analysie of variance of SClf- content of head in brocco1i cultivars. , 
3i,:) --,-" ~ 

Source of, d.f. S.S. M .. S. 'p cal P tab 

variation 0 .. 05 0.01 

1'o~ 17 113,832.6050 . 
./ 

Bloclt 2 60,3~2.9434 30,176.4700 0.6623 n .. s .. 4 .. 10 7 .. 56 

Cultivar S 197,840 .. 6317 39,,568.1264 0 .. 8684 D .. S .. 3 .. 33 5 .. 64 

Exp .. Enor 10 455,639 .. 0299 -- ~ 
45,563.9030 

di 
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,.- \AppeJi4!x 8. 
- (, 4' 

Anal;'i. o~ ~variance of Scti- content of 1eaves 
·in br"'i0li cultivars 

\1 S.S~. 
0 

M.S. F c;al F tab 
./ , 

0,,05 0.01 

51,116.3000 
---'746.143~ 373.0717 0.5847 D .. S. 4.10 7.56 

v •• 50,649.2200 10,129 .. 8440 15.8752 3 .. 33 5.64 r 
.6,380.9366 638 .. 093? 

-.:r ,,- --------- ---

•• • 

. " significant: at 0 .. 01 lavel 
" 

--- ~ 
G 

( .. .. 
~ 

<t ç ) 
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, , AppèncUx 9. Analy.is of variance of SCJI- content of .teIl 
in' brocco1i cultivars ./ 

':,.. -1 

'III! ~ ... ",-. ; 
~~ '" i:' ;JI ~ .,.... \_ 

- ~ 'i lo " • 

~'r.. , .. 

... .l sr t~ ,~ .... '-,. .' 

_{ ~ 1"~ ~ 

source of 
..ft.riation 

!l' d.f_ 
cp 

S .. S. M.S. 

.. '" -;-' . ___ .. __ .. _~ ... _____ . __ ~_ .. _.~___ u _ ~~ 
i ~~ ~_ri 
~ • J 

l ,: .,' . ". -J tal .,.. _... ~ .. ~. _1~:;o • ~ ~ 1., r ~ .. - 0 
i.~ '~' ~, ._> ~! ,~; "" ';:~" ~'JJlock 
~~) ;:" ~ ~ 

~ ,,'" .:::....... ... 
~ '.t,; 

'.~ 

: . 

~ltivar 

ssp. 'Errol: 

17 43,334.1000 

2 4,735.5234 

5 33,8-12 .. 2600 , 

10 ., 4,786.3166 

• • i9Aifican~,at. 0.05 1eve1 
, , " 

I(i 1 ~., 

\. 
"0'':;'" ".,.. ' 

'. -,,:~: : ~ '.:, ~ ,aignificant at 0.01 leve1 
,:~:~:':~~':"~::~';~ '~ : " . ' 

~-' 
L" _~, ~ 

\ ' 

.--

o 

o 

2,367.J617 

6,762 .. 4520 
' . . 

478.6317 

"\. 

F car ",. 

~ .. 
4.9470 , 

•• 14.1288 

-. 

" 

,.--

F tab 

O.O~' 0 .. 01 

f 

~ 4.10 7.56 

3 .. 3"3 5.64 

"""' 

" 

G' 
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Appendix 10. Analysis of variance of SCN- content of Brussels sprouts 
\ .-

Source of 

variation 

Total 

:Block 

Cultivar 

Exp. Error 

, 

d.f. 

20 

2 

6 

.12 

~ . ~._._-"_ .... _~_. -~ .. _._--~----------------
s.s. 

4,089,435.6900 

140,743.7986 

2,297,544.3300 

1,651,147.5614 

\ 
"-

r 

H.S. 

-
-----

70,371.8993 

382,924.0550 

131,595.6302 

--

P cal F tab 

0.05 0.01 

/,;r-'Ç 

// 

0.51 n.s. 

2.78 n.s. 
3.89 

3.00 

6.93 

4.82 

o 
'J; 

o(!Q/~ 

:.. .. :i 
i.~ . 

'0, ~ 

."":~ 

, . 
~~ ~;
/-' 

1'.'5 
1,1' 
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.'~ 'if'~ tg,. 
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Appendix 11.. Comparison of top weight 
variabili ty in clona.l versus 
p1ants from seed of Dwarf 
Green Curled Jta.le . 

Top weight v 
(g/p1a.nt) l. 

Coefficien~ of 
variati~n (') 

Variance 
1 

1 
lEach datum. is 

9 pl.ants. 

\ 

Clone 

143:t37 

26 

1417 .. 03 

• 

1 

.r Check 

l7StS7 

33 

4329.62 

taken from the average of 

u 

~\ 

\ 

\ 

.; 

\ 


