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ngeral commarcially grown cultivars of cabbage, /cauli-
flower, broccoll, Brussels sprouts and Chinese cabbage were /
tasted for thelr content of thiocyanate ion. Significant
difforentes in thiocyanate ion content were observed among
’cultivars of cabbage, cauliflower and Chinese cabbaga but
not among broccoli and Brussels sprouts cultivars. Brussels
#prouts contaihed much higher amounts of thiocyanate ion

than any of the other vegetables.

The average thiocyanate ion content of cabbage cultivars
was much highdr in 1975 than in 1974. Presumably dry condi-

tions and high téhperatures were reaesponsible for the increased

e

yields of thlocyénate ion in cabbage. Also for cabbage, the ‘
1ate[maturing cultivars tended to have higher thiocyanate
don contents than early maturing cultivars.

“Var;ations in thiocyanhte ion content, during plant de-

."‘51..

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

ccoli. For both crops, thiocyanate ion content of tissues [
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The thiocyanate ion content of kale was genatically

tendad to decreaso as plants aged.

V-

detaermined. Tha variation of thiocyanata ion content among
plants of the sama genotybe (clonaes) was ;mallar than that
among plants propagated from séads.7
/ _A study to doéagmina the effect of recipro#al grafts
on radish thiocyanate ion content indicated that foliage
had a dominant influence bn overall thiocyanate ion con-
tent of the plant. )
/
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L'influencoe du stade da développamapt

- du gBnotype ot du greffon sur le

contenu en ions thiocyanate chéz

. " +des cruciféres

a

Le contenu en ions thiocyanate a &t& &valud chax
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p&us;eurs l8gumes commerciaux soit le chou, la chou-fleur,
le brocoli, le chou do Bruxellas'et 1e‘chou chinois. Des
différences significatives dans le contenu en lons thio-
cyan&te ont &t& obsorvées chez le chou, le chou-flaur et le
chou chinois mais RBn chez le chou de Bruxelles et lo bro-
coli. Le chou de Bruxelles Fontenait plus d'lons thiocya-
nate que ?ous les autres 1égumes.

Le contenu moyen en ions thiocyanate chez 1e chou
&tait baaucoup plus &levé en 1975 gu'en 1974, Des»conditions
de séchereséi et des hautes tempé;atures sontdproblemant
raspons&bies pour ces augmen¥ations. De - plus les cultivars
tardifs de chou contenaient plus dlions. thiocyLnate que
ceux h&tifs. | o

~ Des variations dans le contenu en ions thiocyanate pen-

dant la croissance ont &t& observées chez‘le chou-fleur et
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le brocoll cultivés an plain'champa, Dans las deux cas, le.

contanu dea tissus on ions thiocyanate semblo dfcroltrxe avec
!

.1'&ga.

,chaz le radis, les résultats ont montr& que le feuillage avait

2l

Nous avons aussi compard le-contenu en ions thiocya-
[\

nat& da choux frisds génStiquoment differents. La varia-
tion an ions thiocyanata étaii plus petite parmi les plantes .
de néme genotype (clones) que parmi les plantes issuas de

Semanceas.

BEnfin, une &tuda a &té faita pour &valuer l'effet

\ <
des greffes x8ciproquaes sur le contenu an ions thiocyanate

une influence marquante suxy le contenu total en ions thio-

cyanate de la glan;e.c
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INTRODUCTION
\

Endemic goitre has been known for many years. The
disease is more widely spread throughout the world than is
generally suspected (Nutritioh Canada, 1973; Greer, 1968;
Clements et al., 1960; Anonymous, 1946).

Many studies have confirmed or implied that cruciferous
plants as a part of the diet could be one of the contributing
factors to goitre in human and animals (VanEtteﬁ and Wolff,
1973; Wright, 1958).

Most plants of tRE‘Cruciferae family {(Mustard family)
contai; glucosinolates which can be hydrolysed by the enzyme
system myrosinase, yielding isothiocyanates, glucose and
sulphate. The isothiocyanate and its related products, i.e.
thi%cyanaté/ion (SCN™), thiooxazolidone and nitrile have
been found toxic and goitrogenic to human beings and animals.

Many studies have related goitrogenic toxicipy of
cruciferous plants to their SCN content (Michajlovskij and
Langer, 1958; Munoz-Rodriguez, 1970). - Thiocyanate ion
content of cruciferous plants varies between various‘morpho-
logical parts, and during plant growth and development.
Perhaps the consumpﬁion of cruciferous wvegetables contributes

to the continuing problem of éoitre disease that persiéts in
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2

the population in spite of t#e widespread use of iodized

o
[N

© table salt. o

The purpose of this study was to determine the SCN™

content of various cruciferous vegetables, and also was to

* study SCN~ content of cruciferous végﬁtables as influenced

\

by stage of development, genotype andlgrafting. "The result:

of this study should be of interest to plaht breeders, |

|

N

toxicologists and nutritionists.
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REVIEW OF LITERATURE

I. Incidence af Goitre

~

/

Goitre i.e. any abnormal enlargement of the thyroidy
gland which is visible as a swelling in the front of the-neck
in humans or animals, has been known since prehistoric times.
It is believed to have beeéyfirst described by the ancient
Chinese, early Hindus and the Egyptians (Cooper et al., 1958).
But the difficulties in language and lack of knowledge in
eariy times about body organs ieaves us uncertain as to how
long this disease has been known. It was'éot recognize§ as a
deficiency disease until the late 19th century (Lowenberg

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

For surveys of endemic goitre many differxent critefia
have been usedi) For instance Pérei‘ég glﬁ (1960) outlined
the following glass{fication)system: Grade* I - 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 when the head is in a

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

minent. . , L,

.
U - k]
, N\

*
Grade is substituted as Group in original paper.

l
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~-In 1895, Baﬁmann 7iscovered iodine which was itself
a normal constituent of the thyroié gland| Several years
later iodine was found to be a curative treatment for endemic
goitre. - Since the eiscovgry of the effect ?f iodine on the

thyroid gland, the bulk of evidence has ésﬁported the hypo-

thesis that lower concenqrations of iodine exist in soil and

water in areas where goitre is endemic (Kennedy and Purves,
1941; Greer, 1968). However, this disease may also be caused
by inhibition of iodine upta}e which may result from the
effects of such natural goitrogenslas thiocyanate (SCN-),
isothiocjangte and\goitr'n etc. (VanEtten and Wolff, 1973).
In‘1917, goitre was common in humans and animals in
tig?ﬁemberton valiey {noxrth of vVancouver) (Keith, 1924).
Eﬁropean settlers suffered so severely from goitre, both in
themselves and among their cattle, pigs and ﬁorses, that
they almost decided to leave the valley. N
In 1932, Walkér reported a great deal of goitre in a
strip of territory’bétween Edmonton and Calgary in Alberta.

Goitre was prevalent in the irrigated districts of the

'

\
southern parts of the province and north of~“the Peace Rive
territory where drinking water comes chiefly from rain and
SNOW.

In 1932, Abbott reported goitre studies of school chil-

dren made at wﬂbely separated places in Manitoba. At Dauphine,

N
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in the $e§t of the province, 74 per cent of the children
were affected. At Morden, in the south, 21 per cent of
children had goitre. In Winnipeg tﬁe incidence was 50 per
cent, and in the towns of Birds Hill and Stonewall, boéh in
the Winnipeg area, 85 per cent of children were sufferers.
The Indian School at Wahgh, in the extreme east of the pro-
vince, was free from goitée.

In 19#4, there are accounts of goitre at Saskatoon in
Saskatchewan (Binning, 1935). According to Jackes (1941),
goitre was also found farther south, in the country
immediate%y surrounding the town of Regina. |

In 1975, Nutrition Canada reported that goitre was ob-
served in all groups beyond pre-school age in the Prairie
provinces, éritish Columbiaand Newfoundland. The pre-
valence was lower in New Brunswick, Prince Edward Islané,
Quebec and Ontario and among Indians. The results for Nova
Scotia were intermediate between these high and low pre-/
valence areas. Grade I 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 IIX
goitres occurred in a small percentage of females and were
rarely seen in males. The Nutrition Canada survey indicates
that goitre is still a sig?ificant problem in séme parts of

h

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

|
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In 1960, acqprding to World Health Organization (WHO),
there were estimated, B to be 2db.millions cases of endemic goi-

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

II. The -Thyroid Gland |
A; The Normal Thyroid Gland

Thyroid size varies in théladult male from 20 to 60
grams, the average being about 2ﬁ‘grams (Anonymous, 1946).
This agrees with Marine (1922) é%o suggested that the normal
thyroid gland should not exéeéa/b.35 of aAgJam for every
kilogram of body weight. On this basis the thyroid of a
man of 70 kilograms would be 24.5 grams in weight.

The thyroid gland is a ductless gland -the largest in
the endocrine system- located immediately bélo; the larynx
on either side of and anterior to the trachea (Guyton, 1966).
it consists of two lateral lobes connected by a narrow strip,
tﬁe isthmus, from S mm to 2 cm in breadth (Huber, 1930).
The height of the lateral lohes range from 3 cm , or less,
to twice as much within normal limits. The transverse dia-
metgrhof the whole organ is 6 to 7 cm.

—;According to Rice (1938), the average thyroid weight
is 1.5 grams at birth, and it i§creases to/3d grams in young
adudlts. It gradually decreases\ﬂn weight to less than 20

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

thyroid enlargement is common during puberty in adolescences,

EXY
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and during menstruatiqn, pregnancy and lactation in women
(Greer, 1968; Marine and Lenhart, 1909).

The thyroingland is composed of spherical, qystlike
follicles 0.02 to 0.9 mm in diameter, lined with a simdle
epithelium and containing a geiatinops colloid (Bloom and
Fawcett, 1968), that arises from the secretory qptivity of

the epithelium. There is great variability in féafiqle size

f k]
in man but the follicles in animals are more uniform.

These closed, saclike lobules are independent secrer
tory units separated from each other only by fine stands of
conriective tissue which contain capillary blood vessels to

carry the gland secretion into larger vessels embedded in

‘ the stroma and from thence into the main blood stream

(Anonymous, 1946). When the gland is functioning normally,

\

- SECTION OF THE HYPERPLASTIC GLAND
Magnified 250 diametqfs




\
all the follicles are well filled with colloid.

\

B. ThK/fﬁyr01d Secretion .
The 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 substﬁmce was first isolated in crystalline
form by Kendall (1915) who named it thyroxin (Kendall, 1919).
Harrington and Barger in 1927 established the chemical formula
of thyroxine and synthesized it. \ =

The mechanism of secretion was explained briefly by Guyton
(1974). First iodine is absorbed into the follicuiar cells
in the form of an iodide salt. The folldcular‘cell converts
tﬁe iodide to elemental .iodine. At the sa@s\time the cell
also secretes a protein called thyrogiobulin into the follicle.
The elemental iodine reacts with the thyroglobulin either
before being released into the follicle or after release to
convert much of the amino acid tyrosine in the molecule of
the thyroglobulin into thyroxine. The chemical reaction for

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

*Now usually spelled tpyroxiﬂg.

=
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2 luo / \ CH.4-CHNH, -COOH - [+ 4I

§ 2 2 ) -
\ | o
Tyrosine !
‘@‘ CH -CHNH -COOH + Al \
\
Thyrogine

\According to Orten and Neuhaus (1970), much of the iodine
present in the gland (about 70 &) is present as an even closer
. relative to t%rosine, namely, diiodotyrosine and also some

monoiodotyrosine, which has little physiologic activity.

HO CH 2-CH (NHz ) -COCH

Diiodotyrosine

~ Since the gland converts diiodotyrosine to thyroxiné.
it is believed that diiodotrysine is the precursor of
thyroxin;. Anothe\r related compound 3,5,3' -triiodothyronine
has five times the physiologic activity of thyroxine but it

is preﬁent in relatively small amounts.

@ @cn ~CH (NH,) ~COOH ,

g) 3, S +3' -Triiodothyronine : / -

~
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It is possible that neither thyroxine nor triiodo-
thyronine is the true thyroid hormone (Orten and Neuhaus,
1970). Some authorities maintain that the true thyroid
hormone is a much larger molecule, e.g., thyroglobulin or
a peptide complex built around one or more of the iodine-
containing compounds. Thyroglobulin has a greater activity
than thyroxine in proportion to its‘iodine cogtent.

However, a currxent study (Hamilton, 1968) indicates that
thyroxine causes an increased synthesis of all forms of RNA,

" nuclear, ribosomal, and transfer. This may well pxove to be

: \
the fundamental biochemical effect of the thyro#d hormone in

Sodee w e

‘affecting growth and development of the body and in stimulating

total metabolism.

C. The Thyroid Changes in Goitre

Marine and nghart (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 indicated that the weights of thyroid glgnds vary di-

rectly with the degree of hyperplasia and inversely with the

\
5:}centage iodine content.

However it.ﬁs clear that a deficiency 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).
g : \ .
\

~
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illi\ccording to Guyton (1966), lack of iodine prevent§
production of thyroxine by the thyroid gland, and, as a
result, no thyrox%§e is available to inhibit production of
‘thyrotropin by Ehe adenohypophysis; this allows the adeno-
hypophysis to secrete excessively large quantities of thyro-
tropin. Actually the thyrotropin causes the gland to
enlarge.

Using the Bragsica—seed diet/which usually causes goitre
in test animals, st:&king results have been obtained in rats
given adequate iodine rations‘(Kennedy and Purves, 1941).
They found that during the first seven dayg the thyroid loses
the great;r part of its colloid. There is considerable
hypertrophy of the/epithelium, the gland as a whole remain-
ing unchanged in size. During the second week there occurs ;
a rapid increase ‘in the weight of the entire gland. At four-
teen days advanced hypertrophy togethgr with hyPerplasia is
observed, and complete 105# of colloid. At the end of the
third week_ﬁhe changes are at a maximum. Thereafter a slow
thyroid growth‘bontinues,/paralleling that of body growth
in the rat. Colloid, absent from the fourteenth day, re-
appears in significant amounts in glands examined subsequent
to the fifty-sixth day. Since no progressive accumulation
of colloid occurs thereafter, it assumed that the thyroid /

at this period has attained physiologic eguilibrium.

\
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Whenever the amount of thyroid tissue becomes in-

sufficient to supply thyroid secretion, whether from reduced
; )

‘iodine intake or from increased demands or following partial

thyroidectomy, compensatory hypertrophy occurs (Marine, 1935).
This hypertrophy appears always to be the. result of direct
stimulation by the-thyrotrobic hoxmone. This is characterized

principally by a decrease in the stainable colloid and in the

3

iodine content, by an increase in the-'blood subply 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

Q

epithelium are formed (Marine and Lenhart, 1909). This pro-

lcess is apparently an attempt to increase the epithelial sur-

face without undue general glandular enlargement. Marine
and Lenhart (1909) mentioned that there is no essential
difference between the forms seen in human and in dog, sheep,
ox or pig thyroids. Greer (1968) explained that the reasons
for thyroid change dufin; puberty in adolescent, and during
menstruation, pregnancy and lactation in womén are due to
the increased demands for thyroid hormpne during these
periods, thus céusing an augﬁented secretion of thyrotrophin
and hence an .increase in thyroid size and activity.

These hypertrophic and hyperplastic changes are in

their very nature ineviiébly accompanied by enlargement of

o
-
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the gland. The degree of enlérgement will depend on the

extgné of the hyperplasia (Anonymous, 1946).

III. Relationship between Incidence of Goitre and
Consumptifn of Cruciferous Vegetables and Weeds

The relationship between iodine deficiency and endemic

a

goitre has beern well established {Keith, 1924; McClure, 1937;
Spencer, 13954; Clements et al., 1960), and no factor other
than iodine deficiency’has been as yet related to the dis-
tribution of éndemic goitre in humans (Kennedy and Purves,
1941; Orten and Neuhaus, 1970).

According to Fertman and Curtis (1951), the iodine-
deficiency hypothesis alone fails £§ explain satisfactorily
several sitqatiOQS which are still enigmatic. Thus, there
is the probiem of ceriéin isolated seacoast regions where
the iodine intake is presumably high and yet simple goitre ~
is prevalent; or the more baffling observations concerning
cretinism, which over-runs certain areas endemically while
shunning others. | .

Since the discovery of 'cabbage goitre' (Chesney et al.,
1928) , many studies have confirmed or implied a rélationship
betwéen corisumption of cruciferous plants or their pr&éucts

and inciﬁence of goitre in humans and animals (VanEtten, 1969;

Wright and Sinclaif, 1958)..
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From a study of simplg gogtre in Winnipeg ?nd its rela-
tion to racial incidence and to nutrition, Abbott (1932)
reported that cabbage was a predominant constituent in £he
diet of the central European races among which thyroid en-
largement was very prevalent. The recent Nutrition Canada
(1975) study shows a high incidence of goitre even though
people have adequate iodine.

The production of thyroid enlargement experimentally
in laboratory animals caged and controlled under different
conditions of diet has added greatly to our knowledge of
the factors which may cause goitre in a natural environment.

.Chesney et al. (1928) obﬁerveé large hyperplastic goi-
tres in rabbits maintained on cabbage diets. Accor@ing to

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

on fresh raw cabbage had significantly heavier thyroid glands

compared with another group which were fed on a stock diet

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

‘ green grass. :Stiner (1933) reported that goitre was pro-

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

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

addition of the wild herb Brassica rapa 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 animals.

Similarly, 150 g daily of Raphanus raphanistrum (wild

.
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radish) for three-and-a-half months increased }:he thymid
weight by 45 to 125 per cent in three dut of ten animals.

In 1941, Kenned_g and Purves from their study of experi-
\mental goitre of rats found that diets including 45 per .
cent ground -seeds of Brassicae such as (rape, swede, soft
and hard turnip, and chou moellier) produced thyroid hyper-
plasia in rats which was not prevented by giving 1.3' r'ng of
potassium iodide (i.e. 1,000 pg iodine) per rat daily.

Blum (1943) reported that the goitre produced by consump-
tion of large amounts of cabbage prt;.sents a stage preceding
true exophthalmic goitre.

Often cabbage failed to cause any goitre. According to
Hercus and Aiken (1933), cabbage feeding sometimes gave
rise to small goitres in rabbits but often no effect ;nas
observed. HMarine (1933) suggested that the reason why
cabbagé sometimes does and sometimes does not cause goitre
depends on the relative proportions present in cabbage of
.antigoitrous factors (iodine and hexuronic acid) and goitro-
genic factors (cyanides).

The goitrogenic chemicals in cruciferous plants appeér
to be transferable to the milk of cows consuming these plants
and to be capable of interfering with thyroid function ofﬁ
humans who drink such milk (Wills, 1966). <Thus, Clements
and Wishart (1956) have suggested that an appreciable

amount of endemic goitre in certain areas | of Tasmania

|
1

*
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(Australia) may be due to a goitrogen present in the milk of
cows fed 'chou moellier'.. Apart from other evidence, milk
and extracts of skim milk from chou moellier—-fed cows were
found to depress the uptake of iodine-131 by the thyroid
glands of experimental animals and human volunteers. Greene
and Glascock (1958), in comparing milk from cows fed hay,
chou moellier or pastures lightly contaminated with crucife-
rous weeds, found the latter to have the highest goitrogenic
¥ activity.
In late 1949, Greer et al. isolated a compound similar

to thiouracil, 1-5-vinyl-2-thio-oxazolidone from the seeds

of rutabaga, turnip, cabbage, kale and rape. This compound
-~ was thought responsible for the goitre in sheep fed on tur-
nips (Hercus and Purves, 1936) and for the epidemic of goi-
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 ﬁb be due to

1-5-vinyl-2-thio-oxazolidone even though thrnip root or other

forage known to provide this compound is eaten by cows.

LS U R R

This finding seems to indicate that the thiocyanate or some

unknown goitrogenic material other than a derivative of

i-thiooxazolidone must be ingested by cows grazed on grass

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

- . - v ¥
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Wright (1958) found that milk from goats fed on kgle con~
fﬁined 4.6 mg per cent of thiocyanate although that from‘
animals fed on grass pasture contained only 0.8 mg per cent.

By implication, other cruciferous weeds might be consi-
dered suspect in relationship to the general hypothesis of
an association between plant thioglycosides (glucdsinolate)
and endemic goitre in certain circumstances (Bachelard and
Trikojus, 1960).

According to Astwood (1949), the incideRce of goitre
is strikingly reduced gy increasing the iodine iﬁtake but
goitre is by no means compyetely abolished by this procedure.
This might be suggest that some other factor besides iodine
deficiency is contriguting to goitrogenesis. Clements and
Wishart (1956) stressed that goitrogenic substances in the
diet may be a significant factor in the gtiologg of endemic
goit;e. These findings give ris? to the questions; what is/.
the proper public health policy for the prevention of goitre,

and what are the ramifications for agricultural practice?
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IV. Natural Goit;ogens and Associated Compounds

A. Chenmistry and Development

\‘ A

1. Thiocyénate Ion : \

Thiocyanate ion, SCN , which was first observed to act
as a goitrogén by Barker in 1936, is only one of several
products liberated by enzyme hydrolysis of glucosinolates

whén plant cells are ruptured (Gmelin and Virganen, 1960;

Ettlinger and Kjaer, 1968).

/
S-C _H..O C
/ 6 1175 3 =
R-C hydrolysis Lr-N=C=5 + Cel 206 + H'
§§N-O-SO g g+ myrosinase ‘
2 isothiocyanate
wn -S=C~N
‘ factor R
thiocyanate

?

Gmelin and Virtanen (1960) showed that the cleavage of
glucosinolates into SCN by the myrosinase in the presence
..0f an unidentified enzyme factor is common in plants of }he

P

“Cruciferae.

Together witA thiocyanates, related hyd7olytid 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 “(Friis and Kjaer, 1966; VanEtten,

1969) .




S
S
K
S
7 v
ot
&
[
\
£
~
¥,
¥
Wh

R

£
. According to VanEtten (1969), most of the thioglucosides
(glucosinolates) have been{characterizéd through the iso-
thiocyanates formed by hydrolysis because their formation

s

appears favored over the nitriles and thiocyanate as follow:

,S -
R - C

Or

R-N=C=28 R-CaN R-8§S§-C=N

7N\

Isothiocyanate Nitrile Thiocyanate
+

Sulphur

]

Ettinger and Thompson (1962) reported that #—indolyl—
methyl and 4-hydroxybenzyl isothiocyanate readily evolve

thiocyanate ion.

2! GluCosinolates

Gluco§inolates are the naturally occurring precursors
of organic isothiocyanates, thiocygnates, and cyanides, and
- of further transformation products of these. Little is
known about the functions of glucosinolates in the plants 3
that produce tﬁem (Ettlinger and Kjeer,'1968).

Sinalbin, sinigrin and progoitrin are trivial names ,
for specific glucosinalates., As early as in 1831, Robiquet
and Boutron isolated from the seeds of white mustard )

(Sinapis alba L.) a crystalline, sulphur-containing consti-

tuent which st later named sinalbin and recognized as a
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mustard-oil producing glucosinolate. Busy (1840) isolated
another glucosiﬁolate, which has become krown as §inigrin

from black mustard 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 eigl;t
different glucosinolates had been observed in plants until
1912. At preserJt abbut 65 different glucosinolates have
been isolated from plants of the Cruciferae and related
families (VanEtten and Wolff, 1973)..

Tt‘e crystalline compounds sinigrin and sinalbin were

early subjects of structural speculations. Gadamer (1897)

reported the structure of sinigrin and sinalbin as follows:

. S = CgH11% )
R- N = C\
050" . .
Sinigrin: R = CI-I2 = CHCH2 X =K
Sinalbin: R = (p) - HOC/gH4CH2 X = sinapine

He concluded that the general structure apparently
accounted for the production of isothiocyanates, glucose
and sulphate on enzymic hydrolysis. Several investigators,

including Gadamer, had commented upon thg unexpected for-

mation of varying amounts of nitriles concomitant with
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isothiocyanates during enzymic glucosinolate hydrolysis as
well as upon chemical degradation. However, the above

/

structure (Gadamer, 1897) was generally accepted for many

years. .

. Ettlinger and Jundeen (1956) revised the structure of

sinigrin and sinalbin as follows:

5 7 CMia%

R~ N= c\
Ny -0 - so, - 0°X'
:8inigriny R = CH2 = CH - CH2 X =K
Sinalbin:. R = (P)HOCH,CH, X = sinapine

This revised structure explains the occurrence of q&p&iles
and /isothiocyanates in the same essential oil.

Like most subsequently crystallized qﬁstard oil gluco-
sinolates, sinigrin isrobtaineé as a potassium salt from
plant sources, in most\of which ibns of this metal are abun-

dantly present. 1In siﬁalbin,“however, the basic moiety con-

sists of the aromatic choline ester sinabine (I) (Kjaer, 1961).

o

CH3O

HO — cn:cn—coon'cflzcnzn (CHy) 5 N
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The glucosinolates in which the R group is als.yl-3- .
butenyl-, 4-pentenyl-, benzyl-, 2-phenylethyl-, or
4—methy1—thic;—3—butenyl-f are the sources 07 the isothiocyanates
that are the steam-volatile mustard oils (VanEtten and Wolff,
}973) . Glucosi#zola&as are distributed diffusely tl;roughcyut
the parenchymal tissue in plants (Kjaer, 1960). /
These compounds invariably seem to conform to the general
structure as sinigrin and sinalbin, differing only in the

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

3. Myrosinase
According to Kjaer (1961), the embryonic tissue \of seeds
contains the glucosinolates, functioning as substrates for

. ~ the enzyme 'myrosinase', which is accumulated in special cells

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

subsequent éontact between glucosinolate and enzyme that -
enzymic hydérolysi;_i; takes place.
The enzyme/ was first demonstrated f/or crucifers by
Guignard (1890). A more detailed study of the enzyme which
was called 'my;rosin' at that time was initiated in 1926 by
Neuberg and Wagner. They adopted tl;é“ term ‘myrosinase’ '
instead of 'myrosin'. 1 \

According to van Euler and Erikson (1926), the enzyme

myrosinase was composed of two entities, one liberating

Mx T £y TSR
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glucose in a fast reaction and another acting Ts a slow
olly (1932)

sulphatase. Subseguent work by Sandberg and H
su?ported the two-enzyme system theory.

In contrast to these investigations, Nagashima and
Uchiyama (1959) ponéir@ed the conception of myroginaée as
a éingle enzyme that hydrolyzes the glucosinolate linkage.
Ettlinger and Dateo (1961) agreed with the one enzyme theory.

Several investigat9rs haye tested the étability of
myrosinase by varying pH and temperature. It appears thgt
myrosinase has a pH optimum at 6.5 - 7.5 and a temperature
optimum between 3(/:‘: and 40° C (Kjaer, 1960). .

Appelgvist and Josefsson (1967) showed that myrosinase
[in seeds with a moisture content of about 8 per cent was
/effectively destroyed by heat treatment in a closed véssel,
for 15 min. at 90° €. Recent work by Paxman and Hill (1974)

and Josefsson (1975) also suggests that myrosinase can be

destroyed by heat treatment.

i

4. Isothichanate ‘

Most isothiocyanates are pungent substances, easily
detected by their biting taste. In higher concentrations
they posses vesicant and frequently lachrymatory properties.
Forfthese reasons many isothiocyanate-producing plants have
been applied as potherbs, condiments, and remedies in folk

N i
medicine {Kjaer, 19§6). However, on account of the conspi-

*,
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~
cuously pungent properties of many isothiocyanates (mustard

oils) this group of compounds has attracted scientific
interest for hundreds of years (Kjaer, 1960).

According to Challenger (1959), Portas in 1968 anéﬂggbnre

) - f

in 1660 in Paris observed first that the férmation of a

volatile o0il on distillation of mustard seeds with water. 3

A Dutch scientist Boerhaave appears to have been the first

to prepare mustard oil and to describe its properties in

1732.

Isothioéyénates are not present in the free state in
plants but produce on enzymic hydrolysi§ of precursors
'glucosinéiates' (Kjaer, 1960). These glucosinolates are
found in a large number of plants belonging to a small
number of botanical families. Of these families, the
Cruciferae is the most prominent source of isothiocyanate- -
producing glucosinolates.(’ . - ‘
Isothiocyanates, of the gene:éi formula R-N=C=S, are
- considered as esters of isothionic apid, H-N=C=S (Assony, ’
1961) . They are isomeric with the thiocyanates, R-S—C=N.

Isotqﬁdcyanates will react with ammonia to ‘'yield thiourea

in the following manner (Ettlinger and Thompson, 1962):

1

+ .
3 > R—NHCSNH2

R-N=C=S+NH
{

This reaction is the basis of several techniques for the

identification and guantitative estimation of the isothio-

|
/ \
/ M /
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cyanates.

The following reaction shows the products generally
formed when glucosinolates (I) are hydrolyzed by myrosinase
(Florkin and Stotz, 1965). Glucose and sulphate ions are
always released while the remainder of the glucosinolate
molecule, the aglucon, is usuvally converted to thiocyanate
(ITII), to nitriles (IV) and sulphur through a Lossen arrange-

ment to isothiocyanate (II).

/7% M1% H,0 e
R- > |R-C + CH,.O0, + K’so
A A N 6 12°6
N-—O-8020 Myrosinase N-
’ |
R-N=C-S R-CsN R-S-C=N !
I II III w /

The glucosinolates in which R group is allyl-, 3-butenyl-,
4-pentenyl-, benzyl-, 2-phenylethyl-, or 4—methy1thio-‘~3—buten§:}—'///

are the sources of the isothiocyanates that are the steam-
nat
R

; vola‘hlew,wwen and Wolff, 1973). Although

the mustard oils appear to be the main hydroly51s products
from the organic aglucon of the gluc0317olates, the nitriles
may be formed instead (Challenger, 1959; Xjaer, 1960). In
some instances the isothiocyanates 1n1t1a11y formed undergo
further transformation. Accordi}ag to Kjaer (1960) enzym;:.c /
hydralysis of sinalbin (P-hvdroxybenzylglucosynolate) from
white mustard gi\}‘bes p-hydroxylbenzyl isothiocyanate which

ar
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Ettlinger agQ/?hpmpsonJTI9€§) ha;é reported %hat
2-hydibi§—§:$;tenyl isothiocyanate naturally {yclizes’ to
S-vinyl-2-thiooxazolidone. These cyclic products are
called goitrins because of their potent goitrﬁgenic acti-
vity (VanEtten and Wolff, 1973).

4
sulforaphene was the major isothiocyanate compound in

Ettlinéer and Thompson (1962) have not%ied also that

radish (Raphanus maritimus Smith). According to them, in

Brassica nigra seed is the classic source of allyl isothio-

. !
cyanate. In Brassica oleracea, allyl isothiocyanate is also

prominent except for broccoli, but the other comp%gnds are

.notaﬁle and varied. In Brassica campestris, 3-butenyl iso-

—

,//thi66§;;;%e and goitrin are dominant in the seed and goitrin

occurs also in turnip root but allyl isothiocyanate recedes

to a trace. \ ‘
\ ﬁ'\

It is of interest that certain compounds are not always

produced in all parts of the plant. Accé}ding to Neuberg
3] —

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 by observations of
Barker (1936) onlpatients with hypertension, It was observed

that a certain number of patients experienced enlargement

|

of the thyreid gland.

Rawson et al. (1943) implied that the mecﬁanism of
Brassica-seed goitre and that of thiocyanate caused gSitres
in human- patients were one and the same.

Thiocyanate was found to be goitrogenic in animals,
but it was soon apparent that it differed from the la;gel
grdups of antithyroid compounds in being readily inhibited
by ‘increasing the igdine intake (Astwood, 1543). Thiocyanate
was also set apart from other goitrogens by findings of .
Franklin and Chaikoff (1943) who showed that thiocyanate
inhibits the uptake of iodine by surviving thyroid slices
in vitro, whereas other antithyroid agents have little effect
at concentrations which effectfvely;brevgnt hormone synthesis.

According to Langer (1964), allyl isothiocyanate acts

as a goitrogen, because the compound is metabolized to give

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

mg of allfl isothiocyanate mixed with water and fed by stomach

1 -
-

. a J’\
tube to rats caused a marked increase in thlocyandte ion in
Y , ~ -~

o

the blood plasma and a decrease in radioactive/ iodine uptake

' v
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by the thyroid gland. This dosage is equivalent to the
amount _pf‘the compound each rat would get in eating 40 \g
cébbage pexr 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 im the thyrf)id. Its goitrogenié effect
can be preventéd or reduced by increasing the iodine content
of the diet (VanEtten, 1969).

Rawson et al. (1943) outlined the relationship between
thiocyanate and goitré in the following diagram.

From the diagram, we see that the thiocyanate ion blocks
the formation of thyroid hormone by the thyroid, and that the
consegquent 1oweri'ng of concentration of active thyroid hormoqe
in the blood stream causes stimulation of the anterior pi—<
tuitary to ‘produce an excess of thyrotropic hor;uon?. This
in turn causes thy“foid hﬂrperplasia but, \because of the block,
tPere is no increase in output of physiologically active thy-
roid hor'mone. It is a hyperplasia of frus‘tration, An excess
of administered iodine may force the block, and cause libera-

tion of active hormone. Administration of thyroid hormone by

3.

T Ao

‘passes the block, and relieves the situation by substitution.
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Pigure 1. Dl.agrammata.c representation of the ef/fect of t‘hio—
J ~ cyanate on the pituitary-thyroid axis. &

1. Normal relationships. The anterior pituitary-AP- -

' by means of its hormone~TSH- and in the presence of an ade-

quate supply of iodine, stimulates the thyroid-T- to produce
its hormone-TH~ which stimulates -the metabolism of tlssue
cells~-TC- and inhibits AP.

’ .
( 2. Thiocyanate imposes an obstruction to the comple-
tion of TH. The BMR of TC therefore falls, and the un~
inhibited AP produces an excess of TSH. This causes hyper-

plasia of T, but since the block remains, no active TH is
delivered to the body.

J
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3. The supply of an excess of iodine forces the thio-
cyanate block so that TH is made in/ adequate amounts, BMR
remains nofmal and TSH formation remains normal, and there-
fore no enlargement of T takes place. i

4. The supply of TH from without by-passes the thio-

\cyanéte block so that BMR remains normal and TSH formation
remains normal, as does the thyroid gland.

Thus, thiocyanate gbitre can be reduced or'prevented
by prophylactic doses of iod}ne, and also can be relieved

by the administration of thyroid hormone. i

C. Occurrence of Thiocyanate ron in Cruciferous Vegetables

The most prominent sourcé of thiocyanatelproducing
/glucosinolates is undoubtedly the family Cruciferae (Kjaer, )
1966). On basis of the available evidence, about 300
cruciferous species have been investigated and all qpn—
tain one or more glucosinolates.

Josefsson (1967) isolated glucosinolates from lamina,

— o

petiole, stem, root tissue of Brassica napus, Brassica cam—- -

pestris and Brassica oleracea cultivars. 'The highest con- /

centration of glpcosinolgtes has been found in mature seeds
(VanEtten, 1969). - ’ ‘

It is well known that the production of thiocyanate oA‘
tissue'disintegration is dependent(upon the presence of both
glqcosinola?e and enzyme(s) (Ettlinger and Kjaer, lSﬁB;

Gmelin and Virtanen, 1960). Paxman and Hill (1974) observed
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that small young kale leaves contained more than five times
the amount of thiocyanate found in large, fully formed leavés,
and about twice the amount present in leaves of intermediate
size. Chong and Bible (1974) suggested that fhiocyanate

precursors or possibly their e%zyme(s) of hydrolysis are

'synthesized in yoyng photosynthetic tissue. They also

reported the amoynts of thiocyanate present in leaf and root
tissues of fifteen ish cultivars. )
Michjlovskij and Larighr (1958) found that the edible
part of cabbage and related Blants contained tﬁiocyanate
ion ranging from 0.7 to 10.2 my per 100 g fresh material.
According to Pa&yan and Hill (1974), the thiocyanate content
pes of kales was about 50
mg/;OO g of fresh tissue, in leaves of intermediate size about
25 mg/100 é and in large fully fprmed leaves about 10 mg/100g.
The factors affecting the occurrence and the level of f
glucosinolate compou;ds in plant tissue are not well known.
However, Josefsgon and Appelgvist (1968) indicated that eh—
vironmental faé%%rs may play a role in determining glucosino-
late levels in plant tissue. From the;r study of rape and
turnip rape seed, the g;ncosinolate content was effected by
polyploidisation and sulphur ievel.

y

\
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GENERAL MATERIALS AND METHODS

General Procedure

All field, greenhouse, and growth chamber work was
done at Macdonald Coilege, Ste Anne de Bellevue (45° 25!
North, 73° 56! Wést), Quebec. Seeds were purchased from
Stokes Seéd Ltd., Ste Catharines, Ontario. '
In 1974 several commercial cultivars of cabbage, cauli-
flower, broccolg, Brussels sprouts and Chinese cabbagé were
seeded on April 30 in papef‘trays (24.5 x 14.5 cm) contain-
ing turface medium and kept in the greenhouse at a mean
daily temperat&re of 22 + 4° ¢c. After sprouting, seedlings
were watered every other day with a dilute solution of
20-20-20 fertilizer (about 0.25 g per tray); subsequently’
trayé were thinned to 12 plants each, with three trayé of .
plants for each cultivar. At field setting (St. Bernard h
clay loam soil) 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 soiﬁtionnxz,s g of 10-52-17 in
250 ml water per plant). Standard commercial recommenda-

tions were- followed during growth of the crops for applica-

N
tion of insecticides, fungicides and fertilizer; and-irri-

- gation was used occasionally to supplemént rainfall.
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The different crops were each set out in randomized
@

complete bibck designs with three replications. The data

was tested by analysis of variance where appropriate.

Thiocyanate Ion Analysis

Thiocyanate ion was determined by the colormetric
method of Johnston and Jones (1966). Each s\\ample of tissue
was extracted by homoqenizing or grinding in a suitable
volume of distilled water, clarified, and determined in
triplicate, as described by Neil and Bible (19]2), but
with various modificationsvdue to different size of sample
or different morphologlcal part of sample. 1In all cases
parallel samples were collected and used to determine per
cent dry weight. for seed analysis, it was necessary to
store unclarified seed extracts over nlght in the refrléerator
h4 C) before further processing (Chong and Bible, 1975).

Lead acetate (Pb(CHBCOO)ZBHzo) (0.1 g) was used for the cla-
rification of all extracts (12 ml aliquots). Extracts from
red cabbage cultivars#were clarif}ed by addition of both lead

acetate (0.1 g) and magnesium oxide (0.2 - 0.5 g) for the
\

-removal of red pigmentation. The clarified extract was cen-—
{ .

trifuged and the SCN content immediately read at 460 nm on

a Coleman Modsl 6A Junior Spectrophotomqur from aliquots

\
(0.5 m1 - 2. 5‘hl), each made up to a 2.5 ml volume with

St
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distilled water and to which were added 2.5 ml of 0.4 M
ferric nitrate (Fe(N03)39H20) in 1 N nitric acid'(HNOB).

To provide the reference blank for readiﬁg the sample, one
drop of\S 3 HgCl2 was used to destroy the red ferric thio-
cyanate complex. Readings of the SCN content were corrected
for the percentage moisture in eacthaméle and are expressed

t

as ng KSCN per gram dry weight of tissue.

Reagents

L

0.4 M Fe (NO,)9H20 in 1 N HNO 3% ml of 15.5 N

3 - -
. a0 . !
nitric acid was added to 80.8 g ferric nitrate dissolved in

200 ml distilled water and volume adjusted up to 500 ml.

5 % thlz . « «» 5 g of mecuric chloride was dissolved

in 100 ml of distilled water. SN .
A / KSCN . . . 0.1 N (9.4181/ 1) potassium thiocyanate

solution was used for the standard curve determination.

\
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Experiment 1

¥ 4r
’ & »
4 a 4
Thiocyanate ion;content of cabbage, cauliflower,
broccoli, Brussels sprouts and Chinese cabbage cultivars

(Field)

Cabbage (Brassica o}eracea var. capitata)

Fourteen cultivars of green cabbage Early Greenball,
Princess, Badger Market, Canada'Kraut, Stonehead, Copenhagen
Market Late, Early Round Dutch, Roundup Hybrid, Jumbo, Penn
State Ballhead, Aﬁtumn Marvel, Storagé Green, Evergreen Ball-
head and Ultra Green and two red pigmented cultivars Storage
Red and Red Acre were grown/z; 1974 as previously described.

For each cultivar four mature cabbages per row were
selected at random, harvested and number/qf outer wrapper
ledves, 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
combiped into single samples that weighed about 100 g.

Theée samples were ground with distilled water 1:2 ratio
(i.e. 100 g of sample to 200 g of water) in a %lender and

SCN  content determined as previously described. Each datum

of SCN content is the mean of three samples, each anal}sed

.i A}
in triplicate. Each sample consisted of head tissue from
two plants. ' e \ \

In 1975 -essentially the same cabbage trial as 1974 was

/
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repeated with the following exceptions: the growing medium
for the transplants was 1/3 loam soil, 1/3 peat moss, and
1/3 vermiculite, and éxtra 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 Fnd stem

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

‘tauliflower '(Brassica.dleracea var. botrytis)

Ten cultivars of cauliflower Jet Snow, Stokes Early
Abundance, Whitehorse, Séokes Super Snowball, Snowball-Y,
Snowball Imperial, Snowmpound, Clou, Imperial 10-6 and Igloo
were grown in 1974 as previously described. For each cul:u
tivar, four plants per row with mature curds were selected
at random, harvested and number of leaves and weight of
curd, Hpaf and stems recorded. Representative sectﬁbns of
curd, leaf and stem tissues were gaken from each pair of
cauliflower plants and combined into single samples for éach
of the respecti&e tiésues. Sample size and amount of water
added for grinding of curd, leaf and stem tissues were 100 g

in 250 g of water, 100 g in 250 g of water, and 20 g in

40 g of water respectively.

Broccoli (Brassica oleracea var. cauliflora) .

Seven cultivars of broccoli Spartan Early, Italian

&prouting, Cleopatra, Rapine, Waltham 29', Green Mountain and
o \ - 5
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Early Purple Head were grown in 1974 as ervieusly described.
The cultivar Rapine bolted or flowered pridfﬁto reaching the
mature size and therefore was not sampled. Choice of tissues
sampled, size of samples and amounts 6f water added for g;;nd—

ing were the same as outlined for cauliflower.

Brussels sprouts (Brassica oleracea var. gemmifera)

Seven cultivars of Brussels sprouts Early Morn, Long
Island Improved, Green Pearl, Topscore, Jade Cross, Indra
and Peer Gynt were grown in 1974 as previously described.
For e&ch cultivar four plants per row were selected . .at ran-
dom and mature sprouts on the basal one+third of.the stem
were harvested and their weight recorded. Samples/ﬁere of

two or three sprouts from each of two plants. About 200 g

of water was added to each sample /(about 50 g) for grinding.

o — -
e e
[ P

ChineseAcabbage«1Bfé§§155/éampestri§’[Pekinensis groupl)

Five cultivars of Chinese cabbage Chihli, Hybrid F-1
No.11l, Michihli, Springtime and Wong Bok were grown iﬁl
1974 as previously described. Extra transplants were
sampled for SCN content of leaves on May 31. Two of the
cultivars (Springtime and Wong on) bolted, flowered pre-
maturely, and therefore were not sampled. At 'the mature
stage/the three femaining cultivafs were sampled like the

/

cabbage.

{
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’foF SCN content, at two week interval from the transplanting

Experiment /2

N I

Variation of SCN content in cauliflower and
broccoli plants during their life cycles
(field)

Two cultivars of caulif r Jet Ségz/gnd/lgloo and

partan Early and Waltham 29 were grown in . -

two of brocc

e

JaﬂEgggijgE1jEﬁLEgﬂgggﬂgigld’enfﬁa?“7§/és previously

described- /

The seeds and-cotyledon stage of the fou;/ggltivafs was

—

analysed for SCN¥. Subsequeng;y,/diffégént morphological

parts (i.e. purd‘or’head, leaves and stem) were each analysed

\

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 g were grodgd in 25 g/of water.

Experiment 3

Relative variability of SCN content of kale
in clonal plants versus plants from seed
(fiela)\_ - /

N

t

Dwarf Green Curled kale was seeded on August 14, 1974

\

and grown to maturity in the greenhouse. On April 14, 1975

one plant w§s selected for cloning from which several cutting

! ¢ N
e "Ez&»vw!’t@.z&ﬂk.!mi
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were taken and placed in perlite for rooting. At the same
time seeds of Dwarf Green Curled kale were also started.._
Three weeks later both rooted cuttings and seedlings were
transplanted ,to peat pots and grown in the g;eenhouse until
field setting on May 29. - f‘“”““**‘*—‘hgk~~~‘-
Fertilizing, pest control, and plant spacing were the
same as previously digcussqd in the general methods, however
the clones and plants from}seed were alternated in each row.

All plants were labelled with plastic tags to identify clones
- . , ) . N

and seeded plants. Ona June 20, nine clonal plants and -nine

plants from seed ssere harvested and representative samples

of leaf blade (eﬁpluding midrib), petiole and stem tissue

r

were collected fr&m each plant. Sample size and amount of

water and 7 g in 35 g of water respectively.

/ : - )
The variability of SCN content was compared through

the calculation of the standard deviation and per- cent
' b oo |
variation due to genetics. Percentage of variation due to

geneétics was determined according to the foimula:

— 1
Variation($) due Fo genetics = hoo
° ' S

A Y

where 512 is the variance of control and 322 is the variance

of clone.




~ Effect of i‘eciprocal grafts on .SCN content of radish

of each cultivar we\ikept in a beaker of water, prior to
1

v gra'fti'nij'.'"' The smal

Experiment 4 ' /

{growth chamber)

Grafting
. Two radish cultivars (cv. White Icicle and Burpee White)

- a4

were ‘seLded on July 5, 1974 in the greenhouse. On July 17,
~

seedlings were removed from the growing medium and careftilly

washed with wa (250 C) tap water. The cleaned seedlings

eaves and growing points were removed |
- N 3
from each rootstock seedling while cbtyledonJ were left until
after the grafts took. The apical portion of, the stem was

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

clean razor blade. The s/cion was prepared by slanted cuts
on both side of the stem just below the cotyledons. The ° '
scion was inserted into the split on the rootstock stem, and ‘

tied with small pieces of masking tape.

P

Grafted seedlings ) / *

were placed in 1 cm, thick styrofoam plates  suspended over

\

eight liter containers .filled with tap water

} \'

On July 24

more seeds of the two cultivars were started ‘to produce
#

s

plants that could be used as non-—grafted controls. The un-

grafted plants were started later because grafting delayed

the radish de.v;lopment about two and one half weeks.

©

!




. .
For thls experlment, 56 plants were grafted with a
successful take of 52 per cent.
Radishes grafted on July 17, 1974
Scion Rootstock No. of "No. of Per cent
cultivar c?lgjvar grafts  successful successful
grafts

White Icicle Burpee White 29 19 66
Burpee White White Icifcle 27 10 37

’

On July 23, <?rafted plants were placed in a growth

>\

chamber with a photOperlod of 12 hours; thermoperiod,

20/17 C, illuminance at plant level, 6,000 lux; relative

humidity, 50-60 per cent. - On July 31, non~grafted controlx/

plants were placed in the growth chamber with the grafted
plants. Due to poor plant growth the thermoperiod wvas
adjusted to 21/15° ¢ on July 31.

glant spacing was 9 cm between plants in the plastic

pot, with a maximum population of eight plants per pot.

Plants were grown in solution culture using 1/2 X Hoagland's

nutrient solution. The nutrient solution was renewed every

week excepf‘for the first two weeks.

/
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; ml/8 1 of
. Nutrient nutrient solution

KNO; (1 Molar) ] 20
Ca (NO3) 2'4?20 | (1 ‘Molar) 20

/ KH,PO, (1-Molar) 4
Mgso4 (1 Molar) 8
Micronutrient mix ! 8
FeEDTA (Fe 5,000 ppm) 8

Bo;:h grafted and control plants were analysed after
50 days from seeding. For each plent, fofiage, scion root
(see Pig. 7P and z:ootstoc}c root were weighed and samples
collected end their SCN~ content determined. From control
plants of both cultivars, foliage, stem tissue (hypocotyl
region of root) and root tissue were also weighed and SCN™
determined. Sample size and amount/ of water added for
grinding of foliage, sEem tissue 'and root tissue were about
15 g in 30 g'of water, 8 g in 16 g of water and 20 g in 40 g

of water respectively.

The experiment wa.s x:epeatf:ed. again beginning December
21, 1974 and ending on February 28, 1975. Grafts were made
on January 21. This,time instead of using non~grafted

plants as checks, grafts were made for all possible combi-

nations.

&
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All other procedures were the same as for “thg/ previous
¢ grafting sxperiment.
\
s
Radishes grafted on January 6, 1975 ' -
Scion Rootstock No. of No. of  Per cent
cultivar cultivar grafts successful « successful
grafts ‘
White Icicle Burpee White 31 21 /) 68 .
/ Burpee White White Icicle 30 13 43
White Icicle White Icicle © 28 11 39
Burpee White Burpee White 28 11 39
_ « |
\

1




RESULTS AND DISCUSSION

Experiment 1

Thiocyanaée ion content of cabbage,
cauliflowe#, broccoli, Brussels sprouts
and Chinese cabbage cultivars w
' (field)y ~ /

There are many reports in thehliterature on the re-
lationship between consumption of cruciferous vggetable or
their products and incidence of goitre in humans and animals
(Wright_qnd Sinclair, 1958; Va?Etten, 1969). Since endemic
goitre continues to be of worldwide concern (Stanbury, 1969;
Nutrition Canada, 1973), there is need to know the amounts of
toxins, such as SCN~, in vegetable cultivars (Kehr, 1973).

For this reason, several cultivars of the most impor-
tant cruciferous vegetables were grown and their SCN con-

e

tent determined.

/
Cabbage (Brassica oleracea var. capitata)

\
' There was a 4.4~fold difference in the 1974-75 average

SCN~ content of marketable heads of 16 cabbagé cultivars
(Table 13 (Appendix 2 and 3). The red type fultivars appeared

to have a lower SCN content on the average than the green

’type. .
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However, the anthocyanin (red pigment) may have intérferred
with the SCN~ readings 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 late maturing Penn State Ballhead,. Autumn
Marvel and Storage Green. This evidence if indicativelﬁf
a genetic control of SCN content of cabbage. _

Generally, the greater the number of days from seeding
to maturity éor a cultivar, the greater its SCN~ content.
This agrees ¢ith the f;Pdings of Chong and Bible (1974) for
radishes and turnibs. Michaljlovskij and Langer (1958)

found that the head of cabbage contained SCN ranging from

{
0.7 to0 10.2 mg per 100 g fresh weﬁght. One can convert their

readings to 700 to 1,020 pg/g D.W. given that a cabbage
head has about 10 per cent dry weight. Their readings
correspond to the highest SCN~ readings for cabbage sampled

!

during 1975.

The average SCN_ content of cabbage was 92 per cent
highef in 1975 than it was in 1974 (Table 1). The number
of days from seeding to maturity, tdb weilght and head weight
were all reduced in 1975 compared to 1974 (Table 2). 1In
'&able 3, the 166cultivars have been/divided into two groups,
those that received more rainfall in 1975 than 1974 and
those that received less. The results indicate that those /
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cultivars receiving less rainfall in 1975 than 1974 had
the largest per cent increase in SCN content in 1975
relative to 1974. The daily temperature and daily mean‘
hours of bright sunshine were higher in 1975 than %974
(Table 3). Perhaps warm, dry conditiqn; and briﬁht days
stimulate accumulation of SCN precursors in cabbage.
Several inves;igatoas have reported increased goitro-
genic potency of cabbage during periodsdof h;gh rainfall
(McCarrison et al., 1933; Spence et él;, 1933). Bible and
Chong (1975) have obtained a positive lcorrelation between
rainfall and SCH~ content in radishes, grown in loam soil.
However, the results of the present cabbage experfments do
not agree with those reports.
\ Josefsson (1570) reported that the environmentally

determined variation of glucosinolate content of white mus-~

tard (Sinqpls alba L.) generally amounted to ¢ 12 per cent.

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 cabbage indi~
cates that variation in/SCN  content is under genetic con-
trol but markedly influenced by climatic factoxrs.

j Table 5 shows the SCN~ contents of -cabbage plants
analyzed at the transplantiﬂ; stage during the spring of
1975.

t
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Table 1. Thiocyanate ion content of marketable heads of sixteen cabbage cultivars

grown during 1974 and 1975

1974

\

1975

SCN™ content o

SCN™ content of

Average
SCN~ content

2Coefficient variation

Cultivar head(pg/g D.W.™) C.v.2 head (png/g D.W.) C.V. of head (pg/g
. D.W.)1974-1975
Green type :
Early Greenball 184 + 48 26.1 291 * 45 15.5 238
Princess 182 * 44 24.2 284 + 32 11.3 233
Badger Market 168 2 8 4.8 451 ¢+ 61 13.5 310
Canada 'Kraut 203 + 18 8.9 467 ¢+ 78 16.7 335
Stonehead 178 &+ 25 14.0 596 : 143 24.0 387
Copenhagen Markdét Late 276 + 51 18.5 415 ¢+ 93 22.4 346
Barly Round Dutch 399 + 59 14.8 660 t 136 20.6 530
Roundup Hybrid 303 ¢+ 35 11.6 8l6 + 8B 10.8 560
Junbo - 264 + 97 36.7 573 + 155 27.1 419
Penn State Ballhead 425 : 111 26.1 700 £ 95 13.6 563
Autumn Marvel- 425 + 96 22.6 699 '+ 156 22.3 ¢ 562
Storage Green 447 + 75 16.8 718 ¢ 72 —10.0 583
Evergreen Ballhead 358 * 30 8<4 649 ¢+ 62 9.6 504
Ultra Green 306 + 64 20.9 710 &+ 869 9.7 508
Red type .
Red Acre 117 =+ 28 23.9 150 & 49 32.7 134
Storage Red 209 + 34 16.3 352 ¢+ 56 15.9 281
~_ Average 278 * 51 18.4 533 + 87 17.2 406
- Per cent change
1974-1975 +92 -6.5 %
1D , —
ry weight

Ly
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Table 2. Days to maturity, number of leaves, top weight and head weight for sixteen
~ * cabbage cultivars grown for SCN™ analysis during 1974 and 1975.

Days from seeding No. of outer leaves Top weight(kg) Head weight (kg)—

Cultivgf/ ) 1974 1975 1974 -—-1975. 1974 1975 1974 1975
Green type . . = :
Barly 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 83 13-16 16-22 3.71 2.43 2.48 1.46 _
—_— Barly Round Dutch 113 93 11-17 16-25 3.26 2.06 2.18 1.15
Roundup Hybrid 113 93 22-29  25-31 4.03 2.67. 2.37 1.28
Jumbo . 125 104 ' . 14-18  16-30 3.74  3.45 2,36 1.82
Penn State Ballhead 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
Storage Green 145 123 19-25 24-36 3.41 2,91 1.84 1.31
~ Evergreen 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 11-18 3.17 1.91 2.11 1.12 -
Storage Red 148 125 13-24 17-26 3.19 3.07 ' 1.54 0.99
. P t
Average - 122 102 3.17 2,40 1.91 1.20 -
- Per cent change . .
1974-1975 -16% S -24% -37%
. - ™
i o«
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Table 3. Relationship of féiﬂ?all accumulationl to per cent :
change from 1974 to 1975 in head SCN™ content of

sixteen cabbage cultivars

’

49

[

Per cent increase
of SCN~ content

Rainfall 1975

e Wit e wpkl Aowiny

St

Cultivar * ~rainfall 1974 from 1974 to 1975

_ Penn Stat7 Ballhead 11.57- 9.19 = +2.38 65
) Jumbo 9.99- 8.72 = +1.27 117
Autumn Marvel 11.61-10.14 = +1.47 64
Storage Green 11.61-10.14 = +1.47 61
Evergreen Ballhead 11.61-10.14 = +1.47 81
Storage Red 11.61-10.22 = +1.39 68
. Ultra Green 11.57-10.22 = +1.35 132
Princess : £ 755,02~ 4,59 = +0.43 56
Early Greenball 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 = -2.07 168
Stonehead 6.14- 8,21 = ~2.07 235
Average | - ‘ -1.21 121

1

harvest. .
)

Inches of rainfall accumulated between transplanting and
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Fable 4. Meteorological conditions in growing period of each cabbage cultivar in 1974 and 1975l

s

Heat unit(degree/days)2

Rainfall (inch)

Bright sunshine_hours

Cultivar Accumulation Daily mean Accumulation Daily mean Accumulation Daily mean
1974 1975 1974 1975 1974 1975 1974 1975 1974 1975 1974 1975
Green type .
Early Greenball 1337 1250 26.7 29.8 4.05 4.29 0.08 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 9.17
Badger Market 2179 1670 27.6 30.4 8.2 6.14 0.10 0.11 638.6 504.5 8.08 9.17
Canada ‘Kraut Vo 2179 1767 27.6 30.5 8.21 6.66 0.10 0.11 638.6 522.6 8.08 9.01
Stonehead 2179 1670 27.6 30.4 8.21 6.14 0.10 O0.11 638.6 504.5 8.08 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 0.0 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 27.8 31.4 8.72 9.99 0.09 0.13 781.0 675.3 8.05 9.00
Penn State Ballhead 2743 2811 27.4 30.9 9.19 11.57 0.09 0.13 789.7 8ll.4 7.90 8.92
Autumn Marvel 3110 2893 26.6 30.8 10.14 11.61 0.09 0.12 885.8 833.0 7.57 8.86
Storage Green . 3110 2893 26.6 30.8 10.14 11.61 0.09 0.12 8858 833.0 7.57 8.86
Evergreen Ballhead 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 2811 26.4 30.9 10.22 11.57 0.09 0.13 887.9 8ll.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 9.00
Storage Red 3120 2947 26.4 30.7 10.22 11.61 0.09 0.12 887.9 833.0 7.52 8.68
Average ' 253¢ 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 -11 +14
1These data were carried out from transplanting to harvest of each cultivar.
2Heat units were calculated with 40° F as base temperature, "
1\ °

T
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Table 5. Thiocyanate ion content of 4
weeks old cabbage transplants

in 1975+, )
Cultivar - SCN~ conten
(ng/g D.W.)
{ Green type ~
Early Greenball 275 + 26 -~
Princess 247 ¢+ 22 '
Badger Market - 180 £ 16
Canada ‘Kraut i 257 ¢+ 62
Stonehead 189 + 17
Copenhagen Market Late 264 ¢+ 80 :
Early Round Dutch 214 =+ 54
Roundup, Hybrid 225+ 97
Jumbo 284 + 128
Penn State Ballhead 298 £ 22
Autumn rvel 191 =+ 58
Storage Green ' 347 =+ 20
Evergreen Ballhead 163 = 42
Ultra Green 328 ¢ 61 -
Red type .
Red Acre 266 * 82
Storage Red . 422 + 24
-Average 259 ¢ 51
1 d . .
After 30 days from seeding, each plant _

(4-6 leaf stage; top weight: 4~5 g) was
cut just belovw lst true leaf.
2

Each value is the méap of 3 samples and/
2 plants (tops) vere used for each
sample, : standard error.
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The SCN .content of plants at t@g gfansplanting 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,
thére appeared to be no relationship between SCN content’
at the transplanting stage and content at the marketable -

stage. .

Cauliflower (Brassica oleracea L.)

Following the observation of 'cabbage goitre, by
Chesney et 'al. (1928), it was also rapidly established that
the other vegetables of g%gus Brassica, such as cauli-
flower, turnips and Brussels sprouts, have géitfogenic/pro-
perties (Marine et al., 1931). Various isothiocyanate com-
pounds were observed by Ettlinger and Thompson (£962) in
different cauliflower cultivar seeds as well as in the other

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

'l f -
tent in cauliflower have not”been_;g?ofied. i _

The curd’SCN- content of the extremely early cultivar/
Jet Snow was éhe lowest (268 ng/g D.W.) while the latest
cultivar (Igloo) had the highest SCN™ coAtent (1,435 pg/g
D.¥.) (Table 6). The other cultivars yielded SCN~ content
in curd of about 1,000 hg/g dry weight.

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

dry weight and was gene&ally~higher than that of stems. (!
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Tapble 6. Thiocyanate ion content in different tissues of ten cauliflower cultivars at the
marketable stage in 1974

~

o -

‘ Days from Leaf _ Weight (kq) 1 _ SCN™ (pg/g D.W.)2
Cultivar seeding stage Top Curd Leaf Stem Curd Leaf o Stem
| Jet Snow ) 79 15-22 40.53 0.26 0.50 0.04 268+ 91 121:* 61 159:14
Stokes Early Abundance 85 21-28 1,23 0.45 0.71 0.07 1025150 224 94 159225 oK
wWhitehorse 94 22-29 1.60 0.78 0.71‘ 0.11 948156 268+144 13441 ) ;g‘
Stokes Super Snowball 94 20-28 1.77 0.68 0.98 0.1l 954:192 132 62n 153216
Snowball-Y . ; i 99 29-37 1.98 0.74 1.08 0,16 1172176 217: 67 16242 . ;g
' Snowball Imperial 100 29-42 1.86 0.72 1.01 0.13 1221223 196:159 129219 2
Snownound 101 28-38 1.78 0.71 0.93 0.13 10872247 164¢ 72 134117
Clou 101 24-33 1.99 0.69 1.16 _0.14 10892109 292 95 139247
Imperial 10-6 1ol 33-46 2.09 0.84 1.11 0.14 10842130 185% 85 1159
Igloo 116 24-40 2.80 0.85 1.72— 0.23 ;14352121 301¢ 75 139:17 P
Average 97 1.79 0.67 0.99 9.13 1028i169 210* 91 142125
lEach value is the mean of 12 samples.
znéch value is theé mean of 6 samples. Two plants were used for each sample.
Bach sample wag&analysed in triplicate, : standard error: )
- o o
— %%
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The analysis of variance of SCN  content in curd,
showed significant differences (p € 0.01) ' between the
cultivars (Appendix 4). There were also,significapt
differences both for blocks (p £ 0.01) and cultivars
¢p € 0.05) for the stem SCN~ content (Appendix 6). How-
ever there were no significant differences of/SCN-lcon-'

«

tent of leaves for blocks or cultivars (Appendix 5).

Broccoli (Brassica oleracea var. botrytis)

As shown in Table T, SCN content ‘of brogcoli heads

from 6 cultivars averaged 830 pg/g dry weight. The analy-

l"

~“cultivars for head SCN costent (Appendix 7). The leaf

stem tissue averaged 140 and 130 pg/g dry weight,of SCH™
4
. ~ ¥
content respectively. There were significant difference
(p S 0.01) in SCN content among cultivars both for leqf

and stem tissue (Appendlx 8 and 9). Therxre was no relatl

ship between plant size or days to maturity and the SCN |

content of the head. = ‘

P

Brussels sprouts (Brassica oleracea var. gemmi fera)
o f ¥

In this experiment, it is quite noticeable that

‘Brussels sprouts contained much hiéher SCN~ content than

the o%her vegetables tested. As shown in Table 8, the

sis of variance showed no significant differences among the

»

and '

8

on~
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Table 7. Thiocyanate ion-content in different tissues of six broccoli cultivars
at the marketable stage in 1974 ,

< i
T

Days from Leaf Weight (kg)1 SCN”(pg/g D.W.)?2
« Cultivar seeding stage Top Curd Leaf Stem Curd Leaf Stem
' Spartan Barly ° 78 16-20 0.57 0.15 0.32 0.10 950:240 154218 220:37
Italian Sprouting 85  16-23 oL.s}o.ls 0.57 0.18 8682295 150:37 146230
, Cleopatra 91  25-30 1.66 0.51 0.83 0.32 770:146 77: 9  86:12
~ Waltham 29 92 21-31 1l.10 0.25 O.SB‘A 0.27 8832302 8047 1221232
Green Mountain 101 19-38 1.59 0.35 0.87 0.36 625:134 150222 98: 7
Barly Purple Head 111  24-40 1.67 0.79 0.26 0.63 871:287 234154 133249
—— E = . i

Avettqe 93 < 1.25 0.37 0.57 0.31 828+234 141 31 134:28

7
18&::11 value is the mean of 12 samples. « ~

A)

zxach value is the mean of 6 samples obtained from 12 different plants. Bach -
sample was analysed in triplicate, * standard error. >

sS

-
p” Alege s,
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» - *
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Table 8. Thiocyanate ion content of marketable sproutsl

seven Brussels sprouts cultivars, 1974

N . /
, | C

of .

56

Days from ! Sprouts

Cultivar ~ seeding Weight(cj)2 8CN~ (3g/g D.W.) ">
/””\\ '
N Early Mq;n 129 16 1895 2z 201 |
\\\\Long Island Improved 130 13 2596 + 92
een Pearl 142 21 . = 1536 £ 260
:%ze ﬂy 142 13 2198 + 132
| ' Jade Cross . 143 16 ] 2471 = 136
} Indra 143 - 16 : 2291 & 447
S Peer Gynt 143 14 2170 = 436
Average . © 138, 16 2158 + 243
2 .
/ lsamples were taken from basal portion of stalk.
ZAvarage weight of 24 to 38 Brusoels sprouts.
3zach value is the mean of 6 samplen and 3 to § lpxouts were
used for each grinding. Each sample was analysed in tri-
. Plicate, ¢t standard error. h
5 [
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cultivar Green/Pearl was lowest (1,536 pg/g D.W.), but the
other s8ix cultivars had SCN~ ‘contents ranging from 1,895

to 2,596 ng/g dry weight. However, analysis of variance

showed no, significant differences in SCN~ content amoﬁg

ltivars (Appendix 10).‘

The size of sprouts might be related to SBCN content;
for example the cultivar Long Island Improved had th; small~
est éprouts and the highest SCN~ content, whereas the cultivar
Creen Pearl\had the largest sprouts and the lowest SECN~ con-
tent kyable 8;.

Qﬂfurther sampling of sprouts was taken‘frqg different
positions on the stalk from the/cultivar Indra. The very
small sprouts codlected from the apical region of the stalk
had more than twice the content of S8CN of the largest sprouts
at the base of the stem (Table 9). /

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

or éoaaibly their enzyme(s) of hydrolysis are probably syn~-
thesized in young photauynéhetic tissue. 1In addition to

the above hypothesis, S8CN precursors or their enzyme(s) of
hydroly?is'may be tranateried to thé young photosynthetic
tissas from older photosynthetic tissue. ‘

Beveral investigators (Clement and Wishart, 1956; Wills,
1966; Paxman and Hill, 1974) suggested that goitrogenic subs~-

<

S
&
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Table 9. Effect of stalk position on the S8CN content of
cv. Indra Brussels sprouts

Position of sprouts Average weight Diameter of SCN~
on stalk of sprouts(g)l sprouts(cm) (pg/g D.W.)2
’ . / ’
Apical o 1.8, 1,0 - 1.6 2945
Mid apical 3.8 1.6 -~ 2.2 2414
Mid basal ' 9.4 2.0 ~ 3.0 1651 .

Basal 16.7 3.0 ~ 4.3 1335

lzach value is the mean of é to 25 sémples froJ 2 plants.
‘ :

zzach valze is the mean of 2 samples and éach analysed in
Itriplicate.



Table 10. Effect of boiling on SCN content of Brussels sprouts

: - Per cent decrease
o . : Average weight SCN- in SCN™ content
Cultivar Treatment of sproutsl(g) (ug/g D.W.) relative to check

—_—

. Check 20 1966 | 0
Green Pearl' Boiled® a 185 91 L
“ MixedS | 1713 13
J Checx 12 1910 0
Indra Boilea?: 13 209 89
MixedS 1654 13

——

1Sanples of Brussels sproﬁts were taken mostly from the basal- portion
of the stalk.

!

2Sanplé§‘wexg incubated in boiling water both for 10 minutes.

3Nixed sample was obtained by mixing 3 parts of boiled and 1 éart of
check sample respectively.

o

6S
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tances of 5ruciferous plants can be reduced by boiling the,
tissues before homogeniziﬁp. Since Brussgels sprouts are
usually boiled before being eaten, I tested the affect of
boiling on the 8CN~ content of Green Pearﬂ and Indra sprouts

i}

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 compared to the unboiled checks (Table 10).

A mixed sample comprised of 3 parts boiled tissue and 1 part '
unboiled tissue ylelded only 13 per cent less 8CN content
than the unboiled check. ;éesumably, when the Brussels
sprouts wvere boiled before homogenization, myrosinase

(enzyme) was destroyed. Ap?afently the precursor glucosino-
late which gives rise to B8CN content is not destroyed by )
boiling, since the mixed sample (which was 75 per cent boiled
tissue) yielded almost as much SCN content as the unboiled

checks.

!

Chinesc cabbage (Brassica campestris [Pckinensis groupl)

Chinese cabbage caﬁ be eaten at any stage from trans-
planting to maturity. For this reason, hoth transplanting
and mature staéas were analysad for BCN', As shown 4in Table
11{ E8CN~ content of the transplanting stage of thoe three

cultivars was fairly low compared with that of the mature

~ stage, which had higher SCN~ levels than comparable west-

ern type cabbags (Brassica olsracea var. capitata).

C e wee
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Table 11. Thiocyanate ion dbnteqt of three Chinese cabbage
cultivars at two stages of development, 1974

Days from Leaf Top weight SCN content of

Cultivar seeding stage (g/plant) top(pg/g ‘D.W.) .
/ . Transpl 1 4 ’
nsplanting stage ,
Chihli 44 6 -9 15.0 159
Hybrid F-1 No.ll 44 4 ~ 17 S'BN 163
Michihli 31 7 ~ 8 \ 21.4 389
Average 40 ° 14.1 237
. |
Nature stagez
Chihli 98 / 1060 894
_ Hybrid P-1 No.1l 98 1755 1105
Michihli 98 , . 2145 1124
é}. | .
Average | 98 1653 1041
1

Each value is the mean of 2 lamploﬁ and 2 plants vere used for -
‘each sample.

zzach value is the mean of 2 samples and each sample analysed

in triplicate, -,

1

‘1

.
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Experiment 2

Variation of SCN~ content during the 11fe cycle of
cauliflower and broccoli
> (field)

Aéthough there are a few reports on the variation of
SCN~ content in plant tissues during their 1ife cycle, none
are available for cauliflower and broccoli.

Por this experiment plant tops included leaf and stem
tissues and excluded curd, head and flower stalk tissues
(Fig. 2, 3, 4 and 5). The mature stage éf thL cauliflower

‘ and broccoli was considered to be same as the marketable

stage, - ' ‘ &\

./
J

The early cultivar Jet Snow matured 28 dJ}s earlier

Cauliflower (cv. .Jet Bnow and Igloo)

than Igloo. Top weight of Jet SBnow increoased up to the ma-
\¥tuxe stage (820 g) and then decreased gradually with leaf
ntaqe§until saodlng (seed producing) stage (Fig. 2); where~
as the top,weight of Igloo increased continuously through
to the final sampling (Pig. 3). However, this cultivar did
not rcuah flowering because the curd/rotted without tloJ;r-

ing, thus there was no B8CN~ analysis after the over-mature

ltagp. —_—




Curd. 1In the curd of both cauliflower cultivars, a
rapid decreasi@g trend in SCN~ content was observed during
the development of curd.

In Jet Snow, the SCN content of curd decreased rapid-
ly from 960 py/g D.W. when curds were small and pre-mature'
to 180 pg/g D.¥W. at full size or maturityi

In Igloo there was also a rapid decrease in 8CN~ con-
tent from a maximum of 2,360 ng/g D.W. ?or pre~mature curds
to 1,380 mng/g Dlw.’for over~-mature curds. At the mature

stage or marketable curd stage for Igloo, the S8CN content
was 1,970 npg/g D.W.

Foliage. 1In the goliage of/Loth cauliflover cultivars,
there was a decreasing trend in the SCN_ content durf%g
early vegetative growth prior to transplanting, Both Jet
8now and Igloo foliaye showed only %odefate fluctuation qf/
BCN~ content after transplanting.

The BCN content of Jet Snow foliage decreased from
5; maximum of 690 ug/g D.W. for seedlings at the cotyledon -
stage to a minimum of 70 nug/g D.W. at senescenhce or the
seeding gtagc, while that of Igloo decreasc&\from a maxi~

mum of 1,570 pg/g D.W. for seedlings to 260 ug/g D.W., at

the over~-mature stage. : - 3
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ggggj The stem tissue of both cauliflower céltivars show-
ed a deéreasinq 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 pg/g D.W. at maturity. Thereafter stem SCN~
content was re}atively constant. The decreasing trend of
stem SCN content was similar to that of leaf SCN~, but the
8CN~ content of stems was slightly higher than for leaves.

In Igloo, there was a similar rapid decrease in SCN
content of .stems from 1,460 pg/g D.W. at the Fotyledon stage
to 130 pg/g D.W. at tbe over—mature stage, For early growth
of Igloo, the stems contained more SCN than the leaves while
during the later stages of development the situation was

y - L)

reversed,

§gég, In the seed of both cauliflower cultivars, the BCN~

content was lower than the corresponding cotyledon stage.
In the seed of Jet Bnow the SCN content was 580 ng/g D.W.
and in seeds of Igloo the SCN  content was 860 pg/g D.W.

;ccording to Neil (1971), the SCN~ content of radish
root decreased as the plant matures and this agrées with my
findings. Because, in this experiment, SCN~ content of
young tissues was much higher than. that otjporresponding
aging tissues. The curd tissues of the late cultivar Igléb

showed a much higher SCN content than the corresponding
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tissue of the early cultiba; Jet Snoﬁ, while differences

between the cultivars for .stem and leaf SCN contents were
[}

much less. ) ’ /

~N T
Broccoli (cv. Spartan Eari§ and Waltham 29)
The results for broccoli were very similar to those
for éauliflower. The ;arly cultivar Spartan’Early matured
28 days eaflier than the late cultivar Waltham 29. The
top weight and leaf number(of Spartan Early increased until

the over-mature stage, then both decreaseg until the final

sampfing. For Waltham 29, top"weight and leaf number showed

about the same pattern as des7ribed for Séartan Early.

1

Head. For both broccoli cultivars, the head SCN con~ -

tent decreased‘#ith development. Only‘two samplings of

head tissues were possible because of the rapid development

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

rapidly from 1,710 ug/ng.W. at maturity to 370 pg?g}d.w.
at oﬁer-maturity< ‘However, in Waltham 29, the SCN~ content

only decreagsed from 1,490 pg/g D.Y. at'the pre~mature stége

to 1,000 pg/g D.W. at over-maturity. !
! T

| / / 3
Foliage, In Spartan Early, foliage 8CN content decreased

B

from 900 pg/g D.W. -at the cotyledon @teaflto 180 pé/g D.¥.

at flowe;ingt In Waltham 29 foliagg\scn7*contept decreased
) L ) [
¥ v R ’/ /
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from 610 pg/g D.W. at the cotyledon stage to 60 pg/glp.w.
at fﬁiwering.‘ ,
. _ |
Stem.' For both broccoli cultivars, stem SCN content

was generally higher than the SCN_ :

decreased with age.
In Spartan Early, stem SCN_ content decreased from -

1,970 pg/g D.W. at the cotyledon stage to 180 pg/g D.W. at

flowering and then increased slightly to 250 ng/g D.¥W. at

the seeding stage. In Waltham 29, stem SCN content de- |

c;eased from 1,250 pg/g D.W. at the cotyledon btage to 90

. Bg/g D.W. at the seeding stage.

4]

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

tan Early yielded 490 nug/g D.W. 'Oof SCN , and-those of Waltham

29 440 ng/g D.W.
The SCN~ content of broccoli showed a trend of decrea-

sing with age of plant tisfue as shown for cauliflower.

Trzebney (1962) reported that thé\contentrof isothiocyanate

\ \
decreased as plants age. His results are based on analysis

of root, stem and leaf tissue of two cdltivars of kale and

one cultivar of Indian mustard. However, no'exp;anation'

has been put ;q;yard fér this decrease in isothiocyanate

o

and SCN~ content in aging plant tissue. . ,
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Experiment 3

Relative variability of. BCN~ content of kale \
/ in clonal plants versus plants grown from ssed
(cv, Dwarf Green Curled) /
(field)

The comparison of BCN~ contente of clonal plants ver~
sus plants from seed indicated that within the cultivar
Dwarf Graen Curled, gcnﬁtypic differencas accounted for 50
per cant and 67 per cent of the variation in scN” contant
of leaf blade and patiole tissues respectively (Table 12),
The consistently higher stem content of 8CN in the clone™
compared ;o‘planta from seeds of the samsg cultivar is sur~
prising. Even m;ﬁm nugpxisinq is the larger vnriange for
stem ﬁcN' content for clonal plants as compared to that of
plants from ssed. The reasons for these ?Qriauﬂ results are
unknown, /

| |The coefficients of varistion for BCH contents of the
various tissues for sceded plants were higher (ahout 30 psr
Ycant)‘than the corraesponding wvalues for clonal plants, As
expected the oclonal plants, identical qongtypos,'lhowod
less variation for SCN~ content than did plants prapq;

gated from seed. Prasumably even within a cultivar of




Teble J2. Comparison of SCN content in different wmorphological parts of clonal

plants versus plants from seed for kale (Dwarf Green Curled)

Mean® SCN~ ° Coefficient 2 Per cent variation
‘} (rq/q D.W.) variation (%) Variance{S7) due to genetics

‘1 clone check™ clone check cloue check

Leaf blade 169: 40 180: 69 .24 38  2409.05  5424.39 56
Petiole - 385 74-_409:130. 19 32 5173.01 17350.80 ; 70
Sten 4963168 2503105 ° 34 42 22169.44 9944.96 -123

Average 350: 94 280:101 - 26 37, 9917.17 1Q906.72

Pexr cent T

change . =285 +7 +30 - +10 \

lgach Gatum is taken from the aver ,ofsbj»;umts.
Z&easmfetmm}\fcmmﬂed ale plants grown from seeds.

3the variance due to genetics is calculated by the formula:
{chexk-5?) - (clone-52)
{check-52)

x 100

N

ZL

- it
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kale there is considarable genotypic variation for BCN con~
tent. However, the variation for BCN contnntxévon among
clonal pl&nts indicates strong edvironmental afiects and-
possible variation arising from sampling and analytical tech~
niques. p , —
It is of interest that the coefficient of variation
£orﬁtop weight of plants is lower in clonal plants as com-
pared to plants from seed (Appandix 11). “ —
Various investigators (Josefsson, 1970; ﬂOllflan and
Appelqvist, 1968) habu roported the intluonaa ‘of environ~
mental faotors on ths variability of qluaouinalato content
in oruciferous seeds. No reports have been found Ln the
1iterature on the relative dittoxanco in variation of SCN
content botwesn qcnotypia;lly identical (clonal) plants
and those vith soms gonotypic variability (i.e. plants of

one cultivnr,grown £rom seed).

Experiment 4

rLfect of roaipxd&ul grafts on scN” ?ontont of radish /
{(growth chamber)
AMthpugh it has been suggested that SCH~ precursors
or possibly their snzyms(s) of hydrolysis are probably syn- ,
thesized ‘in youny photosynthetic tissus (Chong and Bible,
1974), there ars no rap?rts on their translocation within




-

the plant, This possibility was tested with reciprocal
graft combinations of radish s@odlings mnda batween the
cultivars Burpee VWhite and White Icicle,

In this cxparigant, non~-grafted plants wers used as
check plants. for both cultivars. -Tha 6dible portion of ra-
dish (hypocotyl-root tissue) consists of stem and root ti-

ssue. In this experiment the stem tissue was labelled (scion

" root) and the root tissus (stock root), It vas easy to se-

parate scion root from stock root tissues in grafted plnntq
because the portion above tno graft was scion root and that
bslow stock root tissue iriq, 7). Bodon root tissue shows
gresning on sxposure to ltqht’duo tpnchloxophyll synthesis
while stock tissues are not capabls of chlorophyll synthesis.
Thus the two typ‘s of tissues aould)bo diuéinquilhod and

<+

ssparated for BCHN™ doterminations.

As shown in Table 13, the toﬂanqo weight oz grafted
White Icicle and Burpes White plants was reduced 25 per cent
and 28 per ocent respesctivaly relative to the non-graftsd
check plants, Total root weight of Burpee ¥White roots with
White Ioicle scions vwas reduced 26 per cent compared to
roots of Eutp,o White ocheck plants, Bét the total root waight
of Vhite Icicle roots with Burpee ¥White scion was increased
by 58 par cont compared to total root weight of White Iciols
cheoks. This indicates that Burpee ¥hite foliage may sti~

/
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. Table 13. Effect of reciprocal grafts, with mn-—atafteq plants as checks, on plant
o . gxtzwth and SCX content of radish tissves
— Tresh weicht{g/plant) SCX content{pg/g D.K.)
Scion Rootstock Foliace Scion Stock Total PFoliage Scion Steck Total
_cultivar cultivar - Yoot Yoot roor . root root reoot T
a L \ N Lo
~ Grafted ;'
‘White Icicle Burpee White  21.4 12.9  29.8  42.7 144 138’ 235 206
Burpee ®hite White Ycicle 22.4 , 9.5 €7.2 6.7 271 103 409 371
Nom—grafted hecks? T
white lcicle 28.€ 10.7 38.0 48.7 197 99 ’ 353 23¢
" Baxpee White 31.0. i3.% 4.4 57.9 183 268 358 337.
lsach value is the mean of 3 16 sarples, each sample was analysed irn triplicate.
2Ea& valve is the mean of 3 to & saxples, each sample was analysed in triplicate.
- _ 3
L
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mulate the growth of White Icicle root.

Phe BCN- content of ¥White Icicle éoiiuga grovn on Bur-
spea Whits rootstocks way decroased by 27 por cent compnred
to tha foliage BCN- content of White Icicle checks whore-
a8 the BCN content of Burpse White foliags grown on White
Icicle rootstocks was increased by 48 per cent cgpparad to
the foliage BCN content of Burpes White checks.
| White Igicle scions descressed the SCN  content of Bur~-
pees White stock roots compared to Burpcﬁ White checks, wherae~
as Burpee White scions increased thé BCN contant of White
Icicl? stock roots compared to White Iciala checks. 7This

goams to indicato that Burpes White scions arg better suppli~

ors of 6cN pracurnota to rootstocks than e;q White Icicle
scions, ‘

Burpes White rootstocks ware associstsd with high BCN™
gontent of sclon root tissus, whils White Icicls rootstocks
were assooisted with low BCN™ content of scion égmt tissue,

The seme expsriment was repested with the exception that
the check plants wera also grafted, densrally the rssults
for HCN™ contengs were similar to the first trial, however .
the pattern of foliaye Qnd total root weights was different
(Lable 14),

!

These results indicate an Anteracting affsot of foliage

and roots on the BON™ content of the tissues tested, Howavaer,

,7
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Tabhle Id. Effect of reciprocal grafts, with grafted plants as checks, on plant
growth anqi SON™ content of radish tissues
\
- — Fresh u‘eight(gfplant)i SCN~ content{pg/g D.W.)z
Scion Reotstock Foliage Scion Steck Total Feliage Scieon Steck Total
culitivar cultivar . xoot root  root roct rxrool root
—
®hite Jcicle 15.8 T.7 27.1 34.8 229 79 441 361
White Icicle : ] .
. Barpee White 18.5 12.3 19.4 31.7 174 113 333 249
AN R P
‘ white Icicle 22.2 2.0 36.8 38.8 257 133 455 449
— Burpee White
: Burpee Khite 25.90 9.6 19.%  29.3. 163 230 374 327
N ’ o >
1, :Each value is the mean of 6 to 15 samples, each sample analysed in triplicate.
. . \ N
N - N
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the foliage may be the dominant partner ig/determining the

over all amounts of BCN~ in radish plants.

/

Bome dh&ficulties arise in interpreting the results
/

of these experiments because the BCN contents of ghf two

cultivars, Burpes White and White Icicle wers very similar.

These cultivars were chosen becausse Burpee White was thought

to have a much higher BCN™ content than White Icicle as re-

gortsd by Chonyg and Bible (1974)s5 however, this was not the

case in these experiments.

Exélanntion of Figuras

Pigure 6.

rigure 7.

rigure 8,

Reciprocal grafts of radishes (B.W. x B.W.,
W.I. % B.W,, B.W, xW.I,, W.1, x W.I.) at market~
sble stuqo./ {Burpes White: B.¥W.; White Icicles

) "lII’

goion rg9ta\arn alwpys formsd from the stem ti~
ssus in’tba scion., A(foliage), B(secion roots stem
tissue), C(stock roots root tisnuc)ﬂ D{(cotyledon

- trace of B.Y., stoock root).,

The middle ragion is callus (b) formed bcéwoan
the scion xoot of Burpee White (a) and the stock
root of White Ioicls (o). ESeveral xylems (48)
appearsd in the top, middle and in the bottom,
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Pigure 9. White Icicls (stock root) cells ' (B) showed much
’ larger than calluf tissue cells (A). Burpe

White (scion) cells were not shown here,
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Pigure 6. (see Plate 1) \
_Reciprocal grafts between Burpee White
and ¥White Icicls radish cultivars

7

Pigure 7. (ses Plats 2)
Morphological aspects of reciproocal
grafts of Burpss YWhite and White Icicle
radish ocultivars

7 ’
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Pigure 8. (ses Plate 3) .
Light micrograph (Ax100: REICHERT) of
cross~section of grafted region (scions i
Burpee White, rootstocks White Icicle) '
| | |
2 @ / ,
/' r
f {
\ -
\ - /
s , . - i
Pigure 9. (see Plate 4) o -
Light micrograph (A%400: REICHERT) of ' /
| cross-section of grafted region (scions
. - Burpse White, rootstock: Whits Icicle)
J/
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GENERAL DISCUSSION /

It has long beaen camidnmd poassible that factors other
than iodine dunaiumy miqht play a part in the etiology of ‘
endenic goitre, but not until the dhcowry of e\baqc gol-
tre (Chesney et al. 1928) was indisputable proof obninod
of the existance of natural gpitrcqrm. s&nng then, vari-‘
ous goitrogens such as SCN™, isothiocyanate and raelated
compounds have been isolatad mogtly from oommon'\ng;tlbh‘n.
fodder crops and weeds balonging to the Cruciférae family.

Even tlouqh there is a need for more knowhdqe on é.h;
content in foods of natural goitroqum such as SCN which
posa A potential danqor to human Jnd animal hoalth. only a
fow nporu have appeared on §CN content of vegotablea.
The results of cxg&nrimnt 1 showed that SCN~ content of the
edible parts of erucihroua v.qc!:abha varhd anony crops
and within orops among cultivara (exoopt Brussels aprouta
and broceoli). The variation of SCN™ com:cm: of cabbage bc-\-
tween 2 years was much higher than that reported praviously
by Josefsson (1970). lLow xainfall, Yhiqh tméaraturo and
bright sunlight may have caused the high yield of SCN~ for

cabb}qo grown in 1975/. However, ﬂtti, i# known about the

| environmental factors that affact the biosynthesis of SN

Pregursoxs.

N\ - 2 . :
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Late cabbage dultivara contained generally highet - /
amounts of SCN™ than sarly ocultivars. The results agres with
pravio/{u work on x»adish and turnip (Chong a(n.d Dible, 1974).

The precuraocrs of SCN- might. have more time to adoumulate -

givj'n the longer pariod of growth for late cultivars, but

W axplanation has baen repoxted.

L4

Brusaels sprouts contained much highar amounta of SCN™ /
thgn cabbage, cauliflower, broscoli and Chinese cabbage,
Sut SCN™ in Brussels spr%uu can be nduqu by 90 per cent
by boiling the tissue prior to homogeniring. 'Pn;\umably. '
the enzynic aystery (myrosinasa) which can f\ydrolyau gluco=

.‘;_ ;?‘: -

ainolate was dastroyed by this haat treatment.,
Few raports have appearad on variation in. SCN~ content
of plant tiasues during plant development. Thiocyanate ion /
\

\and broceoll decreased as plants

content of hoth caunliflower
matured. "i‘ho amount¥of SCN~ in curds anﬁ heads of cauli-
flower and broccoli was very high at the pramature stage

at which ‘time the amounts of SCN~ in leaves and atems had

\ 8lready decreased rapidly. 'rh*n nay 1;@1@&0 that SCN~ pre-

cunora/ translocate to curds or heads from. leaves and stem.
) * - ( * \
The decreasing trend of SCN content in curds and heads

“from both late and early cul}:iﬂvara corraspondad to results /

| Zor other aging tiasues. But the amount of sbN" in‘eurds /

and heads of late cultivars did not decrease ﬁa rapidly as
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for warly cultivars., The leaf condition may oéplain this, ~
|1ngn leaves of late cultivars did not mature as rapidly as
thoae of th; early cultivara, they may have continued to }
au;ply SeN” @reouraorn to the daveloging ouxds énd heoads,
Unfortunately the upible portionas of cauliflower and
broccoli have the highests SCN™ contents (i.e. curéa aRrd
heads contain much mora SCN” than atems and leavés).

PN Pruvfcunly Nail (1971) auggﬁatud that the v;:iation
among planta of a c&ltivar could én eliminated by using a
olone. But ihn variability of SCN'_ocntcnt in kale clonal
plants wQ; only 30 per cant lower than plants proghqath
from aseds. The fndiv*dual variability of clone plahtt for

SCN™ content was higher than oxpacted. This suggesta that

snvironmental factors mxy mask ganetic influenca on SCN ~
yleld, \ -
Studies on radish reciprocal grafts indicated thgt

~ . . -
foliage (scion) waa\moéo important to SCN™ yield of root

than rootstock was to SCN yield of foliage. Scion xoot

SCN~ was affected mostly by the rootatock. Perhaps SCN”

péicux'or: oy thqir snayme(s) of hydrolysis are aynthesized
independently in foliage and root tissues, but foliage some-

how 'agronqu influences the over all plant contents of SC.ZN"_. _ /

! P
~ °
. |

» | ) ‘ ) \ {
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SUMNARY

'rhiooylmtn ion contant. of vu‘ioua oruciferous vege-
tables a inﬂ\m\md by naqn of dnvolopm-nh, 'qonotypc and -

neiprncnl grafting was astudied. “
| o

. The cultivar trials for SCN™ Wo/ cavli-

flower, broceold, g;nnﬁrfp’r’éu/ﬁ and Chinese cabbage showed

| that Bruasels aprouts contained 2 times more SCN™ pg/g D.W.
A than, cauliflower, broecoli and Chinese cabbage, and 4 to

7 timea mors than cabbage. A 2 year experiment showed that
\ N Il °

. average amount of éc?i‘ in 16 egbbqéo ‘oultivars varied by

52 per cent between the two seasons. The late maturing
cabbage cultivars a}mmd a tendency to yield higher SCN™
th\an early cultivars. This relationship was oburvkd in -
aome of the Gther cropa tested. The ;mauyit; of SCN™ o/on—
tent in edible parts 5! v}.vnnb_lu, was significantly differ-
ant among oultiyui‘c in all crops '.utahn\:‘ for brocgoli and '
Brussels sprouts. The curds and heads of ‘cauliflower and
brogcoli contadned at least S tines more ¢ SCN than tl/\oir\",“ ‘

|The SCN~ content of cauliflower and broccoli timauea q
decreased during growth of unu.n/., Gmor‘gny. SCN” con-
tent of leaf and stem was doexﬁnn& rapidly until maturity
thereafter murgim at a constant low lgwl. It was qQuite

)
1] . ‘s \\.

I ! . ' L
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gnotiéeable that BON content of ourds and heoada in late
cultivars of cauliflowar and hroasolli 4id not decreasa to

the sama extent as it did in earl& oultivaras.

From a study of SCN™ variation in clonal material ver-
Bus planta propaqatea from sead, it was shown that differance
in genotypa within a cultivar can 1nareane the vq&ilbility
of SCN™ raadiqu. However, tha SCN variability exhibited by

clonal plants was larger than expeated. .
A atudy to determine the effect of raciprboal grafts
*oh radish SCN  contant indicated that !olinqn influenced

foot SCN™.contant. The results auggest that the SCN may

translocate from foliage to root in radish, but this has '

1

not baen proven. .
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SUGGESTION FOR FURTHER RESEARCH

1. Remarkable va;r.htion in SCN~ content of c‘abbw\c "hetween

2 ynrl was chserved. Certain ;nvimmuntul factors auch '
as :unn:.l. ‘high temperature etc. may infiuence SCN con=
tent oﬁ cabbage. mrthnr studies should be conducted whh
the same cabbage nulhivan over a period of n\pnl years.
mtamlogicu ctzmduiom could be correlated with variation
in slm yield of the cubbnqc for the different years.

2. Studies on \nri,tion of SCN dunng developnent of cau~
nnomr and brooccoli could be 1mprov¢d by measuring SCN™
both in p}r gram dry weight and ptr total dry %!qht of
planta, During early growth, h:lgﬂ amounts of scn wara found
in small curds and hnda of cauliflower and bmcpn while
K\ Y the same line the mo\mt ot scn in leaves and stems de-
ernnd rapidly. 1If. lnyn are tht sitea of qluconimhtc
nym;hnh. this can be tund by pinching off amall curda

and heads then follow th- levels of SCN  in'the Zoliage.

A

3. Leas wmhﬁon of Kale scu‘ content was obaerved in
olonn than in plants from tud but environmental factors

1n the field prc‘bcbly caused much vuitbnity. erhaps ©lones
" should be teated under qmth cho.mbcr conditions.

h
,
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{. . Foliage haa beean sliown ta"in!l\xer;« seN” content in root
tissue baud on reoulu of ucipmeal grafts of radishes.
m:tnngu and 'romplon msd) ‘showed that turn&p and radish
have different fiauthloaymatn. Pcrhapa studios of ncl—

procal vn!u bcﬁhn tu:nip and ndhh wauld yiald mo:o

1n£ormat1on on the nlnlvo roh o! f.olhve and roou in

!
A

supplying hothlacyanatn or theirx prn\ounon.
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Appendix 1. MmrohqiealLdltiauz from April to September in 1974 and 19751’

—

—

—

—

—~

\Mean temperature Accumilated Accumulated Average’
- (op) rainfall (inch) bright sunshine relative humidity
C ~ - ] T -hxs (1)
1974 1975 1974 1975 1974 1975 1974 1975
April 2 33 3.09 1.45 155 132 69 65
Hay 51 64 3.61 2.66 161 157 71 69 -
June - 66 63 3.16 2.57 . 248 279 71 68
July 70 73 2.96 4.36 250 \ﬁ;ées ‘70 68
Mugust . 69 71 2.49 4.02 250 241 71 68
September 59 s6 . 2.08 6.82 148 -2 71 68

©
<

l'rhe data weré obtained from s;qd Par?, Macdonald College. -

2pata were fot available.
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Appendix 2. Analysis of variance of SCN- content in cabbage
cultivars in 1974 :

-

Source of  d.f. $.8. M.S. F cal P tab
variation ] \ 0.01 0.05
Total - 47  568,974.63 -
Block 2 2,401.31 1,200.66  0.68, 5.39 3.32
_ Cultivar 15" 513,958.84 34,263.92 19.54 ** 2.70  2.01
' Exp. Error 30 52,614.48 ~ 1,753.82

1

* " :
**significant at 0.01 level >
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Appendix 3. Analysi; of variance of SCN content
* _ in cabbage cultivars in 1975
Source of ' d.f. 8.8, . M.8. F cal P tab
variation - ’ , .0.05 201
Total 47 1,841,865.5931 . L
-, Block 2 12,424.7400  6,212.3700 1.2916 ™°°  3.32 5.39
Cultivar 15  1,685,142.7398  12,342.8494 2.5662 2.01  2.70
Exp. Error 30 144,298.1133 4,809.,9372 -
Y - . '
_gignificant at 0.05 level— -~
- i N ~
L4 il ' -
- <
* & —)
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- ) Appendix 4. Analysis of variance of scu content of curd
. : in cauliflower cultivars: . .
« = - - .
Source of d.f. '8.8. T oMLS. P cal F tab
’ - ‘variance “ ‘ , 0.05 0.01
. Total 29.  2,836,436.31
Block - 2 8,072.49 4,036.25 .’ 0.2035 ™% " 3.55 6.01 E
‘ - % - l[
Cultivar 9 2,471,271.26  274,585.70 13,8411 2;46. 3.60 -
- .  Exp. Error 18 © 357,092.56  19,838.48 . 5
,'/. ) “\ P 1_ ; -
7 ) — ~
- Y significant at 0.01 level - .
— ‘\ - ; - a ,
¥ - \m ~ -
. P B \
/ e . )
- -~ -
- ‘,,\‘ [ . 4
' L




- Appendix S. Analysis of. variance of SCN content of leaves
in cauliflower cultivars

!

Souarce of a.f. 8.S.

P tab

n.s. Pcal >
variance 0.05 o0.01
Total 29  222,045.7696

"Block ' . 2 3,949.3486  1,974.6743 0.3229 ™% 355 6.01
Cultivar 9  107,992.8096 11,999.2011 . 1.9617 ®-®*  2.46 3.60
‘Exp. Error 18  110,103.6114  6,116.8673

fo.

. .
..
-

—



-

a -

- Appendix 6. Analysis of variance of SCN~ content of stem
in cauliflower cilltivars

e

5,244.7206

Source of da.f. S.8. M.S. _ Pcal rgzab _
variance ) 0.05 o0.01

. Total 29 16,292.8670 | B
Block 2 4,578.5660 2,289.2830  7.8569 ** 3.55 6.01
Cultivar 9. " 6,469.2804 718.8090 2.4670 . 2.46 3.60
£xp. ‘Brror 18 291.3734

-

i significant at 0.01 level

* gignificant at 0.05 level

@

. \ ‘ (\ R
. \ \
- ‘ ) §
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Appendix 7. Ana/lysis of variance of SCN  content of head in b::occoli cultivars.

| | \ ! P

31
- - .,‘"':__ -

o Source of a.f. s.S. n.s. "F cal P tab
variation ' , . 0.05 0.01 .
© Total . 17 713,832.6050 / -
Block 2 60,352.9434 " 30,176.4700 0.6623 ™*%*  4.10 7.56
Cultivar 5 197,840.6317 39,568.1264 0.8684 P°%- 3,33 s5.64
. Exp. Brror 10 ° 455,639.0299  45,563.9030

—_— 18-
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. . \Appendi.x 8. Anali%is of ‘variance of SCN  content of leaves
in broggbli cultivars —
* Source of a.f. 8. 5. M.S. ¥ cal ¥ tab
e
variation g 0.05 0.01
Total 17 57,776.3000 , o
Block '~ 2 '746.1434—  373.0717 0.5847 ®°%-  4.10 7.56
- k]
‘Cultivar = 5 50,649.2200 10,129.8440 15.8752 3.33  5.64

Exp. Error 10 . 6,380.9366

638.0937

+

[

*’jsignificant'at 0.01 level
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Appendix 9. Analysis of variance of SCN content of stem
: in broccoli cultivars .

-~

i |

Source of * d.f. s.S8.

M.S.

Fcal ~

P tab
0.05 -

] 43,334.1000
Block 2 4,735.5234
Cultivar . 5 33,812.2600
zxp.’zriof ‘10 © - 4,786.3166

2,367.7617

' 6,762.4520
478.6317 .

V4

o

s.9470 - 4.10
% N
14.1288 3.33

* significant at. 0.05 level
*%

v+ significant at 0.01 level

a_ -

.
-
-‘;,Wmﬁw\a g »xwm*—‘o—mw{, ansh ‘«W e




Appendix 10. Analysis of variance of SCN content of Brussels sprouts

Voo -

Source of d.f. s.8. M.S. F cal F tab
variation . - 0.05 0.01

- — 2 e

//

Total 20 4,089,435.6900 ﬁ
‘Block 2 140,743.7986 70,371.8993 0.51 %8 3,89 .93
Cultivar 6 2,297,544.3300 382,924.0550 2.78 2% 3,00 4.82
Exp. Error .12 1;651,147.5614 137,595.6302 4
~ )
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Appendix ll. Comparison of top weight
variability in clonal versus
plants from seed of Dwarf
Green Curled kale

. Clone . Check

Top weight

{g/plant)l 143237 175257

Coafficient of '

variation (%) 26 33

Variancle : 1417.03 4329.62

/ .
1Each datum is taken from the average of \ Lt
9 plants.
[N &) % s
7 \
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