
ABSTRAr:Jr 

r 
It is established that all British populations of wild cabbage, 

;Brassica oleracea L. subsp. oleracea, sho,., variation with respect to the 

Guignard picrate test. The picrate response in this species is due primarily 

to the volatile derivatives of sinigrin J especially allyl-nitrile which is 

r
eleased on damage to laminar tissue. 

The picrate response varies during the year due to the effects of 

i temperature, but individuals remain distinct. 

I Within a population, there is a reI ationship between picrate score and 

( age, older plants being mostly of low picrate response. This is due to 

selection rather than age. 

The Large White butterfly, Pieris bra~sicae L., can be a major predator 

of mature, sterile B. oleracea. Gravid fel:lale butterflies preferentially 

select high picrate response plants for oviposition (although the larvae are 

not selective with respect to picrate response). Larvae will cause consi-

darable damage to host plants, although they are rarely directly responsible 

for plant death. However, plants which have been heavily predated by the 

larvae of P. brassicae are susceptible to further attack, e.g. by the aphid 

Brevicorvyne brassicge L., and are thus further weakened and m~ finally die. 

It is suggested that the numbers of high picrate response plants are thus 

reduced. 

At the seedling stage the situation is reversed. High picrate response 

seedlings are at a Selective advantage, the high levels of sinigrin deri-

vatives protecting them from !>:olluscan and Fungal deprc-dation. Thus selec-

tion by P. brass:'cae on the mature plants is balanced by reverse selection 

on seedl ings. 

A comput~r study of twelve morphological charac:ers, de~onstrates thnt 

high response plants are differ£ntiated from lower responSE individuals. 

A historical study strongly suggests that all the Eritish populations 

are escapes from cultivation • 
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ABSTRAfJr 
known 

It is established that alll Bri tj.sh populations of wild cabl:age, 

Brassica oleracea L. subsp. 01 erac€!, sho,., var:i.ation ~ .. i th respect to the 

Guignard picrate test. The picrate response in this species is due primarily 

to the volatile derivatives of sinigrin I especially allyl-nitrile which if> 

released on damage to laminar tissue. 

The picrate response varies during the year due to the effects of 

temperature, but individuals remain distinct. 

Within a population, there is a rel ationship ·oetween picrate score and 

age, older plants being mostly of low picrate response. This is due to 

selection rather than age. 

The Large White butterfly, Pieris brassicae L., can be a major predator 

of mature, sterile B. oleracea. Gravid female butterflies preferentially 

select high picrate response plants for oviposition (although the larvae are 

not selective with respect to picrate response). Larvae will cause con8i-

derable damage to host plants, although they are rarely directly responsibl~ 

for plant death. However, plants ~nich have been heavily pred&ted by the 

larvae of P. brassicae are susceptible to further attack, e.g. by the aphid 

Brevicorvyne brassicae L., and are thus further weakened and may fiually di~. 

It is suggested that the numbers of high pi~rate resporlse plants are thus 

reduced. 

At the seedling stage the situation is reversed. High picrate response 

seedlings are at a selective advantage, the high levels of sinigrin d~ri-

vatives protecting them from Molluscan and Fungal depredation. Thus selec-

tion by P. brasaicae on the ma~ure plants 1s balanced by reverse selection 

on seedlings. 

A computer study of twelve morphological cha~acterst de~onstr&tes that 

high response plants are differentiated from lo~er response individuals. 

A historical study strongly suggests that all th~ British populatior.s 

are escapes from cultivation. 
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1) nrrRODUOl'ION 

This study was based on a chance observation by Dr. A.J. Richards, 

that individual wild cabbages, Brassics oleracea L. subsp. oleracea at 

Kimmeridge, Dorset, vary markedly in the taste of their leaves. Some 

leaves were quite unpalatllble, whereas others had a much milder taste. 

This led him to try Guignard's picrate test for cyanide on the leaves, in 

case there was some form of cyanogenic reaction producing the bitter taste. 

The picrate test proved positive fer some plants, showing that there was 

variation within the population for some volatile, taste compounds. 

In the cyanogenesis studies, particularly on Lotus corniculatuB L., 

it is argued that preferential eating ot" acyanogenic plants by Mollusca, 

maintains a genetic polymorphism within populations (Jones, 1962, 1966). A 

similar argument has been proposed for cyanogenesis in Trifolium repens L. 

(Crawford - Sidebotham 19121 Angseesing 1914). In the light of this ~~rk, 

a similar hypothesis was proposed to attempt to explain the variability to 

the picrate test ~ B. oleracea. 

It was suggested by Dr. Richards that there might be a polymorphism in 

B. oleracea, based on cyanogenic glucosides, the variation being maintained 

by selective feeding of an important predator. One such predator is Pier is 

brassicae L. It was initially suggested that the strong bitter taste might 

be a defence mechanism to predation by P. brassicae, the variation being 

maintained by the differential eating of the milder flavoured plants. 

There were no previous reports of positive reactions to the picrate 

test in B. olexacea, neither were there reports of any potentially picrate 

reactive compounds being present in the wild species. Indeed, there was 

very little inforoation available, of any kind, about B. oleracea eubsp. 

oleracea, although there is a voluminous literature on commercial BraSRica 

varieties. 



Plate 1. 1 A wild cabb age , 3rassica 0 era ces s ubsp . oleracea , 

growing at Tenby , Pembrokeshire. 
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Initially the picrate teat as applied to B. oleracea needed to be studied. 

in some detail, to find out whether it was indeed reacting specifically to 

CN- (as is generally reported) or to other volatile, picrate - reactive 

compounds. There was also a possibility, that if the reactive compound(s) 

proved to be of biological significance, the picrate test could be quantified. 

It was also necessary to determine whether variation with respect to 

the picrate test, was common to all the wild populations of B. oleracea 

in the British Isles, and whether such variation showed a clinal trend. 

In the event, no such trend emerged, and comparable variation was found at 

all the sites. This suggested that co~on selective factors might be 

operating at every site. Subsequent investigations were able to allow 

suggestions to be made as to the nature of these factors. 

During the cou~se of the study, it became apparent that there was a 

certain amount of morphological variation within and between British 

populations of cabbages. This variation vas studied in some detail, both 

with regard to co-yariation with the picrate test, and to produce evidence 

concerning the taxonomic and historical status of 'wild' populations of 

B. oleracea in the British Isles. 
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2) VARIATION IN INDIVIIXJJl.L RESPONSE TO THE PICP.ATE TEST. 

2.1) Introduction 

In the previous chapter the circumstances whereby the picrate test 

was first used to detect chemical differences between individuals of 

B. oleracea was described. 

The picrate test is fundamental to many of the following studies and 

discussions, and consequently much analysis has been undertaken to accu­

rately describe and if possible 'calibrate the test. 

The test as first describ£d by Guignard (1906) was carried out as 

follows. a strip of absorbant paper was soaked in a 1% solution of picric 

acid and dried. The strip was wetted with a 10% sodi~~ carbonate solution 

immediately prior to use. The sample (originally 1-2g of Phs.sp.olus 1unatus 

seeds) was crushed and placed in a specimen tube, the moist picrate paper 

being suspended in the sealed tube from the stopper. The test ~as left to 

develop for one or h"O days at room temperature. If HCn is released the 

yellow picric acid is converted to r€d picramic acid. Since Guignard's 

original description of the picrate test, it has principally been used to 

determine the presence of HCN in laminar tissue rather than in seeds. 

Armstrong et a1 (1912, 1913) who were the first to analyse laminar tissue 

(of Lotus corniculatus) introduced a slight ~odifjcation, in that the 

sample was macerated with a fe'tl drops of toluene during testir.g. The only 

other subsequent modification is to dip the paper strips in previously 

prepared alkaline sodium picrate. 

The picrate test as used on Lotus corniculatus e.g. Jones (1962) 

Grant and Sidhu (1967) and Trifolium repens e.g. Pethybridge (1919), 

Rogers and Frykolm (1937), Corkill (1940, 1942, 1952), Daday (1954), 

Bishop end Korn (1969) and Angseesing (1974), has remained essentially qua­

litative although Melville et a1 (1940) end Jones (1966) have investigated 
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the quantitative basis of the picrate test, I~elville et al (1940) finding 

a reasonably satisfactory correl'otion between the picrate test and extra­

ctable HCN; Jones (1966) compared the colours developed against Eritish 

Colour Shades, having previously calibrated these against cyanide of known 

concentrations. 

In the present study it became apparent at en early stage that other 

compounds in B. oleracea \lere causing the picrate reaction, free HCN being 

absent (Chapter 3). Experiments were set up to discover the causes of 

variation in the test and whether this variation was constant. 

2.2) The Picrate Teat 

When the picrate test is used for B. oleracea a continuous series of 

colours develops (Plate 2.1) rather than the ~ore discrete categories 

found. in work on cyanogenesis. Therefore a lnethod was developed to measure 

this colour series based on a standardised test (Mitchell 1974). A simple 

field technique was developed aa follows. leaf discs of a standard area 

(2.01cm2 , size 12 cor~ borer), were cut from the edge of a lamina near 

the tip (Plate 2.2), avoiding any main veins. For comparative purposes, 

only mature leaves were sampled (see section 2.3). 

The disc is lightly crushed between the fingers and placed in a 

specimen tube (24.5mm x 41mm) with 5 drops of toluene, equivalent to 

123ul ! 1.4)l1. A 1cm wide strip of Hhatman No.1 paper soaked with one 

drop of 0.5% alkaline sodium picrate (':Ta1ler 1910) equivalent to 33.3fl 

~ 1.3)11, is im:'!lediately (still wet) suspended in the tube from the stopper. 

The strip was suspended Buch t~at it did not touch either the disc or the 

side of the tube. The test is developed for 72hours at room te;nperature. 

The colour of the developed paper is oeasured using an Eel Reflectance 

Spectrophotometer. Hax1mum sensiti vi ty is obtained using the 603 filter 



-6-

Plate 2.1 The picrate test. 

Plate 2. 2 Th e positioning of a sample taken for picrate 

testing (to the left) . Note t he position on t he lamina and its 

relatioh to 'leaf age '. 
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(agaj.nst a standard orange background) \vith the attenuacor open. A ma.sk is 

used such that the aperture exactly fitted the test strips. Output leaG.3 

from the light cell are connected to a digitul rnillivolti:l€ter, rather than 

the spot gslv8!1ometer supplied (iVhich U8a found difficult to use consistently 

at maximum sensitivity). Due to the r:mall voHClces involved, this s,ystem 

l'HlS found to be susceptible to small tr.ains vol toge fluctuations. Discrepancies 

arising from voltuge fluctuations are overcome by regular (every 5 sam:;,les) 

check:) on the " zero readine" (16mV) against a freshly f:craped magnesium car­

bonate block. It lias found easieAt to use the spectrophol.oP1eter upside c.own, 

1. E'. with the ap87,'ture upperri:ost. 

:Before this technLlue of measuring colollr HaG evolved, the colour~1 'were 

scored subjecti.vely on t'1 scale 1 - 5 (1 lemon yellovr, 5 deep red). SubsequentJ.y 

the scores were assigned millivolt values (Table 2.1). 

Table 2.1 mV va1.u e3 a-~dgn€d to picrate scores. 

Picrate .J~core mV ReflectMice (Resp~ns€) 

2 

3 

4 

5 

2.3) The effect of leaf age on tbe picrate test 

)18 

16 - 17.9 

14 - 15.9 

11 - 13.9 

< 10·9 

The picrate resr,0nse of certain leaves fro,,; severa] plt:r.t!" ct ':';;:;,..:-,-,ou:h 

were determined. ':'~e plants '\-Tere tested at ~_ourl~' intervflJ.s during -the C:r:;/, 

the sarGS leaves teing used in each case (Table 2.2a). 

It is clear from this datu that the mture leaves of a plant ma:ntain 

a consistent picrate response t~rougho~t t~e dey. This Dugeests that each 

plant has a ch:irC:!ct.;-.ristic level ot resronse fo;;.' its matuT'(, 1£"V£3, o'::::;:-J::.te 

the variation observed in the juv en He u:d Sf:nescen t 1c&:';"::3. This !ltV(!y 



-7a-

Table 2.2) Variation of picrate response with leaf age. 

a) Variation with time of day (values are as picrate scorcs ). 

Plant Leaf Time of day 

No. position 0945 1045. 1145 1245 1345 1445 

43 1 2 2 1 1 1 1 
2 1 2 2 2 2 2 
3 2 2 2 2 2 2 

4 2 2 2 2 2 2 

5 2 2 1 1 1 2 

44 1 1 1 • 1 1 1 1 
2 1 1 1 1 1 1 
3 1 1 1 1 1 1 
4 1 1 1 1 1 1 

5 1 1 1 1 1 1 

7'1 1 1 1 2 1 1 1 
2 3 3 2 3 3 3 
3 3 3 3 3 3 3 
4 3 3 3 3 3 3 

5 3 3 3 2 1 1 

87 1 1 1 1 1 1 1 
2 1 1 1 1 1 1 

3 1 1 1 1 1 1 

4 1 1 1 1 1 1 

5 1 1 1 1 1 1 

Keyt 1 eaf posit ion 1 apica'_ (juvenile) 2, 3, 4 intermediate 
(mature) 5 basal (senescent). 

b) Variation between each leaf (values are mV reflectance) 

Plant basal 
Leaf position basd 

Ho. 1 2 3 4 5 6 7 8 9 10 11 

1~10 14 14 15 14 12 11 11 12 11 12 21(s) 

322 21 21 20 20 19 20 20 21 22(s) 

B5 17 17 18 14 14 15 14 20(s) 

A14 :?O 20 20 18 18 18 19 18 . 21(s) 

( s) ser.escent leaf 
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also demonstrated that repeated sampling of the Dame leaf does not alter the 

1 evel of picrate response, i. e. a "rounding reaction does not appear to occur. 

To study this within-plant variation in some more detail, four further 

plants had every leaf tested simultaneously. (Table 2.2b). 

These results confirm the rrevious study, in that a high degree of 

varic:tion occurs ,·:ithin individual plants, but the mature leaves shall a 

consistent level of response. The juvenile leaves appear to always have a 

lO~"1er picrate response than the C'lature leaves, as do sen escent leaves. Con­

sequently, for comparative purposes only mature leaves are used. 

2.4) The relaticnship behreen l~eight of tissue and picrate test 

Because leaf discs vary in thickness, they may also vary in weight; 

consequently the relationship between weight of tissue and picrate response 

",as analysed. It \"1as found that there lfas a linear relationship between 

square root reflectance end tissue \-leight p < 0.001 (Fig 2.18). This 

relationship was found to be true for every plant tested, the only difference 

being in the slope of the regress:i.on. (Figs 2.1b, 2.1c) (Appendix: A). 

This relationship was studied in detail at Tynemouth, using 30 plants. 

Using the equation derived from the reflectance/weight study, it was possible 

to compare the' crude' (i. e. constant area) reflectance and picrate value 

of each plant, with a 'corrected' value bused on a standardised tissue weight 

of 001g (Table 2.3). (See Arper..dix C and f..dd:itional data). 

The datu sho .... :s that for moot pl6.nts there is no significant uif:i:~erGnce 

betv1een refl ectence or score val Uss derived from discs of kno,m or unkno.m 

\-Teight 1. e. uno er circui:istances wh€re it is not pessi ble to weigh tr.e 

discs, val id comparisons may still be rliad e. 

2. 5) Te;:~perc.turE- induced variation in the picr;:;t€ test. 

Thirteen plants Here gro,m in a random :::.rray under standardised ['!,01ith 

room conditions (light intensity at pl&nt heicht e?80 lux :."raw r.:ercury v:'pour 
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Table 2.3 The comparison of 'crude' and 'corrected' reflectance and 

picrate responses for each plant at Tynemouth (Appendix C and addition~l datn). 

The reflectance values \.;ere compared using the ~Hlcoxon signed-ranks test and 

the picrate scores by the Sign test. 

Plant No. 

D1 

P25 

G18 

A4 
G8 

135 
P2 

G19 

P24 

A14 

B22 

G7 
B19 
P5 

D3 
B14 

44 

A6 

43 

P7 

P12 

G9 

P17 
P16 

P11 

P23 

42 

B10 

A5 
G16 

Reflectance 

N
1 

T p 

14 50.0 H.S. 

10 39.0 N.S. 

12 16.5 N. S. 

11 54.5 N. S. 

11 27.5 N.S. 

14 6.0 <0.001 

14 39.6 N.S. 

13 7. 5 < 0 • 00 1 

12 17.5 N.S. 

13 54.5 N.S. 

9 35.0 N.S. 

10 16.01\'.S. 

10 19.5 N.S. 

1 5 1 2. 5 < 0 • 00 1 

13 45.0 N.S. 

12 36.0 N.S. 

12 33.0 N.S. 

14 42.0 N.S. 

14 21.0 (0.05 

11 33.0 N. S. 

13 57.5 N. S. 

13 21.0 N.S. 

12 38.5 N. S. 

12 37.5 N.S. 

9 48.0 u.s. 
15 25.5 N.S. 

14 0.0 (0.001 

11 54.0 N.S. 

11 18.3 N.S. 

11 14.0 N. S. 

Picrate Score 

N
1 x p 

6 2 u. S. 

5 2 N. S. 

5 
3 

3 

5 
9 
6 

6 

8 

o 
1 

2 

4 

6 

1 

5 
2 

8 

6 

4 

4 

9 
2 

4 

2 

8 

6 

2 

9 

1 N. S. 

1 N. S. 

1 N. S. 

1 N. S. 

3 N. S. 

1 N. S. 

o < 0.02 

2 N. S. 

o N. S. 

1 N. S. 

o N.S. 

o n.s. 
3 N. S. 

1 N. S. 

2 N. S. 

o N. S. 

2 N. S. 

2 N. S. 

2 N. S. 

o 1{. S. 

3 rr. s. 
1 lI. 3. 

o N. S. 

1 H. S. 

o < 0.01 

2 N. S. 

o l~. S. 

1 <0.05 

Notess number of pairs of values which differed for ttat test. 

T the smaller sum of like-sigr.ed ranks. 

x the number of fewer signs. 

N.S. probability not significant. 



~ 
(a) 44 (b) D1 (0) G18 

R-2 R-2 R-2 

5.0. 5.0. 5.0. 

x 

4.5 4.5 4.5 

4.0. 4.0.. 4.0.. 

3.5. x 3.5 3.5. 

3.0. 3.0. 3.0.. 

2.S-+I __ -'r-__ ,... __ ~ __ -r __ -" 2.S+I---r---.,...-_~ _____ --w 2.5,+1----r---r---.--__ --

0..0. 0..0.3 0.0.6 0..0.9 0..12 0..15 0..0. 0..0.3 0..06 0..0.9 

G 

CJ2 o.lS 
G 

0..0. 0..0.3 0..0.6 0.09 0..12 

Figure 2.1 Examples (frcm plants at Tynemouth) to show the relationship between picrate reflectance (R) and 

the fresh weight of laminar tissue in grammes (G). (See Appendix A.). 

0..15 
G 

I 

'f 
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lamps, plants watered once every tyro days with distilled "rater and grown in 

25cm pots containinB John Innes No.3 compost). The plants were mdntainE(~ for 

f d t h f . f t t . tl 25°C, ?OoC, 15°C~ our a:/S a eac. ° a serles 0 enlpero ures, ln 1e sequence I ._ 

10°C, 5°C and OoC. The picrate response of each plant was determined at the 

end of each four day peri.od (Appendix B), the positions of the plants tieing 

chanced to a ne,,, random array. T,,,o features Here analysed: (1) does each 

plant have a unique mean picrate response? (2) does temperature cause variation 

in the picr~te response of a plantH The data in Appendix B ,,,as analysed by 

means of a 2-way analysis of variance (Table 2.4). 

Table 2.4 Anovar table of to-e 2-vlay analysis of variance. 

Source Sum Sq. d.f. I-lean Sq. F-ratio p 

Plants 233.89 12 19·49 9.38 . «0.001 
Temperatures 71.86 5 14.37 6.91 «0.001 
Residual 124.75 60 2.08 
Total 430.50 77 

This result clearly demonstrates that there is a highly significant difference 

bchmen at least oome plants in mean picrate response under stnnCiardined labo-

ratory conditions. It also demonstrates that tr.ere is a highl,Y dgnificc.nt 

t€l1;perature effect. To further analyse these results, regressio"1 analyses 

were carried out, comparing the mean reflectance value of all the planta for 

each temperature against temperature. Linear regression SU[!c';f2-ted tl"12~ this 

\-ias not a'simple response (r=0.1550, p not significant, d.f. 5). Conse<:uently, 

a polynomial analysis was carried out using Hei-rlett-Packard computer proGram 

I POLYFIT'. This fitted the curve and e:;uation in Fig 2.2 to the data. 

As figure 2.2 shows tr:ere "ras a correlation at p < 0.01 (1'=0.916:, d.f. 5) 

beh!een temperature and picrate response, sugges:ing that t€~p€rature is an 

important cieterrr.inant of the pj.crate reaction of ao individual plant. This 

curve 8ho"l'IS tbat at 10· .. r and high temperaturE's t'::e picrate response is high, 

whe:ceas at interrr.ediatc ter::peratures 1. e. 10-20oC, the response is low. The 

curve ShOHS a plateau cet'tlG€n 10°C and 20°C, th::'s im;>lies that for individ.:.tals 

or populations to be corr.porE:d, either tIle temperature at the tir.le of sa!7::r1ing 

~ 0 , 
should fall beh-een 10 C and 20 C, or the tf:ll:peratuI'E- ,if outsid.€ this 

range) should be; kn01·m. 
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REFLECTANCE MV 

21 

20 

19 

18 

17 x 

16 

15 

14 

13+-____ ~----~------r_----~----~ 
o 5 10 15 20 

Figure 2.2 The relationship between mean picrate reflectance (R) 

under laboratory conditions and temperature. 

R • 14.66 + 0.075 (°0) + 0.0182 (°0)2_ 0.00086 (°0)3, r. 0.9169 d.f. 5 
p < 0.01 (See Appendix B.). 
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2.6) Variation in the picrate test with the time of year 

Thirty plants at Tynemouth were labelled \lith jeweller's tags tied 

around the main stems (and were replaced whenever necessary). The 

• corrected' picrate response (section 2.4) of each plant was deter~ined 

by a series of monthly sarr.ples, the samples being taken betWeen 9.30 and 

11.30a.m. on about the same date each month (Appendix C). The mean 

reflectance values for each month (Fig 2.3) were subjected to a trend 

analysis ('running mean', Yeomans 1968; Fig 2.4). This shows that during 

May am June the picrate response reaches its lowest levels (high reflec-

tance value. low picrate score. low response). The response steadily 

changes until it is at lts strongest (low reflectance. high picrate. 

strong response) during September and October. There is then a decrease 

in response until December, after which it increases until February. The 

decrease to the 'J.!ay/June low then proceeds. 

The population at Tynemouth grows around a Meteorological Office 

weather station. 'J:'his proximity of 'feather station and population, allo'icd 

detailed studies to be made on the effect of climate on the picrate response. 

Those parameters concerning temperature and radiation were principally 

used (see also section 2.5 & Appendix D). ReRression analysis using 

Pearson correlations shoued that no simple correlo.tions were present. 

Laboratory experioents (section 2.5) suggested t~at polynomial regressions 
by compqter prograo (Polyfit) 

were to be expected. Polynomial analysis/of the various parameters showed 

that only two were of high significance in their effect on the picrate 

response; the minimum temperature of the night prior to sampling (Fig 2.5) 

and the 30 year monthly mean (Fig 2.6) (the samples were taken at the 

bel;lnning of the month, the mean for the previous month 't-eing used). Both 

these regressions were significp.nt at p. 0.01. 

These climatological relationships suggest that temperature is a 
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Figure 2.3 The mean monthly fluctuations in picrate reflectance 

at Tynemouth, from I·:arch 1974 to l.~ay 1975.' (See Appendix C.). 
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Figure 2.4 A trend analysis (running mean) of the fluctuations 

in mean picrate reflectance at Tynemouth, to show the basic annual 

variation. 
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Figure 2.5 The relationship between mean monthly picrate reflec­

tance (li) at Tynemouth and the minimum temperature of the night 

prior to sampling. 

R .. 23.82 - 6.050 (oC) + 1.2198 {OC)2 - 0.06726 (oc)3, r. 0.7275, d.f. 1, 

P < 0.01 (See Appendices C and D). 
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Figure 2.6 The relationship between mean monthly picrate reflec­

tance (R) and the 30 year monthly mean temperature (of the previous 

month). 

R c 0.755 + 5.208 (oc) _ 0.464 (OC)2 + 0.0119 (oc}3, r • 0.6356, d.f. 14 

p < 0.01 (See Appendices C and D). 
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major determinant of the picrate response of a plant in the field. The 

correlation with the minimum temperature of the night prior to sampling, 

implies that the day to day v&.riation in the picrate test depends upon this 

night time temperature (N.B. in the laboratory experiments of section 2.5, 

the plantR were maintained for 4 days at a constant temperature prior to 

ssmpling)o 

~he relationship bet"leen the 30 year monthly mean and picrate response 

may be of considerable interest. There is the possibility that it is a 

spurious 'correlation since the 30 year me<ln and minimUlT! night temperature 

are corrElated (r '" 0.6858, p(0.01, d.f. 15) Partial correlation analysjs 

did not clarify the matter (there are doubts as to whether it is valid t.o 

carry out such an analysis, involving linear and polynomial values). If this 

correlation is not spurious then it may indicate an underlying rhythm, the 

daily variation being superimposed upon this. 

2.7) The variation bet'-1een individual plants in response to the picrate test. 

Al though the study at ri'ynemouth suggests that individual plants follow 

similar trends in picrate response, it was necessary to demonstrate that 

individual plants in the field can have unique meen picrate responses. Thus 

the data in Appendix C was analysed by means of a 2-way analysis of variance 

(Table 2.5). 

Table 2.5 Anovar table for the 2-way analysis of variance carried 

out on the data from Tyne:r.outh (Appendix C). 

Source Sum Sq. d. f. ?·~ean Sq. F-ratio p 

Plants 603.95 25 24.16 2.35 « 0.001 
Sample 2128.62 14 152.05 14.19 «0.001 
Interval 

Residual 3591.45 350 10.28 

Total 6330.03 389 
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Figure 2.7 A measure of the monthly variation in picrate reflec­

tance at Tynemouth. 
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These results clearly demonstrate thut at least some plants have a 

highly significant difference in mean picrate response, 1. e. sOUle plant:3 

have unique mean picrate responses in the field. The results also demonstrate 

that there is a highly significant difference between the mean semple 

responses of at least some visits, suggesting that there are factors present 

in the field causing variation through the year. One such variate is minimum 

night temperature, investigated in section 2.6. Laboratory studies tend to 

support the hypothesis that this is among the most important parooleters in 

determining picr'ate response. 
• 

The degree of overall variation in the population also varies (Fig 2.7), 

the variation reaching a miximum during August and September. The importance 

of the variation between individuals and within an individual are discussed 

later, with reference to selective mechanisms oper~ting on popul ations. 

2.8) Summary 

The picrate test shows several levels of variation. There appears to 

be a basic, genetically determined 1 evel of response, which \Uries behleen 

individuals. The basic response is varied by the effects of leaf aBe, 

sample weight and climatic effects. By standar~isins the age of a leaf 

sampled and the weight of sample, it has been possible to separate the 

effects of climate from variation behleen indiviC.'.lals. This has eho,.;n t~at 

variation behleen individuals is a major factor !'ecorc1ed by the picrate 

test. 
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3) TIlE CHEMICAL ANALYSIS OF TIlE PICRATE RESPCl!SE 

3.1) Introduction 

As mentioned in section 2.1, the picrate t est has previously only 

been used to detect HCli release, HCN has never been detected in B. oleracea. 

However, there are quantities of glucosinolates (thioglucosides) found in 

species of the Cruciferae, which may Qydrolyse to release nitriles (orgonic 

cyanides), although it is generally stated that the major derivatives are 

isothiocyanatcs (Kjaer 1960, 1963; Virtanen 1965).Glucosinolates are hydro-

lysed (on tissue damage) by the enzyme myrosinase, according to the reaction: 

• 
pH 7.0 

R-NaCcS + HS04 
isothiocyanate 

R-CaN + S 

nitrile 

pH 3.5 

At pH 7.0 the major product is isothiocyanate and at pH 3.5 nitrile, 

although at intermediate pH's, both products are released (Virtanen 1955). 

Sch"Timmer (1960) states that nitrile release occurs only below pH 5.8. 

Since the glucosinolates seemed a likely source of picrate reactive 

compounds, studies were undertaken to determine if there were any relation-

ships between the picrate response and the glucosinol~tes present. A 

check was made for the presence of HeN. 

A considerable body of work has been published on t~e analysis and 

characterisation of glucosinolates, and their derivatives, as revie~led by 
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Kjaer (1960). The work on the genus ~sica and its near relatives 

e.g. Sinapis, falls into several categories I (1) the analysis of gluco­

sinolates in seed meals (Appelquiat & Joaefason 1967; Bjorkman 1973; 

Ettlinger &. Lunden 1956, 1957; Gmelin &. Virtanen 1961, 1962; Jensen et al 

1953; Josefsaon 1968; Josefsson & Appelquist 1968; Kjner et al 1953; 

Kjaer &. Rubinstein 1954; l{cGregor & Downey 1975; Underhill & t,lettElI' 1966; 

Vanetten et al 1914; ',~etter 1955); (2) the analysis of laminar t~terial 

for goitrogenic effects, due to the Blucosinolate progoitrin (Altamura et 

al 1959; Astwood 1949; Bachelard & Trikojus 1960; Kreula & Kriesvaara 1959; 

Paxman & Hill 1974b; Wetter 1957); (3) general glucosinolate content 

(Ellestrom &. Josefsson '967; Gmelin & Virtsnen 1960; Johnston & Jones 1966; 

Johnston & Goaden 1975; Joaefsson 1967a, b; Paxman & Hill 1974a); (4) the 

volatile components of laminar material (Bailey et al 1961; Clapp et al 

1959; McLeod & McLeod 1968, 1970a, b). Glucosinolatee have also been used 

in taxonomic studies of B. juncea (Vaughan et al 1963, 1970; VaUGhan & 

Waite 1966, 1967a, bl Vaughan & Denford 1968). Tbere have been a few 

studies on myroainase, which have prinCipally concerned its preparation 

from seed meal (e.g. Bj8rlanan l~ Janson 1972; Howard & Gaines 1968; Schwimmer 

1961). Some studies have been made of the enzymic action of myroBinase 

(e.g. Schwiomer 1960, 1961; Srivastava & gill 1974). 

~!uch of the work on Brassica glucosinolates concerns agricultural 

problems and little consideration has been given to the role of glucosino­

lates in the plant, nor of their adaptive significance. 

3.2) Qualitative Hen analysis 

Analyses were undertaken on buffered tissue macerates. 

15g of lacioar tissue was macerated in 30ml acetate buffer (p~ 7.0) 

and incubated at 37°C for 30 minutes. The macerate was then acidified 
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with acetic acid and distilled; the distillate beinb collected in 10ml 

M NaOH (any Hcrf released should be collected by this method). 

There are a number of testa for cyanide, t!lree were eraployed here; 

the picrate test (~faller 1910), the copper/benzidine reaction (Kuhlberg 

1937) and Aldridge's method (Aldridge 1944, 1945). Onlr the picrate test 

sho,,,ed a convincing reaction, the copper/benzidine reaction and Aldridge's 

method shoued barely detectable responses (both tests are capable of 

detecting 3pS CN-). These results suggested that c7anide as Ql- was not 

the compound causing the picrate response. 

A simple procedure was devised to analyse the volatiles released during 

the picrate test. Laminar tissua (25g) was lightly crushed and shaken in 

a 11 flask with 25ml toluene. The flask (incubated at 37°C) had a stream 

of "scrubbed II air passed through it. The air flow was divided to pass 

through five test solutions I (1) 2ml o. 5~' alkaline sodium picrate; 

(2) 2ml copper/benzidine reB.8ent; (3) 2ml 5~; ferric nitrate (Barker 1936); 

(4) 2ml iodine/SOdium azide reagent (Feigl 1947); (5) 2ml 1~ lead acetate 

(Vogel 1952). Between them these reagents will test for cyenides, isothio­

cyanates, thiocyanates and sulphides (Table 3.1), all of which Illay be 

produced by B. oleracea (Bailey et al 1961). 

Table 3.1 The analysis of volatiles I compounds which should be 

detected by the reagents used (as suggested in the literature). 

Reagent Compounds detected 

Cyanides Isothiocyanates Thiocyanates Sulphides 

::>odium picrate * * 
Copper/benzidine * * 

Ferric nitrate * * 
Iodine/Sodium 

* * * azide 

Lead acetate * 
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Plants of all picrate types were analysed by this technique. In every 

case the sodium picrate and iodine/sodium azide reagEnts produced a response. 

This result suggests that the principal volatiles released during the picrate 

test were isothiocyanates. It also suggested that sodium picrate ~~uld 

react with isothiocyanates, although there was no previous report of this. 

Subsequent experiments in which allyl isothiocyanate (AITe) and sodium 

picrate were mixed, confirmed this view. The results also showed that 

simple sulphides were not an inportant component (no reaction with lead 

acetate), although the presence of crganic sulphides was not ruled out. 

Nitrl1es have been detected in the volatiles from B. oleracea (HcLeod 

& McLeod 1968, 1970a, b; :Dailey et a1 1961), there were though no simple 

tests for their presence. It was found that allyl nitrile (ACN), when 

mixed with sodium picrate l'Tould give the picrate response. Thus these com-

pounds may have been detected in the above experiments. 

These results suggested that volatile isothiocyanates (and possibly 

nitri1es) were the major products detected by the picrate teat in B. ol~racea 

(this was later confirmed by gas chromatography, section 3.5) It thus 

seemed likely that the test measured the breakdown of glucosinolatee. 

3.3) Qualitative analysis of glucosinolates. 

Two methods are available for the qualitative analysis of glucosinolates. 

One involves extracting the tissue with methanol and analysing the extract 

by paper chromatography (Josefsson 1967a;Schu1tz & Gmelin 1952). The second 

method is to convert the isothiocyanates released by myrosinase to thiourea 

derivatives and analyse the thioureas by paper chromatography (Kjaer & 

Rubinstein 1953; Jensen et al 1953). By means of this derivative analysis, 

Josefsson (1961a) has sholtm that up to 10 glucosinolatcs Clay be detected in 

B. oleracea plnnts (Table 3.2); the most coomonly found being sinigrin, 

glucoiberin, glucobrassicin and neoglu.:obrassicin. Josefsson included . 



Table 3.2 Glucosinolates detected in'B. oleracea (Josefason 1967a) 
~ , 

Trivial 11 ame Chemical Name Formula of R 

Sinigrin Allyl CH
2

_CHCH
2 

Gluconapln 3-Butenyl CH2 .. CI-i( CH2)2 

Glucoibervirin 3-Methylthiopropyl CH3S(CH2)3 

Glucoeruc1n 4-~~ethyl thiobutyl CH3S(CII2)4 

G1ucoiberln 3-I.lethylsulphinylpropyl CH3SO(CH2)3 

Glucorapbanln 4-Methylsulphinylbutyl CH
3

SO( CII2) 4 

Gluconasturtiin 3-Phenylethyl C6H5(CS2)2 I 
N 
~ 

Progoitrin 2-Hydroxy-3-butenyl CH2'" CH. CR. CH2 
I 

()job Ulucobrassicin 3-Ind 01y1 methyl -CH2 

11 

Neoglucobrassicin N1-methoxy-3-1ndolylmethyl QJ-CII2 
N 
I 
OC!I

3 
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a sample of 'wild kale' (B. oleracea var. sylvestris L.) from Italy, in his 

analysis of cultivated B. oleracea. This variety contained in ita laminar 

tissue the glucosinolates gluconapin, glucoraphanin, progroitrin, gluco­

brassicin and neoglucobrassicin. The petiole and main vein additionally 

included sinigrin. 

The methenol extraction technique is far simpler than the derivative 

analysis and much more suited to large scale screening (Kjaer & Hansen 1958), 

although it appears to be more limited in the glucosinolates detected. By 

this technique I detected up to three glucosinolates, although others 

(notably glucobrassicin, section 3.4.2) must have been present. The gluco­

sinolates detected were of low molecular weight ~ sinigrin, gluconapin and 

glucoiberin, the former two producing highly volatile derivatives. In these 

studies it was only those gl ucosinolates with volatile derivatives which 

were of interest, thus the methanol extraction technique was considered 

suitable. At its simplest, this procedure involves making a crude methanol 

extract of the tissue (Kjaer & Hansen 1958) followed by paper chromatographic 

analysis. 

In this study large numbers of samples were analysed from a number of 

populations, thus a rapid and convenient procedure was devised. Two standard 

leaf discs (section 2.2) were taken from a plant s one disc was picrate 

tested and the other placed in 2m! of methanol. The disc was left in the 

methanol for 4-6 weeks. During this time satisfactory extraction of the 

glucosinolates occurred. The samples were then analysed by paper chroma­

tography. 

3)11 of extract were spotted on to ~ihatman No.1 paper and run by the 

descending method in a butanol - ethanol - water (411;4) solvent syste~. 

Sinigrin and glucoiberin were used as standards. At the end of the run 

(after 6 hours) ,the paper was air dried and sprayed with ammoniacal silver 

nitrate solution (400mg AgiJ0
3

, 10m! 0.880 am:nonia and acetone to 400Id). 
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The paper was dried at 1200 C until light brown, then resprayed with the 

alllIDoniaca1 silver nitrate and dried at 120°C until dark brown. Finally the 

paper was sprayed with O.4M HIW
3
• The glucosino1ates develop as purple 

spots on a yellow background (Josefsson 1967a). In this system sinigrin 

haa an Rf of 0.12 and glucoiberin 0.06. 

The frequency and combination of the glucosinolates is compared in 

terms of the populations (Tables 3.3, 3.4) and picrate score (Tables 3.3,3.5, 

3.6). 

A number of features became apparent from this data. Each population 

has a unique frequency of the three glucosinolates and frequency of the 

combinations although glucoiberin becomes co~oner on the east coast. 

This may reflect differing local selective pressures (chapter 4) or suGgest 

an independent origin of each population (Appendix E ). 

The overall frequencies of the glucosinolates show that sinigrin is 

the commonest (82.5~-), followed by gluconapin (65.3~), with glucoiberin 

being less common (38.41--) (Table 3.5). -Overall, glucoiberin appears to be 

the "least important" glucosinolate, 6.4~" of the plants contained it as 

their sole glucosinolate. The principal combination is sinigrin end glu­

conapin (37.0~), the remaining combinations being found at much lower 

frequencies (Table 3.6). 

The results suggest that there is some relationship between picrate 

score and qualitative glucosino1ate content. Presence of sinigrin 

increases with incraasing picrate score (Kendall's tau ~ o.80~p::.0.04 d.f. 4) 

whereas gluconapln frequency increases to score 2, then falls off to 

score 4, rising again in type 5 plants. Glucoiberin is present at a 

comparatively low frequency, rising to 49.Z~ in score 4 and falling off 

in type 5 plants. The relationship between picrate score and the variouG 

combinations is even more complex. 
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Table 3.3 The percentage of plants containing the glucosinolate combi~a-

tions of glucoiberin (gi), sinigrin (s) and gluconapin (gn); d et ect ed by 

paper chromatography (data for each picrate type per population). 

Popul at ion and Glucosinolate combinations 

Picrate Scores gi 9 gn gi+9 gi+gn gn+9 gi+9+gn n 

Great Orme 
1 3.3 3.3 30.0 3.3 36.7 6.7 
2 6.7 6.7 
4 3.3 

overall % 3.3 3.3 40.0 3.3 43.4 6.7 31 

Tenby 
1 4.6 9.1 72.7 4.6 
2 4.6 
3 4.6 

overall % 4.6 9.1 81.9 4.6 22 

South ernd oml 
1 7·7 61.5 
2 23.1 
3 7.7 

overall ~~ 7.7 7.7 84.6 13 

St. Ives 
1 16.7 16.7 
2 16.7 
3 16 •. 7 16.7 
5 16.7 

overall % 33.3 16.7 33.3 16.7 6 

Torguay 
1 17·5 5.0 12.5 2·5 
2 2·5 2·5 5·0 10.0 
3 2.5 2.5 2.5 
4 7·5 5.0 12.5 2.5 
5 5·0 2.5 

overall ~ 27.5 15·0 . 37·5 20.0 40 

Lulworth 
1 2.9 17.7 2.9 2.9 20.6 5·9 

.2 5·9 2.9 14.7 
3 2.9 14.7 
4 5·9 

overall ~ 2.9 23.6 8.7 2.9 55·9 5.9 35 
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Table 3.3 (data continued) 

Population and Glucosinolate combinations 

Picrate Scores gi s gn gi+s gi+gn gn+s gi+s+gn n 

St. Aldhelm's/ 
~;UnsEit 

1 8.9 32.1 3.6 5·4 16.1 5.4 
2 1.8 8.9 1.8 1.8 1.1 1.8 
3 1.8 3.6 

overall % 10.7 42.8 5.4 7·2 26.8 7.2 57 

Handfast Point 
1 25.0 
3 25.0 25.0 
4 25·0 

overall % 25.0 50.0 25.0 4 

Freshwater 
I.O.il. 

1 8.7 4.4 8.7 8.7 
2 4.4 13.0 11.4 
3 4.4 8.7 
4 4.4 4.4 
5 4.4 

overall % 17.5 4.4 8.8 30.4 30·5 23 

S. Foreland 
1 4.6 18.2 22.7 4.6 4.6 
2 4.6 4.6 4.6 
3 4.6 4.6 4.6 
4 4.6 4.6 4.6 
5 4.6 

overall ).; 4.6 27.4 36.5 9·2 23.0 22 

Ilhitby 
1 4.0 8.0 8.0 8.0 4.0 
2 4.0 4.0 
3 4.0 4.0 
4 4.0 4.0 
5 12.0 16.0 15.0 

overall }.> 4.0 28.0 8.0 4.0 32.0 24.0 26 

Staithes 
2 2.9 
3 2.9 2.9 2.9 
4 11.8 2.9 29.4 B.8 
5 2.9 14.7 2.9 14.7 

ov~rall ~ 14.7 8.7 44.1 5.8 26.4 36 
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Table 3.3 (data continued) 

Population and Glucosinolate combinations 

Picrate Scores gi s gn g1+s gi+gn gn+s gi+s+gn n 

T,y:nemouth 
1 3.5 
3 3.5 3.5 6.9 
4 3·5 10.3 3·5 3.5 17.2 6.9 
5 37.9 

overall ~~ 7.0 17.3 3.5 3.5 62.0 6.9 29 

Crail 
1 5.0 5.0 
2 10.0 
3 10.0 5.0 10.0 5.0 
4 10.0 15·0 5·0 5·0 10.0 
5 . - 5.0 

overall c;:, 25.0 25.0 25·0 10.0 10.0 5.0 20 
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Table 3.4 The percentage of plante in each population, containing the 

glucosinolates glucoiberin, sinigrin and gluconapin. 

Population 

Great Orme 

Tenby 

Southerndown 

St. Ives 

Torquay 

Lulworth 

St.Aldhelm'sl 
Winspit 

I1andfast :Point 

Freshwater Bay 

3. Foreland 

Whitby 

Staithes 

Tynemouth 

Crail 

mean 

coefficient of 
variation % 

Glucoiberin 

13.3 

4.6 

7.7 

33.3 

35·0 

20.6 

19.6 

0.0 

42.9 

72.7 

72.0 

79.4 

20·9 

65.0 

34.8 

Sinigrin Gluconapin 

53.4 90·4 

90·9 95.4 

100.0 84.6 

83.3 33.3 

100.0 57·5 

94.1 64.7 

49.6 84.0 

75.0 100.0 

95.2 61.9 

86.4 31.8 

92.0 60.0 

85.3 29·4 

89.7 71.7 

65.0 25.0 

63.6 



-31-

Table 3.5 The percentage of plants of each picrate type containing the 

glucosinolatea glucoiberin, sinigrin and gluconapin (based on the total ·data). 

Picrate score Glucoiberin Sinigrin Gluconapin U 

1 22.4 72.1 68.5 165 

2 32.7 81.8 76.4 55 

3 46.2 74.4 59.0 39 

4 49.2 84.1 44.4 63 

5 41-.5 100.0 78.0 41 

mean % 38.4 82.5 65.3 363 

Table 3.6 The percentage of plants of each picrate type containing the 

glucosinolate combinations of glucoiberin (gi), sinigrin (s) and gluconapin(gn) 

Picrate gi s gn gn+gi 8+gi gn+s+gi score gn+s 

1 3.0 19·4 20.0 37.0 3.7 7·9 7.8 

2 0.0 14.6 12.7 41.8 1.8 10.9 21.8 

3 18.0 10.3 7.7 35·9 7.7 20·5 7.7 

4 11.1 19.0 1.6 23.8 3.2 19.0 15.9 

5 0.0 9.8 0.0 46.4 0.0 12.2 31.7 

mean 10 6.4 14.6 8.4 37.0 3.3 14.1 16.6 
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There appears to be little qualitative difference between the firs~ 

four picrate scores, although there is a general increase in gluconapin + 

sinigrin frequency ~~ a decrease in gluconapin clone (Kendall's tau a -1.0, 
dAf. 4 

p< O.Ol). However, the type 5 plants show several distinctions. They all 

contain sinigrin, implying that the breakdown products of sinigrin have to 

be present for the full type 5 response. Sinigrin is also the only gluco-

sino1ate found as the sole component. It may also be important for there to 

be a combination of glucosinolates (90.~~ of these plants show this pattern). 

The combination of all three are much commoner in type 5 plants. Since 

the combinations found in type 5 plants, are also found in tho other picrate 

types there must also be quantitative effects involved. 

3.4) Quantitative variation in glucosinolate content. 

3.4.1) Introduction 

The quantitative analysis of glucosinolates has been undertiken on a 

number of Brassics' spp. and their close relatives(e.g. Clapp et al 1959; 

Josefsson 1967a, b; Kjaer et al 1953). The analyses have principally been 

on seed meals although Josefsson (1967b) and Paxman & Hill (1974a) analystd 

B. oleracea laminar tissue. JosefsBon (1967a) measured the content of all 

three kinds of glucosino1ate found,i.e. the isothiocyanates,the oxazolidin­

ethione,and the thiocyanate producing glucosinolates. Paxman & Hill (1974a) 

only measured the thiocyanate releasing glucosinolates. The latter gluco-

sinolates i.e. glucobrassicin end neoglucobrassicin are easily determined, 

whereas the isothiocyanate and oxazo1idinethione producers present some 

difficulty (sinigrin, gluconapin, glucoibervirin, glucoerucin, glucoiberin, 

glucoraphanin, gluconasturtiin, progoitrin). 

In this study the main concern was with the isothio~anate releasing 

glucosinolates, since only these have volatile derivatives. There are two 
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main methods used in quantitative analyses; direct extraction in methl1nol 

followed by purification and spectrophotometric measurement (e.g. Gmelin 

et a1 1968) or crude extraction followed by h.Ydrolysis \lith myrosinase 

and conv~sion of the products to thiourea derivatives, followed by spectro­

photometric measurement (e.g. Appelquist & Josefsson 1967). Both methods 

were tried, but with no success. The main problem was in the spectrophoto­

metric measurement, pure glucosino1ates absorb at 225nm and thiourea 

derivatives at 243nm. At these wavelengths the products being measured have 

to be in a highly purified state. It was not found possible in these 

experiments, to produce a final extract of sufficient purity to allOt" spectro­

photometric measurement. As an alternative, extraction of paper chromato­

grams was tried, but the same problem of purity was met with. Thus there is 

no data available on the quantitative variation in glucosinolates producing 

volatile derivatives. However, there is data on the volatile derivatives 

themselves (section 3.5). 

As mentioned ~bove, the thiocyanate releasing glucosinolates present no 

difficulty in determinations. However thiocyanates could not be of any 

direct influence on the picrate test, analyses were made in order to deter­

mine if there were any general relationships between picrate response and 

the content of other glucosinolates. 

3.4.2) Thiocyanate determination of laminar tissue. 

The technique vas based principally on Paxman (.; Hill's (1974a) modifi­

cation of Johnston & Jones (1966) technique. 

508 of laminar tissue (excluding main vein) t-las homogenised in 100ml 

water until no obviously large pieces of tissue re:nainc-d. It was further 

homogenised for 3 minutes in a high speed blender. Finally the homogenate 

was subjected to ultra~onic disintegration (at full power and an amplitude 

of 2b microns for 1 minute). Microscopic examination showed that all the 
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cells had been ruptured by this treatment. The homogenate was thoroughly 

shaken and left for 90 minutes at room temperature, with occaGional shaking. 

To 15g of homogenate, O.5g of decolouriaing charcoal was added. This 

mixture was refluxed for 15 minutes, cooled, diluted to 100ml and filtered. 

5m1 of filtrate was pipetted into two test tubes and 5c1 of O.4M ferric 

nitrate (in M nitric acid) was added. To one tube, 1 drop of 5~ mercuric 

chloride was added and mixed thoroughly. Both samples were measured asainst 

a reagent blank at 460nm (within ,15 minutes). The thiocyanate content w'as 

determined from the difference in absorbance between the two saoples (Table 

3.7). 

The results shon that there is no simple relationship between picrate 

response and thiocyanate content. If the picrate test is a response to th9 

volatile producing glucosinolates, this result uas not unexpected, since 

Johnston & Gosden (1975) stated that they could not find any relationship 

between the thiocyanate and isothiocyanate producing glucosinolates. 

, 3.5) Analysis of the volatiles released by B. 01 erncea. 

A number of studies have been made on the volatiles released by 

B. oleracea, Bailey et al( 1961) ood !·!ac1eod &. ~=ac1eod (1968, 1970a, b) 

analysed for the full range of substances released. These studies revealed 

that there occurred not only the derivatives of glucosinolates but also a 

range of organic sulphides, alda\Ydes, ketones end alcohols. A number of 

these compounds will react with sodium picrate solution, thus it became 

important to identify the major volatiles and to determine ~lhether they had, 

any effect on the picrate test. 

The techniques and analyses were largely based on those of !!acLeod 

& MacLeod (1968, 1970a, b) 30g fresh weight of laminar I:laterial (excltrling 

main vein) were homogenised in 60ml iced vater until there were no obviously 
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Table 3.7 The relationship bet'-1een thiocyanate content 

and picrate reflectance. 

Plant no. Reflectance mV Fresh wt. 
mg CNS-/ 100g 

T10 8.5 21.8 

T2 8.5 14.3 

T7 9.0 32.6 

T3 9.5 13.0 

GD 9.5 4.1 

G5 10·5 4.1 

T8 11.0 11.9 

T1 11·5 9.2 

T13 11.5 18.6 

G~ 11.5 32.6 

G2 12.0 14.0 

T4 12·5 7.5 

T11 13.0 14.2 

G1 13.0 40.9 

T5 13.5 13.2 

T9 "14.0 12.0 

GH 15.5 1.5 

T12 15·5 13.6 

G11 16.5 14.0 

GIl 16.5 28.5 

G4 20.5 16.7 

Correlation between reflectance and 01S- content r ... 019 P not 

significant. 
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large pieces of tissue remaining. It was further homogeniaed in a high 

speed blender for 3 minutes. Finally the homogenate 1-laS subjected to 

ultrasonic disintegration for 1 minute (at full power and 20 microns 

amplitude). 

After incubation at 370 0 for 15 minutes (in a sealed vessel), the 

macerate was steam distilled for 10 minutes into a receiver cooled by liquid 

nitrogen. The distillate was carefully defrosted and 10ul immediately taken 

for GLe analysis. The sample was analysed u~ing a Pye 104 gaa chromatogram 

fitted with flame ionisation detectors. The stationary phase consistt~ of 

20% polyethylene glycol 1500 on chromasorb, packed in a glass column of 

dimensions 150cm x o.4cm i.d. The column was held at 800 C for 26 minutes, 

o 0 then raised at a rate of 12 e per minute to 110 e and held there for 15 

minutes; the nitrogen carrier flow rate was 25m1 per minute. The detector 

oven was maintained at 1500 e and the injector heater at 1100 e. An amplifier 

2 attenuation of 2 x 10 was normally found suitable. The picrate response 

of the material analysed was a1 so determined. 

Up to 17 peaks were recorded (Fig 3.1, Table 3.8), the compounds 

detected including a number of aldehydes (peaks 1, 2, 4, 12 and 13), alcohols 

(peaks 5, 81, 11?, 141 and 16), sulphides (peaks 3 and 7), isothiocyanates 

(peaks 15 and 17), nitriles (peaks 10 and 11?) and a ketone (peak 9). The 

majority of the peaks could be positively identified by the use of standards, 

although for three peaks (8, 11, 14) identification waa tentative. Peak 6 

could not be identified. The peaks were quantified by triangulation. An 

attempt was made to identify the unknown peaks by use of GLO coupled with 

mass spectrometry. It was tried using the ~stems in the Departments of 

Geochemistry at Newcastle and at Durham, but in both cases nothing could be 

resolved. 

It is difficult to assess the sources of all these compounds. The 
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Table 3.8 Compounds detectEd by the GLC analysis. 

Peak No. Retention Compound time min. 

1 1.2 * Formald ehyd e 

2 1.8 * Propionaldehyde 

3 2.1 Dimethyl sulphide 

4 2.9 * n - :Sutyraldehyde 

5 3.7 l'!ethanol 

6 6.4 ? 

7 7·5 * Dimethyl disulphide 

8 8.4 * Allyl alcohol 

9 10.2 Dipropyl ketone 

10 14.2 * Allyl ni tril e 

11 17.5 trans-But-2-en-1-o1 or *Butyl nitrile 

12 20.2 * 2-Hexen-1-al 

13 28.1 * Oct anal. 

14 32.8 N - Hexane 

15 35.7 * Allyl ioothio~anate 

16 37.4 3-!Iexen-1-o1 

17 39·5 * Butyl 1sothiocyannte 

* Compounds which will react with sodium picrate solution to 

produce a red colouration (as found by experimentation). 
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isothiocyanates and nitriles originate from glucosinolatcs. Macleod & l·iacleod 

(1968) believes that the sUlphides and methanol are derived from the break-

down of pectin, and the aldehydes and ketones from amino acids, sugars and 

pectin. 

A number of these compounds will react with sodium picrate to produce 

a red co1ouration (Table 3.8), thus it became essential to determine which 

of these compounds were major determinants of quantitative variation in the 

picrate test. No single compound showed a significant correlation with the 

picrate response. The data (i.e. peak areas, Table 3.9a) was then subjected 

to multiple regression analysis. The results (Tables 3.9, 3.10) clearly 

demonstratsd that the allyl compounds accounted for the majority of the 

variation in the picrate response. 

It was possible to produce an equation involving eight peaks, \{hich aCCOU!'l­

ted for 84.1% of the variation. The regression of this equation yas highly 
d.f. 15 

significant at the p{0.001 level (rcO.91721. Using this equation it was pos-

sible to predict reflectance values fro.m the peak areas for ea.ch plant. 

These predicted reflectance values differed only sliehtly from the expected 
2 d.f. 15 

values (X c:2.31 p .. 1.o.( i.e. the expected and calculated values wero statis-

tically indistinguishable). The regression analysis a1~o demonstrated that 

allyl compounds were the prime determinants of the observed variation in pic­

rate responses. They accounted for 63.1~ of the total variation and 75% of the 

observed variation. Allyl nitrile in particular accounted for 58.1~ 

The lack of direct correlation between allyl nitrile and the picrate 

response, despite the high proportion of variation accounted for by the 

regression equation, required further investigation. ny means of partial 

correlation analysis, it could be shown that if in the relationship between 

picrate response and allyl nitrile, the effects of forcaldehyde were removed, 

then the correlation between allyl nitrile end picrate reaponse rose from 



Table 3.9a The GLe data (as peak areas) used to analyse the relationship 

between picrate response and volatUes released from B •. oleracea laminar macerates. 

Peak reference number 

Plant 
R1 

No. 1 4 7 8 10 11 12 15 

G3 11·5 43.3 54·5 4.0 78.1 391.4 126.0 4465.0 2.5 

GB 18.3 30.0 33.2 20.3 46.2 560.3 87.3 3386.0 3.8 

G1 12·5 140.1 42.7 356.4 673.2 1426.0 99.2 4465·0 5·3 

G11 12.5 43.3 55·4 40.8 736.4 701.2 108.9 4814.0 0.0 

5 11.5 100.5 24.4 9·4 268.7 590.7 134.9 4305·0 17.0 

6 12.5 191.4 44.0 24.6 401.9 1584.0 140.1 3920.0 0.0 

TA6 12·5 68.6 35·2 14.6 123.3 668.5 99.2 2762.0 . 4.4 

TA5 11.5 102.6 46.5 10.8 151.2 667.9 165.6 6095.0 30.0 .J,. 
0 

11.0 15·5 91.4 763.1 85.5 1578.0 12.4 
I 

TA4 122.4 39.4 
TO 12.5 86.6 43.8 7.5 190·9 1106.0 122.3 2088.0 19·3 

TA3 10.0 88.8 31.2 12.5 115. 1 669.2 119·3 3904.0 4.7 

TA2 10.8 122.3 46.4 21.5 175.8 819·3 134.2 2318.0 9.5 

TA1 11·5 54.6 32.8 1.9 81.9 518.5 18.0 2711.0 119·3 

3 11.8 166.3 41.2 31.4 435.9 1255·0 189.0 5310.0 16.4 

4 13.8 91.1 41.0 12.3 228.7 914.2 285.1 1100.0 0.0 

GD 13.0 67.8 41.9 18.5 84.7 821.1 93.1 3451.0 64.7 

1. Reflectance mV 
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Table 3. 9b Multiple regression analysis of the GLC data 

relating picrate reflectance to peak areas. 

Peaks in the ~ variation 

2 coefficient 
equation accounted for 

Formaldehyde 1 9.6 -4.30 x 10 -2 

N-Butyraldehyde 4 5.7 4.17:z: 10-3 

Dimethyl disylphide 7 0.6 -4.91 x 10-3 

Allyl alcohol 8 0.6 1.80 x 10-3 

Allyl nitrile (ACN) 10 58.1 5.45 :z: 10-3 

? 11 0.1 -1.36 x 10 -2 

2-Hexen-1-al ·12 5.0 4.9 :z: 10-4 

Allyl isothiocyanate (AlTC) 15 4.3 -5.8 x 10 -3 

constant 11.26 

Total variation accounted for 84.1% 

Multiple regression r .. 0.9172 p « 0.001 d.!. 15 

~ variation accounted for by confirmed allyl compounds 

(P10 and P15). 63.1~ 

2. These were the only peaks contributing significantly 

to the variation (as determined by a step-wise analysis). 
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Table 3.10 Comparison between observed picrate reflectance of" indivi-

dual plants and that calculated from the multiple regression equation. 

plant mean calculated. 

no. reflectance reflectance 

G3 11·5 12.3 

GB 18.3 13.6 

G1 12·5 13.5 

G11 12.5 14.5 

5 11.5 11.0 

6 12·5 12.4 

TA6 12·5 12.2 

TA5 11·5 11.6 

TA4 11.0 10.0 

T13 " 12·5 13.4 

TA3 10.0 11.7 

TA2 10.8 10.5 

TA1 11·5 12.2 

3 11.8 11.7 

4 13.8 12.8 

GD 13.0 13·5 

d.f) 15 
2 (p .. 1.0 for the difference between expected mean X &: 2.31 

reflectance and calculated reflectance. 
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d.f 14 

r ., -0.0057 (p not significant (N.S.» to r • 0.5585 (p < 0.05). i. e. 

picrate response i8 closely related to levels of allyl nitrile (ACN). By 

means of the same analysis, formalder~de can be shown to have a negative 
d.'!. 14 

correlation with picrate response (r .. -0.6344, p < 0.001',), al-chough ACN and 
d.)'. 15 

formaldehyde levels are highly correlated (r _ 0.8254, p < 0.001')". This 

strongly suggests that formaldehyde release interferes with the picrate 

respons e in some way, possibly by react ing with ACU to form a cOltpound of 

lower picrate reactiveness. There is also the possibility tr.a.t sodium picrate 

preferentially reacts with formaldeh.}·de, with the effect thnt the reactl.on of 

ACN would be reduced. However, AITC is not correlated to reflectancp, even 

after partial correlation analysis with formnldehyde (r c -0.2342, p c N.S.). 

Neither can AITC be shown to be correlated with ACU (r • -0.2582, P c N.S.). 

These analyses cl early sho", that the quantitative vlll'iation in the vola­

tiles (especially AmI) released from sinigrin, are the principal factors 

measured by the picrate response. However, AITC does not appear to be impor-

tant in adult leaves. Due to the complcx nature of the response, it ~as not 

possible to quantify the picrate test to measure sinigrin content. It ~as 

possible to determine the levels of ACN, which range from 1.75 to 0.43mg/ 

100g fresh weight, and those of AITC, 0.56mg/100g to zero. It was aloo 

apparent that some unknown factors were involved (16~ of the variation \ras 

unexplained ). 

It is still not known whether the picrate response is.. a measure of 

quantitative variation in glucosinolates or of glucosinolate breakdown 

(although glucosinolates are usually meesured by their derivatives, Kjaer 

(1960»,and it is as yet unclear how important the levele of m~Tosinase are 

in the latter. 

Greenhalgh (1976) usinG the identical teChnique of G1C analysis, cut 

with seedling macerates, demonstrated that AITC is pres~t in up to 10 ~imcs 

the concentration found in macerates of adult leaves. It is not known what 

causes this much high~r release of AITC in seEdlings, but it could be due 
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to 8 simple pH response (section 3.1). It is argued later that this high 

level of AITC release in seedlings mqy confer protection to grazing ~~d 

infection. However AlTC does not appear to be important in this I'espect in 

the leaves of adult plants. Thus although ACN apparently forms a major part 

of the picrate response in adult leaves, and AlTC is unimportant in this 

reaction, AlTO m~ well act with ACN in the picrate response of seedlings. 

3.6) Enzyme assays. 

Various studies have been reported on the extraction and assay of rr~ro-

Binase from seed meals. Myrosinase may be extracted \dth the other B-gluco-

sidases by ammonium sulphate precipitation (Schwimmer 1961, Howard & Gaines 

1968). Bj8rkman (1972) has characterised myrosinase after a series of 

complex purification stages; he demonstrated that it consists of three 

forms, each of molecular weight 151000. Each type shows somo activity in 

glucosinolate breakdown. 

No studies have been reported on myrosinase levels and extraction in 

laminar tissues. 

As Bj8rkman (1972) demonstrated, the purification of myrosinase is very 

complex, so no attempt was made to extract pure myrosinase. Instead the 

overall levels of B-glucosidases were assayed. 

in a rand omised array 
The plants were cultivated/under standardised conditions of 8280 lux, 

. 0 
16 hour day at 20 C, in 25cm pots containing John Innes No.3. Under this 

regime any environmental effects should be mimimisE4. 

The following assay is due to J.A. Lucas (pers.comm.) 106 of laminar 

tissue (excluding main vein) were cut up and ground in a mortar and acid 

washed sand, and 10ml of homogenising medium (0. n~ Tris-!1CI buffer, pa8.0 

containing 17% sucrose, 1% cysteine and 1~ ascorbic acid, at 4°C). The 

ground tissue was strained through double thickness muslin and the extract 

centrifuged at 2000g for 10 minutes. The supernatant was then recentrifug€~ 

at 37000g for 30 minutes (all at 40 0). lml of clear supernatant was 
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incubated with 2ml of 0.1M acetate buffer, pH5.5 (the mean pH of macerated 

tissue) containing 1mg/ml. p-nitrophenol-B-D-g1ucopyranoside, for 15 minutes 

o 
at 37 c. The reaction was stopped using 5ml of o. 21~, NaOH. The nitrophenol 

released was measured immediately at 400nm (Table 3.11). A protein assay 

was also carried out on the supernatant, by the technique of Lovell, I118ey 

and Moore (j973) (Table 3.11). 

Table 3.11 B-glucosidase and protein assay of laminar tissue 

and its relation to picrate reflectance (R). 

Plant mV mM activity! mM activity/ DIg protein/ 
No. R g Fresh wt. mg protein g Fresh wt. 

36 8.0 0.89 0.51 1.74 
F 9·0 1.33 0.90 1.48 
U 10.0 0.67 0.37 1.80 
T5 10.0 0.48 0.30 1.64 
A 10·5 0.86 0.61 1.40 
T4 11.0 0.69 0.48 1.44 
D 12.5 0.80 0.46 1.74 
UB 12.5 0.37 0.26 1.43 

AI though th is was only a small scale study, it was apparent that there 

was a wide range of B-g1ucosidase activity, which was not correlated with 

reflectance value, 'whether in terms of fresh weight (r - -0.5394, p • N.S., 
d.~ 7 

or protein (r • -0.4662, p • N.S.1. It should be noted. that all the plants 

in this small sample were of high picrate response. 

It is not known whether any inference may dralffi as to myrosinase 

activity, although it is notable that protein levels vary very little. 

3.7) Surmnary 

The chemical analysis of the picrate respcnse clearly shows that the 

variation in response is principally due to variation in volatile sinigrin 

derivatives. Whether this variation is due to quantitative variation in 

sinigrin and/or myrosinase activity is not known for certain. However 

results from later work (chapters 5 and 6) suggest it may be due to 

quan'titative variation in sinigrin levels. 
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4) POPULATIO!1 VARIATIOr: IN PICRATE 3CORE 

4.1) Introduction 

It was demonstrated in chapter 2 that individuals vary in their degree 

of picrate response. Initially these studies were carried out at Tynemouth, 

subsequently.populationo from the rest of Britain were sampled. 

There ere approximately 25 popUlations of B. olerncea subsp. 01eracea 

around the coasts of ~ritain. (Appendix E). In the course of this study I 

have visitEd 23 sites and obtaintd comparable data on the frequency of the 

different picrate types at 20 sites. 

B. 01 erAcea is a species found on sea cl tifs and consequently pl'esents 

a nucber of samplins difficulties. In tlost sites the majority of e. popu­

lation is inaccessible, so only those plnnts on the bottom fe'li metres of 

cliff could be ec.mpled. A furtller difficulty is the crumbling nature of 

the cliffs at many sites, mlich precluded the possibility of climbing 

without artificial aids. 

The starting point for sampline was chosen rando~~y (by means of 

random number tables, counting individuals in a linear series along tho 

cliff) and then from that point every fifth or tenth plant within reach was 

sampled. The sampling interval dependtd upon the size of the popUlation 

and its linear extent. ~ach sa..-nple was picrate tested (section 2.2) and a 

number of othe~ characters scored (Appendix F). At ench site tho ratio 

of flo ... ;ering to sterile plants was calculated and the overall 

frequency of each picrate type was calculated. 

The sampling was carried out at tl:e S8i.1e tir.le of year each season, 1. e· 

during the flowering period of late :.!ay/oarly June. It is to be noted that 

the picrate response ia at ita lowest during thin period (section 2.5). 
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4.3) Results 

The results \~ere calculated as the percentage of a) Total (T), 

b) Flowering (F) and c) pre-flo\~ering (S) plants in each category (Table 4.1, 

Fig 4.1). 

Two analyses were carried out on the data in Table 4.1, firstly a clus-

tering procedure ('.lard's method, ~'lishart 1969) based on all the data in 

Table 4.1. The object of this analysis was to examine the relationships 

between the populations, on the basis of picrate score frequency, for geogra-

phic or other groupings. The second analSsis was a non-parametric anulysis 

of variance of the data, using Friedman's 2-wB3 analysis of variance. For 

this analysis the data was split into 5~ classos, 1. e. 0-4.9';, 5.0-5.9;. etc. 

ThiR analysis demonstrates whether or not the populations are sho'trine a common 

pattern of variation. 

The cluster analysis (Table 4.2) danonstrates that although the data can 

be split into two main categories, these do not follo\~ cmy clear-cut geor,rarhic 

distinctions, e.g. the similarity sc;qucnce of populations does not forio an 

obvious cl ine, or a North/South or East/'dest split. Instead the populations 

ore characterised by lin absence or presence of picrate type 5 in the flowering 

plants, e.nd u high or low frequency of pre-flo'tlering End total type 1 plants. 

Foasible causes of differences in picrate frequency are discussed later 

(Chapters 5 and 6), altllough the extent to which historical factors have a 

role is not kno~m (Appendix E). 

The Friedmen analysis of variance (Table 4.3) dernonf>trates that at s 

high level of probability, the populHtions show a COll'r:lon pattern of vari!ltion 

with respect to picrate score frequency. 

Table 4.3 R€!':ul ts from a }t'ricdr:J:;'!1 annlys: s of varinnce of the 

data in Table 4. 1 

Frequency type X2 
R p d.f. 

total 12.71 0.85 1~ 
flO\1ering 3.83 1.0 19 
pre-fl OYTel' ir.C 9.01 0.97 19 
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Table 4.1 Picrate structure of populations 

(llay/June values), ~. relative fre;uencies. 

Picrate score 

Year Population 1 2 3 4 5 N 

1974 Great Orme 
Total (T) 71.3 24.0 4.8 0.0 0.0 68 
Flowering (F) 100.0 0.0 0.0 0.0 0.0 23 

pre-flowering (3) 57.1 35.7 7.1 0.0 0.0 45 

1974 Tenb:r. 
88.6 T 11.4 0.0 0.0 0.0 43 

F 87.5 12.5 0.0 0.0 0.0 16 
S 88.9 11.1 0.0 0.0 0.0 27 

1974 pouth ernd own 
T 89.6 7.8 2.6 0.0 0.0 33 
F 66.7 25.0 8.3 0.0 0.0 12 
S 100.0 0.0 0.0 0.0 0.0 26 

1973 St. Ives 
'I' :p.6 30.6 30.6 0.0 8.3 16 
F 25.0 25·0 25·0 0.0 25.0 4 
s 33.3 33.3 33.3 0.0 0.0 12 

1975 ~~iA Cove 
T 38.2 17.1 14·5 30.4 0.0 30 
F 40.0 30.0 20.0 10.0 0.0 10 
s 37.5 12.5 12.5 37.5 0.0 20 

1975 Polr~ 
T 32·5 27.0 15.2 20.5 4.8 82 
F 40.0 15.0 30.0 15·0 0.0 20 
S 29.1 32.4 8.5 23.0 7.0 62 

1975 I,ooe 
----p 34.6 22·5 4.7 31·5 6.7 34 

F 64.3 7.1 14.3 14.3 0.0 14 
s 20.0 30.0 0.0 40.0 10.0 20 

1973 partrnouth 
T 44.2 19.2 24.6 12.1 0.0 47 
F 78.6 14.3 0.0 7.1 0.0 14 
S 28.6 21.4 35·7 14.3 0.0 33 

1973 Babbacor.lbe 
T 28.5 23.8 12.0 31.0 5.1 59 
F 47.4 21.1 5·3 21. 1 5·3 19 
s 20.0 25·0 15·0 35·0 5·0 40 

1973 Lul "Forth 
T 35·9 31.0 22.6 10.6 0.0 48 
F 61.1 22.2 5·6 11. 1 0.0 18 
S 10.0 40.0 40.0 10.0 0.0 30 
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Table 4.1 (Data continued) 

Picrate score 

Year Population 1 2 3 4 5 N 

1973 Kimrnerid ge B~r 
T 45.6 28.8 10.6 15.0 0.0 32 
F 62.5 25.0 12.5 0.0 0.0 8 
S 40.0 30.0 10.0 20.0 0.0 24 

1974 St. Aldhelm' slans:t;!it 
. T •. 75.8 18.6 2.6 0.0 0.0 97 

F 72.4 27.6 0.0 0.0 0.0 29 
s 81·5 14.8 3.7 0.0 0.0 68 

1974 Handfast Point .... 
20.8 T 10.4 49.4 19.5 0.0 10 

F 50·0 25·0 25.0 0.0 0.0 4 
s 0.0 0.0 66.6 . 33.3 0.0 6 

1974 ~~1'..~ 
l' 29·3 33.3 22.6 9.9 4·9 36 
F 55.6 33.3 11. 1 0.0 0.0 9 s 20.0 30.0 26.7 13.3 6.7 27 

19'73 ~Foreland 
T 40.4 23.5 14.9 14.9 6.3 65 
F 61.9 19.1 9.5 9.5 0.0 21 
S 33.3 25.0 16.7 16.7 8.3 44 

1975 'i.fhitby 
T 29.2 26.8 14.2 21.1 3·5 42 
F 16.7 16.7 25.0 33.3 3.3 12 
S 34·9 31.4 9.3 15.6 9.8 30 

1973 Staithes 
T 70.3 16.9 6.8 6.1 0.0 124 
F 80.0 17.5 2·5 0.0 0.0 40 
s 66.7 16.7 8.3 8.3 0.0 84 

1973 T:lnemouth 
'f 60.7 27.0 11.0 1.4 0.0 66 
F 66.7 30.3 3.0 0.0 0.0 33 
S 56.1 24.3 17.1 2.4 0.0 33 

1975 Crail 
'1' 2O.~ 5·2 36.2 36.2 1.7 . 58 
F 55·6 16.7 5.6 16.7 5.6 18 
S 5.0 0.0 50·0 45.0 O.Q 40 

1975 Auchmithie 
'1' 76.1 9·5 10·5 1.6 2.3 30 
F 87.5 12.5 0.0 0.0 0.0 8 
s 70·9 8.1 15.3 2.3 3.3 22 

mean values 
T 48.8 20.7 15.5 13.1 2.2 1025 
F . 61.0 19.8 10.1 6.9 2.2 332 
S 41.6 21.1 18.2 15.8 2·5 693 
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'rhe result of a cluster Rnc.lysis carried out on the 

data in Table 4.1, to whow the relationships betueen 

the populations and the characters which differentiate 

any groupings. 

Great Orme, Staithes, Auchmithie, Tynemouth, Tenby.t S. Aldhelm's/ 

Hinspi t, Southerndown; 

• 
Principal cluster diasnostica' absence of type 5 flowering 

plants; bi~!l frequency of type 1 pre-flo,!ering plants (mean 

74.4~) and total type 1 plants (mean 76.5/~). 

Cluster 2. 

St. lves, Dartmouth, KirJrr.cridge Bay, S. ForelandJ Lulworth, 

Freshwater Bay! Prussia Cove, Looe, Eabbaco\:\be; Polrusn, -.. Jh1tby, 

Handfast Pt., Crail; 

Principal cluster dingnostics: low frequency of total type 

1 (mean 33.2;;), pre-flo,.;ering type 1 (meen 24.0~,,) e.:1d pre­

flo'llering type 2 (mean 23.O'j:·) 

The sequency of populations s:3.-ting w:.th Great Clrrr.e and er.i!ing with 

Crail rcrresents their relativE sinilarity, thus Gr€3t Orma is more 

si'milb.r to 3taithes than it is to ~·.uc~:Jit:-.ie; sio::ila1'1.'1 GreCit Crrr.c 

&nd Crail are the two cost dissi~ilar populntionz. The I;' repr~·· 

sent subdivisions ~ ... ithin f1:::.r:l1 cluster. 
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The results strongly suggest that there are common factors operating 

at each site, which determine the frequencies of each picrate type in the 

three categories. If the levels of probability (p) had shown significant 

differences instead of significant association, then the factors determining 

the picrate frequencies at each site would have been operating independently. 

4.4) Summary of results in Table 4.1 

Although the results appear,to vary widely when the data is analysed, 

it becomes apparent that there are no overall distinctions between the 

picrate score structures of the populations either in geographic or absolute 

terms, since the structuring appears to be determined 1y common factors (sce 

also App~~dix E). In summary, type 1 plants are the commoneot with a mean 

frequency of 48.8%, types 2, 3 and 4 have mean frequencies of 20.1%, 15.5% 

end 13.1~ respectively with type 5 plants being the rarest with 2.2,%. 

Despite local fluctuations, this distribution appears to be the basic 

structure and is presumably caused by some overall effect operating at all 

the sites. 

4.5) The ageing of individual plants. 

It is possible to age individual p1&nts by counting the nu~bera of 

groups of closely spaced leaf scars (Plate 4.1). During the winter period 

when there is little stem elongation, the leaf scars are closely grouped, 

when stem elongation takes place in the growing season, the leaf scars 

from that period are spaced out. This leaves a marked distinction between 

the winter and growing seasons. The numbers of groups of clooely eroup~d 

scars representing the age in years of the plant. 

During the collection of the data in Table 4.1, each picrate tested 

plant was als~ aged (Table 4.5). 



-54-

-..---vvINTER 2 

L---WINTER I 

Pl at e 4.1 The techniqu e of ageing individual plar.ts . 
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Table 4.5 A breakdown of the numbers of sampled individuals 

of each picrate score in each age class. 

Age Picrate score 

yrs 1 2 3 4 5 totals 

1 6 1 2 1 1 11 

2 35 11 9 8 1 64 

3 49 20 10 8 2 89 

4 36 18 10 9 73 

5 66 11 9 5 91 

6 44 8 9 7 2 70 

7 37 19 1 6 1 64 

8 17 12 4 2 35 

9 21 7 3 2 33 

10 12 1 1 1 15 

11 3 3 1 7 

12 5 4 1 10 

13 3 3 

15 2 2 

17 1 1 2 

20 1 1 

totals 338 115 59 8 570 
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Whichever w~ the data is summarised, the simple correlation between 

age and median picrate score is not very informative (due to the nature of 

the median statistic). The data had to be analysed in total to obtain a 

true idea of the overall relationships. The analysis undertaken was a 

Kendall correlations analysis (Table 4.6). 

It is imoediately apparent that there is a strong negative correlation 

between age and picrate score i.e. the younger the plant the higher picrate 

score tends to be. This holds at very high levels of correlation for the 
pre-fl owering 

data when analysed in total and as enalysed for flowering or I plants. 

(Table 4.6a). The negative correlation is particularly marked for flowering 

plants. Four of the larger population samples wero also analysed indivi­

dually and in each case the correlation was also negative (Table 4.6b) 

although in only two cases was the relationship significant. 

The data suggests a number of features. Picrate score could be a 

function of age i.e. linked to the metabolic age of a plant, less glucosin­

olates and/or myrosinase being produced ,as the plant ages. The data tends 

to refute this, since although there are few type 5 plants, they are found 

throughout the age range up to 12 years (I have only recorded 8 older plants). 

Although no physiological studies have been carried out into this question 

of picrat e score as a met ab 01 ic func't ion of age there is no suggestion in 

the literature that this should be so. The alternative is that high picrate 

score plants are lost from the popUlations. There is a negative correla­

tion between picrate score and frequency (see section 4.3). Thus some factor 

common to all the populations (section 4.2) is resulting in the loss particu­

larly of the higher picrate scores from the populations. 

4.6) Analysis of the picrate structure of seedlings. 

It has been almost impossible to carry out any large Deale seedling or 
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Table 4.6 Kendall correlation analysis 

of the total data in Table 4.5 

a) Total data 

~endall' s t~u 

overall -0.1419 

flowering -0.0610 

pre-fl owering -0.1498 

b) The four largest population samples 

Kendall's tau 

Torquay -0.0349 

Winepit -0.2295 

Staithcs ...0.2295 

Tynemouth -0.1119 

P 

0.001 

< 0.05 

(0.001 

p 

0.19 

0.006 

0.024 

0.079 

d.f. 

569 

336 

233 

d. f. 

39 

56 

52 

75 
.... 

1 

I 
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genetic crosses since, for the past 3 years (at least) there has been an 

almost total seed loss due to attacks on the seeds and pods by DRSyneUra 

braBsica (llinn.) and Ceuthorrh,ynchus assiimil is (Payk.) These attacks have 

occurred at all the east coast sites (including our experimental gardens) as 

well as at some of the other sites in the south and west. 

In 1974 a few plants at Tynemouth escaped complete seed loss, the fate 

of seedlings from six plants being followed. A sample (about 205b of the 

population) of emergent seedlings (at the cotyledon stage) was picrate tested 

during October and all the survivors tested the fo11o'i:ing May (first leaf 

stage) (Table 4.7). These latter seedlings overe sampled just prior to the 

commenCeliel1t of rfipid gro.rth. 

Tabel 4.7) The distribution of picrate responses in the seedling 

patches. 

Plant 

D1 Oct 
May 

P2 Oct 
May 

P1A Oct 
May 

P1 Oct 
If.ay 

TS1 Oct 
May 

TS3 Oct 
1-1ay 

Reflectance category 

22 21 20 19 18 17 16 15 14 13 12 11 10 

224 2 1 8 1 

1 1 1 

4 4 

1 

2 1 

3 2 

354 
3 

1 1 

3 10 5 

1 1 
3 4 13 

1 
1 1 4 6 

3 2 3 5 2 1 1 
6 1 1 1 4 6 9 

54343211 

9 8 

5 1 

3 2 

1 1 

1 1 

1 1 1 323 

4 235 1 4 1 
3 1 3 5 5 2 1 

Reflectance 

mean 

18.8 
12.7 

14.9 
10·5 

17.8 -
12. 1 

19.9 
11.6 

18.5 
12.2 

C.V.fjo 

10.4 
13·9 

15·7 
12.6 

11.8 
23·9 

20.8 
13.7 

10.2 
22.9 

13.8 
14.3 

Plt 

17.0 

14.0 

16.0 

13.0 

Notes. Reflectance categories are pooled to units, e.g. 17.0 and 17.5 in 

category 17. r'~eans and C.V.~; are based on t~e original, uncB.te-

gorised data. PR fer.1ale parent reflectance at time of October s<:J1Ilpling. 

It is apparent from the data that a major c~ange in picrate response 

had occurred. In each case the mE):m picrate reflectance had fallen, in 

most instances by a large value. For several sets of seedlings there was 

little or no overlap between the October and !.!ay values. This difference in 

range of values C0l11d be due to a change in metabolism from cotyledon to 

first 1enf, thus conclusions dra~n from this data should be treated h~th 

caution. Des,rite t!1is, the mean reflectance values of the surviving seedlings 

were very low. It rr.ight be expected that jUV€l1 ile leaves ."ouE tend to have 

a high reflectance value (section 2.3) and that during r,~ay, leaf reflectance 
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values would be high (Fig 2.3). It should also be noted t~3t seedlinGs with 

refl ectance values of up to 20mV 1ITere present (thus the i,~ay see-'ll ings are 

capable of high reflectance values). 

These observations might suggest that seedlings tend to have 10i~ reflec­

tance, perhaps adaptively so; alternatively, if the heavy seedling mortality 

(apparent~Yls considered, then it might suggest that the observed low reflec-
up to 905-;) 

tance is a result of differential selection during the winter. If either 

argument is true, it would suggest that seedlings capable of releasing the 

higher levels of sinigrin derivatives, 1. e. allyl-isothiocyanate and -nitrile, 

are at a selective advantage (it is lateT argued (Ch.6) that this may confer 

protection against predators.) In either case, the very limited data suggests 

that at the beginning of the second groiving season, there will tend to be a 
• predominance of high picrate score plants. Therefore, high picrate response 

plants must be los t from the populations after the first winter. The over­

all age structure of the pre-flo"'lering plants illustrates this. (Table 4.8). 

Table 4.8 The overall age structure of pre-flowering plants. 

Picrate Type 1 2 3 4 5 

mean age years 3.36 3.59 3.27 3.26 2.25 
stand ard deviation 1·52 1.86 1.26 1.35 0.96 

N 119 49 34 27 4 
relative frequency 1 0.41 I 0.29 : 0.23 : 0.03 

The mean age of the type 5 plants is significantly lO~'ier than that of 

all the other picrate scores (Table 4.9). This stronGly suggests that 

during the post-seedling pre-flowering phase of E. oleracea life history, 

type 5 are selectively lost from the populations, although they are of 

selective advantage during their first (seedling) ;.tinter. 

Table 4.9 t-test of the differences between the mean ages of 

the different pre-flO\iering plant picrate types 

(values are val~es for t and the probability). 

Picrate score 

2 3 4 5 

1 7.27 2.88 2.77 13.36 
P (0.001 (0.01 < 0.01 (0.001 

2 5·74 5. 11 8.79 
p <.0.001 ( 0.001 (0.001 

3 0.16 7.31 
P N. S. <'0.001 

4 6.13 
P <,0.001 
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If a similar analysis is carried out on the flowering plants, then a 

different trend is observed. (Table 4.10) 

Table 4.10 The overall age structure of the fl owering plants. 

Picrate type 1 2 3 4 5 

mean ege years 6.69 7.05 6.84 6.65 7.75 
at and ard d ev ia t1 on 2.64 2.17 2.81 1.90 2.87 

N 219 66 25 23 4 

relative frequency 1 I 0.32 I 0.11 I 0.11 I 0.02 

In this case there are no obvious trends, the mean ages being quite 

independent of each other and in most cases significantly different (Table 

4.11 ). 

Table 4.11 t- test of the differences between the mean ages of 

the different flowering plant picrate types (values are t- vGlues 

and levels of probability). 

Picrata score 

2 3 4 5 

1 2.03 2.81 7.28 5.76 
P <0.05 (0.01 < 0.001 < 0.001 

2 2).97 25·79 13.47 
p < 0.001 < 0.001 ( 0.001 

3 8.57 0.34 
p < 0.001 N.S. 

4 11. 12 
P < 0.001 

These results suggest that once the flowering stage is reached (usually 

after 4 or 5 years) then whatever selective forces operate to reduce the 
pre-flo\.rering 

numbers of / high picrate score plants, then they cease to operate at 

the flowering stage. 

4.7) Conclusions based on the picrate score structures of the populations. 

Wide differences in the absolute frequencies of each picrate type were 
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observed. Despite this, analyses suggest that there are common factors 

operating at all the sites, resulting in an underlying pattern of picrate 

frequencies. The basic structure of a population is that the majority of 

plants are of picrate score 1, then the higher tho picrate score, the less 

frequently it is represented. 

The picrate score of a plant is significantly correlated with its age, 

such that the higher the picrate score the younger the plant tends to be. 

Evidence is presented that during the pre-flowering stage in the species' 

life history, high picrate score plants are preferentially lost from the 

populations. This suggests that there are selective forces operating against 

the high picrate score plants. Possible selective agents are discussed in 

the following chapters. 

It is to be noted that selection operating at the seedling stage 

appears to be the converse of that in older plants, with high picrate score 

seedlings being at a selective advantage. This indicates selection against 

low picrate score seedlings (this is particularly discussed in chapter 6). 

4.8) Spatial distribution of individuals within a population. 

4.8.1) Introduction 

It was of some interest to investigate whether individuals of different 

picrate types were randomly distributed within a population, or whether 

there was any pattern to their distribution. 

It was only physically possible to carry cut such a pattern analysis 

at S. Foreland (Kent) where the population extends off the cliff face on 

to the cliff top, for approximately 80c inland. The various techniques 

used, were those described by Kershaw (1964). 

4.8.2) Analysis of the total data. 

2 
A grid of dimensipns 16m x 32m was laid out, ~~th a qu&drat size of 1m 
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as the basic unit. The number of individuals in each quadrat was recorded, 

as was their picrate response. The expected Poisson distribution was then 

calculated, and compared with the observed distribution (Table 4.12). 

Table 4.12 A comparison between the observed distribution of 

individuals with their expected Poisson (random) distribution. 

Individuals/quadrat 

0 1 2 3 4 5 6 

observed 374 92 25 10 4 3 3 

7 

1 

expected 391.1 105.4 14.2 1.3 0.085 0.046 0.00021 0.000008 

X
2 .. 170050 p « 0.001 d.f. a 6 

This analysis demonstrates that the individuals in a population are 

not randomly distributed. An analysis of the variancelmcan ratio confirms 

this (variancelmean ratio .. 2.09, t IS 17.5, d.f ... 511, p«0.001). 

A pattern analysis was then carried out in order to determine whether 

the plants were 'clumped' at any particular block size (Fig 4.2a). Two 

peaks were discernable, a slight one at block size 16 and a rr.cre pronounced 

one at block size 64. The factors causing this pattern were not obvious, 

although the smaller peak might relate to the area of seed dispersal around 

an individual. Further microtopographic and covaria~ce analysis with other 

species, would probably be necessary before any definite conclusions could 

be dra,,'1l. 

4.8.3) Analysis of the distribution of picrate types. 

A sirr.ilar analysis was carried out for the distribution of each picrate 

type across the area studied (Table 4.13). This showed the very interesting 

result, that the higher picrate response plants are distributed randomly, 

whereas the low picrate response individuals are distributed nen-randomly. 

A pattern analysis was then carried out on the data (Fig 4.2b, c, d, e). 
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(a) 

o~~~ ____ ~ ________ ~~ __________________ ~ __ _ 
48 16 32 64 

VARIANCE 
600 

15 

10 

400 5 

200 

124 8 16 
8.S. 

128 

(b) 

256 
BLOCK SIZE 

o~~~~ ____ ~ __________ ~ ______________________ ~ __ _ 
4816 32 64 128 256 

BLOCK SIZE 

Fig.4.2 The summary of the pattern analysis at S. Foreland, to 

show the relationship between the variance of the samples and the block 

siie• (a) Total data. (b) Picrate type 1. 
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(c) 
VARIANCE 

200 

100 

O·~~--r-----r----------r----------------------~--4 B 16 32 64 

VARIANCE 

15 

400 
10 

5 

o "-F-r---.-.-----. 
I 2 4 , a.s. 16 

200 

12S 

(d) 

256 
BLOCK SIZE 

o~~--~----~----------~--------------------~--~ 
4816 32 64 128 256 

BLOCK SIZE 

Fig. 4.2 (continued) (c) Picrate type 2. (d) Picrate type 3. 
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(e) 

VARIANCE 

200 5 

12.. I 

100 

4816 32 64 128 

Fig. 4.2 (continued) (e) Picrate types 4 and 5. 

256 
BLOCK SIZE 



Table 4.13 Analysis of the distribution of picrate types. 

Picrate Individuals/quadrat Variance:mean 

score 0 1 2 3 X2 
P ratio t P 

1 Observed (0) 442 58 11 1 

Expected (E) 437.1 69.1 5·5 0.28 9·3 < 0.01 1.17 18.8 < 0.001 

2 0 473 35 4 

E 474.4 36.1 1.37 5·1 < 0.05 1.10 1.66 < 0.10 

3 0 468 40 4 I 

<0.20 
0\ 

E 469.8 40.4 1.-73 3.0 <0.10 1.07 1.19 Y' 

4 0 477 32 3 

E 478.2 32.7 1.11 3.2 <0.10 1.08 1.37 (0.20 

5 0 511 1 

E 511.0 1.0 0.0001 1.00 1.00 1.00 
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Only picrate type 3 showed a noticeable pattern, at block size 16. If, as 

suggested above, block size 16 represents the principal erea of seed dis-

persion, then it is suprising that the other picrate types do not show a 

similar peak. 

The other picrate types all show slight peaks (1 at B.S. 128, 2 at 

B. s. 32 and 8, 4 & 5 at B. S. 32). Kershaw (1964) suggests that 81 igh t 

peaks may be due to a few major environmental factors operating, whereas 

sharp peaks probably represent some regular biotic pattern. He also warns, 

that results from species at a low density (as in this case) should be 

treated with caution. As has. been pointed out previously, it is not obvious 

if any major environmental factors are operating to cause these patterns, 

although the peaks at a lower block size may represent the area of seed 

dispersal. 

It was also of interest to determine if there was any association 

between individuals of differing picrate response. This was analysed by 

means of contingency ~ables, on the basis of the presence or absence of 

any particular type within each 1m quadrat (Table 4.14). 

Teble 4.14 The association between each picrate type. Values 

are as chi-square:) with their positive (+) or negative (-) associations, 

and probability. 
Picrate score 

1 2 3 4 5 
1 +4.1 -5.5 -4.2 -.1.9 0.9 
P < 0.05 (0.05 <0.05 < 0.05 < 0.75 

2 3.6 0.1 3.3 
p < 0.1 <0.75 < 0.1 

3 3.3 0.1 
P <0.1 <0.15 

4 1.0 
P < 0.40 

It is noticeable that the higher pi.crate resIJonse plants show rar,dorn 

sSBociotion with each.other. The association of high picrate plants with 
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type 1 plants are largely negative; type 1 plants showing positive ass~ 

ciation with each other. 

4.8.4) Summary of pattern analysis study. 

Overall, the individuals in the South Foreland population are not 

randomly distributed, there being a pronounced tendency for the plants to 

be clustered, probably due to the heavy seeds only being dispersed a short 

distance. However it should be noted, that this tendency is not sufficiently 

pronounced for a pattern analysis, at the scales used, to effectively demon­

strate it. 

The distribution of picrate types shows some interesting features. 

Type 1 plants are not randomly distributed (Table 4.13), neither are type 2 

plants, whereas types 3, 4 and 5 are. Similar features hold for the asso­

ciation between picrate types (Table 4.14). wbethe~ these distributions 

within a population are due to any selective pressures is not knolm. It 

could be argued that there is a selective pressure resulting in the higher 

picrate response plants showing a random distribution, whereas this pressure 

does not operate on the low picrate response plants. 
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5) STtTDIE3 OU PHEDATION BY rI~':~U:3 EFU\S;nCA;~ L. 

5.1) Introduction 

Historically, P. bra~sicae has been a major predator of B. oler~£~, 

but with the recent destruction of breed ing ground s in the Baltic (1·;here 

they fed on Lepidium latifolium L.), nu:nbers of P. brassicae have since 

declined in ~. Europe (Gardiner, no date). The widespread use of pesticides 

has probably speeded this decline. Nevertheless I). brassiclle can ctill be 

an important predator of B. oleracea (Plates 5.1 and 5.2). The larvae of 

P. brassicRe can completely strip a plant of its laminar tissue, although 

the plants appear able to survive this damage over one season. However it 

is likely that heavy predation in successive seasons llould cause death of 

individual plants. Thus if P. brassicae shows a consistent choice of host 

plants, this might have strong selective effects on B. oleracea. Unpredated 

morphs would gain in numbers at the expense of those which have been preda­

ted, due to the gradual loss through secondary infections of damaged plants and 

subsequent death. 

It has been demonstrated that popUlations of B. oleracea vary with 

respect to their picrate morphs (chapter 4). It is suggested that the 

principal variants are allyl derivatiyes of sinigrin, due to variation in 

sinigrin levels (chapter 3). Larvae of P. brRssicae are kno~n to be stimu­

lated to feed by sinigrin (Verschaffelt 1910; David & Gardiner 1966a, b; 

Schoonhcvea 1967) and the imagines sti~ulated to l~ eggs (David & Gardiner 

1962; Schoonhove."l 1912). :·:a &. Schoonhoven (1973) dcm·::mstrated that the 

higher the glucosinolate concentration of laminar tissue, t~e stronger the 

electrophysiological stimUlation of gravid fe~ales, althoush they did not 

report appropriate egg laying experi~ents. P. brassicae i~.:ag1ne9 do not 

seem to be stir:;ulate:i by allyl isothiocyanate, 81 though !·:a (or Scnoonhoven 

do not rule out the possibility. 



PI ate 5.1 A 5th instar larva ,of Pieris 

brassicae feeding on B. oleracea at 

S. Foreland , Kent. 

Plate 5.2 B. oleracea at St. Margaret's Bay, Ken t, d~aged 

by P. brassicae larvae. 

I 
-l o 
I 
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This earl ier work has suggested that no reI ~ltionship exist~ bet~:el;n 

levels of sinigrin in host plants, and their attractiveness to pred.1tors. 

As long as the plants contain sinigrin, as the majority do (chapter 3), then 

they "rere thought to be suitabl.e for oviposition. Consequently no relation­

ship between the picrate test and predation by z. br~Gs~ was to be 

expected. If s'~~h a relationship is found., those plr.nts "lhich are c110sen 

as hosts might be e.:cpected to be represented at a lo~:er fre ~:.lency 1:1 the 

popul ation. 

5.2) Laboratory studies on larval food preference 

Adult P. l)r"lssicae can be very difficult to re::tr Ul'lrler laborator'J 

conditions, althougb various laboratory strains have been bred (Appendix G , 

for laboratory culture). 

There are various methods of analyoing the feedil"-& preferences of ins~d 

larvae; one of the most favoured is the provi:::ioil of a test diet for n 

fixed period of time, after which the numbers of frass pellets are coun"tc.-<l 

(l'layar & Thorsteinson 1963). The greater the r.Ut~bel' of frass pellets, the 

[!lore palatable the diet is thought to be. 

5.2.1) Analysis of palatability by frass counts. 

Six standard leaf' discs were takcn from plants of kno·,.m picrate 

response (chapter 2) Elnd placed in a 9c:il cr:~stallisint? dis!:, with four 

larvae of the final instar. The larvae had o(>on starved for .5U hC\lr prior 

to the EXperiments. The experill'ents were r:.m t,IO hO\'r~: at rocCj te:::1-€rature 

and under even illui!:ination (the larvae tend to :,e r,hototact:!.c). At ~he rnd 

of tho tuo hour period t':le num'lJe!" of fra39 pello~s in t!le .:lieh w€.!'€ CGUl1ted. 

40 such experiments were carried out and the rNj'.ll to poolc.:l ('7 "bIe 5.1). 

The re::ul ts, basee. on mean val ues for t~e numbers ':It' i'r,:;,ss pellet:-::, 

Bugf,est t~at low picrate response plantA are fe . ."our€,d by t:· ~ l".rvae. 
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Table 5·1 SUlIlmary and analysis of the palatibility experiments 

based on frass counts. 

Picrate score 1 2 3 4 

mean no. frass 45.4 40.4 40.4 29·4 

Coefficient of 69.2 60.7 35.2 26.1 variation '}: 

The coefficients of variation show that there is a considerable degree of 

variation around these means, reflecting either a ~~de individual or croup 

variation in response. A t-test of the differences bet"leen the means, 

confirmed this wide variation, in that there l-TaS no significt.nt difference 

between any of the means. (See additional data) 

Nevertheless, mean valuas suggest a slight degree of preference for 

low picrate score plants. In the field even a slight degree of preference 

might have a selective effect over r:laoy years. Thus it was important to 

discover if larvae -,,-ould show a preference for any type, when provided "lith 

a choice. 

It is only at the fifth instar that choice lrould be important. In the 

first four instars the larvae remain on the p12nt the eggs were laid on, 

feeding and moving in unison. During the fifth instar the larvae lose their 

synchrony, dispersing to separate parts of the plant am! sornetirues to ndgh-

bouring plants. If the l~wvae found the pl~nt they we~e on ~~palatable, 

then this dispersion would probably be accentuat ed. To test whether t!1e 

larvae preferred anyone picrate typo when cff~I'ed a choice, a series of 

mul tiple choice experiC'lents ~-1ere set up. 

5.2. 2) !~ul t iple choice analj'sio of larval palatability prefere!'lces. 

The experimental technique was similar to th.at in section 5.2.1, 

except that three discs from each of h-o plants -,jere provided, these teing 
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arranged alternately. In total, 140 such experiments ,,.ere made, not only 

between laminar tisSUE) of different picrate score, but also bet,,.eon tissue 

of the same picrate score but of different reflectance values. The results 

were calculated in terms of the percentage of the total fresh Yleight eaten 

for each type (Table 5.2). Controls were run to ta!ce into account any loss 

in weight due to dessication. The simple total ueight or tot"l r:.~rcentage 

weight of anyone type was not used, because the totol weights and percen­

tages eaten varied from experiment to experiment. This seemed to depEnd 

upon the variation between individual larvae and to a limited extend upon 

the stage of development within the instar. Due to limited availability of 

picrate types three and five, not every combination of picrate types could 

be used. 

The outstanding feature of these results isthe overall lack of preference 

shown by the larvae. In nearly every case there is less than 107~ difference 

between the means. The t-ratios show that in 011 but one case the differences 

are not significant, that is the variation in larval choice is so great that 

any differences betrIeen the oeans are negated. The coefficients of variation 

also illustrate this point. Not only is there no significant difference 

between the means, but there is no trend in the choice, i. e. the larve.e do 

not tend to select, for example, the iower picrate type every ti~e. If the 

resul ts s·re analysed as high against low picrate response, then the mean 

percentage for the 10'1-1 picrate respons,e is 49.7':' and for the high reAponse 

49.9;v (t .. 0.05). This confirr.ls the lack of preference shown by the larvae. 

As a check on the reaction of larvae to the experioental conditions a~d 

to analyoe their method of choosing a disc to feed on, a series of ti~e 

lapse films were taken. These films clearly illustra~e that the larvae hav~ 

a search image. They can be seen moving round the discs, sa~~ling each disc 

and then choosing one disc to start feeding on. This procedure may be 

repeated se\'eral times during the course of an experi.!'iment nnd a different 
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Table 5.2 Summary of the multiple choice experiments. The 

percentage values sholf the proportion of the total weight of 

each pair of picrate types eaten. (The right hand reading is 

of the plant with the lowe: reflectance value). 

Picrate score 

1 2 3 

% 1 53.8 46.2 
t 0.8 

% 2 54.4 45.6 47.1 52·9 
t 0.7 0.4 

tfo 3 33.3 66.7 43.9 56.1 
t 3.4* 

'/; 4 44.2 55.8 48.9 51.1 55.7 44.3 48.7 
't ~. 1 O.? 1·5 0.3 

4 

51.3 

i 5 
t 

51.2 48.8 
0.2 

54.9 45.1 
0.6 

Keya % 
t 

perc-;ntege of tol·e.l weigc.t eaten. 

t- ratio between meRns. 

probability 0.001 

For original results see additional data. 



disc m~ be chosen each time. The larvae did not necessarily feed as a 

group since each larva might chn(lOe a separate disc to start on, and then 

move independently to another disc. ~he picr~te score of the iisc was 

apparently immaterial. 

5.2.3) Summary of laboratory studies on larval preference. 

Under laboratory conditions and ,nth the strain of P. brassicae used, 

the larvae do not show n~ overall preference for any one picrate type or 

types. Schoonhovcn (1967) demonstrated that the larvae only require a very 

low concentration of sinigrin for feedine activity to be stimulated, higher 

concentrations of sinigrin failing to incl'eaoe feeding activity. This 

suggests that even picrate type 1 plants may contain sufficient sinigrin 

to stimulate feadiOB activity. FurtLer selection might depend upon other 

feeding stimulants, e.g. sugars (Schoonhoven 1967, 1972). HO''1ever as !·!a &. 

Schoonhoven (1973) point out, some care should be taken when drawing con­

clusions based on laboratory strains. 

5.3) Field studies on larval food prefere."lce 

In section 5.2 it was de:nonstrattd that unc.er laboratory cond itions, 

the larvae of P. brassicae s~ow no overall food preference for different 

picrate types of B. oleracea. Field studies ~ere undertaken to determine 

whether the larvae were to be fcund randomly distrib~tcd on all picrate 

morphs, as the laboratory experiments suggested they might be. 

The study consisted of visiting various populations during Augud; and 

early September (this is when P. br:,,:'::.~ic~e -predaticn is at its he1g~t) ~nd 

carefully searching for larvae and/or eggs. 'nler) a plant W3S found to be 

predated a standard leaf disc was removed for picrate typine. A random 

sample of discs was al so taken for picrate typing, these samples beine, used 

as the controls for comparative purposes. Thd results were calculated as 
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the relative percentage frequency of plants predated in each population, 

for each picrate type (Table 5.3). For each population a comparison was 

made between the observed picrate frequency of predated plants and the 

expected frequency, as based on the random sample of the population (Table 

In 11 out of the 16 studies, the distribution cf larvae did not 

follow the expected random distribution. At nearly every site the larvae 

were found preferentially on the highest picrate score plants (as shown by 

the + sign in Table 5.4), at 10 sites this preference was shown to be 

significant. In the other cases, the trend although not significant, was 

present (doubtless due to the small size of the samoleJ. 

A Friedman non-parametric analysis of variance of the data in table 

5.3 (the data was divided into 5% classes an in section 4.3) demonstrated 

that the distribution of P. bra9sicae larvae between the different picrate 
2 d.~. 1 r; 

morphs, followed the same pattern at all the sites (IR - 21.4 p< 0.15'). 

These results strongly suggest that in the field, there is a selection . 
of high picrate response plants as a food source for P. brassicae larvae. 

The results of section 5.2 show that it is ~~likely that the larvae are 

selective in their food source. Larvae tend not to move very far from 

their site of egg emergence, particularly in the first four instars. Even 

in the fifth ulstar when the larvae tend to lose their synchrony ar.d disperse, 

they rarely appear to leave their 'parent' plant (several fifth instar 

larvae are usually found on the same plant). This suggests that if the 

lervae are not selective as to host plant, then the gr&vld imagines must be. 

Radcliffe & Chapman (1966a) demonstrated that tho preferenees of gravid 

P. re,pae L. was reflected by the distribution of their larvae on B. olerace~. 

If as seems likely, the s&me behavioural pattern is found in P. brassicae, 

then gravid im~inea may seek high picrate score plants as their preferred 

site for oviposition. 
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Table 5.3 The relative frequency (%) of 
,- predated plants in each picrate category. 

Picrate score 
Site and 1 2 3 4 5 N1 

Year 

Great Orme 
1974 0.0 0.0 0.0 25.0 75.0 8 

S. Foreland 
1973 11.8 11.8 21.6 37.3 17.6 51 
1975 5.3 0.0 2.6 36.8 55.3 38 

St Margaret's Baz 
1973 6.3 14.6 14.6 33.3 64.6 46 
1974 0.0 0.0 0.0 35.3 64.7 17 
1975 0.0 0.0 3.8 23.1 73.1 26 

Stoney Ba~ 
1974 0.0 0.0 7.7 53.8 38.5 13 
1975 0.0 0.0 0.0 26.7 73.3 15 

lfu1tby 
1974 0.0 14.3 14.3 28.6 42.9 7 

Staithes 
1974 0.0 0.0 0.0 0.0 100.0 4 

T~nemouth 

1973 14.3 14.3 14.3 57.1 14 
1974 0.0 0.0 0.0 18.2 81.8 11 
1975 0.0 0.0 0.0 0.0 100.0 20 

.Crail 
1974 0.0 0.0 8.3 50.0 41.7 12 
1975 5·9 23·5 29·4 29.4 11.8 17 

hEchmithie 
1974 13.3 6.7 13.3 33.3 33.3 15 

mean ).6 8.1 61.0 

1. number of plants predated in the population. 
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Table 5.4 Summary of the field survey of P. brassicae predation. 

The data is presented as chi-squared values and the probabilities 

associated with significant differences from random predation1• 

Comparisons are between plants of different picrate types within 

a population. 

Picrate score 

Site and 1 2 3 4 5 
x2 

N2 
Year summary 

Great Orrn~ 
1914 0.3 0.4 0.7 0·9 2·9 5·2 8 

P u.s. Ii. S. N.S. N.S. N.S. N.S. 
+ 

§. Forel and 3 

1973 0.6 7.7 0.9 2.1 14.2 25.5 51 
p N.S. <0.01 N.S. N.S. <.0.001 < 0.001 

+ + + 

1975 2.0 0.0 1.9 3.9 2.2 10.0 38 
p N.S. N.S. N.S. < 0.05 N.S <0.05 

+ .. + 

St. Mare~.ret' s Ba~ 
1973 7.1 14.6 2.2 0.1 320.0 344.0 48 

p < 0.01 <0.001 N.S. N.5. < 0.001 <0.001 
~ + 

1974 0.3 19.4 2.5 2.4 14·5 39.1 17 
P N.S. (0.001 N.S. N.S. < 0.001 (0.001 

... + 

1975 0.0 0.0 0.2 5·1 8.9 14.2 26 
P N.S. N.S. N.S. <0.0, < 0.01 < 0.01 .. .. + 

Stonl!Y Ba,y 
1974 1.0 0·5 0.2 0.1 0.9 2.7 13 

p N.S. N.S. N.S. N.S. u.s. N.S. 
+ + 

1975 0.0 0.0 3.0 4.7 24.8 32·5 15 
p N.S. N.S. N.S. (0.05 (0.001 (0.001 .. .. + 

~1hitb:l4 
1574 0.1 7.0 0.7 0.6 0.2 8.6 7 

p N.S. < 0.01 N.S. ll. S. N.S. N.S. 
+ + 

Ste.!thes4 

1974 0.3 0.3 0·5 1.6 8.6 11.5 4 
p N.S. N.S. N.S. N.S. < 0.01 < 0.05 

+ 
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Table 5.4 (Data continued) 

Picrate score 
'--

Site and 1 2 3 4 5 
x2 

. Year summary 

T,lnemouth 
1973 3.8 0.9 0.0 68.8 * 73·5 

p N.S. N.S. N.S. < 0.001 < 0.001 .. + 
1974 2.2 2.2 1·5 0.8 6.3 13.0 

p N.S. N.S. N.S. N.S. (0.05 <0.05 
+ 

1975 0.7 0.0 2.9 8.6 18.8 31.0 
P N.S. N.S. N.S. (0.01 < 0.001 (0.001 - + 

Crail 
1974 0.2 0.6 0·5 2.3 2.1 5.7 

p N.S. N.S. N.S. N.S. N.S. 1l.S. 
+ + 

1975 0.1 1.6 0.4 2.5 2.5 7.1 
P N.S. N.S. N.S. N.S. N.S. N.S. 

• + + + 

Auchmithie4 
1974 2.1 1.2 0.4 1.1 6.4 11.4 

p N.S. N.S. N.S. N.S. (0.05 < 0.05 
+ 

Key I 1. The +, - and - signs ir.dicate whether the observed 

frequencies were greater, less than or equal to the 

expected frequencies. 

2. N is the number of predated plants in the population. 

3. No predation observed during 1974 visit. 

4. No predation observed during 1975 visit. 

* 
N.S. 

No type 5 plants recorded. 

significance p > 0.05 

N2 

14 

11 

20 

12 

17 

15 
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5.4) Studies on the egg-laying preferences of P. brasRicae. 

To investigate the egg-laying (oviposition) preferences of gravid 

females, various laboratory studies were undertaken in Which females were 

presented with a choice of plants of differing picrate response. 

Wild P. brassicae imagines are almost impoBsible to use for experi­

mental purposes under laboratory conditions; the laboratory strain used in 

section 5.2 were used wherever possible. 

5.4.1) Cage experiments. 

The initial experiments were carried out in cages of dimensions 

45cm x 60cm x 75cm containing four potted B. oleracea of known picrate 

response. The cages were placed in a window (David & Gardiner,(1961a) 

considered daylight essential for copulation). Six females and six males 

were then released into the cages. The imagines fed on a 10% sucrose 

solution from artificial flowers (Appendix G). The numbers of eggs laid 

were recorded at the same time every day (Table 5.5), each batch being 

marked as it was counted. The position of the plants was changed every day, 

according to r~~dom number tables. 

5.4.2) Controlled environment room experiments. 

Subsequent to the cage experiments, a controlled environment room 

became available for use. The room was illuminated with mercury vapour and 

tungsten lamps (in a wattage ratio of 311) at an intensity of 8280 lux. 

The temperature was maintained at 20°C. Eight (or in one case six) plants 

of differing picrate responses were placed in the room, tnd periodically 

moved as before. The imagines were fed using artificial flowers (Appendix G) 

This cOQbination of conditions promoted copulation. Under these conditions 

the imagines survived much longer than in the windows; consequently egg 

counts could be made every three days (Table 5.6). An indelible mark was 

made alongside each fresh batch of eggs. The potted E. oleracea were 
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Table 5.5 The number of eggs laid on caged plants. 

(a) 

Plant mV Picrate days 

No. Hi score 1 2 3 4 5 6 7 8 9 sum 

46 9.0 5 58 150 53 26 172 10 0 3 0 472 

X 10·5 5 0 75 79 22 0 12 0 0 0 188 

65 13.0 4 0 112 0 14 0 70 20 42 64 322 

69 19.0 1 6 0 3 0 0 86 21 146 0 262 

mean 311 

(b) 

Plant mV Picrate days 

No. R1 score 1 2 3 4 5 6 Bum 

16 10.0 5 43 142 107 16 44 15 367 

z 11·5 4 93 0 0 0 16 82 191 

28 12.0 4 0 0 0 158 33 68 259 

22 13.0 4 0 12 43 25 0 5 85 

mean 225·5 

1. Reflectance values were used here in order to differentiate 

more accurately between the responses of individu~l plants. 



(c) 

Plant 
No. 

J 

30 

A 

T1 

F 

9 

T2 

B 

(d) 

Plant 
No. 

T6 

T4 

36 

D 

T5 

E 

T7 

T3 
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Table 5.6 The numbers of eggs laid on plants 
in a controlled environment room. 

mV Picrate days 

R1 score 3 6 9 12 15 18 sum 

9.5 5 3 197 208 1322 55 0 1785 

10.0 5 153 150 342 373 34 0 1052 

10.0 5 13 36 43 78 54 0 224 

10.5 5 0 0 17 305 158 446 926 

11.0 4 4 18 199 0 73 536 830 

11.0 4 0 0 0 262 350 21 633 

11.0 4 0 60 64 116 229 34 503 

12.5 4 200 125 421 0 370 270 1386 

mean 921 

mV Picrate days 

R1 score 3 6 9 12 15 18 21 

9.0 5 4 94 171 614 279 50 33 

10.0 5 0 0 0 18 0 79 541 

10.0 5 0 166 146 22 0 0 0 

10.5 5 110 66 286 416 165 0 0 

11.0 4 33 19 33 25 121 286 53 

12·5 4 76 63 173 71 0 12 0 

14.0 3 14 0 148 10 0 0 98 

20.0 1 0 0 0 269 0 218 0 

mean 678 

suo 

1703 

638 

334 

1043 

570 

395 

256 

487 
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Table 5.6 (Data continued) 

(f) 

Plant mV Picrate days 

No. R1 score 3 6 9 12 15 18 sum 

T4 10.0 5 0 26 477 0 214 0 717 

F 12.0 4 0 24 16 103 23 24 190 

E5 14.0 3 0 13 24 316 103 17 473 

D 14.0 3 0 0 0 116 0 6 122 

T7 16.5 2 21 9 54 0 54 62 200 

J 17.0 2 0 0 0 163 0 256 419 

F4 18.0 1 85 0 0 7 212 91 368 

36 20.0 1 0 12 40 40 0 16 108 

mean 325 

(e) 

Plant mV Picrate 
days 

No. R1 score 3 6 9 12 15 sum 

A 11.0 4 35 55 301 119 76 586 

E2 12.5 4 49 0 101 0 0 150 

T5 14.0 3 14 107 0 36 0 157 

E3 14.0 3 0 0 12 5 0 17 

9 15.0 3 14 135 10 0 0 159 

E1 17.5 2 14 0 77 14 0 105 

mesn 196 
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arranged according to a random arr~, the position of each plnnt being 

changed eac h d BY • 

At the beginning of each experiment 40 females and 40 males were 

released into the room. 

The results displayed in tables 5.5 and 5.6, clearly show that the 

plant with the stronger picrate response in an experiment, is preferred for 

egg-laying. When the data is analysed in terms of picrate scoro (Table 5.7), 

this preference is clearly shown. 

Table 5.7 Analysis of the egg-laying preference experiments 

in terms of picrate scores. The data is as mean number of 

eggs/picrate group. 
Picrate Bcore 

Experiment 1 2 3 4 5 
x2 

Bummary p d.f. 

a 262 

b 

c 

d 487 
e 

r 238 
105 

310 

256 

111 

298 

322 
178 
838 
483 
368 
190 

330 
367 
997 
930 

717 

9.1 

65.5 
13.8 

443.0 

232.0 

505·0 

<0.05 

<0.001 

<0.001 

<0.001 

< 0.001 

<0.001 

When type 5 plants were present, then they were the preferred plants 

for egg-laying, or as in the case of experiment (e), type 4 plants, Chi-

2 

1 

1 

3 
2 

4 

square analysis illustrates the degree of non-randomness in the egg-laying. 

It was notable that the plants with the next highest totals of eggs, 

were not necessarily of the next highest picrate response e.g. experiment 

(c) (Table 5.6) (in which however all plants had rather similar and high 

picrate responses). This was also shown by the analysis of mean number of 

eggs/picrate group (Table 5.7 experiments d & f). This suggests that the 

egg-l~ing response may not be limited to the chemicals giving the picrate 

response. For instance, if the preferred plant has all the suitable sites 

for egg-laying occupied, another plant may be sought which may not necessa-
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rily be that of the next highest picrate score. (The most favoured plant 

tended to have large numbers of eggs laid on it during the early stages of 

the experiment). Schoonhoven (1972) and Ma & Schoonhoven (1973) suggest 

that other chemical stimuli m~ be involved in the selection of host plants 

e.g. variation in appropriate levels of sucrose; these experiments may 

illustrate such variation. Individual imagines also vary in their degree of 

response to chemical stimuli (Ma & Schoonhoven 1973); again this might 

account for some of the observed variation. 

5.5) Summary 

The results in tables 5.5 and 5.6 agree with.the field studies, in that 

the higher picrate response plants tend to be those selected by gravid 

P. brassicae for oviposition, although Dome eggs may be laid on plants of all 

picrate responses. The overall effect is for the higher picrate response 

plants to suffer greater damage from larvae, th~n will lower picrate response 
prl&:-fl ower inG 

plants. It was very noticeable in the field that only plants were 

predated; this observation probably fits in with the work of Ilse (1937). 

She found that gravid P. brassicae are stimulated to egg-laying on green or 

green blue substrates; ye1101'1 substrates only elicit a feeding response. 

Predation is usually at a loy level during the flo~ering eeason, but whst 
pr~fl owering 

predation there is would be confined. to the I plants (the flowering 

plants produce many spikes of yellow flowers). Lster in the season when 

predation is at its peak, flowering plants have very few leaves, ~~d as a 
pre-flowering 

result they probably have little 'visual impact', I' pls!'lts promoting 

a much greater visual response. On the few occasions \olhen larvae have bec;l 

observed on floweripg plants, theae plants have had leaves more typical of 

sterile plants. 

As mentioned in the introduction (section 5.1), previous workers have 

Buggested that there was no relationship between levele of sinigrin a~d 
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egg-laying preferences. The results in chapter 4 suggest that sinigrin will 

be present in most plants (every type 5 plant contains sinigrin), and that 

gravid P. brassicae are responding to variation in the levels of sinigrin 

derivatives (variation in the levels of glucosinolate derivatives are 

usually taken to indicate variation in glucosinolates, Kjaer 1960). ~!y 

results suggest that the higher the levels of sinigrin in a plant, the 

greater its chance of being chosen for oviposition, and subsequent larval 

predation. 



-87-

6) THE ROLE OF OO'HER PREDATORS JJ..T]) PATHOGENS ON B. OLERACEA 

6.1) Introduction 

It was demonstrated in chapter 5, that Pieris brassicae may bo onc of 

the major determinants of picrate score frequency in wild populations of 

B. oleracea. The importance of P. brassicae is confined to the mature, 

sterile phase of B. oleracea. It was noted in chapter 4 that strong selec-

tive forces also operate at the seedling stage, but in a reverse direction, 

low picrate acore plants being preferred. 

_..L .... , .... stage, 

Erratum. ) picrate 

For Helix aspera read Eel ix nSD€rSa 19 the course 

P. brassicae appears to be most important as a debilatory factor rather than 

a cause of death. Observations in both the laboratory and field suggest 

other species may actually cause death. Also, at the seedling stage, no 

dead seedlings were observed, despite in· some cases a 90% mortality being 

inferred (no doubt this is through the non-persistence of dead seedling 

tissue). It was apparent that at this stage, a number of predators and 

pathogens were important. 

6.2) The role of Molluscs 

pre-flowering 
Snails were co~monly found on mature plants (both I and flowering), 

particularly Helix asnera. (MUller) (Plute 6.1) a"ld at Bome sites Capen 

nemoralis L. H. Mnera may cause exte..'lsive daolaee (Plate 6.2), al thouCh 

this is exceptional. There was no direct evidence of snail~ predating 

oeedlings. Slugs were rarely found cn mature plants, al th.ough both A!'ion ater 

L. and ARriol im:u:: reticulatus (MUller) were recol-ded. There is so~e evidence 

that they are important as seedling predators. 



Plate 6.2 B. oleracea extensively damaged 

by 111ol1uscs at Tynemouth , Northumb erland. 

Plate 6.1 

Cornwall. 

Helix aspera grazing B. oleracea at Looe, 

~ 
co 
I 
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6.3) Experiments on Molluscan food preferences. 

Palatability experilte.'lts were performed in a similar manner to the 

P. brassicae studies. The major problem in studies of Molluscs, is the 

necessity of keeping the experimental chambers cool and moist. It ~as 

found throughout these studie!3, that Molluscs prefer to oat cellulose in 

the form of filter paper or cotton wool rather than B. 01 eracea I eaves (a 

similar effect has been observed in cyanogenesis studies, see Jones 1972). 

Thus these materials could not be used to keep the experimental chambers 

moist. A comparatively satisfactory answer, was to line the dishes with 

saturated, fine sand. In some cases, particularly with slugs, this medium 

did not appear to be suitable (see lnter). 

In all cases the animals were starved for 24 hours prior to the 

experiments. One animal was placed in each dish, containing t .. -o standard 

laminar discs (section 2.2) of different picrate response. The snail 

experiments were run for 4 hours Dnd the slug for 6 - 8 hours. At the end 

of this period, the discs were lightly dried and re-weighed, the results 

being calculated as the percentage of the total weight eaten per discs, as 

against controls (Table 6.1). 

In the case of H. aspera 106 such tests were carried out, although the 

shortage of picrate types 3 and 5 precluded the full range of comparisons 

being made. As the data suggests, (Table 6.1£1) no o-..rerall preference was 

shown between the different picrate types. This bears out the field obser­

vations, that H. espera (and C. nemcralis) are found on plants of all picrate 

types. 

In the similar experiments carried out USlltg the slugs A.ater and 

A.retj.culatu!l, it was found almost impossible to 6uccessfully run experimentc. 

Despite many attempts to provide suitable conditione, only one series of 

experiments using A. nter worked (involving 15 comparisons, Tsble 6.1b). 



-90-

Table 6.1 Choice experiments using H. asnera and A. ater. 

The results are as t- values with their associated probabilities. 

(a) H. aSIle.r! 

(b) !: Ater, 

1 
P 

2 
p 

3 
p 

4 
P 

3 
p 

4 
p 

Picrate score 
1 2 3 

2.7 
(0.1 

'1.4 -9.G 
<0.2 (0.001 

-0.5 15.0 * 
N.S. < 0.001 

2·5 1.7 -0.2 
U.S. N.S. N.S. 

Picrate score 

1 3 

-1.2 
N.S. 

0.5 
u.s. 

-0.3 
N. S. 

4 

-2.1 
(0.05 

Key. the lower picrate response was favoured 

N.S. probability > 0.2 

* no data available 
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The main problem was that the slugs would not feed on the discs. Nume-

rous deaths occurred, which were apparently not due to lack of moisture. 

It may have been due to starvation. alternatively toxic compocnds released 

from the discs killed the slugs, or deterred the slugs from feeding. 

If the few successful experiments are considered, then no preference 

was shown. As with H. aspera and C. nemoralis, A. ater has been found on 

mature plants of all picrate types. However some work by \Uthers (1974. 

unpublished data) on the selection of picrate morphs by Agriolimax a~restis 

is of note. She found that this species of slug when offered a choice, 

preferred low picrate response laminar tissue, particularly when the plants 

o 0 had been pretreated at 4 C as compared with 22 C. 

A series of time-lapse films were made of the slug and snail palata­

bility experiments. Various features emerged from these films. The animals 

all ehowed strong search-image patterns. Usually all the discs would be 

'sampled', but it was not obvious why anyone disc (~nich could be either 

of low or high picrate score) was eaten further. In several cases both 

slugs and snails appeared to be 'deterred' from eating more of the discs, 

after having 'sampled' only one or two discs. 

The conclusion drawn from these .studies, was that Molluscs probably 

do not show any preference as to different picrate types of mature laminar 

tissue (although Withers' work should be not€d). The numerous slug deaths 

suggested that they either found, mature laminar tissue unpalatable or that 

it was toxic. In many slug experiments the tissue was not touched, ~ich 

suggested that it was the volatile corr.pounds tn the tissue which .Tere 

noxious. These reactions were not observed with H. aspera. 

Mulluscs would not seem to be important as determinants of picrate 

frequency, by their grazing on mature plantae At the seedling stage this 

situation may be different. 



As has been mentioned, there were few seeds set in the past fe~ years 

and in only one season (1974-1975) could a few patches of seedlings be 

observed. These patches were visited each month, from October through to 

May. Despite the numbers of seedlings declining by up to 90% in one patch, 

tew traces of Molluscan damage were observed and no 'slime trails' were 

found. From photographs taken during the visits, it is possible to make out 

d.amage due to slugs (Plate 6.3), which suggests that slugs may have been 

important predators. 

A laboratory experiment using seedlings was attempted. If individuals 

of A. ater were left in a tray of seedlings, even for a few days, they 'WOuld 

not eat the seedlings. Instead they buried into the so11 or escaped through 

the drainage holes. This suggested that noxious, volatile compounds were 

being released from the seedlings. In a similar experiment using H. Aspers, 

mechanical damage was the major cause of seedling death. An attempt was 

made to compare the reflectance values of the untouched and partially eaten 

seedlings. No significant difference could be found between the reflectance 

values of the two groups (untOUched mean - 18.3, partially eaten mean. 18.8, 

t _ 0.68, p not significant). 

At the seedling stage, allyl isothiocyanate (AlTO) is rel atively more 

important as a volatile component than it is in mature leaves (Greenhalgh 

1976), the ratio between AlTO and allyl nitrile being more nearly equal. 

The quantity present in seedling cotyledons may be more than ttn times that 

of mature laminar tissue. The maximum recorded from OLe analysis in 

B. oleracea subsp. oleracea mature tissue was 0.56mg/100g fresh weight, 

whilst in B. oleracea c v. Jenuary King seedlings, the mean level was 

6.3mg/100g fresh weight (c v. January King iR the cuI ti'llltetl cabbage wi ~h 

the most similar biochemistry to that of Bubsp.oleracea, sufficient seedl1nga 

of subsp. oleracea being unobtainable). It would be expected that higher 

levels than this m~ be found in seedlings of subsp. oleracea. 



Plate 6.3 Damage to B. oleracea seedlings at 'I'ynemouth due to I1Iollus cs (K), Pb,yllotreta spp . (p) 

and Sitona spp . (S). 

I 
'-0 
y 
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To test the effect of AlTC on Molluscs, artificial media impregnated 

with AlTC were prepared. Agar discs (2.01 cm2 in area ) • consisting of 

0.3g agar and 0.2g cellulose in 10ml water were used (Nayar & Thoretelnaon 

1963). As a food source these were found to be acceptable to both H. a~pera 

and A. ater. The plates containing a knon~ weight of agar were lightly 

o dried when open, at 50 C for 20 mine. 0.5ml of a solution containing a 

known weight of AITC was then spread over the surface, the lid being replaced. 

By means of vegetable dyes which had no effect on the palatability, it was 

possible to follow the penetration of the AITC solution. Once the Egar was 

fully penetrated, standard discs (section 2.2) were cut and used in palata­

bility experiments. A r~ge of concentrations of AlTC \,ere used, from 0.5mg/ 

100g to 8mg/100g. Two discs of different concentrations were presented to 

the test animals, in petri dishes lined. with saturated sand. After two 

hours the quantity of disc of each type eaten, was assessed by eye. 

It was found that there was a threshold effect at 3~/100g. At this 

concentration and below, no preference was shown for anyone concentration. 

Above this con~entration the discs were not touched. This relationship 

was quite clear for H. aspera. At concentrations above 3rr~/100g the animals 

appeared to move as far away from the discs as possible. In the case of 

slugs, A. ater was used. A number of deaths occurred again (Withers 1974, 

(unpublished data) observed a similar effect), but ~nere the animals did 

feed, the same threshold effect was observed. This suggested that AITC may 

be particularly toxic to slugs in enclosed situations, 'tThich could Explain 

the problems met with in other experiments. The presumed lower suscepti-

bility of snails to poisoning by gaseous AlTC, may be b~causa they can 

retreat into an impervious shell. 

This result is important with regard to seedling damage. As mentioned 

in chapter 4, during tbe winter months the picrate frequency of seedling 
and it is 8U8&ested that 

populations chal'Jges,. 7 lO'j( picrate Elcore seedl:1ngs tend +'0 be lost I 
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a preponderence of high picrate score seedlings surviving. Work on cultiva-

ted B. oleracea seedlings shows the high levels of AITC reached. These levels 

(perhaps greater than 6 mg/100g) are probably well outside the palatability 

range of Molluscs. Thus it is likely that only those individuals with low 

levels of AlTC would be eaten. This probably nl so explains the uniform 

distribution of Molluscs on mature plants of every picrate type, since these 

plants contain comparatively low levels of AITC. 

It should be noted that there is evidence to suggest that many popula­

tions of B. 01 eraeeR are derived from cultivated plants (Mitchell 1976, 

Appendix E). The levels of AlTC recorded in cv. January King are the maximum 

found in cultivated crops, the levels in other crops being much lower than 

thio (Greenhalgh 1976). It might be expected that a wide range of AITC levels 

would be found in wild seedlings. There is at present no direct evidence 

linking the picrate test with levele of AlTC. However it is shown (chapter 

3) that the picrate test responds to allyl-nitrile and thus presumably to its 

progenitor sinigrin. As AlTC is also a derivative of sinigrin it is reaso­

nable to suppose that AITC may v~y with the picrate test. The range of 

picrate types detected in seedling populations is equal to that in adults 

and thus high picrate score seedlings mB3 be protected from Molluscan attack. 

6.4) The role of fungal pathogens 

Only one fungal pathogen was observed on mature plants, a powdery mildew 

of the genus Erisyphe (Plate 6.4). It was only observed at Tynemouth, where 

six plants became infected, all of picrate type 1. No deaths occurred due 

to the pathogen. 

The other main pathogen is the downy mildew Peronoenora parasitica 

(Pers ex Fr.) Fr. (Plate 6.5). Commercially this species is a very impor­

tant pathogen of seedlings (Greenhalgh & Dickinson 1975). It is almost 

certainly found on wild populations (J.R. Greenhalgh, pers. comm.) ~mere it 

could be important in determinL~g the picrate frequency. Greenhalgh (1976) 

has shown that P. parasitica is very sensitive to AITC. The only cultiver 
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Plate 6.4 Powdery mildew, Erisyphe spp., on B. ol eracea at 

Tynemouth, Northumberland . 

Plate 6.5 Seedling B. ol eracea infected by the downy mildew , 

Peronospora parasitica, during screening for resistance . 
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resistant to it is c v. January King, which produces large quantities of 

AlTO as a seedling. A threshold effect operates such that at a concentration 

below 5mg/100g fresh weight, seedlings are susceptible to the pathogen. 

Greenhalgh and I screened several populations of B. oleracea for resistance 

to P. parasitica; the frequency of seedling resistance being compared to 

the overall frequency of picrates type 3, 4 and 5 in the populations 

(Table 6.2). 

Table 6.2 A comparison of the overall frequency of picrate types 

3., 4 and 5 in adult populations, against seedling resistance to 

P. parasitica. 

Picrate score 

Population 3 4 5 1> Resistance 1 

8. Foreland 14·9 14.9 6.3 9.8 
Crail 36.2 36.2 1.7 0.7 

Tynemouth 11.0 1.4 0.0 0.1 

Tenby 0.0 0.0 0.0 0.05 

Great Orme 4.8 0.0 0.0 0.0 

1. ~ of seedlings surviving infection under standardised incubation 

conditions, see Greenhalgh & Dickinson (1975). 

The results in table 6.2 suggest that the percentage resistance to 

P. parasitica may be correlated with the frequency of adult picrate type 5 

plants in the population. This further suggests that type 5 plants have 

preferentially survived from the seedling stage, in populations in which 

the infection of P. parasitica on seedlings may be important (although a 

survey of ~.1011usce.n pOpulation sizes would also need to be carried out, 

before any conclusions could be d~awn, since they could pl~ a similar role). 

The role of P. parasitica in the field is otherwise unknown; no evidence 

of it was found in the patches of seedlings at Tynemol1th. Infected seedling3 

will die Bnd decompose,very rapidly (in less than 10 d~St J.R. Greenhalgh 
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pers. comm.), thus these may not have been detected. 

6.5) The role of other species of potential importance at the seedling stage. 

At the seedling stage two groups of insect commonly cause damage, the 

flea beetles (Ppyllotreta spp.) and weevils of the genus Sitona. There is 

evidence that species of both genera are active in wild populations (Plate 

6.3, damage identified by B.J. Selman), but their response to variation in 

the volatile compounds from B. oleracea is not kno~n. The photographs 

~uggest that the majority of seedlings are liable to be attacked. 

6.6) Species occasionally found on mature sterile plants. 

The larvae of another Lepidopteran, Pieris rapae are occasionally 

found. On the few occasions where it haa been found, the larvae were on 

type 5 plants. 

The cabbage aphid, Brevicorvyne bra~sic8e L. (Plate 6.6) is co~~only 
pre-flowering 

found on mature plants (both I _ £nd -flowering), although it rarely 
on its own in the field. 

causes severe damage! The main effect of this species is debilato!j", 

particularly when a plant ehowed severe infestation (Plate 6.7) although 

except under laboratory conditions no deaths were recorded. In the 1abora-

tory B. brassicae infestations occurred after the conclusion of predation 

studies with P. brassicae larvae. The damaged plants ~~u1d become infested 

with aphids, severe leaf curl resulting; the plants rarely recovered. 

Tertiary fungal and bacterial infections were al so irtportant at this stage. 

These observations suggest a means by which high picrate score plants m~ 

be lost from a population. After da:nage ;,y P. ~r asstcae larvae, the tissues 

.. 111 release AlTC. Van Emden (1972) has demonstrated that B. bl'a8s~.CR.e 

responds positively to increased concentrations of AITC end sinigrin I 

thUG they would tend to be a~tract€d to da~aged plants. The deb1latory 

effect of E, brassicae.perhaps prevents materials beir~ stored in the tap 
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Plate 6.6 Brevicorvyne brassicae infesting a flowering spike 

of B. oleracea, at Durdle Door, Dorset. 

Plate 6.7 B. oleracea severely infested with B. brassicae at 

Tynemouth, Northumberland . 
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root. This effect could cause over-wintering difficulties, or may hold 

the species back in the following growing season. 

6.7) Predators of the flowering plants. 

Few species are found feeding on flowering individuals. P. brasBicae 

is rarely found on these plants; snails end B. brassicae are occasionally 

found, the latter may completely clothe the flowering spike (Plate 6.6). 

T~~ species have become of importance since 1970, these are the cabbaGo 

seed weevil, Ceuthorr~ynchus assiimilis (Payk.) and a gall midge DasyneuTA 

Erassicae (Winn.) The former species makes small holes in the seed pods 

through which it lays its eggs. The larvae usually eat all the seeds in 

the pod. The second species, D. brassicae lays its eggs through the holes 

made by c. a'ssiiml1is (Etlwards & .Heath 1964). These laryae eat the seedo 

and also cause premature ageing of the seed pods, \dth the subsequent conplete 

loss of seed. I have also observed secondary fungal and bacterial infections 

of the damaged pods. Extensive studies at Tynem~yth demonstrated that plants 

of all picrate scores were affected; in the seasons 1973-1975 there was 

almost 100% seed loss. }~l the populations on the N.E. coast ware similarly 

affected. Lesser damage has been observc~ at S. Foreland and Tenby.(Pla~e 5.7) 

6.8) Summary 

Predators and pathogecs were shown to be very important at the seedling 

stage, particularly P. parasitica and probob:!.y !·{olh:scs; these might be respon­

sible for the observed change in picrate response in seedlings. The high 
be 

picrate response seedlings would apparentlyl reslatant to these organisms, 

probably through high levels of allyl iaot~iocyanate. 

pre-:fl ower ing 
At the mature, JI Dtage, B. b~ssicae in conjunction witc 

P. brassicae is probably responsible for the loss of high picrate score 
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Plate 6. 7 Damage due 

Dasyneura brass i cae at ~yne ou·h . 

seeds, as well as the premature ageing . 

assiimi is and 

aged and infect ed 
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plants from the populations, counteracting the increased numbers of high 

picrate score plants entering the adult population. 

Selection pressures from predators appear to become relaxed on the 

flowering individuals; instead there is damage to the sews. The effect 

of seed predation can currently be seen in the wild popul&ticns, in Which 

there are few plants of less than 3 years of age. (Table 4.5). 
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7) DrnERITANCE OF THE PICRATE RESPOUSE/GLUCOSINOLATE CONTENT 

Very little research has been undertaken on the inheritE1ce of 

glucosinolates. Principally it has been concerned with the glucosinolate 

content of various crop Brassics seed meals. Kondra (1967) thowed that 

the levels of glucosinolates in the seeds of B. cempestris were similar to 

that of the maternal parent after crossing. He also showed that the genes 

controlling the levels of gluconapin, glucobrassicanapin and progoitrin 

segregate independently in B. campestris. Kondra & Stefannson (1910) 

undertook similar analyses of B. napuR L. Bec~s. They again found that 

gluconapin, glucobrassicanapin and progoitrin showed maternal effects on 

reciprocal crossing, except that in B. napue thes'e three glucosinolatee do 

not segregate independently. Kondra & Stef~~nson (1970) also obtained 

evidence on the numbers of alleles controlling low levels or absence of 

these three glucosinolates. Three recessive .a11eles control low gluconapin 

content, the control of high gluconapin content showing partial dominance. 

There are four or five alleles controlling absence of glucobrsssicanapin, 

there being heterozygote superiority in the control of high production. 

For progoitrin, the control of high levels of production shows partial 

dominance, four recessive alleles ccntrolling its absence. 

There is a small quantity of work on the inheritence of the thiocyanate 

producing glucosinolates in laminar tissue, i.e. glucobrassicin and neo­

glucobrassicin. Josefsson's (1967b) results indicated that the thiocyanate 

content of B. nopu~ and B. oleracea were partly under genetic control. He 

found that the thiocyanate cont ent of individual B. nopus plants, was highly 

correlated with their selfed progeny. Johnston & Gosden (1915) working on 

forage kale (B. oleracea) have shown that there is a high d~gree of heri­

tability between the thiocyanate content of F1 hybrids and their mid-parent 

values. They state that the volatile isothiocyanate content varies indepen­

dently of the thiocyanate content. My results similarly show that the 
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picrate response and thus probably the sinigrin content varies independently 

from the thiocyanate content (section 3.4.2). 

At present there are no published experiments on the inheritance of 

the glucoainolates producing volatile derivatives in B. oleracea. I 

attempted to analyse the inheritance of the picrate response both under 

laboratory and field conditions. However, I found it impossible to induce 

flowering in the laboratory by the usual techniques i.e. by varying day 

length and/or temperature. Under field conditions some crosses were m3de. 

However the total loss of seed resulting from Dasyneura brassicae &~d 

Ceuthorrhynchus assiimilia attack prevented any further a.~a1ysla. Some 

data is available on the picrate reaponoe of naturally occurring seedlings 

at Tynemouth, arising from presumptive parents of known respcnse (Table 7.1) 

Table 7.1 A comparison of the maternal picrate response with 

the response of seedlings immediately after emergence in October. 

Renectance mV 
Ref No. Parent Mean seedlings 

P1 8.5 13·5 

TS3 13.0 18.5 

P2 14.0 14.9 

TS2 15.0 18.0 

P1A 15.5 17.8 

D1 17.0 18.8 

TS1 17.0 19·9 

Analysis of this data suggests that the meen reflectance val ue of the 
d.~. 6 

seedling is correlated to tb.at of the mate=nal parent (r • 0.819 p( 0.021. 

2 As might be expected from this result, the X of the difference between 

2 
the seedling and parent reflectance values is not significa~t (X • 7.19 

d.~. 6 
p (o.3f. This result sugge3ts that fer the inhcritence of sinigrin, there 

may also be maternal effects. The generally lower mean picrate response 

(i.e. higher ref1ectan~e val'..les) of seedlu18s compared. with pare.r.ts is not 
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understood, although it may reflect relatively low glucosinolate production 

in seedlings or pattern of volatile derivatives. 

Work by Natti et al (1967) on the inheritance of resistance in cabbages 

to Peronospora parasitica provides indications of the allelic control of 

sinigrin levels. Greenhalgh (1976) has demonstrated that high AlTC levels 

confer resistance to P. parasitica. Natti et al found that resistance to 

P. parasitica was governed by one or sometimes tw~ independently segregating, 

dominant alleles. This suggests that high levels of sinigrin may be con­

trolled by one or more dominant alleles. 

Summary 

There is no direct evidence as to the inheritance of glucosinolates 

producing volatile derivatives in B. oleracea. Work on other glucosinolates 

and species, suggests that there are maternal influences on the glucosinolate 

content of offspring. Indirect evidence for B. oleracea suggests a similar 

pattern of inheritance for sinigrin. 
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8) DISCUSSION 

.The role played by secondary plant substances such as glucosinolates, 

cyanogenic glucosides, alkaloids, phenols, tannins etc., in conferring 

protection against herbivores and pathogens has long be~~ surmised, although 

little studied until comparatively recently. Fraenkel (1959) cites Stahl 

in 1888 as the first to consider that such secondary substances play a role 

in plant defences. Vers~affelt (1910) subsequently showed that they can 

also serve as attractants to insecte. Brues (1920) extended this observa­

tion, in that he considered that insects "Tere attracted to their host plants 

by a complex of chemical stimuli (not just secondary chemicals). He also 

suggested that the often exclusive association between Lepidopteran genera 

and various plant families, were based on specific chemical stimuli. This 

has led to the view that tinny animals and their host plants form a co-evol u­

tionary relationship, which acts through the presence of secondar,y compounds 

in plants (Derthier 1954. Ehrlich & RaVEn 1964, Fraenkel 1959, Jones 1973). 

A considerable body of ~ork is now published on the stimulato~y and 

inhibitory effects of secondary compounds in plants ,on en imal responses. A 

number of reviewers provide lists of compounds known to have such effects 

e.g. Fraenkel (1959), Levin (1971), Schoonhoven (1972). More general reviews 

on the effects of secondary compounds are provided by Thorsteinson (1960) on 

host selection and Beck (1965) on plant resistance. 

The stimulatory effects of glucosinolates on insects is ver,y well 

documented. Verschaffelt (1910) demonstrated that glucosinolates end their 

derivatives act as a fe€dl~g stimUlant to larvae of Pi~r!s brassicae and 

P. ranee. He demonstrated the acceptability of plants from the C~uciferae and 

from the closely related families Resedaceae, Tropaeolaceae and Capparidaceao 

to these predators, all these families possess glucosinolates (Kjaer 1960, 

1974). Ho.ever, Step&nova (1961) demonstrated that larvae prefer the species 
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of host plant on which they are normally found i.e. B. oleracea for 

P. brassicae. 

It has been shown that sinigrin and AlTC are the feeding stimulants 

for a number of species of insect including P. brassicae (Ma & Schoonhoven 

1973), P. rapae (Hovanitz & Chang 1963 ),P1utel1a maculinennis Curt. 

(Thorsteinson 1953), Brevicorv.yne brassicae (Wensler 1962J van Emden 1972) 

Athalia proxima (Klug) (Bogavat & Srivastava 1968) and Phaedon cochleariae 

(Fab.)(Tanton 1965). Other glucosinolates may act as feeding stimulants 

e.g. P. maculipennis shoWD greater stimUlation from progoitrin than sinigrin 

(Nayar & Thorsteinscn 1963). 

AITC in particular also serves to attract the adults of a number of , ' 
predator species of their host plant for egg laying, including Erioischia 

brassicae (Bouch~) (Traynier 1965), Listroderes obliguus (Klug) (Matsumoto 

1970), Phyllotreta cruciferae (Goeze) and P. striolata (F.) (Feeny et al 

1970), Psylliodes chrysocephala L. (Queinnic 1967), Plutella maculipennis 

(Gupta & Thorsteinson 1960), Pieris rapee (Hovanitz et al 1963 ). Although 

P. rapae will respond to more than one isothiocyanate (a11yl-, phenyl-

and 2-phenylethyl- ITC; Hovanitz et al 1963 ),they suggest that most 

Pieridae are specifically attracted to the isothiocyanete group, hence their 

close association with the Cruciferae. P. brassicae is apparently not 

attracted to B. oleracea by AITC however (Ms & Schocnhoven 1973) (it is 

later argued that allyl nitrile may be the specific attractant in this case). 

In a number of cases glucosinolates and their derivatives have been 

sho~~ to have deterrent effects on insects e.g. v.yzus perRicae (Sulzer) 

(Wearing 1968, van Emden 1972) and Manduca ~exta (Schoonhoven 1972). 

Glucosinolates and their derivatives are also toxic to many organisms. 

Saarivirta in Virtanen (1962) has demonstrated antimicrobial activity of 

several naturally occurring 1sothiocyanntes against Penicillium glRucum 



-108-

and StaphYlococcus aureus. Smissman et al (1961) have shown that indole-3-

acetonitrile (a derivative of glucobrassicin) was toxic to Penicillium 

ehrysogenum. However, Stahmann et al (1943) could find no relationship 

between levels of glucosinolate derivatives and resistance to clubroot 

(Plasmodiophora brassicae) in B. oleracea. The derivative of gluconasturtiin, . 

2-phenyl-ethyl-ITO, found in the roots of B. rapa has been shown by 

Lichtenstein et al (1964) to have insecticidal properties. Similar effects 

are reported for indole-3-acetonltrile (Smlssman et al 1961). 

The derivative of progoitrin, 5-vinyl-2-thiooxazolidethione, and the 

thiocyanate ion released on hydrolysis of glucobrassicL~, can be very toxic 

to mammals. The principal effects are to cause iodine deficiency and haemo­

lytic anaemia. Much plant breeding wrk has be en carried out, to reduce the 

content of these compounds in seed meal s of B. napus and B. cp.T!1nestris 

(Appelquist & Josefsson 1967; Josefsson & Appelquist 1968). The 3-butenyl­

ITO present in these meals is also toxic, as is the p-bydroxybcnzyl-ITO fcund 

in Sinapis alba L. seeds (Josefsson 1968~. The use of B. olera.cpa as a 

fodder crop has caused similar problems (Johnston & Gosden 1975; Josefsson 

1967b). 

Depending upon the predator, glucosinolates and their derivatives have 

been shown to be feeding stimulants, attractants and deterrents (often 

toxically so). Sinigrin and AITO have been particularly studied with regard 

to insects, although some work implies that similar responses could be 

obtained from other glucoainolates and isothiocyanates. There is often a 

concentration effect I the higher the concentration, the greater the stimulus; 

although this is not universally so. For some species a threshold response 

operates as in P. brassicae (Ma & Schoonhoven 1973). 

The role of nutritional factors is e~uivocal (for a review see Beck 

1965). Fraenkel (1959, 1969) argues that secondary substnnces are the 
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primary factor in any attractant/deterrant response, nutritional factors 

being of little importance. Evans (1938) demo!'lstrated that P. brassicae 

larvae reared on B. oleracea plants grown under a low light regime (and 

hence nutritionally poor), developed to the 5th instar more slowly than 

larvae on normally grown plants, but still reached their final development. 

Stepanova (1961) similarly found that larval development was independent of 

the nutritional status of the host plant. Adult members of the Pieridae do 

not necessarily respond to sugars (Ma & Schoonhoven 1973), although larvae 

of P. brassicae do possess amino acid receptors (Schoonhoven 1969). Benepal° 

& Hall (1967) could find no relationship between the levels of protein in 

varieties of B. oleracea and their resistance to ~ttack by P. rapae, although 

such a relationship m~ occur with respect to free amino acids. Using the 

larval stage of P. brassicae, Schoonhoven (1967) demonstrated that a greater 

feeding response was obtained on artificial media, when sucrose and sinigrin 

were combined. This will however occur subsequent to the selection of the 

host. 

An alternative theory to that of Fraenkel, is the "dual-discrimination" 

theory of Kennedy (1958). In this theory, insects respond to a host-specific 

stimulus (probably a secondary compound) and a nutrient stimulus, which the 

insect 'assesses' for suitable levels of nutrients and/or deterrents. This 

theory does not seem to hold for the predation by Pieris spp. of B. oleracea, 

although it may be true for other interactions. Kennedy0965) in support of 

his theory, makes the point that in agricultural systems, varietal differences 

are of importance. He believes that secondary substances do not vary su!­

ficiently between varieties to account for differential varietal resistance. 

Instead he proposed that variation in nutritional factors accounts for 

these differences. The present work suggests that the converse is likely 

to be true. 

Within the Brassi7inae both qualitative and qusntitative variations 
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have been observed in the levels of glucosinolates (Josefsson 1967a). 

Although much of this work has been concerned with seed meals, variation 

has also been observed in the levels of glucobrassicin in laminar tissue 

of B. napue, B. campestrie and B. oleracea (Johnston & Gosden 1975; Josefsson 

1967b). Greenhalgh (1976) has shown that there is a considerable range in 

the levels of AITC in laminar tissue of B. oleracea cultivars. Differential 

resistance between B. oleracea cultivars to predation by P. rapae and a 

number of other pests has been investigated (Radcliffe & Chapman 1966a, b) 

although they could only conclude that resistance or susceptibility was 

related to the colour of the variety, red cabbages apparently being less 

attractive (this has recently been confirmed by Dunn & Kempton (1976». 

Size of plants did not appear to be important. Unfortunately however, 

glucosinolates were not investigated by Radcliffe & Chapman, although Dunn 

& Kempton concluded that volatiles did not have an important role in resis­

tance or susceptibility. This colour response m~ be in accord with the 

observations of lIse (1937), who found that gravid P. brassicae preferred 

to l~ on green or green-blue substrates, whilst yellow substrates only 

elicited a feeding response. 

It has frequently been reported that sini8rin serves as a short dis­

tance attractant for gravid, adult P. brassicae, but there is no previously 

published ~~rk which demonstrates that P. rTassicae preferentially selects 

any particular variety or morph, with respect to glucosinolate content, aa 

is shown here. It is notable that no work has shown how P. brassic~~ 

perceives B. oleracea from a distance. It is assumed here that volatile 

glucosinolate derivatives are involved. 

In this study, the role played by glucosinolates as attracta~ts to 

P. brass1cae has been confirmed, but the attractants would appear to be one 

or several of the glucosinolate derivatives detected by the picrate test 

rather than sinigrin ~tself. The degree of perception that gravid 
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P. brassicae appear to possess to glucosinolate derivatives, has also not 

previously been demonstrated. It is clear that gravid females select 

certain picrate morphs, revealing a hitherto unrecorded level of discrimi­

nation. Sinigrin is probably present in most plants selected for oviposi­

tion (section 3.3). The picrate test is a measure of allyl nitrile release 

(for types 4 and 5 at least) which it is suggested follows the sinigrin 

content of leaves; however sinigrin itself is not volatile and thus 

P. brassicae would not detect it from a distance. It has been shown that 

AlTC is not the attractive principal in B. oleracea (Ma & Schoonhoven 1973); 

thus allyl nitrile may fulfill this role, although this has not been inves­

tigated. Alternatively, P. brassicae might respond to one or more of the 

other volatiles released from B. oleracea e.g. various aldehydes, alcohols, 

ketones and sulphides. Sulphides in particular have been shown to be 

important in other insect/plant interactions (I.!atsumoto 1910), although not 

for the Lepidoptera. 

It is not clear Whether plant morphology can act as an attractant. 

Radcliffe & Chapman (1966a) could not detect any response in P. rapae to 

plant size; although my observation that, except on rare occasions, only 

sterile plants are predated (section 5.5) suggests that the plants have to 

present a certain visual st1r.tulus prior to oviposition. 

During the field collection of picrate data in the present work, a 

series of morphological characters were scored (Appendix F). Of these, 

it was found that picrate score was particularly correlated to leaf shape 

(Kendall's tau .. -0.1304 p <: 0.001, after partial correlation analysis). 

and plant width to height ratio (Kendall's tau _ 0.1391 P < 0.001, after 

partial correlation analysis). It is not kno~ whether theRe characters 

arc of any significa~ce to P. brasslcae; previous work suggests they are 

not. However, an investigation was made to determine whether the high 

picrate score plants i .• e. types 4 and 5, were morphologically distinct 
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from the lower picrate types. A number of morphological characters were 

compared using the t- test (Table 8.1); only characters of leaf end plant 

morphology were included, since I1se's (1937) work suggested that yellow 

co10uration (as in the flowers) does not stimulate oviposition. The data 

suggests that type 5 plants do differ morphologically froo other picrate 

types, more so than type 4 plants (Table 8.1b) (although see Appendix F). 

Whether this is of any importance with reference to susceptibility to 

P. brassicae predation is not known. It could be argued that due to intense 

selection, type 5 plants have become differentiated from the other picrate 

types, becoming visually unattractive to P. brassicRe. In this respect it 

is notable that type 1 plants show the greatest differentiation from type 5 

plants. Any such morphological differentiation may be genetIcally linked 

to 'fitness characters', (such as low glucosino1ate content) thus confer­

ring an adaptive linkage. High glucosinolate content plants, due to their 

attractiveness are at a selective disadvantage with respect to P. brassicae. 

If the morphology of a plant has a role in attracting P. brassicae imagines, 

then plants which have an 'unattractive' morphology will be at a selective 

advantage. Thus there would be a selective pressure for plants which are 

attractive through their glucosinolate content, to be unattractive morpho­

logically. 

Alternatively, glucosino1ate content and morphology may be correlated 

through epistatic or pleiotropic effects. Under these circumstances it 

could probably be concluded that morphology was not related to susceptibility 

to P. brassicae attack. 

Within a population a range of picrate morphs are maintained, and it 

would Beem that this occurs through selection by predators et both seedling 

and adult phases. It would seem likely that P. brassicae is the principal 

selective force operating to reduce the numbers of adult plants, with a 

high picrate response ~chapter 5). The data suggests that gravid P. bra~~icae 
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Table 8.1 A comparison of several morphological characters 

on the basis of picrate score (see Appendix F). 

(a) Mean values Picrate score 

character 1 2 3 4 5 

lamina 

a) length/breadth 1.46 1.43 1.36 1.34 1.40 

b) shape 1.10 1.09 1.12 1.18 1.15 

c) no. basal lobes 3.13 3.25 3.71 3.50 3.38 

d) edge 
1 3.00 3.00 2.73 2.25 2.11 

plant 

e) width/height 1.84 2.34 2·54 2.18 1.56 

f) width/stem diam. 29.01 29.99 33.61 36.26 33.38 

no. observations. 338 115 59 8 
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Table 8.1 (Data continued) 

(b) Comparison of the means • The values are as t-ratios with their 

. associated probabilities. 

Type 5 plants compared with picrate types 

characters 1 2 3 4 

(8) 4.86 2.70 2.68 3.85 
p < 0.001- <0.01 < 0.01 < 0.001 

(b) 11.86 9.75 3.36 4·52 
p < 0.001 (0.001 <0.001 < 0.001 

(c) 4.09 1.19 2.29 0.80 
p < 0.001 N.S. (0.05 N.S. 

(d)2 3.16 2.94 2.96 2·5 
p < 0.001 (0.002 <0.002 < 0.006 

(e) 8.29 11.01 6.52 6.63 
p < 0.001 <0.001 <0.001 ( 0.001 

(r) 10.03 5.32 0.25 2.91 
p < 0.001 <0.001 N.S. <0.01 

Type 4 plants compared with picrate types 

characters 1 2 3 

(a) 4.15 3.16 0.47 
p < 0.001 < 0.01 N.S. Notesl 

(b) 7.78 5.74 2.64 1 Media."l values 
p < 0.001 < 0.001 < 0.01 

(c) 3.06 1.18 0.71 2 Z-statistic 

p < 0.01 N.S. N.S. calculated from the 

(d)2 12.59 14.13 16.12 Mann-Whitney U test 

p <0.001 <0.001 < 0.001 
N.S. Probability >0.2 

( e) 3.44 0.79 0.92 
p < 0.001 N.S. N.S. 

(f') 6.62 3.82 t .12 
p <0.001 < 0.001 N.S. 
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imagines respond to variation in levels of volatile glucosinolato products, 

the plants which release the largest quantities of allyl nitrile 

being the prime targets for egg-laying (chapter 5). Frequency dependent 

effects and/or variation in P. brassicae response, results in a certain 

proportion of lower picrate response plants also being predated. Type 5 

plants show a certain degree of ~orphological differentiatlon from the 

other picrate types; whether this is of any adaptive significance with 

respect to predation is not knorm. 

Although P. brassicae seems to be an important factor in determining 

which picrate morphs survive to floiiering, a very important phase also 

occurs at the seedling stage. It has been suggestca that genetic variation 

in glucosinolate content show!! strong maternal effects (chapter 7). In the 

majority of populations, type 1 arA. 2 pla."lts predominate in the flowering 

stage (chapter 4). Thus at tho early seedling phase, these types aloo 

predominate (chapter 7). A ch3!lce in 61 ucosinolate tYJ,:€3 

may occur during the winter period. At l~ast two groups of organisms 

(Molluscs and P€rono~pora ~n~asitica) may differentially select low picrate 

response seedlings "nich are thought to have low levels of AlTO (chapter 6). 

Molluscan responses to glucosinoletes and their derivatives have not 

previously be~n reported, although similar effects have beEn previously 

reported in fungi (e.g. Saarivirta in Virtanen 1962). 

By May, when rapid growth COC!lJlences, the proportion of picrate morphs 

in Ge~~lings has totally changed as a re~ult of selection, high picrate 

response seedlings dominatL"lg. During subsequent years the hieh picrate· 

response plants are gradually lost fr~m the population. 

Seasonal variation 1n the glucosinolste content of individuals 

(chapter 2) may have an important adaptive role in the protection of 

B. oleracea from predation. D~ing the period of greatest P. brassicae 

predation (August/September), the mean picrate response of a population 



-116-

is at its strongest, thus large numbers of plants might be expected to be 

attractive. Yet at this time of year, variation in picrate response is at 

its highest (section 2.7), resulting in a wide range of mcrphs being 

present. This results in there always being e certain proportion of 

unattractive morphs. There is also a strong picrate response during much 

of the winter period, when attack by Molluscs and Peronospora on seedlings 

would be of importance. The effect of this is to enhance any protective 

qualities of the glucoainolates. During the spring when protection against 

predation m~ not be of paramount importance, the me£n picrate response is 

low (as is the variation), although this may reflect the metabolic mobili­

sation during rapid growth. 

Thus it appears that at different stages in the life history of 

B. oleracea, sinigrin and its derivatives act as deterrents (allyl isothio­

cyanate), attractants (allyl cyanide) and feeding stimulants (sinigrin) 

to various organisms. Through a balance of their selective effects, thcGe 

, organisms help to maintain the variation of picrate morphs in popUlations. 
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APPENDIX A The regression equations derived.for each plant sampleD at 

Tynemouth, relating the weight of tis3ue to the reflectance value (R). 

Plant No. equation r p d.f. 

D1 R-2 .. 4.32 - 14.40g -0·9903 < 0.001 5 

P25 R-2 a 4.66 - 7.46g -0.9633 < 0.001 5 

G18 R-2 _ 4.25 - 3.798 -0.9746 < 0.001 5 

A4 
R-2 _ 

4.76 - 3.22g -0.9914 < 0.001 5 

08 R-2 .. 4.28 - 4.63g -0·9913 < 0.001 5 

135 R-2 .. 4.58 - 13.65g -0.9871 < 0.001 5 

P2 R-2 a 4.29 - 7.79g -0.9615 < 0.001 5 

019 R-2 .. 4.57 - 7.09g -0.9946 < 0.001 5 

P24 R-2 .. 4.74 - 6 •. 718 -0·9944 < 0.001 5 

A14 a-2 .. 4.79 - 6.488 -0.9916 < 0.001 5 

1322 R-2 .. 4.59 - 8.228 -0·9513 < 0.001 5 

07 R-2 .. 4.19 - 4.84g -0·9704 < 0.001 5 

1319 R-2 .. 3.99 - 4.468 -0.9669 < 0.001 6 

P5 R-2 a 4.33 - 14.628 -0.9763 < 0.001 5 

D3 R-2 .. 3.90 - 8.36g -0·9881 < 0.001 5 

1314 R-2 .. 4.33 - 10.22g -0.9646 < 0.001 5 

44 R-2 .. 4.82 - 7.498 -0.9873 < 0.001 6 

A6 R-2 .. 4.01 - 5.4 18 -0.9530 <0.001 5 

43 R-2 .. 4.26 - 9.36g -0·9933 < 0.001 5 

P1 R-2 .. 4.50 - 4.74g -0.9:956 < 0.001 5 

P12 R-2 .. 4.93 - 9.51g -0·9952 < 0.001 5 

G9 R-2 .. 4.57 - 6.30g -0.9670 < 0.001 5 

Pl1 R-2 .. 3.92 - 6.8)g -0.9812 < 0.001 5 

P16 R-2 .. 4.64 - 10.28g -0.9863 < 0.001 5 
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APPENDIX A (Data continued) 

·Plant No. equation ·r .p d.! • 

·P11 R-2 • 4.79 - 4.14g -0.9693 < -0.001 5 

P23 R-2 _ 
4.92 - 12.17g -0.9830 < 0.001 5 

42 R-2 .. 4.75 - 7.89s -0.9114 < 0.001 5 

B10 R-2 • 4.19 - 10.17g -0.9201 < 0.01 5 

A5 R-2 • 4.07 - 5.36g -0.9988 < 0.001 5 

G16 R-2 _ 4.82 - 5.31g -0.9952 <0.;001 5 
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Appendix B. Data collected during the laboratory study of temperature 

induced variation in the picrate teat. The results are as reflectance 

values. 

Plant Temperature °0 

ref. No. 0 ~ 10 15 20 25 

9 10.9 12.5 14.2 13.3 14.2 14·5 

16 13.2 12·5 13.6 14.5 17.1 11.9 

18 11.1 12.5 14.5 13.1 12.8 12.8 

22 15.0 14.8 18.3 15.1 15.1 12.8 

36 14.8 13.9 17.7 15·9 15.4 14.2 

46 13.8 15·4 17.7 15.1 13.9 11.6 

53 16.5 15.5 17.7 18.8 16.2 15·1 

65 16.5 16.8 18.5 15.9 14.5 12.8 

68 14.4 19.4 18.8 20.3 20.3 15·4 

69 14.4 13·5 16.8 18.3 17.7 16.2 

X 18.3 14.2 18.3 18.5 16.8 15·9 

Y 14.4 14.8 17.7 14.5 15.1 18.0 

Z 18.9 18.5 18.3 20.8 20.3 17.4 

Mean 17.1 

Reflectance _ 14.66 + 0.075 (oc) + 0.0182 (°0)2 -0.00086 (°0)3 . 

r • 0.9169 p < 0.01 d.!. 12 



APPENDIX C. The data collected at Tynemouth for analysis of the effects of climate. 
The data are reflectance values for a sample corrected to 0.1g. 

PLANT 
REFEHENCE D1 P25 G18 A4 G8 B5 P2 G19 P24 A14 1322 G7 

NU!:1BE..t:t 

1914 laRCH 22.1 11.2 18.8 16.6 17.3 21.6 8.8 19 24 21.1 20.7 16.5 

APRIL 22 17.9 19.9 21.8 20.4 26.6 14.3 15·3 20.4 22 19.6 21.3 

. MAY 17.2 17.9 21 18.2 17.4 23.2 18.3 18.1 21·5 20.9 19.1 18.3 
JUNE 25.4 19·4 17.9 19.2 18.5 21.8 18.6 13.6 18.~ 11·5 18.7 20 

JULY 23.8 20.2 18.3 21.8 18.6 27.7 11.2 18.2 20.1 17.2 21.0 20.6 
AUGUST 13 12.3 9.3 22.9 12 14.8 9.8 * 15.1 19.6 20.7 11.7 
SEFTE:vIBER 8.1 22.3 * 9.3 10.8 15·2 11 8.2 16.9 14.9 6.6 10.9 
OCT013ER 12.6 15·2 11.8 17.7 16.9 13.2 15·5 11.7 16.9 17·5 16.6 19·4 I ... 
Nov~·rnER 21.3 14.5 14 22.4 15·4 16.9 11·9 10.3 17.2 14.8 19·3 17.1 ~ 

I 

DECEI··lEm 11.3 16.2 15.5 23.7 10.3 15.4 21.7 16.2 18.4 19·4 11.1 19.9 
1975 JANUARY 12.6 21.2 13.2 23.3 12.2 23.4 8·9 12.9 14.3 13.5 24·9 19·2 

Fl2lmARY 8.5 15 15·4 17.4 14.3 12.3 10.1 10.2 12.6 14 12.4 12.8 
fl.ARCH 17.1 15·1 10.9 12.3 13.8 14.4 10.8 11.6 11·9 11.6 10·5 * 
APRIL 13.2 17.8 15.6 19 18.9 19.8 11.8 11.8 16.6 19.1 16.3 20.8 
If.}.y 13.1 18.6 16.9 19 14.7 15.8 17.4 18.8 15.3 13.9 22.9 17.6 

l-~ 16.5 17.0 19.0 15·4 18.8 14·5 11.4 17.1 11.8 



APPn,TJ>IX c. (Data continued) 

PLANT 
REFERENCE B19 P5 D3 B14 44 A6 43 P7 P12 G9 P17 P16 

NUMBER 

1974 MARCH 21.8 11·9 18.7 16.7 13.4 20.4 15·8 11.1 18.1 19·5 18.2 15.4 

APRIL 16.5 23.1 19.3 22.7 20.3 21.6 13·9 19.4 21 21.2 21.1 19·7 
• l,1AY 11 16.4 19.4 18.4 18.9 19.8 16.3 20.2 20.1 18.9 * 13.3 

JUNE 22.8 18.1 17.2 19.3 15·4 23.4 17.2 20.8 18.4 16.2 16.3 18.2 

JULY 20 17.3 17.4 26·9 18.9 23·5 20.2 21.5 16.2 19.8 20.7 20.7 
AUGUST 14.2 10.8 14.2 28.7 10.4 10.4 10.6 17.8 17·5 15.8 11.1 18.8 
SEn'EM:BER 18 10.6 17.7 15·4 16 15 11.2 9 10.4 10.1 11.4 27.8 
OCTOBER 14.6 13.7 12.4 . 19.4 16.5 15.1 14.4 13.4 17 11.3 16.1 14.2 I ..... 
lmV~·mER 12.7 13.5 13 17.1 16.8 10.3 12.6 16.5 21.4 12.3 18.2 13 

I\) ..... 
I 

DECU1J3ER 22.2 27·5 19.1 21.8 20·5 13.2 11.7 18.7 20.3 20.4 * 15.4 
1975 JANUARY 14 21.6 16.1 10.6 19.6 11.7 12.8 18 20.3 18.4 18.1 17.2 

FEBRUARY 11.6 11 12.4 11.1 17.7 13·5 12.7 11.8 18.4 14.8 12.1 12.5 
MARCH 16 16.2 13.2 16.7 16.8 17·9 11.9 13·9 16.2 12.3 14.8 17.0 

APRIL 17 18.9 18.4 21.1 21.2 18.8 17.6 15.8 21 20.2 22.1 16.6 
l·~Y 19.3 23.3 15· 5 21.2 15·7 16.1 16.2 19.3 16·9 21.9 12 17.3 

1!.EAN 17.2 16.9 16.3 19·1 17.2 16.8 14.3 16.5 11.7 16.9 11.1 



APPENDIX C. (Data contin'.led) . .. 
r.!INIMUM 

PL.Al.'T NIGHT' 30 YR. 
RErEHErlCE P11 P23 42 1310 A5 G16 MEAN TEMPERATURE MOIlTHL Y 

Nll!BER °c MEAN 
0 0 

1974 lURCH 17.9 20.3 19 17.8 18·5 14.2 17·5 2 4.2 

APRIL 20·5 23.7 19.7 20.3 21.4 21.8 20.3 8.2 5.5 
MAY 18.1 26.9 20.6 10·9 19·3 18.6 18.6 9 7·5 
JUNE 19·5 23 19.8 13.7 20.7 21.4 19.3 6.6 9 KEY a I ..... 
JULY 21.8 23.4 21.3 21.2 23.2 19.4 20.6 10.1 15 N 

* Sample not N 
I 

AUGUST 17.6 24.3 13.3 11.2 19·3 11.2 15·4 9 14·5 
SEPT1OO3ER 13.7 8.7 17·2 13.3 11.3 13 13.2 11.4 14 collected. N.B.The 

OCTOBER 13.1 11.3 16.9 12 13 10·9 14.7 5 13 overall analysis was 
nov Er.!BElt 20 14.9 14 12.4 17.1 12.1 15.8 5.7 10 based on complete sets 
DECEi·mm 20.4 22.3 16 12.7 21.7 17.1 18.3 5.5 1·5 

1915 JA.~UARY 15·7 21.2 13.7 15·1 16.4 17.4 16.7 6.6 5.3 ot data only. 

FEB.'WARY 15.6 9.B 17.1 15·4 13.7 13.1 13.4 3.9 4 
r.~CH 1).2 11·9 16.4 14.9 15·7 13.1 14.3 2.7 4.2 
APRIL 19·3 17.7 22.3 18.6 23.1 17.8 18.6 1 5·5 
MAY 15.9 14.2 16.1 13 20.4 16.7 17.3 5.7 1·5 

l·DWl 11.7 18.3 17.6 14.8 18.3 15·9 



APPEN'DIX D. 1 Meteorological data analysed during the study of the effects of climate on the picrate test. 
"; .' 

SUNSHINE HOURS Tn{PERATURE 0 C 
DATE OF DAY MONTH DAY 0 NIGHT -1 DAY -1 

SAJ,iPLE 0 -1 -2 MEAN TOl'AL GRASS MAX MIN MEAll MAX MIN MEAN PM MIU It.EAN 

7. 3.74 3.6 5.9 0.0 2.4 67.5 4.0 12.4 0.0 6.2 4.0 2.0 3.0 7.0 1.5 4.2 
18. 4.74 0.0 0.0 0.6 2.4 74.0 5.0 6.1 4.6 5.7 7·7 8.2 8.0 7.4 4.6 6.0 

22. 5.74 8.0 1.9 5·7 6.2 191.0 5·3 14.6 10.1 13.4 13.6 9.0 11.3 14.6 11.0 12.8 . 
11. 6.74 10·7 4.0 6.0 6.1 184.0 5.8 18.1 5·1 11.6 11.0 6.6 8.8 13.2 8.2 10.1 
8. 7.74 2.0 0.7 1.0 5·9 177.0 10.4 20.1 11.2 15.8 12.2 10.1 11.1 17.6 13.0 15.3 
6. 8.74 5·1 10.2 11.7 5.8 180.0 9.3 21.9 9·2 15.5 13·9 9.0 11.5 16.4 13·9 14.7 

10. 9.74 1·5 6.8 7·5 5·9 184.0 7.1 16.8 9.5 13.2 13.0 11.4 12.2 16.6 11·9 14.3 
8.10.74 0.2 0.0 0.0 4.3 129.0 8.1 11.1 6.1 8.6 8.9 5.0 7.0 11.0 10.6 10.8 I .. 

I\) 

5. 11.74 0·5 0.0 0.0 1.6 50·0 0.1 9.3 3.2 6.3 9.0 5.7 7.4 9.8 7·9 8.9 ~ 

4.12.74 5.7 1.6 2.7 2.5 74.0 5.0 8.0 3.2 5.6 7·5 5.5 6.5 12.0 6.4 9·2 
1. 1.75 0.0 4.0 0.0 2.0 63.0 -2.0 5·5 2.2 3.9 10·9 6.6 8.8 11·5 6.2 8.9 
5· 2.15 0.0 0.0 0.0 2.1 65.0 2.6 4.4 3.0 ).7 5·0 3·9 4·5 5.1 4.4 4.8 
5. 3.15 1.9 5.6 0.2 1.8 51.0 0.1 7.0 4.6 5.8 1·9 2.1 5.3 9·9 4.1 7.3 
8. 4.75 0.0 6.3 2.0 ).2 98.5 -0.9 4.2 -1.1 1.2 6.0 1.0 3.5 6.0 4.4 5.2 

21. 5.15 8.4 4.0 14.2 5.4 161.6 4.0 9·3 1.3 8.3 15.1 5·7 10.4 11.2 8.1 13.0 

1 Data kindly provided by the !·~eteorological Office, rlewcastle upon Tyee. 



APPENDIX D. (Data continued) 

TUU>ERATURE 0 C 
DATE OF 24h -2 24h -3 MONTH 
SAJ,~LE MAX MIN MEAN rwc MIN 1mlli MAX MIN MEAN "!IJyr 

7. 3.14 4.4 -2.6 0.9 5·5 -1.0 2.3 1.7 3.6 5.7 4.2 KEYs 

18. 4.14 7.9 4.3 6.2 8.6 1.5 5.1 7.1 4.2 5.1 5·5 Day: 9am to 9pm; 
. 22. 5.14 11.9 8.5 13.2 14.8 8.5 11.1 12.4 7.1 9. 8 . 1·5 !fight: 9pm to 9am; 

11. 6.14 12.8 6.6 9.7 11.4 1.4 9.4 13·5 8.2 10.9 9.0 24h: one day from 9am to 9am; 
8. 1.14 14.4 11. 1 12.8 12.4 9·1 10.8 14.6 9.4 12.0 15·0 0: day of sample; 
6. 8.74 14·5 11.2 12.9 18·5 10.6 14.6 11.3 11.2 14.3 14·5 -11 day prior to sampling, 

10. 9.74 16.1 10.1 13.4 14.3 8.0 11.2 11.8 11.5 14.1 14.0 -2: 2 days prior to sampling; 
8.10.14 10.1 5·9 8.0 10.8 6.8 8.8 14.8 9.0 11.9 13.0 -3: 3 days prior to sampling; I ..... 

IV 5. 11.74 9·5 4.2 6.8 9·0 4.2 6.6 10.2 5.6 1·9 10.0 30yr: 30 year monthly mean. ~ 
I 

4.12.14 13.0 11.2 12.1 13.0 5.0 9.0 8.9 4.3 6.6 7·5 
1. 1.75 12.0 5·5 8.8 12.0 4.8 8.4 10.1 5.5 7.9 5·3 
5. 2.75 7.4 3.2 5.3 10.2 3.7 7.0 9.3 3.3 6.4 4.0 

5. 3.75 9.9 4.7 1.3 10·5 2.9 6.1 6.8 2.1 4.7 4.2 

8. 4.75 6.0 2.1 4.4 5·2 2.0 3.6 6.9 2.3 4.6 5.5 
21. 5.75 16.6 8.0 12.4 14.6 7.4 11.0 10.1 5.7 1·9 7.5 
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Appendix E. The status of ErassicA oleracea L. aubsp oleracea 

(Wild Cabbage) in the British Isles. 

The History of Cabbage in Cultivation. 

Johnson (1862) provided an extensive history of the cabbage. The 

ancient Romans and Greeks cultivated three varieties (Greek legend has it 

that the cabbage sprung from ~mere Zeus' sweat hit the ground). Cato 

mentioned that it was either boiled or eaten raw. Later, Pliny reported 

that cabbage was going out of favour with the lower orders, due to the 

quantity of oil (which was becoming more expensive) required to make it pala­

table (presumably it was eaten raw). He mentioned several varieties, one 

of which, 'Halrr~ridia', grew on the sea-shore and was used as a vegetable on 

long voyages. 

It has been suggested that the Romans first brought the cabbage to 

Britain (Gates 195Oa). Subsequently the Saxons cultivated it (their second 

month was called Sprout-kale), as did mediaeval religious orders. It was 

also apparently cultivated in eastern Fife, where it was so popular that 

the people of the area were known as 'kail-suppers'. As a commercial.crop 

it may have been introduced by Sir Anthony Ashley of Dorset, as late as the 

16th Century. 

The cabbage was also used as a medicine. Pliny recommended gouty 

people to live on cabbages and the water they have been boiled in. Turner 

(1551) mentioned the use of cabbage as a general cure for internal disordero. 

Gerarde (1633) similarly chronicled its healing powers. (5aarivirta, in 

Virtanen (1962), has shown that one of the mustard o11s of cabbage ha3 

antibiotic and fungistatic activity). Thus it ~~uld appear that the cQbbaoe 

has been gro~n in Britain for various reasons, probably since the Roman 

invasion. 

The derivation of tho cultivated cabbage is open to question, Schulz 
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(1936) and Cates (1950b) held the view that the range of variation in the 

wild cabbage, Erassica oleracea L. subsp. oleracea (B. Bylve~tri9 (L.) 

Mii1er) is insufficient to account for all the present dqy varieties, some 

of which have arisen through hybridisation between B. olerocea and other 

Brassica species. However, de Candolle (1824) and Bailey (1922) held the 

opposite viewpoint. 

Brassica oleracea in the Flora of the British Isles. 

B. olcrac~a was recorded in the earliest Floras. Turner (1551) noted it 

gro\dng wild at Dover,E. Kent; Gerarde (1633), uho called it B. sylveRtris 

('Wild Co1eworts'), sa...., it along the northern coast of Kent and near 

Colchester eN. Essex). Hudson (1762) mentioned it from Cornwall. From 

this period the numbers of records increased until by the beginning of the 

19th Century the present-day range of the species was almost covered. 

\;atson (1847) recorded it from 12 provinces, al th.ough he only considered it 

likely to be native in five of these (Peninsula, Channel, Thaces, S.Wales 

and N. ~o[ales) and was surprised it grew wild in so few places. Later (1870) 

he summed up his view as, 'Denizen? ••••• Coost cliffs, native? Inland only 

as an alien ••••• Wild on the 'tiestem coasts of France? - Il. B. Exceedinely 

difficult to trace the native habitats of t~i6 plant.' 1stson's earlier 

viewpoint has in essence rtr.lained unchanged to the present day (cf. Cl apham 

1962), although the authors of some local Floras were not entirely in ogree­

mente It was considered a denizen or alien in ::onmouth (:l&de 1970), 

ll. Somerset (l'~urra.v 1896), Dorset (~':ansel-}lleyd ell 1895), S. Esoe.:c (liibson 

1862), E. !forfolk (~Hcholson 1914) , ~:.E. Yorks. (Baker 19(6) and Fife (Young 

1936). ',lolley-Dod (1937) believed some E. Sussex sites to be adventive. 

However, it was recorded as native in 3. Kent (!!anbury (~ :'arshall 1899) , 

S. Devon (Keble-~:'a.rtin G; Frazer 1939), E. anel ',l. Cornwall (Davey 19(9) and 

Glamorgan (Trow 1911). Trow commented 'It ~l~S alcost certainly 8 true 

native with us, or at any rate irxiistinguisbable from one,' oJ though -'lahon 
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had classed the Glamorgan plants as denizens. Trow's comnent is interesting 

in the light of an observation by Syme (1863), who noted 'Red cabbage of 

neglected gardens at the sea-side pass back in a few generations to the 

condition of the wild cabbage.' I have made similar observations. It ,.;ould 

seem that the wild derivatives of cultivated plants become morphologically 

indistinguishable from' native' plants \d thin a few years. 

Through the Floras, much of the history of B. oleracea as a member of 

the British flora m~ be traced. " It is i~~ediately apparent that there was 

an increase in the number of records during the 19th Century, "1hich probably 

coincides with the increase in plant recording at that time. This haa been 

followed by a decline in the numbers of populations during the first half 

of this century. The decline is apparently continuing in most areas. 

The sites of B. oleracea are nearly alw~s associated with towns and 

villages, rather than being recorded 'near •••• , or Ibetween •••• 1. This 

might suggest that it is almost exclusively associated with towns and 

villages. The ephemeral nature of many occurrences is equally notable; it 

must be presumed that short-lived populations (accountinc; for about one 

third of the total) were introduced. 

Further information may be gainee from a consideration of the siting 

and history of the present-d~ populations (Table I). I have visited all 

the extant populations except those at Llandulas (Denbigh), Flat Holm 

(Glamorgan) and Fortrose (E. Ross), and I have searched for many of thone 

previously recorded. I have also received much excellent information froe 

vice-county recorders concernir~ the locality and status of contemporary 

populations. 

The popUlation on the Great Orme (CaernarvonJ was recorded 8S 'rare 

and local' by Griffith (1895). lIe gives the first record as 1805, when it 

was "record£d from the north-east sido, i.e. above Llandudno. The species 
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is now to be found all around the seaward side of the headland. Tho Little 

Orma population (first recorded by Griffith (1895) is probably derived from 

that at the Great Orme, possibly by the seeds being carried by sea-birds 

(see Gillham 1970). The L1andulas (Denbigh) population was first recorded 

in 1912 (Dallman 1913). 

The population at Tenby (Pembroke) was first recorded in 1773 (Riddels­

dell 19(5), the present-d~ plants growing around a~d in back gardens, as 

well as along the neighbouring cl.iffs. Falconer (1848) queried whether the 

p1a,nts were , •••• Truly wild?' The very local siting in association with an 

old·to~n suggests that the species may have been introduced. 

B. oleracea has particularly declined in Glarnorgan. In the 19th Cen­

tury, populations extended from Southerndo\m to Barry Island, including a 

number of towns and villages (Trow 1911), but th~ have now retreated west­

ward, extending only to Uash Point. The population which became extinct 

most recently (probably during the 196Os) was at Barry Island (G. Ellis pera. 

comm. 1975). 

During the 19th Century there appears to have been an almost continuous 

aeries of populations along the Cornish coast from St. Germsns (E. Cornwall) 

around to St. Ives (~'1. Cornwall) (Davey 19(9) , although many of these are 

now extinct (L.J. Hargetts pers. co !!lIn. 1975). There are records dating back 

to the 18th Century (Hudson 1762), all of which are associated 'tlith towns 

and villages. Again this suggests the populations are ndventive. 

In N. and S. Devon populations have come and gone (Keble-~.'artin & 

Frazer, 1939), although there are still large populations at ~artmouth and 

13sbbacombe. At the forcer site, B. olE'racen greu particularly around the 

castle (in 1e82) at the edge of town, but noy the population extends for 

some kilometres westward along the coast. This acain suggesto the plants 

are adventive. 
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The expansion of B. oleracea in Dorset is well documented. It was 

first recorded in 1813, on Portland, where it is now extinct. In all its 

other sites it was rare in the late 19th Century O·Iansel-Pleydell 1895). 

There are now extensive populations at Durdle Door to Lulworth Cove and 

St. Aldhelm' s Head to Uinspit, as '\-lell as fewer plants at several other 

sites. Cabbages are cultivated alongside some these sites, suggesting a 

source for the wild plants. 

The first record for the Isle of \Ught must be pre-1616 (due to Lobel 

who died 1616), although it was not published until 1665 (Townsend 1883). 

To~msend interpreted a comment m~de by Lobel, which suggested that during 

Lobel's lifetime B. oleracea had become scarce after a former abundance. 

At the time of Townsend, the species was very rare, the feu eitings beine 

regarded as introductions. The only present-dey population, 1 km. east of 

Freshwater Bay (a.p. Bowman pers. comm. 1974), mey be associated with a 

record due to Bromfield (1860) further to the east, although there is no 

information on this. point. 

The Dover (E. Kent) population is unique in that it has been recorded 

as growing lIild fer over 400 years. This population ha!] perhaps the 

strongest claim to native status, yet Dover has had extensive garrisons for 

centuries and has been a major route for invaders. It was also one of the 

main area~ of Saxon 6ettle~ent during the early post-Roman period. Thus 

cabbages may have been grown here for food since 500 A.D. or earlier, and 

it is still a major area for cabbage cultivation. The other E. Kent popu­

lation, by ~roadstairs, grows very close to cabbage fields. 

It should be noted that B. oleracea is recorded as native on the 

corresponding chalk cliffe of the French channel coast (Rouy (( Foucaud 

1895, Coste 1931),althoueh Grenier ~ Godron (1848) SUCee3t(~ it wa~ edventive • 

. The :4!litby and Staithes populations (H.E. Yorks.) ero\f around habitation. 
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In Whitby the plants extend up from back gardens, whilst at Staithes they 

grow particularly around old allotments, which the owner tells me, have 

been cultivated for centuries. The populations are almost certcinly intro­

ductions. 

The history of the Tynemouth (S. Uorthumberland) population is some­

what different in that it grOl'lS around an old priory and garrison. Local 

folk-lore has it that cabbages were cultivated by the monks and have since 

becoce naturalized (there is a local name of '!·:onk's C3bbage'). Certainly 

they have been recorded since 1805 (Baker & Tate 1867). If this folk-lore 

is true, then these plants plants rnqy be ancient escnpe~ from cultivation. 

Of the series of populations that for~erly grew along the north side 

of the Firth of Forth, all are extinct apart free that at Crail (Fife). 

This latter population, first recorded in 1840 (G.H. Ballantyne pers. comm. 

1974), is almost certainly introduced. It grows by the village, extending 

down from gardens to the shore. There appears to be some planto of very 

recent origin, since it is possible to identify individuals closely resemb­

ling B. oleracea L. var. capitata L. 'January King' ~~ 'Dutch Savoy'. 

The Auchmithie (Forfar) population is probably also derived froc garden 

escapes. It extends along from the village and allotments (~ere cabbages 

are still grown) to neighbouring cliffs. 

Apart from the extant vice-county records, there have been populations 

(mainly s.'1ort-lived) in Durham (~'Iinch et ale 1805), E. !lorfolk (l:icholson 

1914), IT. and S. Essex (Gerarde 1633, Gibson 1862), 2. and W. Sussex 

(Arnold 1907, -,.jolley-Dod 1937), s. !1ants. (To\·maend 1883), N. 30mcrset 

(MurrD.,Y 1896), ~!onmouth ('./ade 1970), ~!estmorland (~·rUson 1938) and Guernsey 

(Harquand 1901). McClintock (1975) reports t!1at none of the Guernsey 

records has been substantiated. 

B. oleracea haa bever been established 1n Ireland. It is not mentionoo 
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byPraeger (1901,1934) or by ~lebb (1959), although Druce (1932) recorded 

it from rad Cork and Perring & VIal ters (1962) from E. Cork. Hooker (1870) 

included Ireland in the distribution of the species. 

B. oleracea is also mentioned in many Floras as a casual. 

To the best of ~ knowledge the only extant populations of B. ol~racea 

are those in T~ble I, although, as Perring & Walters (1962) show, the species 

has been recorded from more sites. 

Discussion. 

In the British Isles most extant populations of B. oleracea seem to 

have originated from cultivation. Other authors have similarly questioned 

the status of northern European populations, e.G. Hegi (1919) suggested that 

B. oleracea grol-1ins in Heligoland was introduced (it was not mentioned in a 

16th Century species list) and that other northern European populations were 

introductions. Gates (1950b) mentioned that Ascherson con~idered the true 

B. oleracea to be confined to the l!editerranean, the plants on the British 

Isles coasts being escapes from cultivation, but in contrast he (Gates 

1950a, b) believed it to be native around northern European coasts. 

Certainly,cabbages have gro.~ wild in the Eritish Ieles for several 

hundred years. The fact that the Saxons named a month 'Sprout-kale', 

suggests that they cultivated cabbages. Similarly 'kail' has apparently 

been growing or gathered for many centuries in Fife. If B. oleracea 'las 

found in pre-Roman 3ritain then it should prob~bly be cla3sified as native. 

If, as seems likely, the Romans or Saxons brought the cabbage to the British 

Isles, then it is a denizen. Certainly most contenporary populations seec 

to be of recent and impermanent status. That wild B. 01 eracea is strongly 

associated with man seems to reinforce this latter point. Thus the distinc­

tion between introduced and native populations as recorded by Perrine b 
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Walters (1962) should be regarded with some caution, since the majority of 

these m~ be introductions. 

However, there is a possible complication. Many of the populations are 

closely associated with sea-bird colonies (Table I). There is slight evid­

ence that B. oleracea seeds may be distributed by sea-birds (Gillham 1970). 

An increase in the population and • civilization' of man in the British Isles 

over the last century, has been accompanied by an increase in gull popUla­

tions, particularly of the herring gull (Larus nr~€t1tatus Pontopp). This 

gull feeds on domestic rubbish and breeds on headlands and off-shore islands, 

often close to towns and villages. I believe the Little Orme population may 

have arisen by means of sea-bird dispersal. If gulls are an icportant 

factor in distribution , then the association of man and B. oleraccg could 

be coincidence. The role of sea-birds is, I believe, non-proven, although 

they m~ well help in the distribution of seeds to guano-rich sites (Culti­

vated cabbages require high nitrogen levels). If this is so, it is diffi­

cult to see why wild cabbages are so scarce and on the decrease. 

This appendix is published in ~iatsonia 11, 1976. 



1 Locality 

APPElmn E. 

Denbigh, v.c. 50 
Llandulas 

Caernarvon, v.c. 49 
Little Orme, Llandudno 
Great Orme, Llandudno 

Pe~broke, v.c. 45 
Tenby 

Glamorgan, v.c. 41 
Flat 11010 

Southerndown to Naeh 
Point 

w. Cornwall, v.c. 1 
St. Ives 
I'russia Cove 

E. Cornwall, v.c. 2 
rowey 
Polruan 
~ie3t Looe 

Table I Siting and first records of extant BrasRica oleracea populations. 

1st Record 

1912 
Dallman (1913) 
J .1.:. Brummitt 
(pers. cocm. 1975) 

1895 
1805 
Griffith (1895)2 

1773 
Riddleedel1 (1905) 

1 
G. Ellis 
(pere. corom. 1975) 
1850 
Trow (1911) 

1909 
1909 2 
Davey (1909) 

1909 
1909 
1909 2 
Davey (1909) 

1 1 Present day Present day 
relationships agricultural 
to habitation relationships 

by Llandulas 

at edge of to~:n. 
extends from 
edge of town. 

within town 

? 

none 

within to~. 
by small village. 

at edge of town. 
at edge of tOl-TIl. 

wi thin town. 

none 
none 

none 

none 

none 
none 

none 
none 
none 

? 

1 

1 Proximity 
of sea-bird 
colonies . 

? 

nest-site 
nest-site 

none 

none 

none 
none 

1 

nest-site 
nest-site 
none 

I 
~ 

~ 

'i' 



Locality1 

s. revon, v.c. 3 
Dartmouth 
Torquay 
Babbacornbe 

Dorset, v.c. 9 
Durdle Door to Lulworth Cove 
Kim.'neridge Bay 
~linspit to St.Alban's Head 

Handfast Point 

Isle of :':iSht, v. c. 10 
Freshwater "Bay 

E. Kent, v.c. 15 
Kingsdown to Folkcstone 

Stoney Bay (Broad stairs) 

APPENDIX E. Table I (data continued) 

1st Record 

1882 
1882 
1892 
Keble-Martin &2 
Frazer (1939) 

1895 
1895 
1895 

1895 
Mansel-PI eydell 2 

(1895) 

18601 
(Bromfield 186o) 
R. P. Bo;r.nan 
(pera. comm. 1974) 

1551 
Turner (1551) 

1903 
PHtock (1903) 

1 Present day 
relationships 
to habitation 

extends from tow"Il. 
within town. 
within to~m. 

none 
by small village. 
none 

none 

none 

centred by Dover 
and St. r.!arsaret' s 
.Bay. 
wi thin tOrm 

1 Pres ent d a..Y 
agricul tural 
relationships 

none 
none 
none 

none 
? 

cabbage cultivated 
nearby. 
cabbage cultivated 
nearby. 

derelict fields 

derelict fields 
cabbage cultivation 

cabbage cultivated 
nearby 

Proxit!lity 1 

of sea-bird 
colcnies 

nest-site 
none 
nest-site 

nest-site 
none 
none 

nest-site 

nest-site 

nest-site 

none 

... 
~ 
I 



1 Locality 

N.E. Yorks. v.c. 62 
~·ihitby 

Staithes 

s. Northumberland, v.c. 67 
Tynemouth 

Fife, v. c. 85 
Crail 

Forfar, v. c. 90 
Auchmithie 

E. Ross, v.c. 106 
Fortrose 

APPEtlDIX E. Table I (data continued) 

Present day 1 Present day 1 

relationships agricul tural 
1st Record to habitation relationships 

1906 wi thin town. none 
1831 by and amongst among d erel ict 

village. allotments. 

1805 l'.1.thin town none 
ifinch et ale (1805) 

1840 by harbour in cabbages & kale 
G. H. Ballantyne village. grown nearby. 
(pers. comm. 1975) 
Young (1936) . 

1913 centra! on village cabbages grown 
R. &. 11. Corstophine 
(1940 NS) 

close by. 

1968 by a town? ? 
U.K. Du..'lcan 
(pers. comm. 1975) 

1. These data are based principally cn personal observations. 

2. The reference applies to all the records for that vice county. 

Proximity 
1 

of sea-bird 
colonies 

roost? 
nest-site 

nest-site 

nest-site 

, 
-a. 
VI 

~ 

nest-site 

? 
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APPErWIX F. MORPHOLOGICAL VARIATION IN B. OLERACF.A 

It became apparent during studies of B. oleracea populations, that 

there was a degree of intra- and inter-population variation in plant 

morphology. To study this a number of characters were measured on selected 

plants (chapter 4), from which a series of ratios were constructed (ratios 

rather than gross measures were usually used, since ratios are likely to 

be less subject to environmental variation). In addition, a number of 

other non-metric characters were also scored (Tabl e F1). The characters 

finally employed, were those empirically considered to give the greatest 

amount of information concerning intra- and inter- population variability. 

The data was summarised in terms of picrate score (Table F2), the 

possible relevance of which has been discussed previously (chapter 8). 

The inter-population variation which was observed, suggested that the 

populations had become locally differentiated (populations of B. oleracea 

are very isolated). This may have been due to the possibly independent 

origin of each population, through escapes from cultivation (Appendix E). 

To analyse the collected information for such differentiation, the data 

for each individual flowering plant was treated to a cluster analysis by 

computer (using the Clustan 1A set of programs). Only the data for flower­

ing plants (in total 337 individuals) was used, since these plants had 

survived for at least four or five years and are probably the moet repre­

sentative of local conditions. 

The analysis used was Ward I S method followed by relocation (lUshart 

1969). The part-optimal solution was displayed as a dendrogram (Fig F1), 

although this differed little from the terminal solution (Tables F3, F4; 

Fig F2). 

The dendrogram data is displayed in terms of regional groupings. This 

demonstrates that there is a degree of local differentiation. The major 
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Table F.1 The characters and ratios used 

to study morphological variation. 

Character Scale 

La.mina 

a) I eD8th to breadth 

b) 1 shape 

c) edge 
. 

d) number of basal lobes 

Flower 

e) diameter 

f) petal shape 2 

g) colour3 

Plant 

h) age 

i) stem diameter4 

j) width , height5 

k) width , stem diameter 

1) picrate score 

Notes' 

ratio 

ratio 

0-6 o • entire 
6 ... deeply indented 

count 

cms 

ratio 

1 - 4 1 • white 2 • cream 
3 • light yellow 4. yellow 

years 

cms 

ratio 

ratio 

1 - 5 

1. The width of the lamina at its midpoint/the width at 1/
3

, 
the length from the tip. 

2. Length of petal/width of petal. 

3. The flower colours were scored subjectively, with no 

reference to standard colour charts. 

4. Stem diameter at ground level. 

5. The width at its widest vegetative point/ the length 

of stem from ground level to vegetative apex. 
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Table F.2 Summary of the data in terms of picrate score. 

Picrate score Total 

character 1 2 3 4 5 mean C.V.~ 

a} length I breadth 1.46 1.43 1.36 1.34 1.40 1.43 34.69 

b) shape 1.10 1.09 1.12 1.18 1.15 1.11 16.58 

c) edge 
1 3.00 3.00 2.73 2.25 2.17 2.88 

d) no. lobes 3.13 3.25 3.71 3·50 3.38 3.25 60.00 

e) flower diam. 2.83 2.71 2.79 2.85 2.98 2.81 15.66 

f) petal shape 1.34 1.35 1.29 1.40 1.40 1.34 17.16 

g) flower colour 1 4.00 4.00 4.00 4.00 3·50 4.00 

h) age 5.52 5·57 4.78 4.82 5·00 5.38 51.12 

i) stem diam. 1.69 1.69 1.56 1.38 1.39 1.65 59.09 

j) width I height 1.84 2.34 2·54 2.18 1.56 2.04 90.69 

k) widthlstem diam. 29·01 29·99 33.61 36.26 33.38 30.38 57.60 

Notesl 1 median values. 

N.B. Flowering characters are the mean for the flowering plenta, 

whereas all the other results are based on the total data. 
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Table F.3 The terminal solution of the cluster analysis. The 

values are as the percentage of each population in each of the three clusters. 

Population 

Wales 

Great Orma 

Tenby 

South ernd own 

Devon/Cornwall 

St. Ives 

Prussia Cove 

Polruan 

Looe 

Dortmouth 

Babbacombe 

Dorset/I.O.W. 

Kent 

D..1rdle Door/ 
Lul worth Cove 

Kimmeridge Bay 

St. Aldhelm's Head/ 
Winspit 

Handfast Point 

Freshwater 

S. Foreland 

N. E. lligl and 

Whitby 

Staithes 

Tynemouth 

Scotland 

Crail 

Auchmithie 

mean 

coefficient of 
variation % 

1 

81.8 
87.5 
15·0 

SO·O 
60.0 

45·0 

50·0 

71.4 
52.6 

77.8 

87.5 

92·9 

75.0 
100.0 

52.4 

8.3 
32·5 
15.2 

55.6 
87.5 

40.2 

Cluster 

2 

18.2 

12·5 
16.7 

0.0 

10.0 

10.0 

2t.4 

14.3 
15.8 

5.6 

0.0 

3.6 

0.0 

0.0 

28.6 

16.7 
12.5 

18.2 

119.5 

3 

0.0 

0.0 

8.3 

50.0 

)J.O 

45.0 
28.6 
14.3 
31.6 

16.6 

12.5 

3.6 

25·0 

0.0 

66.7 
0.0 

0.0 

27.8 
0.0 

101.2 
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Table F.4 Cluster diagnostics, the values are 

as the mean values for each character. 

Cluster 

Character 1 2 3 

a) length I breadth 1.44 1·54 1.38 

b) shape 2.31 0.94 1.21 

c) edge 
1 

2.65 3.98 2.71 

d) no. lobes 2.31 3.33 2.96 

e) flower diam. 2.79 2.83 2.83 

f) petal shape 1.29 1.47 1.34 

g) flower colour 
1 4.00 4.00 4.00 

h) age 5·92 8.62 6.88 

i) stem diem. 1.65 3.02 2.11 

j) width I height 1.37 1.75 1.38 

k) widthlstem diam. 24.07 20.36 26.93 

1) picrate Bcore 
1 1.00 1.00 4.00 

Notes I 1. Median values. 
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split is between the populations of north-east England (lI) and the rest of 

the country. Various other groupings are apparent, particularly of the 

Isle of Wight/Dorset (0) and vIelsh populations (6), although the distinc­

tions between these groupings is not clear-cut. Certainly no clinal trend 

emerged; thus populations in the west do not show maximum differentiation 

from, for example, the Scottish populations. The results suggest that in 

general forces acting on the morphology 9f the plants are fairly similar 

at each site. This is perhaps to be expected considering the extreme 

environment in ~ich B. oleracea is found, plants rarely being found away 

from maritime cliff faces. 

The terminal solution confirmed this similarity between most of the 

populations. The optimal solution was to reduce the data to three clusters. 

With various exceptions the majority of the plants were found in cluster 1 

(62.~), with fewer in each of the other clusters (18.2% and 19.0% respec­

tively). The exception was that the plants from Staithes and Tynemouth 

were princip?lly in cluster 2. Of the main geographic groupings, the 

Welsh plants are mainly in cluster 1 with a low proportion in cluster 2. 

The plants from Cornwall end Devon are found in all three clusters, although 

mainly in clusters 1 and 3. The Isle of Wight/Dorset plants are principally 

in cluster 1 with a low proportion in cluster 3. The plants from Kent are 

largely in clusters 1 and 2, with the two Scottish populations showing 

variable groupings. Thus within most populations there is a certain degree 

of variation away from wnat appears to be the 'norm' of cluster 1, this 

variation varying locally. 

Other results suggest that this may be a plastic differentiation, 

rather than genetic. A number of plants from Dorset, Wal es and l~orth-east 

England were grown in an experireental plot for 3 years. At the end of this 

period comparable morphological measurements \Tere taken from them, and the 

data included in the cl~ster analysis. All of these plants were classified 
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into cluster 1. 

A very interesting result is obtained from the terminal cluster 

diagnostics (Table F4, Fig F.2). Cluster 3 is differentiated on the basis 

of picrate score, the individuals in it being principally high picrate 

score plants. However, as a plot of the cluster groupings (as cluster 

circles) on the principal components axes 1 and 2 demonstrates, cluster 3 

is a subset of cluster 1, cluster 2 being clearly differentiated from the 

other two clusters. Nevertheless this distinction lends weight to the 

hypothesis that high picrate score plants tend to be morphologically 

differentiated (as discussed in chapter 8). 
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APPENDIX G • The laboratory culture of P. brassicae 

The eggs as received from the suppliers (or later from ~ o~m stock) 

were kept at 200 0 and a 16h day. This light/temperature regime was conti­

nued after the larvae had emerged. The larvae were reared on cultivated or 

wild cabbage, whichever was most readily available; both were equally accep­

table. Artificial media were not found to be acceptable (even when supplied 

as especially for P. brsssicae larvae). The five instars from hatching to 

pupation took approximately 20 d~s. The pupation lasts from 14 - 21 days. 

The imagines presented the greatest problems, since only specially bred 

laboratory strains will breed and survive under experimental conditions. The 

imagines were fed using artificial flowers consisting of an orange disc, with 

a tube containing 10% sucrose at its centre (David & Gardiner 1961b). The 

light quality also has to be correct before copulation will take place. 

Although David & Gardiner (1961a) found that only daylight gave consistent 

stimulation, I found that mercury vapour/tungsten illumination of 311 (in 

wattage power) was satisfactory, daylight being unnecessary. A derivative 

of David & Gardiner's 'Cambridge' strain was eventually obtained and used 

for the majority of the experiments. 
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PL}J.'T 
RE!i'E.rU~XCE 

1ru:mER 

r.:A.RCH 

APRIL 

MAY 

JUNE 

JULY 

AUGUST 

SEP'l'E:·:EER 

OcrCBER 

Nov:mBER 

DECtl·tBM 

JA£.<'1JARY 

FE3RUARY 

MARCH 

APRIL 
?-~y 

D1 

20.0 

20.0 

17.0 

20·5 

19·5 

11·5 

9.0 

13.0 

17.0 

17·5 

15· 5 

11.0 

13.0 

17.0 

17.0 

APPEtffiIX C. Raw data, based on discs from Tynemouth, additional data. 

P25 G18 M G9 B5 P2 G19 P24 A14 B22 G7 

11.0 17.0 15·0 20.0 14.0 9.0 17.5 22.0 15.0 18.0 16.0 

17·5 19.0 21.0 21.0 20.0 13.0 17.0 19.0 19·0 19·5 21.0 

18.0 22.0 17·5 16.0 19.0 17·0 18.0 19·0 20·5 19.0 19·0 

19·5 19·0 20·5 19·5 20.5 17·5 15·0 16.5 18.0 19.5 20.5 

19·5 18.5 20·5 19.5 19· 5 19.0 20·5 20·5 18.0 2().0 20·5 

11.0 10.0 22.0 12.0 14.0 10.0 * 15·0 19·0 20.0 17.0 

22.0 * 9·5 10.0 8.0 9·0 9·5 14·5 15·0 8.5 11.0 

15.0 12.0 18.0 15·5 14.0 13.0 13.0 15·0 18.0 16.0 19·5 
• 

14.0 15.0 24.0 15·0 16.0 13.0 11.0 14·5 16.0 20.0 17.0 

16.0 15·5 23.0 10·5 15·0 16.0 17.0 17·5 19.0 17.0 20.0 

17·5 14.0 22.0 13.0 21.0 10.0 14.5 15·0 14·5 22.0 20.0 

14.0 16.0 17.0 14.0 13.0 11.0 11.0 12·5 13.0 12.0 13.0 

16.0 14.0 12.0 14.0 12.0 11.0 12.0 12.0 13.0 10.5 * 
16.0 15· 5 19·0 19·0 14.5 17.0 12.0 17.0 18.0 16.0 20.5 

17.0 17.0 19·0 14·5 15.0 17.0 21.0 13.0 15.0 22.0 19.0 



APPEllDIX C. (Data continued) 

PLA1"T 
REF'ERE:rCE B19 P5 D3 B14 44 A6 43 P7 P12 G9 P17 P16 

NtJ1.lllER 

MARCH 19·0 11.0 18.5 16.0 13.0 19.0 17.0 10·5 17.0 18.0 10.0 14.0 

APRIL 15·0 18.0 21.0 21.0 21.0 21.0 15·0 18.0 19.5 20.0 19·0 18·5 
VlA! 17.0 16.5 21·5 18.5 18.5 18.0 15·5 20.0 18.0 18.5 * 14.0 

JUUE 20·5 16.5 17·5 19·5 17.5 20·5 17·5 20·5 19· 5 18.0 16.5 18.5 

JULY 20.0 15·5 16.5 21·5 18.5 20.5 17·5 20·5 17.5 20.5 20.5 20.5 

AUGUST 14.0 9.0 11·5 21.0 11.0 11.0 12.0 17.0 17.5 16.0 10.5 16.5 

SEPT~·mER 17.0 10.0 16.0 15.0 16·5 14·5 10·5 9.5 11.0 11.0 10.0 22.0 

OcrOBER 14.0 11·5 11.0 18.0 15·5 15.5 14.0 13.0 17.0 12.0 19.5 14.0 

NOVmrnER 13.0 12.0 13.0 17.0 17.0 11.0 16.0 15.5 20.0 13.0 19.0 12.0 

DEeR-iBER 21·5 21.0 17.0 20.0 19·5 13·5 13.5 17.5 21.0 21.0 15·0 15.5 

JANUARY 15·0 19.0 15·0 13.0 19.0 12.0 13·5 16.5 20.5 19.0 17.5 16.0 

FEBRUARY 11·5 13.0 14.0 13.0 15.0 13.0 14.0 11.0 19.0 16.5 14.0 12.0 

MARCH 16.0 14.0 14.0 16.0 15·0 17.0 13.0 15.0 15.0 13.0 13.0 18.0 

APRIL 16.5 16.0 17·5 21.0 18.0 18.0 18.0 16.5 19·0 20.0 17.0 17.0 

MAY 19.5 19.5 17.5 20.0 18.0 16.0 17.0 19.0 19.0 22.5 14.0 17.0 



APPENDIX C. (Data continued). 

PLANT 
~EREl~CE P11 P23 42 B10 A5 G16 

liUl'J3E..'q 

!f.ARCII 11.0 16.0 17.0 14.0 18.0 15·0 

APRIL 20.0 21.0 18.0 20.0 21.0 21.0 

1,~Y 18.0 22.0 20.0 13.0 20.0 16.0 

JUNE 19·5 20·5 19·5 15·5 19·5 21.0 

JULY 20·5 20.0 19·0 20·5 21.0 20·5 

AUG1JS~ 17.0 19·5 11·5 11.0 19·0 13.0 

SE!":: Z·IEEa ~4.0 ~ 1.0 13.0 i2.0 11.0 14.0 

OC1'03ER 15·0 12.0 14.0 12.0 13.:; 13.0 

NJvE,:J3ER 20.0 14.0 11.0 13.0 17.0 13.0 

DEC~'!BER 20.0 21.5 15· S 12.0 21.0 19·0 

JAi'lUARY 15·5 18.0 13.0 15.0 15·5 19.0 

FEBRUARY 16.0 10.0 15·5 12.0 13.0 14.0 

rt!ARCH 13.0 12.0 14·5 16.0 14.5 15·0 

APRIL 18.5 16.0 18.0 18.0 19·0 19·0 

I·LW 17.0 15·0 15· 5 14.0 19.0 18.0 

" 



Table 5.1 t-values associated with frass means. 

Picrate Score 

1 2 3 

2 0.76 
Q) P N. S. ,... 
0 
0 
Ul 3 0.99 0.002 • 
Q) 

+" P N.S. U.S. III ,... 
0 

'rl 4 1.55 0.81 1.31 Pi 

P N.S. u.S. N. S. 



5.2) Raw data from the multiple choice experiments, using P. brsssicae values as percentages. 

Picrate Score 
1L x 1H - -

75.4 24.6 
50.1 49·9 
37.3 62.7 
10.8 29.2 
47.8 52.2 
54·5 45·5 
5203 47.7 
~ 58.1 

5308 4602 

?icrate Score Picrate Score Picrate Score 
1 x -

65.7 
63.3 
52.8 
25·5 
48.0 
16.8 
63.2 
51.9 
22.9 

45.6 

2 1 x 4 -- ----'-
1 x -'L 

34.3 76.3 23.7 43.5 46·5 
36.7 92.6 7.5 35·1 64·9 
47.2 62·5 37.5 56.6 43.4 
74·5 57.1 42.3 69.6 30.4 
52.0 32.3 67.6 44.9 55.1 
83.2 72.8 27.2 43.3 56.7 
36.8 66.1 33·9 
48.1 90·2 9·8 

48.8 51.2 

11::..1. 49.1 50.9 

54·4 35.3 64.7 
40.6 59·4 
59.1 40.9 
37.8 62.2 
44.6 55.4 
1.hl 80.3 

55.8 44.2 

L lower picrate response (higher reflectance) 

H higher picrate response (lower reflectance) 

Picrate Score Picrate Score 
2L x .2!L 2 x --L 

51.8 51.2 3~.5 61·5 
33.0 67.0 58.4 41.6 
56.4 43.6 59.6 40.4 

47.1 52·9 98.2 1.8 
47.2 52.8 
70.4 29·6 
69·0 31.0 
63.8 36.2 
78.6 21.4 
70.3 29.7 
12:3. 20.5 

66.7 33.3 



5.2) Data continued. 

Picrate Score Picrate Score Picrate Score Picrate Score Picrate Score 
2- x --L ~x~ ~ x--L ~ x -4lL ...A...-. x ~ 

2.7 97.3 43.9 56.1 58.6 41.4 54.0 46.0 40.9 59·1 
69.9 30.1 18.0 82.0 41·9 50.1 85.7 14.3 
21.3 7807 39·4 60.6 80.) 19·7 52.1 47·9 
59.6 40.4 45·4 54.6 28.9 71. 1 48.0 52.0 
46.8 53.2 92.5 7·5 28.2 71.8 24.3 75·7 

100.0 0.0 71.2 22.8 73.0 21.0 23.1 16·9 
51.5 48.5 55.6 44.4 8105 18.5 !hI ~ 
34.9 65.1 38.3 61.8 44.1 55·9 4501 54·9 28.2 71.8 54.6 45·4 69·0 31.0 
62.2 37.9 41.7 53.3 36.4 63.6 
75.2 24.8 27.7 72.3 74.2 25·8 
~ .§J.J. 66·9 33.1 89.3 10.7 

51.1 48.9 24·5 75·5 21.2 78.8 
30.2 69.7 51·5 48·5 
51.8 42.2 33·9 66.1 
22.6 77.4 15·0 85·0 
27.7 7207 11.7 8803" 
50.3 49· 7 43·9 56.1 
69·1 30·9 29·4 10.6 
44·5 55.5 53.4 46.6 
44.8 55·2 34.1 65.9 
10.8 29·2 87.1 12·9 
62.2 37.8 11.4 82.6 
10·9 89.1 44.0 56.0 
53.5 46·5 ~ .14.:..§. 
63.9 36.1 48.7 51.3 
21.9 78.1 
31.1 68.1 
2.6 97·4 

44.7 55·3 
n.!.l ~ 
44.3 55.7 



6.1 a) The raH data from the mul tipl e choice e..xperiments 

using Helix aspera, values are as percentages. 

Picrate Score Picrate· Score 
..Jk.. x 1H --L x --L -

7.1 92·9 80.5 19·5 
38.3 61.7 81.1 18.9 
86.2 13.8 83.9 16.1 
11.4 88.6 73.0 27.0 
5.6 94.4 76.0 24.0 

26.7 73.3 81.0 19·0 
41.0 59.0 81.0 19.0 
13.1 86.9 33.0 67.0 
1hl .lh.l 15·3 84.7 
28.1 71.3 36.6 63.4 

44.3 55.7 
40.7 59·3 
42.6 57.4 
.l?& &2. 
59.4 42.7 

L lower picrate response (higher reflectance) 

H higher picrate response (lower reflectance) 

Picrate Score 
-L x --.l.. 
28.2 71.8 
85.6 14.4 
58.2 41.8 
50.0 .2Q.& 

55.5 44·5 



6.1a) Data continued. 

Picrate Score Picrate Score Picrate Score 
--L x ---L ~ x. 2!L 2 x -l -
40.0 60.0 73.3 26.7 0.0 100.0 
29.2 70.8 100.0 0.0 12·5 87.5 
49.0 51.0 80.7 19.3 0.0 100.0 
!1& .22.:.Q 10000 0.0 11.8 89.2 

39·8 60.2 97.6 2.4 .12:1. 80.8 
51.6 48.4 8.7 91.3 92.7 7.3 
91.3 8.7 

100.0 0.0 
38.7 61.3 

100.0 0.0 
98.2 1.8 
98.6 1.4 

100.0 0.0 
86.6 13.4 
67.7 32.3 

100.0 0.0 
96.8 3.2 
93.2 6.7 
81.0 ll& 
87.4 12.6 



6.1a) Data continued 

Picrate Score Picrate Score Picrate Score 
...1- x ---L -L x --L ....41L x ....4l!... 
26.4 73.6 100.0 0.0 0.0 100.0 

100.0 0.0 100.0 0.0 38.6 61.4 
100.0 0.0 89.2 10.8 40.0 60.0 

75·5 24·5 80.0 20.0 8.3 91. 7 
50.0 50·0 34.9 65.1 
30.0 70.0 29·2 70.8 
49.6 ~o. 3 20.4 79.6 
0.0 100.0 17.3 82.7 

40.0 60.0 82.4 17.6 
..:u& 67.0 35·4 64.6 

57.2 42.8 17.2 82.8 
29.8 70.2 
50·2 49.8 
28.5 71·5 
44.8 55·2 
0.3 99.7 
4·5 95·5 

13·9 86.1 
5.4 94.6 
5.3 94.7 

13.2 26.8 
7.4 92.6 

58.6 41.4 
100.0 0.0 
18.6 81.5 
7.3 92.7 

31.3 68.7 
42.9 57.1 
97.5 2.5 
0.1 99·9 

30.4 69.6 
59.9 44.1 
75.1 24.9 
l2:.2 60.5 

33.7 66.4 



6.1b) The raw data from the multiple choice experiment 

using A. ater, v~lues are as percent~ges • 
• 

Picrate Score Picrate Score Picrate Score 
1 x --L 1 x ---L --L- x --L 

85.9 14. 1 1.0 99.0 40·5 59.5 
22·9 77.1 67.8 32.2 34.9 65.1 
82.9 17.1 60.0 40.0 1.2 98.8 
§L.1. JbJ. 70.4 29.6 66.6 33.3 

64.9 35.2 ~ 15..:..1 38.4 61.6 

56. '7 43.3 :JL.1. -1.Ji 
46.5 53.5 
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