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A~&--298 species of ferns and 48 species of gymnosperms were tested for cyanogenic activity. 5% of the fern 
species examined gave positive results, but these showed no correlation with taxonomic groupings. None of the 
gymnosperms surveyed gave a positive result. The limitations of a survey of this type for detecting cyanogenesis 
in plants is discussed. 

INTRQDUCflON RESULTS AND DISCUSSrON 

Compounds liberating hydrogen cyanide upon hydroly- 
sis with either acids or appropriate hydrolases are ex- 
tremely widespread in nature. Cyanogenic glycosides are 
known to occur in at least 800 spies of plants repre- 
senting 70-80 families [l J. They have been found in bat- 
teria and fungi, ferns, a few gymnosperms and in both 
monocotyledonous and dicotyledonous angiospersm. 
This cyanogenic ability of plants has importance as a 
human poison, one of the best known examples being 
cassava, the prime constituent of the diet in many parts 
of Africa [2]. It is also being increasingly shown to be 
important to the plant as a defenee mechanism against 
animal [3,4] and insect [4-6] predation. The isolation 
and characterization of naturally occurring cyanogenic 
compounds has been recently reviewed [7] and the 
release of hydrogen cyanide can be readily detected by 
simple and reasonably specific colour tests [8,9]. 

As a continuation of our work on the biochemical 
systematics of ferns [lo] and the role of secondary plant 
compounds as feeding deterrents [4,6], it was decided 
to expand the work of Eyjolfsson [ll] and to see 
whether cyanogenesis was common among fern species. 
Gymnosperm and fern species were chosen at random 
from the living collection at Kew and were screened for 
their ability to produce HCN. This paper discusses the 
results of screening 298 fern species and 48 species of 
gymnosperms for cyanogenic activity. 

The results bf the cyanogenie tests on ferns are listed 
in Table I, and those for gymnosperms in Table 2. Out 
of the 298 fern species tested only sixteen gave a positive 
result, approximately 5%, suggesting that cyanogerresis 
is not a common phenomenon among fern species. There 
was no particular correlation between cyanogenesis and 
fern taxonomy, positive species being present in the 
Davalliaceae (5 positive species in the 10 examined, 
&v&a and Wumata), Polypodiaceae (2 out of 40, Phle- 
&&upn and Campyloneuron), Pteridaceae (2 out of 19, 
Actiniupteris and Pteris), Sinopteridaceae (2 out of 16, 
Cheilunthes), Dennstaedtiaceae (3 out of 16, M&&@ 
and Pteridiurn) and isolated examples in the Vittariaceae 
(1 out of 1, Pteridanetium), Aspidiaceae (1 out of 48, Pter- 
idrp) and Blechnaceae (1 out of 13, StenochL~~). Of 
the 48 species of gymnosperms tested, all gave negative 
results. These results reflect the low frequency of cyano- 
genie plants in the gymnosperms [11,13,14]. 

$ Present address: Biological Science Center, 2 Cummington 
Street, Boston, MA 02215, U.S.A. 

It must be emphasized, however, that when screening 
for cyanogenic plants positive results are much more im- 
portant than negative ones. Many factors are involved 
in the production of cyanogenic compounds, amongst 
which are the age of the plant, young plants usually 
being more cyanogenic than old ones [4], the season 
of the year, parts of the plant examined, as there are 
often differences between cyanogenesis in the stem, root 
or leaves, ecological factors [3], including temperature 
changes, stress conditions and genetic variation. Most 
if not all plants examined have been shown to be poly- 
morphic for cyanogenesis [lS] including Pteri2iu.m uqui- 
linum [16j and to possess several phenotypes. Random 
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Table 1. Cyanogenesis in ferns 
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Order md family’ 
No. examined/ 

No. positive Species tested (* means positive) 

ophioglos8ales; 
Ophioglossaceae 

Marattiales; 
Angiopttidaceae 

Osmundales; 
Osmundaceae 

schizaeales; 
Schizaeaceae 

Pteridales; 
Pteridaceae 

Sinopteridaceae 16:2 

Cryptogramtnaceae 
Parkeriaceae 
Hemionitidaceae 

Adiantaceae 

Vittariaceae 
DicksonUs ; 

Dicksoniaceae 

Dennstaedtiaceae 

Lindsaaceae 
Davallirdcls; 

DavaI&eae 

Oleandraceae 

Hymenophyllales 
Hymenophylaceae 

Gteicheniales 
GLeiChelliace~ 

Cyatheales 
Cyatheaceae 

Aspidiales 
Thelypteridaceae 

l:o 

1:O 

4:o 

4:0 

i9:1 

i:o 
1:O 
6:O 

16:0 

16:3 

1:O 
10:5 

14:o 

3:o 

2:o 

5:o 

31:o 

Ophioglossum reticulaturn L. 

Angiopteris hypoEeucu de Vriese 

Osmunda bunksi@lia (I?.) Kuhn, 0. japonicu Thbg., 0. regalis L., Todw baFbaFa 
(L-1 Moore 
Anemia simii Tardieu, Lygodium circinutum (Burm.) SW., Schizaeu conj%u Selling 
S. pectinata (L.) Sw. 
Acrostichum uureum L., A. duneqfolium Langsd. et Fisch, Actiniogteris semipabel- 
lutu Pith. Sem.*, Pteris ultissimu Pair., P. argutu Ait., P. biauritu L., P. cutopteru 
K.ze., P. cretiw L., P. falcata sod., P. fauriei Hieron. P. longifolia L., P. longipes 
Don., P. mutilata L., P. pacfrca Hieron., P. podophyllu SW., P. stramineu Mett., 
P. tremula R.Br., P. tripurtita SW., P. wallichiuna Ag. 
Cheilanthes urgenteu (Gmel.) Kze., C. chusunu Hk., C. farinosu (Forsk.) Klf, C. 
kuhnii Milde, C. myriophyllu Dew., C. notholaenoides (Desv.) Maxon ex Weath*, 
C. pulchella J3ory. *, C. sieberi I&., C. sinwta (SW.) Domin., C. tenut$oZia (Burm.) 
SW., Doryopteris palmutu J. Sm., D. pedatu (L.) F&, P&urn angubsu (Bory.) Bak., 
P. bridgesii Hk., P. JaIcuta (R.Br.) F&e, P. uiridis (For&.) Prantl 
Onychium juponicwn (Thbg.) Kze. 
Cerutopteris cornutu Le Prieur 
Coniogrumme F&e sp., Hemionitis ar#&fiu (Bnrm.) Moore, Pityrogrumma calomelunos 
(L.) Link, P. chrysophyllu (SW.) Link, Syngrummu pinnatu J. Sm. Lond., Tuenitis 
Willd. sp. 
Adiantum cupillus-veneris L., A. concinnum Willd., A. diaphanum Bl., A. fulvum 
Raoul, A. hensloviunum Hk., A. hispiduhun SW., A. lorentzii Hier., A. macrophylhun 
SW., A. peruviunum Kl, A. polyphyllum Willd., A. pt&rulentum L., A. raddiunum 
Pr., A. sobobferum Wall., A. tenerum SW., A. tetraphyllum Willd., A. trapeziforme 
L. 
Pteridunetium citri@ium (L.) Copel.* 
Cibotium burometz (L.) J. Sm., C. glaucwn (Sm.) Hk., C. huwuiense Nakai et Ogura, 
Dicksoniu unturticu Lab., D. sellowiunu (Pr.) &, D. squurrosa (For&) SW., D. youn- 
giae C. Moore 
Bbtiella pubescens R. Tryon, Dennstaedtia bipinnuta (Cav.) Maxon, D. flaccida 
(Forst.) Bernh., D. globulifera (Pair.) Hier., D. sumoensis (Brack.) Moore, Histiopteris 
incisu (Tbbg.) J. Sm., Hypolepis aspidiodes Christ, H. distans (Col.) Hk., H. punctuta 
(Thbg). Mett., H. tenuifolia (Forst.) Bemh, A&-oIepiu hirta (Klf.) Pr., M. marginatu 
(Houtt.) C.Chr., M. plutyphyllu (Don) j. Sm. 1w. sstosu (Sm.) Al&on*, M. strigosu 
(Thbg.) Pt.*, Pteridium aquilinum (L.) Kuhn* 
Lindsueu kirkii Hk. 
Davulliu cmpylutu Kze., D. canariansis (L.) Sm, D. epiphylla Spr.*, D. solida (Forst.) 
SW.*, D. trichomanoicles Bl.* Duuullodes novoguineense (Ros.) Cop., Hum&u gri@th- 
iunu (Hk.) C.Chr. *, H. pusillu (Mett.) Carr.*, Leucostegiu immersa (Wall.) Pr., 
Rumokra udiunti$ormis (For&) thing 
Arthropteris orientalis (Gmel.) C. Chr., &andra urticukzta (SW.) fi., 0. colubrinu 
(Blanco) C., 0. dimorphu Copel., Nephrolepis ucut$olia (Desv.) Christ, N. biserruta 
(SW.) Schott, N. cordfolia (L.) Pr., N. dufii Moore, N. exultutu (L.) Schott, N. 
fulcuta (Cav.) C. Chr., N. hirsutula (For&) Pr., N. luuterbachii Christ N. mbdti$OFa 

(Roxb.) Jarrett, N. pectinata (Willd.) Schott 
Cephalomanes Presl. sp., Mecodium sanguinolentum (G. Forst.) Presl ex CC@., ni- 
chomunes L. sp. 
Gleicheniu glauca (Tbg_) Hk., G. lineuris (Bun-~.) Clarke 

Cyatheu contuminuns (Wall. ex Hook.) Copel., C. deulbata (Forst.) SW., C. medulla& 
(Forst.) SW., C. sungirRnsis (Christ) Copel., C. smitkii Hk. 
Christella hurveyii Lev., C. pFoliferu I%., Cycbsorus appendiculutus (Blume) Ching 
C. atrospinusus (CChr. ex Kjellb. et C.Chr.) Ching, C, continguus (Rosenst.) Chin& 
C. dentutus (Forsk.) Ching, C. diver&lo& (Presl.) Chiq, C. gongyhdes Link, C. 
hukonensis Copel., C. invisus (G. For&.) Copel., C. jaculosis (Christ) H.Ito, C. Iu+ 
ceolu (Christ) Copel., C. latipinnus (Hook. ex Bak. in Hook. et Bak.) Tartieu tx 
Tartieu et C.Chr., C. nymph& (G.Forst.) Ching, C. pennigerus (G.Forst.) Ching, 
C. philippinensis (Bak.) Copel., C. piloso-squamutus (v.Ald. v.Ros) Ching, C. pro- 
currens (Mett.) Cop& C. productus (Kaulf.) Chin& C. smwt~anu~ (v.Ald v.Ros) 
Ching, C. terrestris (Copel.) Copel., Goniopteris poiteunu (Bory.) Ching, Macrothe- 
lyptais polypodiodes (Hook,) Holttum, PneumutopteFis michaelis (Nakai) Holt., 
SphaeFostephanos polycarpa (Bl.) Cop., Thelypteris usplenioides (Swartz) Proctor, 
T. usterothrix (F&e) Proctor, T. dentata (Fore.) E.St.John, T. erbescens (Wall 
ex Hook.) Ching, T. uhginosa (Kunze) Ching, T. viridifions Tagawa 

FWYIO 15/11-M 
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Table 1. cont’d. 

Order and family’ 
No. exan+ed/ 

NQ. positive Species tested (* means positive) 

Aspleniaceae 

Athyriaceae 

Aspidiaceae 

Gomariopsidaceae 

Blacbnales 
Blechnaceae 

Polypodiales 
Cheir0pleI.Ir~ 
Polypodiaceae 

Grammitidaceae 
MaL+Edk&$ 

MaFSil~~ 
SalViXlialeS 

Salviniaceae 

159 

t1:o 

48:f 

8:O 

13:l 

1:o 

40:2 

i:O 
1:O 

1s 

Asplenium &hiopic#m (N.L.Burm*) Becherq, A. auriculutum (Thbg.) Kuhn, A. bru- 
cI~~cmpum (Mett.) Kuhn, A. ctarori Hk., A. lastii CChr., A. lucidurn Forst,, A. 
murinum L,, A. nt’dus L., A, oceanicurn C. Chr., A. schweinfirthii B&., A. serru 
Langsd. et F&h, A. thunbergii I&e., A. uniluterule Lam., A, viviparum (L.fil.) Pr., 
~c’()/IOp/QflS phr’thfnh 5 I D.hl’lb H.Ito 
.4lh~ rr~nr _tilrr .fdrnrrirl 1 L I Rdh, Cullipteris Bory. sp., Dipluzium radratum Christ, D. 
b&biferum Brack., D. c&&urn J. Sm., D. dibtutum BL, D. gr@thimta Hk., D. 
maxima (Fourn.) Flak., D. pr&fermm (Lam.) Kaulf., Lunuthyrium boryunum (Willd.) 
H.Ohba, L. japonicum (Thunb.) Kurata 
Ctenitis umpla (Humb. et Bonpl. ex WilId.) Ching, C. currori (Mett. ex Kuhn) 
Tardieu, C. protensu (Afi. ex Swartz) Ching, C. subincisa (Willd.) Ching, Cyclodium 
menisciodes (Willd.) Pr., Cyclopel~is ~voguineensis Ros., Cyrtumium caryotideum 
Pr., C. fortuner’ J. Sm., Dryopteris aquilinoides (Desv.) C.Chr,, D. curthusiuna (Vill.) 
H, P. Fuchs, D. decomposita (R.Br.) OKtze., D. erythrosoru (Eat.) O.Ktze., D. 
$lixmus (L.) Schott, D.&era (Thbg) O.Ktze., D. lepida (Moore) C.Chr., D. nip 
ponensis Koidzumi in Mayebara, D. puleaceu (Moore) Fomin., D. squamiseta (Hk.) 
O.Ktze., D. suburboreu (Bak.) CChr., Gymnocurpium jessoense (Koidz) Koidz., 
Heterogonium profereoides (Christ) Cop., H. wigmunii (R&b.) Holttum, Hypodemu- 
tium crenatum Kuhn, Lustreopsis hispidu (Swartz) Tindale, Pleocnemiu conjugutu 
Pr., P. tripinnutu Holttum, Polystichum acufeatum (L.) Schott., P. kurokawae 
Tagawa, Psomiocurpia upiifoliu Pr., Pteridrys austrulis Ching ex CC&r. et Ching, 
.P. olivuce~ (Rosenst.) Copel*, Tectariu up$oliu Cap., T. bumleriunu (Ross) C.Chr., 
T. cesatianu (CChr.) Cop., T. christoualensis (CChr.) Alston, T. cicuturiu CL.) Cop., 
T. co&n&u C.Chr., T. crenutu Cav., T. fernandmsis (Bak.) CChr., T. firscipes 
(Wall.) CChr., T. gymnocarpu Cop., T. in&u Cav., T. irreggzrluris (Pr.) Cop., T. 
mucrodontu (FI%) C.Chr., T. menyunthidis (Pr.) Cop., T. subtriphyllu (Hk. et Am.) 
Cop., T. vustu (Bl.) Cop., Woodsia polystichoides Eat. 
Bolbitis nuumunni (Kuhn) Ching, B. quoyunu (Gaud.) Ching, B. rivuluris (Brack.) 
Ching, B. subcrenutu (Hk. et Grev.) Ching, &en#u uppendiculutu (Wtild.) J.Sm., 
Elaphoglosszun up&m (KauE) J.Sm., E. crinitum (L.) Christ, E. lutifolium (SW.) 
J.&Xl. 
Blechnum brasiliense Desv., B. ciliutum Pr., 3. jluviutile (R.Br,) Lowe, 23. g&bum 
(Lab.) Mett., B. indti Burm., B. lunceolutum (RBr.) Sturm., I?. membrunuceum 
(Cal.) Mett, B. occidentale L., B. putersoni (R.Br.) Mett., Duo& caudatu (Cav.) 
RBr., D. media RBr., Stenochluena tenuifolia (II&v.) Moore*, Woodwurdiu uirginica 
(L.) Sm. 
Cheiropleuriu bicuspis (Bl.) Pr. 

Agluomorphu meyenianu Schott, A. pilosa (J.Sm.) Cop., A. s&&ens (J&n.) Cop, 
Campyloneuurttm mgustijb1ia F&+, C. c~stu.t#m Pr., C. phyllitfdis Pr., DrynmirJl linriuei 
I&Id., D. quercifoliu (L.) J.&n., D. rigidulu (SW.) B&id., D. spursisoru (Desv.) Moore, 
Goniophlebium subaurieulutum Pr., Leptochilus lanceolutus I?&, Microsorium pter- 
opus (Bl.) Copel., A4. punctutum {Linn.) CopeI., M. scolopendriu (Burm f+) Copet., 
Phiebodium uureum J.Sm, P. decumanum J&II.*, Photinopteris speciosa BL, Plutycer- 
ium bifurcutum (Cav.) CChr., P. grunde (A.Cunn.) J. Sm., P. s&maria (Beauv.) Desv., 
P. vussei hort., Pleopeltis bicolor (TX&&) Sledge, P. lunceolutu KlE, P. percussa 
Hd., Polypodium uuriculutum L., P. mncuronesicum A. Bobrov, P. proliferum Klf., 
P. richurdii Kl., P. thyssunolepis A Br., P. t&n&urn L., P. vadgare L., Pyrossia 
angustutu (Swartz.) Ching, P. beddomeneunu (Giesenh.) Ching, P. lingua (Thunb.) 
Farwell, P+ longi@iu (N.L. Burm) Morton, P, nummulurfolia (Swartz.) Ching, P. 
winkleri (Rosenst.) Chin& Selliguea pluntagineu Bra&, Thuyeria hookeri Cop. 
Ctenopteris heterophyllu (Labill.) Tindale 
Mursileu L. sp. 

Sulviniu uuriculutu Aublet. 

fian@ng therefore, may result in a high proportion of EXPZFWEMTAL 
negative readings as an acyanog&z form of a pz1rticular 
plant may have been tested. However screening in this 

P&t muteri& Fresh material was sampled from mature 

way does give some indication of the frquenq of cyan* 
plants growing in the greenhouses or in the gardens at the 

-is, and ah sug@Ws groups of plants in which 
Royal Botanic Gardens, Kew. Only material which had been 
prop&~ verified and identified was used. Fresh leaf sarnpb 

cyanogenesis is more likely to occur. were examined for the production of HCN by treating the 
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Table 2. Cyanogenesis in Gymnosperms 

Order and 
family* 

Coniferales 
Pinaceae 

Taxaceae 

No, examined/ 
No. positive Species tested (* means positive) 

46:o Aruucwia arawanu (Mol.) K&X%, Cedrus atfanticu Manetti, C. deodara (Royle ex Lamb.) 
Loud., Chamaecypuris h+vsonia (A.Murr) Parl. var. “lutea compacta”, C. obtuse (Sieb, & 
Zucc.) Sieb. & Zuco. var. “nana”, C. pisifeta (Sieb. & Zucc.) Sieb. & Zucc. var. Yilifera 
nanan, C. thy&es (L.) Brittop, Sterns & Pogg. var. “glauca”, Cryptofnfzria japonica (L.f) 
D. Don var. “spit&” var. Xtelhna”, Cruzninghumia lanceolata (Lamb.) Hook, Junipaus 
communis L. var. “nana”, J. conferta ParL, J. horizosttalis IMoench., J. procumbens Sieb., 
J. sabina L. var. “tamariscifolia”, J. scoplcrorwm Sarg., J. squamata D. Don, Lurk decidua 
Mill., L. pnelini (Rupr.) Litvinov., L. Ieptolepis (Sieb. & Zucc.) Mum, Libocedrus decurrens 
Torr., Picea abies (I+.) Karst, P. &color (Maxim) Mayr., P. glauca (Moe&) Voss., Pinus 
aristata Engelm., P. ayacahuite Ehrenb., P. banksiana Lamb., P. burt~eanu Zucc., P. cembra 
L., P. cembroides Zucc., P. coulteri D. Don, P. jefieyi AMurr., P. mugo Turra, P. nigru 
Arnold, P. puruiflora Sieb. $r Zucc., P. peuce Griseb., P. pinea L., P. ponderosa Dougl., 
P. radiata D-Don, P. strobus L. var. “prostata”, P. sylvestris L., Pseudokwix amabilis (Nelson) 
Rehder, Sciadopitys uerticillata (Thunb.) Sieb. & Zucc., Sequoia sempervirens (Lamb.) Endl. 
var. “adpressa”,- Tu.xodium ascendens Brongn. var. L(nutans”, T. distichum IL.) Rich,, Tswga 
cunudewis (L.) Carr. var.’ “albo-spica* var. “pendula” 

23 Taxus baccata L. var. “expansa”, Podocarpus ur&tus Poepp. ex. EndL 

* Arranged according to Kew “Handlist of Conifers”. 

material (ca 1.0 g of terminal pinnae or needles) with 2-3 drops 
of toluene in a sealed tube with a filter paper strip, which 
had been pm-treated with either sodium picrate [8,14] or cup- 
per ethylacetoacetate in CHCl, [9], suspended from the stop- 
per and incubating the tube at 35” for 3 hr. Any change in 
the colour of the paper was observed. 
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BENZYL ISOTHIQCYANATE IN CYCWCOMORPHA 

SOLMSI~ (CARICACEAE) 

C. S. TANG and R. A. HAMILTON 
Department of Agricultural Biochemistry, University of Hawaii, Honolulu, Hawaii 96822; Department of 

Horticulture, University of Hawaii, Honolulu, Hawaii 96822, U.S.A. 

(Received 18 June 1976) 

Key Ward I&x-CycZicomcrpha; Caricaoeae; chemotaxonomy; benzyl isothiooyanate. 

PIant. Seeds of Cyclicomo~pf2a st&sii were collected in Agricultural Misskn at about the 1400 m level on Mt- 
January, 1976, by Mr. Jurgen Griesbach of the German Kenya, Kenya from trees about 27 m tall. Several plants 

were grown from the seeds by the Hortkulture depart- 
ment at the Hawaii Agricultural Experimeat Station. The 

Journal Series No. 2032 of the Hawaii Agricultural Exper- lehlves of these young plants fit the description of that 
iment Station. of C. solmsii [lJ. However, flowering plants have not 


