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MORLEY BENJAMIN CRANE

17 M arch  1 8 9 0 — 17 S ep tem ber 1983

E lected  F .R .S . 1947

By S i r  K e n n e t h  M a t h e r , F .R .S ., a n d  W . J. C. L a w r e n c e

E a r l y  l i f e

M o r l e y  B e n j a m i n  C r a n e  was b o m  in L am beth  on 17 M arch  1890 
shortly  after his fa ther had  died . H is m other, who cam e from  Suffolk, 
soon re tu rn ed  w ith  her in fan t son to East A nglia, w here she m et and 
m arried  E rnest W isem an, a young fru it grow er of K elvedon in Essex. 
T h e  young C rane was b ro u g h t up in the fam ily w ith  th ree  ha lf-b ro thers  
and a half-sister.

H is early life is som ew hat obscure. It seem s likely tha t his step -fa ther 
was em ployed at d ifferent tim es in the nurseries or o rchards of large East 
A nglian estates, and tha t his fam ily m oved round  w ith  him . C rane 
h im self first a ttended  school at the age of four in D itch ingham , N orfolk, 
w here he was taugh t by M iss L ilian  H aggard, the daugh ter of Sir R ider 
H aggard , w ho had an estate there. H e left school w hen he was twelve 
years old.

T h e re  can be no doub t th a t these early years were very arduous. F rom  
an early age he w orked very long hours, especially du ring  the busy 
seasons of the year. Even while still at school he was w orking outside 
school hours, and it was not uncom m on for him  to have very long walks 
to school and later to work. T h is  how ever did not preven t him  earning 
pocket m oney by catching rabb its at Id  [^p] a tim e, a fox’s tail being 
w orth  6d [2^p]. H e to ld  the story, too, of once catching a pike by spearing 
it w ith  a garden  fork w hen it appeared in a fenland drain  alongside the 
field in w hich he was w orking at the tim e. He was a m an of m any, 
characteristically  am using, anecdotes, from  w hich indeed stem s m uch of 
such in form ation  as we have about his early life.

H is w ork m ust have been largely in the fenland fru it-g row ing  areas, 
m ost p robably  in a n um ber of them  as he had an extensive knowledge of 
East A nglia and its rural activities. H e left the eastern counties in 1911 
w hen he w ent to the John  Innes H orticu ltu ral In stitu tion  in M erton  on
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the sou thern  fringe of L ondon ; b u t he m u st have acqu ired  his know ledge 
of, and ab id ing  in te rest in, h o rticu ltu ra l p lan ts, especially fru its , and his 
skill in th e ir cu ltivation , p ropagation  and m anagem ent, d u rin g  his early 
years in East A nglia.

T h e  J o h n  I n n e s  H o r t i c u l t u r a l  I n s t i t u t i o n

T h e  John  Innes H o rticu ltu ra l In s titu tio n  (now  the John  Innes 
In stitu te ) was founded  in 1910 u n d e r the will of John  Innes w ho died in 
1904. Its  first D irec to r was W illiam  Bateson, F .R .S ., who was the leading 
exponen t in th is cou n try  of the  new  science of genetics to w hich indeed  he 
gave its nam e. H is p rogram m e of research for the  new  In s titu tio n  
included  studies not only of basic genetical phenom ena, b u t also of the ir 
application  to the reso lu tion  of p rob lem s arising  in h o rticu ltu ra l practice. 
John  In n e s ’s will fu rth e r  req u ired  the In stitu tio n  to undertake  ed u ca­
tional w ork in h o rticu ltu re . T h is  B ateson d id  by the ap p o in tm en t each 
year of a n u m b er of E xh ib itioners  (later renam ed  S tu d en t G ardeners), 
who, besides being  tra ined  in h o rticu ltu ra l p ractice, a tten d ed  lecture  
courses on som e of the  sciences bearing  on h o rticu ltu re . T h e  first six 
E xh ib itioners  w ere appo in ted  in 1911 ‘from  am ong a large n u m b er of 
cand ida tes’, to quote  the D irec to r’s rep o rt for th a t year, and C rane was 
one of them . H e was also aw arded a b u rsary  of £50  a year p rov ided  by the 
W orsh ip fu l C om pany of F ru ite re rs  and  linked specifically to w ork on 
fru it.

C ran e ’s w ork as an E xh ib itioner m u st have been largely concerned  
w ith  the cu ltivation  and m anagem ent of the  In s ti tu tio n ’s grow ing 
collection of fru it trees and he also a ttended  evening classes in nearby  
W im bledon . T h a t he was w iden ing  his experience in a d ifferent d irec tion  
is, how ever, ind icated  by references in the D irec to r’s rep o rt for 1913, to 
his having assisted w ith  w ork on the fertilization  of fru it trees and having 
‘m ade experim en ts on the genetics of T o m a to e s’, w hich indeed  was the 
subject of his first pub lica tion , w hich appeared  two years later. H is 
E xh ib ition  and b u rsary  cam e to an end in 1913, too, b u t he was reta ined  
at the In stitu tio n  as sub -fo rem an  for the fru it work.

H e left the In s titu tio n  in 1915 in itially  to en te r m un itions work, b u t 
tow ards the end of th a t year he enlisted  in the Royal F ly ing  C orps, in 
w hich he a tta ined  the rank of sergeant and saw service on the Som m e. 
W hile in the R .F .C . he m arried , in 1917, V iolet R u th  W atson, who came 
from  W isbech w here he had m et her p resum ab ly  w hile still w orking in 
the fenland fru it-g row ing  areas before he w ent to the John  Innes.

Follow ing the end of the w ar C rane re tu rn ed  to the In stitu tio n  in 1919. 
H e was appo in ted  a T echn ical A ssistant and resum ed  his w ork on fru it 
and tom atoes. Betw een 1911 and 1919 the fru it w ork had been the 
successive responsib ility  of th ree  people, (the first of w hom , W . O. 
Backhouse, started  the work), b u t from  the tim e of his re tu rn  after the
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w ar C rane  led and gave co n tin u ity  to th is w ork until he resigned  in 1953.
D u rin g  these 33 years the  scope of the investigations expanded , as did 

the  n u m b er of people  engaged on them . In 1924 C rane was p rov ided  w ith 
an assis tan t and  in 1928 his ow n sta tus was raised to th a t of Pom ologist by 
S ir D aniel H all w ho in 1927 succeeded Bateson as D irec to r and w ith 
w hom  he was co -au th o r of a book The apple (28#) in 1933. In  1935 an 
assistan t P om ologist was appo in ted , b u t the grea test developm en t cam e 
in 1937 w hen the scientific staff of the  In stitu tio n  w ere, for the first tim e, 
organ ized  in to  d ep a rtm en ts , one of w hich was the D ep a rtm en t of 
Pom ology w ith  C rane  at its head. N ow  he had a team  of people w orking 
w ith  h im  on fru it or on p rob lem s arising  out of the fru it investigations.

H e was m ade D ep u ty  D irec to r of the  In stitu tio n  in 1950 co incidentally  
w ith  the  com pletion  of its m ove from  M erto n  to B ayfordbury , near 
H ertfo rd . H e held  th is position  sim ultaneously  w ith  th a t of H ead of the 
Pom ology D e p a rtm en t un til he left the In stitu tio n  in 1953.

R e t i r e m e n t

In  1911 M erto n  Park , w here the In stitu tio n  was founded  and John  
Innes had  lived, was still at least sem i-ru ral. T h e  years betw een the wars, 
how ever, saw it engulfed  by the spread  of L o n d o n ’s suburb ia , and it 
received its share of bom bing  d u rin g  the second war. W hen th is started  
C rane pu rchased  a sm all farm , F irs  F arm , in H aughley , near Stow - 
m arket, in w hat was effectively his native East A nglia, and to it he 
evacuated his fam ily, w hich included  his two daughters, Joan, aged 
tw enty , and A nne, aged ten . H e con tinued  his work at the In stitu tio n  in 
M erton , b u t visited  the farm  each w eek-end and oversaw  the cultivation 
there  of crops of such th ings as onions, beans and sweet corn, together 
w ith  seed crops. H is wife rejo ined him  in M erton  after a few m onths w hen 
the bom bing  had declined, b u t his two daugh ters stayed at the farm .

W hen , in 1953, C rane left the John  Innes H orticu ltu ra l In stitu tion , 
after 42 years’ association w ith it, he and his wife took up perm anen t 
residence at F irs  Farm , w here he p roduced  flower and vegetable seeds 
and raised som e m ore specialized fru it. W hen, how ever, M rs C rane died 
in 1958 he sold the farm  and w ent to live w ith  his elder daughter, now 
m arried  b u t still living in H aughley. L ater, in 1965, he bought a 
bungalow , ‘P lovers D ip ’, w hich had been bu ilt on land at F irs Farm , and 
took up residence there  w ith his w idow ed sister-in-law  as a com panion. 
A nd there  he died sudden ly  on 17 S ep tem ber 1983, exactly halfway 
th rough  his 94th year.

C rane grew  up in the East A nglian countryside and despite his years at 
the John  Innes, m ost of them  spent in a M erton  tha t had becom e part of 
suburb ia , he re tu rn ed  to it for his final years. H e rem ained all his life a

N um bers given in this form refer to entries in the bibliography at the end of the text.
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coun trym an  at heart, w ith  those qualities of sh rew dness, cau tion , 
patience and persistence th a t m ark  so m any  w ho are close to the land.

S c i e n t i f i c  w o r k  

Tree f r u i t : incompatibility

C ran e ’s first account of progress in the investigations w ith  fru it appears 
as part of the D irec to r’s rep o rt for 1920. H e rep o rted  th a t 152 seedlings 
from  selfing V ictoria p lum s differed w idely in the colour, shape and 
flavour of the fru it th a t they bore, w hereas selfed offspring from  Early 
T ra n sp a re n t w ere sim ilar to th e ir  p a ren t in the  shape of th e ir  fru it b u t 
varied in the co lour of flesh and skin, and the fru it of the selfed p rogeny of 
P ershore  w ere sim ilar to th e ir  p a ren t in all respects. A few of the seedling 
apples had also fru ited . All of these p lum s and apples w ere doubtless the 
resu lt of B ackhouse’s early pollinations, b u t C rane was clearly now  the 
leader of the con tinu ing  w ork on fru it.

A lready in 1913 it had been repo rted  tha t (as had indeed been 
previously  know n for som e varieties) no t only did  m any p lum s and apples 
set no fru it w ith the ir ow n pollen , though  som e w ere self-com patib le , b u t 
also tha t the investigation  had revealed an inability  of certain  varieties to 
fertilize o thers. In  1920 C rane recorded  tha t all the sweet cherry  ( 
avium) varieties tested  w ere self-incom patib le  and th a t two varieties had 
show n them selves to be c ross-incom patib le  w ith  one ano ther. By 1925 
th ree g roups of sweet cherry  varieties had been recognized, w ith in  each of 
w hich cross-po llinations were as unsuccessful as seifs, b u t betw een w hich 
all crosses were fully com patib le. O ne of these g roups con tained  six 
varieties, a second con tained  four and the th ird  contained  two. L a ter 
experim ents in co llaboration  w ith  W . J. C. Law rence, estab lished  eleven 
such in tra -incom patib le  b u t in te r-com patib le  groups. A few of the 
varieties tested  lay outside these groups, b u t were of course as self­
incom patib le  as the rest.

S our cherries ( Prunuscerasus) and D uke cherries (considered to be 
descended from  hybrids betw een sweet and sour cherries) behaved 
differently , how ever. Som e show ed com plete self-com patib ility  and 
o thers various degrees of self-incom patib ility  as m easured  by the ratio  of 
fru it set to flowers pollinated . F u rth e rm o re , again unlike sweet cherries, 
reciprocal crosses d id  not all show the same level of incom patib ility .

M ore in form ation  was also available by 1925 abou t p lum s ( 
domestica). Som e of the self-incom patib le  p lum s fell into in tra ­
incom patib le groups, ju s t as the sweet cherries did, b u t o ther varieties 
were partly  self-com patib le in tha t they set som e fru it though  not a 
full crop w hen self-pollinated , while yet o thers, as know n earlier, re ­
vealed com plete self-com patib ility  by setting  a full crop after self- 
pollination. C ross-pollinations revealed variation in the degree of cross­
com patib ility , and reciprocal crosses did not always show the same level
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of com patib ility . P lum s and sour cherries had som eth ing  in com m on, in 
co n tras t to sw eet cherries.

A pples ( Pyrus malus) were d ifferen t again in th a t full se lf-incom ­
patib ility  was rare, as also was full c ross-incom patib ility , and alm ost 
every grade of bo th  self- and c ross-incom patib ility  occurred , as m easured  
by the fru it set in relation  to flowers po llinated . H ow ever, although  
incom patib ility  is involved here  as it is in the Prunus species, o ther 
factors also com e into consideration , as we shall see later.

T h ese  resu lts  w ere clearly of d irec t p ractical im portance  in th a t they 
offered fru it g row ers guidance in p lan ting  th e ir  o rchards. W ith  sweet 
cherries it was obvious th a t no o rchard  should  be p lan ted  w ith  a single 
variety  or indeed  w ith  varieties from  the sam e incom patib ility  group: the 
varieties b ro u g h t together m ust belong to d ifferent g roups if d isaster was 
to be avoided. T h o u g h  the situa tion  is m ore com plex in p lum s, and a 
single tree  of, for exam ple, V ictoria  can be expected to yield well, o ther 
varieties, includ ing  the  m uch  prized  G age g roup  of p lum s, requ ired  
m ixed plan ting ; and so on. C rane, of course, recognized this and he gave 
accounts of his findings not only in the genetical litera tu re , b u t also in 
periodicals like the Journal of Pomology and Horticultural , the
Fruit Grower and  the K ent Farmers' Journal, as well as p resen ting  them  at 
conferences and in lectures of various kinds. T h e  John  Innes itself later 
m ade them  available in leaflets designed for practical use.

D esp ite  th e ir  practical value, these findings in them selves offered no 
real insight in to  the genetical m echanism s underly ing  the determ ination  
of com patib ility  relations. A n unders tan d in g  of the genetics of incom ­
patib ility  had to com e from  extensive genetical analysis in species th a t 
were m ore am enable to b reed ing  experim ents than  these tree fru its. T h e  
phenom enon  was, how ever, know n in a n u m b er of o ther species and was 
u n d er investigation in various annual p lan ts whose shorter generation 
tim e and sm aller dem ands for space and facilities m ade deeper analysis 
possible. In  1925 E. M . East and his co llaborator, A. J. M angelsdorf, were 
led to the so-called oppositional factor hypothesis of incom patib ility  by 
his experim ents w ith  Nicotiana alata and its ho rticu ltu ra l derivative 
N . sanderae. T h is  in te rp re ted  incom patib ility  relations as determ ined  by 
a series of allelic genes, denoted  by S ly S 3, . . . .  A pollen tube carrying, 
say, S x w ould not grow  effectively dow n a style carrying this same S  
allele. T h u s  if a p lan t of constitu tion  S 1S 2 was self-pollinated , or indeed 
cross-po llinated  by a second p lan t of the same constitu tion , the po llina­
tion w ould be incom patib le. But if cross-pollination  was m ade using 
pollen from  a p lan t carry ing  at least one different S  allele, say S 3 or <S4, 
com patib ility  was achieved.

T h is  hypothesis served to account not only for the self-incom patib ility  
of sweet cherries, b u t also for the existence of the in tra-incom patib le  bu t 
in ter-com patib le  groups in them . F u rth e rm o re  it enabled a p red iction  to 
be m ade about the results of com patib le crosses and one that could be

 on July 19, 2018http://rsbm.royalsocietypublishing.org/Downloaded from 

http://rsbm.royalsocietypublishing.org/


94 Biographical Memoirs

tested  by sweet cherry  p rogenies already available. N o t only shou ld  a 
cross w here all the  pollen  was com patib le , i.e. of the  k ind S x S 2 x 
yield four classes of p rogeny  ( S 1 S 3, S 4, S 2 3, S 2 4) th a t w ould  be 
in tra -incom patib le  b u t in te r-co m p atib le , and  all com patib le  w ith  bo th  
paren ts , b u t there  should  also be a second and m ore in form ative  type of 
cross w here the paren ts  had one allele in com m on, i.e. of the  kind 
S x S 2x S l S 3. T h is  half-com patib le  type of cross w ould  yield only two 

classes of progeny (S i S 3and S 2 S 3 or and S 2 S 3, accord ing
to w hich way the cross was m ade). T h ese  classes w ould  be in tra ­
incom patib le  and in te r-com patib le , b u t w hile bo th  classes w ould  be 
com patib le  w ith  th e ir  m o ther, one w ould  be com patib le  and the o ther 
incom patib le  w ith  th e ir m ale paren t. Such  ha lf-com patib le  crosses w ere 
recognized by C rane and L aw rence from  sweet cherry  progenies, so 
leaving no d oub t th a t incom patib ility  in Prunus avium  is de te rm in ed  by 
m u ltip le  alleles at an locus, as it is in the  Nicotiana  species and, as we 
now  know , m any o th er flow ering p lan ts.

O f course, this still left the d ifferen t behav iour of sour cherries, p lum s 
and apples to be explained. T h e  clue here cam e from  observations m ade 
by the young C. D . D arling ton , soon after he jo in ed  the John  Innes as a 
cytologist in the m id-1920s. H e coun ted  the  chrom osom es in a n u m b er of 
Prunus species and found inter alia th a t P. avium  had  16, P. cerasus
2 n =  32 and P. domestica 2 n = 48. T h u s  the sweet cherries w ere d ip lo id , 
the sour cherries te trap lo id  and the p lum s hexaploid . N ow  a d ip lo id  will 
have only two S  alleles in its style and one in each of its pollen  grains, 
w hereas a te trap lo id  will have four in the style and tw o in the pollen  grain , 
while in a hexaploid  there  will be six in the style and th ree  in the pollen. 
T h u s  a g rea ter com plexity  of rela tionsh ips arise betw een pollen  and style 
in te trap lo ids than  in d ip lo ids, since th e ir pollen can, for exam ple, carry  
one S  allele com patib le  and one incom patib le  w ith  a given style, and 
pollen of a hexaploid  can have two com patib le  alleles p lus one incom ­
patib le, or one com patib le  and  tw o incom patib le , as well as th ree 
com patib le  or th ree  incom patib le . F u rth e rm o re , the p lu ra lity  of alleles in 
the pollen m igh t resu lt in in ter-alle lic  in terac tions th a t m ateria lly  reduced  
the ir effective action. As C rane po in ted  ou t, it is no t difficult to see how 
grades of partial com patib ility  can com e abou t and self-com patib ility  (in 
the sense of self-pollination  resu lting  in a full crop of fru it) m igh t arise 
even w ith  only partial efficiency of the pollen, because only 20 -30%  of 
effective pollination  is requ ired  for a full crop in p lum s.

T h e  com plexity  of such relations could not be e lucidated , and the 
in te rp re ta tion  thus justified , in these fru it species. L ater, how ever, 
D . Lew is, w orking in the D ep a rtm en t of Pom ology of w hich C rane was 
H ead, and w ith  C ran e ’s full sup p o rt, induced  te trap lo idy  in the m uch 
m ore am enable species Oenothera organensis and analysed in detail these 
relations of pairs of S  alleles. H e found them  to show all the com plexity  
that m ight be expected.
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L ew is also found  th a t m u ta tio n s  could  be induced  in the allele of the 
hap lo id  pollen  b o rne  by the norm al d ip lo id  Oe. organensis, w hich 
deprived  the  pollen  of its capacity  for p roducing  the norm al incom ­
p atib ility  reaction , w ith  the  resu lt th a t a p lan t carry ing  th is m u tan t S  gene 
could  set seed by se lf-po llina tion . T h is  led h im  to apply  the techn ique  to 
fru it, and  pa rticu la rly  to sweet cherries, w here the p ro d u ctio n  of self- 
fertile  p lan ts  w ould  obviate the need for in te rp lan tin g  to secure a crop of 
fru it. Such  m u ta tio n s  w ere p ro d u ced  and self-fertile  cherries ob tained . 
O ne self-fertile  cherry , b red  in C anada b u t by using pollen carry ing  a 
self-fertile  m u ta n t from  the  John  Innes, is now  on the  m arket. A n u m b er 
of o thers  b red  at the Jo h n  Innes, com bin ing  self-fertility  w ith  resistance 
to bacteria l canker, are also now  on trial.

T h e  im plica tions of the  n u m b er of chrom osom es for incom patib ility  
w ere less obvious in apples than  in the Prunus species. Som e varieties 
w ere found  by D arling ton  & M offett (1930) to have 34 chrom osom es, 
w hile o thers  had  51, w hich im m ediately  suggests tha t the basic n u m b er is 
17, the  form s w ith  34 being  d ip lo id  and those w ith  51 trip lo id . T e tra -  
plo ids w ith  2 n = 68 chrom osom es w ere later found in bo th  apples and 
pears, the te trap lo id  form  of the pear ‘F e r tility ’ being  know n to have 
arisen as a b u d  sport from  the d ip lo id  form  (50). M offett (1931) also show ed 
th a t all the  species he exam ined from  a variety  of genera in the  Pom oidae had 
34, 51 or 68 chrom osom es, th u s  confirm ing 17 as the basic n u m b er in th is 
section of the Rosaceae. By the argum en t used  for the Prunus species, a 
chrom osom e n u m b er of 34 w ould  not lead one to expect in apples an even 
m ore com plex de te rm ina tion  of incom patib ility  than  th a t found in p lum s. 
O bservations on the behav iour of the chrom osom es at m eiosis, how ever, 
led D arling ton  and M offett to infer tha t the basic n u m b er 17 was itself 
polyploid , though  to different degrees in different chrom osom es, and so 
to regard  the w hole of the Pom oidae as secondary polyploids. O n this 
basis, as C rane & L aw rence (15) poin t out, the even m ore com plex 
de te rm ina tion  of incom patib ility  found in apples could be understood . 
W hen  pears ( Pyruscommunis) were later b ro u g h t into the investigation 
the ir incom patib ility  show ed the com plexities to be expected of a 
polyploid , though  less m arkedly  than  apples.

C rane also drew  a tten tion  to ano ther factor that had to be taken into 
account w hen considering  the fru itfu lness of apples. M any varieties are 
trip lo id  yet fully fru itfu l; indeed one trip lo id , B ram ley’s Seedling, is the 
m ost w idely grow n cooking apple in this country . N ow  trip lo id  p lants are 
typically sterile, or nearly  so, because the behav iour of the chrom osom es 
at m eiosis leads to the p roduction  of pollen and em bryo sacs that have 
irregu lar num bers of chrom osom es and hence are genically unbalanced 
and unable to function. T h is  generational sterility  (as C rane called it 
to d istingu ish  it from  incom patib ility  as a cause of unfru itfu lness) can 
arise, and express itself by varying degrees of aborted  pollen and 
im perfect seed, even in balanced polyploids like the hexaploid plum
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P. domestica (48). It is, how ever, a regu lar and strik ing  feature  of trip lo id  
apples, w hose pollen show s no m ore than  a q u a rte r  to half the  p ro p o rtio n  
of good grains p roduced  by dip lo ids. F u rth e rm o re , seedlings from  
trip lo id  apples are characteristically  m uch less v igorous than  those from  
diploids because, one m ust assum e, of the irregu lar n u m b ers  of ch ro m o ­
som es they  carry. T h u s , w hereas varia tion  in fertility  follow ing self- 
po llination  of d ip loids is to be ascribed  to incom patib ility , generational 
sterility  m ust be a ch ief cause of in fertility  in trip lo ids. T h a t trip lo id s can 
nevertheless set com m ercially  acceptable crops of fru it reflects in fact a 
near divorce betw een seed p roduction  and  fru it p roduction : only one of 
the ten ovules p resen t in an apple or pear ovary need develop into a seed, 
and even tha t one need not be a perfect seed for a fru it to set. A pples and 
pears are approach ing  parthenocarpy , and th e ir fru itfu lness can th u s  be 
m ain tained  despite  a h igh degree of generational sterility . Indeed  fully 
parthenocarp ic  developm ent of fru it follow ing frost in ju ry  to the  styles is 
repo rted  in som e varieties of pears by C rane & B row n (69), w ho also 
discuss the causal sequence of fru it developm ent in relation  to po llina­
tion, em bryo and endosperm  developm ent, parthenocarpy  and apom ixis.

T h e  studies of incom patib ility  and associated phenom ena, w ith w hich 
C rane was first associated du ring  his tim e as an E xh ib itioner at the John  
Innes and of w hich he was the central figure from  1920 onw ards, w ent on 
for som e 30 years. T h ey  involved the pollination  of over half a m illion  
flowers, roughly  half of w hich were of cherries, ra th e r m ore than  half the 
rem ainder p lum s, and about sam e num bers of the rest apples and pears, 
respectively. N early  70 nam ed form s of sweet cherry  w ere used and over 
50 each of apples and pears. T h ey  left unansw ered  few, if any, of the  
questions tha t m igh t arise on th is aspect of the p roduction  of top  fru it.

N u m b ers  of pollinations on th is scale w ould have been im possible 
w ithou t the assistance particu larly  of W . J. C. L aw rence d u ring  the 1920s 
and A. G . Brow n from  1935 onw ards. N or could they have been achieved 
had it no t been for a techn ique of grow ing the p lan ts in large pots w here 
they could be left sm all, say about 5ft ( . 1.5 m) in height and yet w ould
flower freely. T h ey  were norm ally  left ou tdoors w ith the ir pots p lunged  
in ashes b u t w ere b ro u g h t into a special greenhouse w hen they were 
needed for pollinations. T h ey  were then  readily m anipulab le  and could 
be left there  until the outcom e of the pollinations was classifiable. T hese  
small trees gave a strik ing  exhib ition  of com patib ility  relations w hen the ir 
fru it was ripe and they w ere of course not undu ly  difficult to tran spo rt. 
T hey  were exhib ited  on a n u m b er of occasions at Royal Society 
Conversaziones and also at o ther places.

Tree fru it:  genetics and plant breeding

In  the second decade of this cen tu ry , w hen work began at the John  
Innes, genetics was in its infancy and the belief was w idely held am ong
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geneticists  th a t the isolation of ‘un it ch a rac te rs’ w hose differences w ould 
show  recognizable M endelian  inheritance  w ould  revolu tion ize p lan t 
b reed ing  by m aking  it little  m ore th an  an exercise in applied  M endelian  
m an ipu la tion . T h is  no tion  m u st have co n trib u ted  to the m otivation  of the 
early  b reed in g  w ork on fru it.

Cases of sim ple inheritance  w ere found in Prunus species, such as the 
sim ple gene differences in P. persica th a t govern  the hairiness and 
sm oothness of the fru it (so d istingu ish ing  peaches and nectarines) and the 
occurrence  of g lands on the leaves, or the difference betw een black and 
w hite  cherries in P. avium, or the difference betw een u np igm en ted  and 
p igm en ted  leaves, flowers, fru it and w ood in the M yrobolan  (or cherry) 
P lum , P. divaricata. S im ilar sim ple d ifferences were observed at w ork in 
raspberries  and tom atoes too. I t becam e increasingly  apparen t, how ever, 
th a t fru it b reed ing  (like o ther kinds of p lan t b reed ing) was not as sim ple 
as that.

All these cases of sim ple M endelian  differences have been observed in 
species later recognized as diploid . O th er species, later ascertained to be 
polyplo id , w ere found  to show  a m ore com plex p ictu re  even for the kinds 
of character, like co lour of fru it, for w hich sim ple differences had  been 
found  in the d iploids. In  1943 C rane (68) pub lished  a coloured plate 
w hich illu stra ted  the range of fru it colours observed  in the progenies 
ob tained  by se lf-pollination  of the V ictoria p lum , the first of w hich he had 
repo rted  in 1920. N o two of the fifteen fru its  show n (each from  a different 
seedling) are alike, and it is obvious tha t no sim ple gene difference could 
account for the variation. H ad  p lum s been m ore su ited  to genetical 
experim en ta tion  it m igh t have been possible to derive an in te rp re ta tion  in 
term s of a n u m b er of differences tha t had different effects on the colour, 
as has been done for the octoploid  garden  dahlia (L aw rence & Scott- 
M oncrieff 1935). D ifferences in fru it size and shape, w hich are also to be 
seen in th is same coloured  plate, are p resen ted  in m ore detail by C rane & 
L aw rence (30) size being characterized  by fru it volum e and shape by the 
relative excess of length  over b read th  of the fru it. T h e ir  m ost extensive 
set of data was from  210 seedlings obtained  by self-pollination from  
V ictoria p lum s. T h e  frequency  d istribu tions  for fru it size and shape of 
these seedlings leave little doub t th a t they reflect the typical continuous 
variation  of ‘qu an tita tiv e ’ characters now  recognized as m ediated  by 
polygenic system s. T h e  inheritance of flavour is also discussed and 
a lthough flavour is difficult to categorize and m easure, it w ould seem to 
indicate in a m ore qualitative way the same basic characteristics as fru it 
shape and size.

D ata  from  sim ilar studies of apples, covering a range of characters from  
anthocyanin  p igm entation  to fru it size, shape and flavour, were b rough t 
together by C rane & Law rence in 1933 (29). T o  quote a slightly later 
work of the theirs (30), ‘T h e  results show that the inheritance of m ost of 
the characters stud ied  is com plex and precise analysis difficult owing to
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the alm ost con tinuous v a ria tio n ’. A bou t the  sam e tim e C rane, in con- 
ju c tio n  w ith  G reenslade, M assee and T y d em an , repo rted  an investigation  
into resistance and im m un ity  of apples to the woolly aphis pest, carried  
out at the John  Innes and the E ast M ailing  R esearch S tation . T h ey  
conclude tha t ‘the im m un ity  [of the apples] to attack is de te rm in ed  by and 
dependen t upon  a certain  balance of genetic  factors and [that it] is 
governed  by a n u m b er of genes the action of w hich is in p a rt co m p lem en ­
tary  and in part cu m u la tiv e ’ (37).

Pears w ere found to offer an in te resting  con tras t to apples in respect of 
certain  m orphological characters of the  leaves. T h ese  show  d iscon tinuous 
and sharp ly  defined differences in pears w hereas they  in te rg rad e  in apples 
(56, 63). 1 his con trast in respect of leaf m orpho logy  betw een the two 
species parallels the ir con tras t in respect of incom patib ility  as well as tha t 
in certain  features of th e ir cytological behaviour: a lthough  bo th  species 
m ay be regarded  as secondary polyplo ids fundam en ta lly , the pear 
behaves m ore nearly  like a d ip lo id  than  does the apple. As C rane & Lew is 
say, ‘If  the apple and  pear had a com m on ancestor, as th e ir  taxonom y and 
cytology suggest, it is rem arkable th a t such divergencies shou ld  have 
occurred  . . . .  E v idently  d ifferen tia tion  [of the chrom osom es] has gone 
fu rth e r in the pear than  the ap p le ’. I hey po in t out, how ever, th a t in 
recent tim es m ore species m ay have co n trib u ted  to the  orig in  of the  
cu ltivated  apple than  to tha t of the pear, w ith  the consequence tha t genic 
heterogeneity  m igh t be grea ter in the  one than  the o ther.

In  1935 the Royal H o rticu ltu ra l Society held  a conference on apples 
and pears, to w hich C rane gave an address. In  it he sum m arized  the 
conclusions to be draw n from  his experim ents and the ir im plication  for 
the fru it b reeder. H e con trasted  the sim ple inheritance  of such characters 
as incom patib ility  and fru it colour in d ip lo id  cherries w ith  the  com plex­
ities of the ir behav iour in the polyploid  p lum s and apples, and drew  
a tten tion  to the sterility  (as d istinc t from  fru itfu lness) of trip lo id  apples, 
w hich, he em phasized, should  be avoided as paren ts  in b reed ing  
program m es. H e m ade the po in t, too, th a t since varieties of fru it are 
propagated  com m ercially  by asexual m eans, they  are all heterozygous to a 
g rea ter or lesser degree and hence will give variation  in th e ir  sexual 
progeny, w hether ob tained  by selfing or by crossing. Selections can thus 
be m ade and m u ltip lied  im m ediately  in the first generation . P aren ts 
should  be chosen appropria te ly  bo th  for re ta in ing  a valuable ch arac te r­
istic and for b ring ing  together characters in a new  com bination . He 
em phasized , how ever, tha t large progenies m ust be grow n if new 
associations of characters w ere to be found in the first generation  and 
qu ite  likely fu rth e r generations w ould  have to be raised— an im portan t 
consideration  in p lann ing  breed ing  p rogram m es in species w ith so long a 
generation  tim e and so dem anding  of space and labour as these fru its. 
T h e  basic genetical phenom ena of segregation and recom bination  are 
im plicit in such a p rogram m e, w hich is also based on the special
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p ro p ertie s  of the  species w hose im provem en t is being  sought; bu t 
essentia lly  it can be described  as a com m on-sense  approach  and it is the 
one th a t he h im se lf used.

H is in com patib ility  s tud ies inevitab ly  y ielded seed from  com patib le  
and p artly  com patib le  po llinations am ong a w ide range of paren ts . T h e  
seed from  p aren ts  chosen w h e th er for genetical or m ore practical 
reasons, could  be germ inated  and the seedlings grow n and m anaged in 
such a way as to dem and  the m in im um  of space and to secure the 
m in im u m  tim e to dow er and  fru it,so  y ielding a w ealth  of progenies from  
w hich p rom ising  ind iv iduals could  be selected, m u ltip lied  and assayed 
fu rth e r  for desirab le  a ttr ib u tes .

Six of the  selected apple seedlings w ere nam ed  and in troduced  after 
extensive trials. O f these ‘M erto n  W o rces te r’ was the  m ost w idely 
p lan ted : the  o thers  are still grow n on sm aller scales. A lso the jo in t work 
w ith  E ast M ailing  has led to the M . M . (M erto n -M allin g ) series of apple 
root stocks. O f the  sweet cherries, n ine w ere nam ed and w idely p lan ted  
com m ercially , ‘M erto n  B igareau’, ‘M erton  H e a r t’ and ‘M erton  G lo ry ’ 
being  the m ost popu lar. O f the o ther top  fru it, the pear ‘M erton  P r id e ’ has 
been successful and the p lum  ‘M erto n  G e m ’ is heard  of from  tim e to tim e.

The Rubus fruits

C herries, p lum s and apples w ere not the only fru it species on w hich 
experim en ts  began at the  John  Innes in 1911. G ooseberries, red and 
w hite cu rran ts  and raspberries w ere also b ro u g h t into the p rogram m e, 
and a n u m b er of single gene differences w ere found in the gooseberries 
and cu rran ts , includ ing  the one w hich d istinguishes red and w hite 
cu rran ts . R eference is m ade by C rane & L aw rence (30) to some of these 
resu lts , b u t in terest in these Ribes fru its  seem s not to have survived for 
long. C rane has no pub lication  specifically dealing w ith them .

T h e  raspberry  investigations did not, how ever, suffer the same fate: 
they con tinued  and ex tended  to include o ther species of Rubus grow n for 
the ir fru it. In R. idaeus, the E uropean  raspberry , ou r cultivated  varieties, 
w hich are of course asexually p ropagated , proved invariably to be 
heterozygous at m any loci. S im ple M endelian  segregation was found for 
genes affecting fru it colour, type of grow th , colour of leaves and, m ost 
in teresting  of all, the sex of the flowers. O ne gene pair was found to 
de term ine  w hether the flower has a functional gynoecium  and ano ther 
w hether it has a functional androecium . T h e  two in their various 
com binations can give rise to p lan ts whose flowers are herm aphrod ite , 
m ale, fem ale or neu ter (23, 30; Lewis 1939). T h e  sexes are m ore 
com pletely  d ifferentiated  in o ther species, notably  R. chamaemorus 
(C rane & Law rence) and R. vitifolius (C rane (53), T hom as 1940b).

As in top fru its, cytological studies begun in the m id-1920s added a 
new dim ension to the Rubus investigations. R aspberry  varieties may be
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dip lo id  (2x = 1 4 )  or au to te trap lo id  =  28), the  la tte r having  arisen  
from  the fo rm er since the m idd le  of the  last cen tu ry  (C rane (53); T h o m as 
1940b) and in general being  later fru itin g  th an  the d ip lo ids. R. 
on the o ther hand , had 56 chrom osom es, thus being  an octoplo id  (8x). 
T h e  relation betw een these two species is of in terest because there  was a 
strong  prima facie case th a t the loganberry  (R. loganobaccus), w hich  
appeared  in Judge J. H . L o g an ’s C alifo rn ian  garden  in 1881, had  arisen  
by a cross betw een them . T h is  in te rp re ta tio n  was, how ever, d ispu ted . 
C rane & D arling ton  (11) found  the loganberry  to have 42 ch ro m o ­
som es, so being a hexaploid  (6x), w hich agreed w ith  its supposed  hybrid  
origin p rov ided  th a t the raspberry  pa ren t was a te trap lo id . T h is  view of 
hybrid  origin was estab lished  beyond  d o u b t by C rane and T h o m as, the  
latter carry ing  out the cytological stud ies of the  p lan ts in fam ilies th a t the 
form er had raised by selfings and in tercrossings of the  loganberry  and its 
two pu tative  paren ts. R. vitifolius tu rn ed  out to be an au to -a llo -octop lo id  
(i.e. a do u b led -u p  allo tetrap lo id): its hyb rid  w ith  a 4x raspberry  w ould  
thus b reed  true  for its basic features and so en title  it to be regarded  as a 
new allopolyploid species.

I t is of in terest th a t the loganberry  itself has h e rm ap h ro d ite  flowers b u t 
can give unisexual p lan ts, som e w ith m ale and o thers  w ith  fem ale flowers, 
in backcrosses to R. vitifolius, thu s suggesting a relation  betw een the sex 
genes in the two paren tal species. T h is  po in t was not, how ever, pu rsued .

In ano ther pair of tw in papers C rane (52) and T hom as (1940a) drew  
a tten tion  to a fu rth e r feature  of Rubus species, em phasized  by the 
behav iour of the loganberry  and its paren ts , regard ing  the ir rep roduction  
by seed. T h is  is the versatility  tha t m any of them  display in sw itching 
betw een sexual and apom ictic  or pseudo-sexual rep roduction , the apo- 
m ixis being capable of taking a n u m b er of em bryological form s. In  
d iploids and allopolyploids, w here each chrom osom e has only one 
hom ologue and m eiotic behav iour is th u s  essentially  diploid , seed is 
p roduced  in a norm al sexual fashion; b u t in au topolyplo ids, w here the 
presence of m ultip le  hom ologues leads to a degree of in fertility , a capacity 
for apom ictic rep roduction  is displayed. T h u s  in d ip lo id  raspberries and 
blackberries rep roduction  is en tirely  sexual or v irtually  so, as it is also in 
the loganberry , w hich is an allohexaploid; b u t in the au to te trap lo id  
b lackberry  R. thyrsiger, the seed is 90%  apom ictic in origin and in the  
au to-allo-octoplo id  R. vitifolius it varies from  o n e -th ird  apom ictic to 
w holly sexual, according to the pollen tha t the flowers in question  have 
received.

T h e  origin of a polyploid involves chrom osom es doubling  at some 
poin t in its ancestry. In  the loganberry , C rane and T hom as show ed 
im plicitly  tha t doub ling  of the n u m b er of chrom osom es took place not in 
the im m ediate ancestry, bu t tw ice in the ancestry  of its octoploid  paren t, 
R. vitifolius. C rane h im self p roduced  a new form  in w hich a doubling  of 
the n u m b er of chrom osom es m ust have taken place at the tim e of the 
initial hybrid ization . H e crossed as fem ales an inermis form  (w ithout
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prickles) of the  com m on hedgerow  b lackberry , R. rusticanus, w hich is 
d ip lo id  (2x =  14), w ith  R. thyrsiger, ano ther w ild b lackberry  th a t grow s 
in the  sou thw est of E ngland , chiefly in D evon. W hen  its chrom osom es 
w ere coun ted , R. thyrsiger tu rn e d  ou t to be te trap lo id  =  28). F o u r 
seedlings w ere raised from  the cross. T h re e  of them , designated  R T 1 -3 , 
w ere trip lo id  (3,v =  21) as expected  and h ighly  sterile, also as w ould be 
expected; b u t R T 4  was h ighly  fertile. It p roved  to be a te trap lo id  and 
m u st have arisen  by the  function ing  of an egg w ith  an u n reduced  n u m b er 
of chrom osom es in the d ip lo id  R. rusticanus p aren t (11). I t was given the 
nam e ‘Jo h n  In n e s ’. T h o u g h  a very p roductive  b lackberry , ‘John  In n e s ’ 
had even m ore prick les than  its R. thyrsiger paren t. W hen selfed, 
how ever, it p roduced  37 offspring w ithou t prickles am ong a total of 872. 
T h ese  prickleless offspring w ere backcrossed to ‘Jo h n  In n e s ’ and yielded 
fu rth e r  ind iv iduals devoid  of prickles am ong the progeny. T h e  best of 
these seedlings was selected for m ultip lica tion , nam ed ‘M erton  T h o rn ­
less’ and p u t onto  the com m ercial m arket as a tho rn less b lackberry  having 
a h igh yield of large fru its .

T h e  p ractical in te rest of th is b reed ing  p rogram m e was tha t it p roduced  
a new  and  desirab le  tho rn less b lackberry . A t the sam e tim e, how ever, it 
y ielded resu lts  of theoretical in terest. ‘Jo h n  In n e s ’ proved to be an 
au to te trap lo id , b u t bo th  its selfed and backcrossed progeny contained  a 
ra the r h igher p ro p o rtio n  of ind iv iduals w ithou t prickles than  expected on 
the sim ple theory  of au to te trap lo id  inheritance (26). T h is  was the  first 
dem onstra tion  in a te trap lo id  of the occurrence of the phenom enon  
te rm ed  double  reduction , w hich arises as a resu lt of chiasm a form ation  
and crossing-over betw een the cen trom ere  and the locus of the gene that 
is segregating, and w hich we now  recognize as an inevitable feature of 
tetrasom ic, or indeed any polysom ic, inheritance. T h e  segregation o b ­
served am ong apom ictic offspring of R. nitidioides and R. vitifolius can be 
a ttr ib u ted  to th is sam e phenom enon  of crossing-over betw een the 
cen trom ere  and the locus of the relevant gene (49). H e also selected an 
early fru iting  b lackberry  ‘M erton  E arly ’ from  tetrap lo id  R. nitidioides 
found on H ayes C om m on in K ent.

Tomatoes and general plant breeding

A lthough  his greatest in terest was in fru it, C ran e ’s first paper, 
pub lished  in 1915, was on tom atoes and may well be the first case of 
linkage to be discovered in th is species. In  it he reported  the segregation 
in an F 2 of two gene differences, one for norm al v. com pound in ­
florescence and the o ther for norm al v. oval fru it. T hese  he designated as 
A -a  and B-b  respectively, bu t later they becam e S-s  and O-o. T h e  
num bers he obtained  w ere:-

so total 
13

SO
91 16

sO_
I f 131
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H e noted  the shortage of s ind iv iduals, w hich clearly  w orried  h im  a little, 
b u t m ore particu larly  the excess over sim ple expectation  of the  S O  and so 
classes. T h e  latter, he said (using B ateson’s term ino logy), suggests partial 
coupling  b u t, he w ent on, the n u m b ers  w ere no t large enough  to pe rm it 
any conclusion abou t the in tensity  of the coupling , n o r even to estab lish  
its existence w ith certain ty .

T h is  well illustrates the difficulties u n d e r w hich  at th a t tim e geneticists 
laboured  in seeking to in te rp re t th e ir  data, for the  ap p ro p ria te  statistical 
tests did  not becom e available un til the 1920s w hen R. A. F isher 
described  in his Statistical methods fo r research workers the use of for 
analysing such data. A little later he added  the use of the  m ethod  of 
m axim um  likelihood for estim ating  linkage values from  F 2 data. C rane 
need no t have been concerned  abou t the shortage of 5 ind iv iduals because 
y 2 show s it no t to be significant. O n  the o th er hand , the  y 2 testing  for 
linkage gives a value of 13.68, leaving no d o u b t th a t the tw o genes are 
linked in the coupling  phase, and m axim um  likelihood gives a recom ­
b ination  value of 0.305, assum ing th a t it is the sam e on bo th  m ale and 
fem ale sides. Inciden ta lly  the no tion  of such coup ling  arising  from  the 
genes being  located on the sam e chrom osom e w ould  no t have been 
accepted by his d irec to r, W illiam  Bateson, in 1915.

T h e  next tw o papers, pub lished  in 1920 and 1921, w ere on fru it b u t 
they  w ere followed in 1923 by a paper, w ritten  jo in tly  w ith  A. E. 
G a irdner, on species crosses in Cochlearia (6). H e never pub lished  on 
Cochlearia again, and appears to have lost in te rest in it. H is pub lica tions 
on the tom ato  w ere also few and far betw een for a n u m b er of years, b u t 
his in terest in it was m ain ta ined  until the tim e of his re tirem en t, and 
indeed intensified in later years. In  a jo in t paper (12) w ith  C. A. 
Jorgensen , the p roduction  of ch im eras involving the tom ato  and o ther 
species of the genus Solarium is described  and the ir s tru c tu res  analysed. 
T h e  ch im eras in w hich a core of one type is com pletely  covered by a skin, 
one or m ore cells thick, of ano ther (periclinals) or partly  so covered 
(m ericlinals) w ere of particu la r in te rest to h im , no d o u b t because 
ho rticu ltu ra l p lan ts afforded m any well know n exam ples of them , 
includ ing  Cytisus adami, Crataegomespilus and variegated form s of 
Bouvardia  and Pelargonium. In  1936 C rane added  ano ther periclinal 
ch im era to the list, w hen he dem onstra ted  th a t the po tato  variety  ‘G olden  
W o n d er’, yield ing tubers  w ith  a th ick  brow n russet skin, has a core of the 
variety  ‘L an g w o rth y ’, w hich bears tu b ers  w ith  a th in  w hite sm ooth  skin. 
T h is  he did  in a strik ing  way by harvesting  tubers  of bo th  varieties from  a 
single ‘G olden  W o n d e r’ tuber. O ne half of th is tu b er was used as a 
contro l and yielded ‘G olden  W o n d e r’ tubers  w hile the o ther, w hich had 
its eyes rem oved so causing new buds to be form ed from  in ternal tissues, 
yielded ‘L an g w o rth y ’ tubers.

In  1938—39 C rane started  two new lines of investigation w ith  tom atoes, 
bo th  of w hich w ere of applied  significance. O ne of them  was into the
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causation  and con tro l of ‘ro g u e ’ ind iv iduals th a t appeared  am ong the 
p lan ts  raised from  sam ples of seeds ob ta ined  from  grow ers. T h ese  rogues 
w ere d istingu ishab le  by th e ir atypical developm en t at early stages of 
g row th  and w ere m arked  by th e ir  m uch  poorer yields of fru it. H e show ed 
(45) th a t the  p ro p o rtio n  of rogues could  be reduced  in som e varieties, 
ap p aren tly  to the  po in t of e lim ination , by selection of the  pa ren t p lan ts 
from  w hich  the  seed was obtained; b u t the investigation , in w hich P. T . 
T h o m as and D . L ew is jo ined , failed to lead to a satisfactory  so lu tion  in 
term s of nuc lear genes. Indeed  the p ro p o rtio n  of rogues could be affected 
by the  env ironm en ta l cond itions p revailing  at critical stages d u ring  the 
g row th  of the pa ren t p lan t from  w hich the seed was ob tained , and Lew is 
was later led to p ropose  an in te rp re ta tio n  in term s of cytoplasm ic 
elem ents or p lasm agenes.

T h e  second line of investigation , carried  on in co llaboration  w ith  
K . M a th e r  d u rin g  its early years, was in to  the possib ility  of using  h y ­
b rid  varieties to im prove yield. C erta in  F j fam ilies raised and tested  in 
random ized  tria ls w ere indeed  found  to have appreciab ly  g rea ter yields 
th an  th e ir  b e tte r-y ie ld in g  paren ts. F u rth e rm o re  these trials w ere con ­
duc ted  in the open field so p rov id ing  in fo rm ation  on the relative 
perfo rm ances of the varieties as well as th e ir  hybrids, and they show ed 
th a t the best varieties w hen grow n under glass w ere not always the best 
w hen grow n ou t of doors. T h is  was valuable in form ation  d u ring  the early 
1940s w hen ou tdoo r cu ltivation  greatly  increased in im portance.

C rane also stud ied  the inheritance  of a n u m b er of prospectively  
im p o rtan t characters includ ing  resistance to leaf-m ould  disease ( 
sporium fu lvum ),resistance to cold, and the dw arf and bush  habits of
grow th . R esistance to leaf-m ould  proved to be dom inan t to suscep­
tib ility , w hich m ean t tha t only one pa ren t of a h igh-y ield ing  F x hybrid  
need be resistan t to th is disease to ensure  tha t the F j also show ed this 
desirab le  a ttr ib u te , though  the situation  proved  to be com plicated  by the 
existence of different races of Cladosporium

T h e  first outcom e of these stud ies was a new variety  nam ed ‘P u ck ’, 
w hich com bined  desirable characters from  the bush  and dw arf form s in 
th a t the inflorescences developed close together as in bush , b u t instead of 
having m uch of its fru it lying on the g round  it had the dw arf’s 
characteristic  of carry ing  its fru it on a short s tu rdy  stem  clear of the soil. 
‘P u ck ’ also com bined  earliness w ith its com pact habit and proved to have 
an unusual ability  to set fru it at low tem pera tu res. I t was particu larly  
suited  for grow ing in open g round  and was released in 1948.

T w o  varieties, A ntim ould  A and B, im m une or resistan t to the two 
com m onest and m ost devastating  races of the leaf-m ould  fungus in this 
coun try , came along a few years later. Finally  two F , hybrids, ‘H ertfo rd  
C ross’ and ‘W are C ross’, were in troduced  in 1953, the year of C rane’s 
re tirem en t. ‘H ertfo rd  C ross’ was resistan t to th ree races of ,
though  ‘W are C ross’ carried  no resistance. T h ey  were the first of the F ,
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hybrids tha t were soon com pletely  to oust the fo rm er tru e -b re e d in g  
varieties from  the  com m ercial g lasshouse p ro d u ctio n  of tom atoes in th is 
country .

D u rin g  the w ar yet ano ther line of investigation  was also follow ed w ith  
tom atoes. In  co llaboration  w ith D r S. S. Zilva of the L is te r In stitu te , 
observations were m ade on the influence of various genetical and 
env ironm ental factors on the p ro d u ctio n  of L-ascorbic acid in the fru it of 
tom atoes grow n out of doors. It was found, for exam ple, th a t those grow n 
in the sun contained  m ore L-ascorbic acid than  those grow n in the shade, 
and th a t te trap lo ids con tained  m ore than  the co rrespond ing  d ip lo ids (97).

T h e  b read th  of C ran e ’s p lan t b reed ing  activ ity  d u rin g  the w ar years is 
well illu stra ted  by the selections he m ade from  the progeny  of a na tu ra l 
cross th a t he found in 1940 am ong seed of the sm all w hite-seeded  harico t 
bean ‘C om tesse de C h a m b o rd ’. O ne of these selections was released in 
1945 u n d er the  nam e ‘M erton  Early H a ric o t’. Its seeds w ere w hite and 
th in  skinned like ‘C om tesse de C h a m b o rd ’, b u t it had a com pact hab it of 
grow th  and was early m atu ring  in con trast to the sp read ing  hab it and late 
m atu ring  of its paren t.

W ith  the reduction  of im ported  supplies d u ring  the w ar years there  was 
a great increase in the hom e p ro d uction  of the seed needed  for h o rticu l­
tural crops. M any grow ers becam e involved who w ere unfam iliar w ith  
the requ irem en ts for successful seed p roduction  and a large n u m b er of 
enqu iries w ere received by the John  Innes abou t the crossability  and 
requ irem en ts for isolation of cross-b reed ing  species of h o rticu ltu ra l 
p lan ts. T h is  led C rane to undertake  two investigations, one of w hich was 
into the crossability  and capability  of causing m u tua l con tam ination  
am ong the various com m ercially  im p o rtan t form s of Brassica. H e was 
jo ined  in th is by P. T . T hom as. C hrom osom e counts had show n th a t the 
cabbage g roup, B. oleracea, had 2n =  18 chrom osom es. A second group, 
B. rapa, had 20 chrom osom es and included  tu rn ip  rapes as well as tu rn ip s  
them selves, while a th ird  g roup , B. napus, includ ing  bo th  sw edes and 
swede rapes, had 38 chrom osom es and m ust have arisen by allo­
polyploidy from  crosses betw een B. oleracea and B. rapa. F o rm s in any 
one group w ould be in te r-fertile  and could readily  con tam inate  one 
ano ther d u ring  seed p roduction , b u t w ould be infertile  w ith those in the 
o ther two groups and hence w ould not contam inate  them . T h e  im portan t 
finding was tha t kales w ere of two kinds, one belonging to B. oleracea and 
the o ther to B. napus so p rov id ing  a firm  basis for de te rm in ing  the 
isolation requ irem en ts of any kales being grow n for seed.

A second investigation, undertaken  jo in tly  with K. M ather, was into 
the distance by w hich stands of two different varieties of the sam e insect- 
pollinated  species m ust be separated  if c ross-pollination  betw een them , 
and hence con tam ination  of the seed, was to be avoided. T h e  radish  was 
used as a convenient test species and the necessary distance tu rn ed  out to 
be su rprising ly  small: separation by no m ore than  300ft(c<2. 91m) was
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sufficient to secure effective isolation. T h ese  resu lts w ere inco rporated  
to g e th e r w ith  a s ta tem en t of the general p rinc ip les of seed p ro d u ctio n  in a 
leaflet ‘G row ing  pu re  seed ’ pub lish ed  by Jo h n  Innes and m ade available 
to grow ers.

The origin of new forms

D u rin g  his s tud ies of b reed ing  behav iour in top fru its  and the Rubus 
fru its , C rane  had  com e to recognize th a t bo th  the form s th a t we grow, 
indeed  have grow n for a long tim e, and the new form s th a t arise from  tim e 
to  tim e in cu ltiva tion , can differ from  one ano ther in a variety  of ways. In  
1935 he arranged  ou r cu ltiva ted  races of fru it, and  by derivation  also 
those of o th er h o rticu ltu ra l species, in to  five classes accord ing  to  the ways 
in w hich  they  o rig inated , nam ely:

(1) by gene m u ta tio n  and selection, as for exam ple, the two form s of 
Prunus persica, w hich we te rm  peaches and nectarines, and w hich show 
only sim ple M endelian  differences from  one another;

(2) by the interspecific  hyb rid iza tion  of d ip lo id  species w ithou t 
chrom osom e dup lica tion  or o ther cytological aberra tion , as in the red 
cu rran t, w hich show s evidence of th ree  species of Ribes having con­
trib u te d  to it;

(3) by sim ple au topolyplo idy , as w ith the trip lo id  apples and the 
te trap lo id  raspberries  and blackberries;

(4) by in terspecific hybrid ization  am ong polyploid  form s, as show n by 
the orig in  of garden  straw berries th rough  the hybrid ization  of the two 
octoplo id  species Fragaria virginiana and F. chiloensis, o rig inating  in N o rth  
and S ou th  A m erica respectively, follow ing the ir being b rough t together 
u n d er cu ltivation  in Europe;

(5) by interspecific hybrid ization  accom panied by the function ing  of 
u n reduced  gam etes, as in his ow n blackberries, ‘John  In n es’ and ‘M erton  
T h o rn le ss ’, or by som atic doubling  of the n u m b er of chrom osom es, as 
w ould  appear to have happened  in the origin of our dom estic p lum s not to 
m en tion  m any of our agricu ltu ral crops such as w heat and oats.

A t the same tim e he po in ted  out that in some cases the m ethod of 
origin, as he pu t it ‘m erged from  one class into a n o th e r’ or, m ore 
precisely, involved m ore than  one of the types of change tha t he listed. A 
good exam ple of th is is p rovided  by the loganberry , w hich his own 
investigations w ith T hom as show ed to have arisen by sim ple hybrid iza­
tion of two species (class 4), one paren t being a raspberry  tha t p resum ably  
arose by autopolyploidy (class 3), and the o ther an auto-allopolyploid  
(classes 3 and 5), though  this m ay be an unusually  com plex case.

In  later pub lications the n um ber of classes of change were reduced to 
four by the m erger of classes 2 and 4 of the earlier list, and in reference 43 
the exam ples cited are evidently  ex tended  to o ther im portan t h o rticu l­
tural species, while in reference 54 C rane discusses the significance of 
these findings for system atics.
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In  m any  cases the orig in  of the new  form  was d o cum en ted  and the 
na tu re  of the change involved was know n or could  be estab lished  w ith  
confidence. W ith  o th er form s th is was not the  case and  th e ir  orig ins could 
only be in ferred  from  th e ir  ow n p ro p ertie s  of varia tion , chrom osom e 
n u m b er and b reed ing  behav iour. T h is  was so w ith  the p ink-flow ered  
chestnu t, Aesculus x Carnea, and on m orphological, cytological and 
h istorical g rounds C rane argued  the case for its being  an allo te trap lo id  
arising  from  crossing betw een  the  com m on horse  ch estn u t A . 
taneum from  E urasia, and A . pavia  from  N o rth  A m erica.

T h e  species w hose orig in  appears, how ever, to have been of g reatest 
in terest to h im  was th a t of the dom estic  p lum , Prunus domesticus. I t is a 
hexaploid  (6x =  48) and he concluded  th a t it arose, p resum ab ly  by 
som atic doubling  of the chrom osom es, from  the trip lo id  h y b rid  betw een 
the m yrobolan  p lum  P. divaricata ( =  cerasifera, 16) and the
com m on sloe or b lack thorn , P. spinosa, (4x =  32). T h e  chrom osom e 
nu m b ers  fit and so do the fru it colours. P. divaricata has fru it w ith  a red 
skin over yellow  flesh, w hereas P. spinosa has b lue p igm en ted  skin over 
green  flesh. T h e  p lum  com bines bo th  these po ten tia lities of skin and flesh 
co lour to give the m uch  w ider range found in p lum s, so well illu stra ted  in 
the plate show ing the colours of the  fru it bo rne  by the p rogeny of the 
V ictoria p lum  to w hich we have m ade earlier reference (p. 97). 
F u rth e rm o re  P. divaricata and P. spinosa bo th  grow  w ild in the  N o rth  
C aucasus, w here there  also occur na tu ra l hyb rid s betw een them  hav ­
ing 24 chrom osom es and being  highly  sterile, as expected of a trip lo id . 
D r V. A. R ybin , how ever, repo rted  in correspondence  w ith  C rane that 
one seedling he raised proved  to be larger, m ore robust and fertile, and to 
have 48 chrom osom es, so su p p o rtin g  C ra n e ’s views (54).

A p p r e c i a t i o n  a n d  h o n o u r s

C rane spen t his early years in the East A nglian coun tryside  living and 
w orking w ith  ho rticu ltu ra l p lan ts, especially fru it species. H e becam e 
skilled in the cu ltivation  and m anagem ent of these p lan ts, w ith  a close 
in terest in them  and know ledge of the ir practical requ irem en ts. W hen  he 
came to the John  Innes at the age of 21 he m oved into a w orld  w here 
science, and in particu la r genetical science, was beg inn ing  to offer an 
unders tan d in g  of the practical p rob lem s tha t arose w ith  these p lan ts and 
the p rospective hope of overcom ing them . T h is  application of the 
genetical approach  to the practical p rob lem s of ho rticu ltu ra lis ts  becam e 
the hallm ark of his w ork. O ften  he relied on his co llaborators for the m ore 
specialized aspects of the investigation, and in some cases for its later 
developm ent. H ow ever, he m ain tained  the con tinu ing  th read  of the work 
and in te rp re ted  its im plications in practical term s th ro u g h  his w ritings 
and the m any talks he gave to ho rticu ltu ra l gatherings. He was generous, 
too, w ith m aterial and help to the younger scientists w ith  w hom  he was 
associated.
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H is field of research  was v irg in  and he had v irtua lly  no com petition , 
b u t his findings w ere of in te rest to large n u m b ers  of fru it g row ers, bo th  
p rivate  and com m ercial. H e m et and  earned  the  respect of leading 
grow ers. H e p rov ided  a link betw een  science and h o rticu ltu re  and his 
w ork was app rec ia ted  by h o rticu ltu ra lis ts  as well as scientists. T h u s  it was 
no t su rp ris in g  th a t his services w ere w idely sought by govern ing  bodies 
and  com m ittees of various k inds. T h is  is well illu s tra ted  by the list, w hich 
appeared  in the A nnual R eport of the John  Innes for 1942, of the 
executive and  advisory  com m ittees of w hich he was then  a m em ber, 
nam ely: the C ouncils of the E ast M ailing  and L ong  A sh ton  R esearch 
S tations; the C ouncil and F ru it  Policy S u b -C o m m ittee  of the H o r ti­
cu ltu ra l E duca tion  A ssociation; the F ru it  and V egetable and Scientific 
C om m ittees of the Royal H o rticu ltu ra l Society; and the jo in t Royal 
H o rticu ltu ra l Society and M in is try  of A gricu ltu ra l F ru it  T ria ls  
C om m ittee .

H e was ho n o u red  th ree  tim es by the Royal H o rticu ltu ra l Society. T h e  
first occasion was in 1930 w hen he was the first rec ip ien t of the  
Jones—B atem an C up  and M edal, w hich is aw arded trienn ia lly  for original 
research  add ing  to our know ledge of cu ltivation , genetics or o ther m atters  
rela ting  to fru it cu ltivation . In  1938 th is was follow ed by the V eitch 
M em orial M edal (G old) for ‘his w ork on the genetics of fru it tre e s ’. 
F inally , in 1944, he received the V ictoria  M edal of H o n o u r in H o rti­
cu ltu re  (V .M .H .), an aw ard lim ited  to 63 holders at any one tim e. In  
p resen ting  the M edal, the P residen t of th a t Society again m ade special 
reference to the w ork on fru it by C rane and his co llaborators, and added 
th a t ‘. . . i n  the fu tu re  we shall be m uch  indeb ted  to those who have 
co n trib u ted  to a w ork of such im portance  to our p lan t and fru it g row ing’. 
H e was also g ran ted  the  H onorary  F reedom  of the F ru ite re rs ’ C om pany 
and the F reedom  of the C ity of L ondon  in 1949.

T u rn in g  to the o ther aspect of his work, C rane was elected an Associate 
of the L innean  Society in 1926, one of his sponsors being W . C. F. 
N ew ton , th en  the senior cytologist at the John  Innes. In 1973 he was 
m ade an H onorary  Fellow  of tha t Society, a category established a few 
years earlier ‘for honouring  persons in the U n ited  K ingdom  and overseas 
C om m onw ealth  co u n tries’ and lim ited  to 25.

H e was elected to the Fellow ship  of the Royal Society in 1947.

A c k n o w l e d g e m e n t s

W e are grateful for their help to M rs A nne A ngus (nee Crane); 
P rofessor D. Lew is, F .R .S .; M r A. G . Brown; Professor H . W . W ool- 
house, D irec to r of the John  Innes In stitu te ; M r J. H . F idd ian -G reen , 
Executive Secretary  of the L innean  Society of L ondon; and M r B. E lliott, 
L ib rarian  of the Royal H orticu ltu ra l Society.

T h e  pho tograph  reproduced  was taken by L. S. C larke in 1949 and 
supplied  by the John  Innes Institu te .
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