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Effects of Chronic Irradiation 
Upon a Self-Incompatible Clone of Lycopersicum peruvianum * 

D. DE NETTANCOURT and R. ECOCHARD 

Assoc ia t ion  E u r a t o m  - -  I T A L ,  W a g e n i n g e n  

Summary. Flovering plants  from a self-incompatible clone of Lycopersicum peruvianum were exposed during 90 days 
to different dose-rates of gamma-rays  ranging from 2 to 17 rad per hour. I r radia t ion  was continuous, except for a dai ly  
in ter rupt ion  of 7 hours. 

Whereas i r radia t ion  at  dose-rates higher than  7.50 rad per hour seriously inhibited bud formation and floral develep- 
ment,  chronic exposure at  dose-rates ranging from 3 to 7 tad/hour  increased the number of seeds per plant .  This stimu- 
lat ion is not  due to ah igher  number  of seeds per fruit  bu r ro  a v e r y  significant rise in the  number of fruits per plant .  
As i r radia t ion  t r ea tmen t  did not  significantly increase the  number of flowers per p lan t  and did not  appear  to  s t imulate  
pollen tube germinat ion in the styles, it  is concluded tha t  the recorded increase in frui t-set t ing essentially resulted from 
a radio-induced inhibit ion of the  processes which control  floral  abscission in the absence of cross-pollination. 

Three plants  with reduced self- incompatibi l i ty  and one completely par thenocarpic  individual were observed in the 
M 2 progeny bu t  no evidence was obtained tha t  i r radiat ion could induce a permanent  type  of self-compatibil i ty in 
L. peruvianum. 

Introduction 

I t  has  been  shown b y  severa l  au thor s  t h a t  irra- 
diation could  cons t i tu te ,  in ce r t a in  cases, a useful  
tool  for b r e a k i n g  down r e p r o d u c t i v e  ba r r i e r s  be tween  
species  (TANAKA, 1957; SWAMINATHAN and  MURTY, 
t 959; DAVIES and  WALL, t 961) and  for induc ing  self- 
c o m p a t i b i l i t y  in c ross -po l l ina ted  p lants .  Concerning 
this  las t  effect,  the  resul t s  ava i l ab le  in the  l i t e r a tu r e  
c lear ly  ind ica t e  t h a t  r ad io - induced  modi f i ca t ions  in 
s e l f - i ncompa t ib i l i t y  e s sen t i a l ly  der ive  f rom m u t a -  
t ions  of t he  i n c o m p a t i b i l i t y  genes i nvo lved  (LEWIS, 
1949, 1951 ; LEWIS and  CROWE, t954;  PANDEY, 1959; 
LINSKENS, SCHRAUWEN a n d  VAN DEN DONK, 1960; 
S~IAI~MA and  BoYEs, t961).  In  some ins tances ,  
however ,  i r r a d i a t i o n  has  been  obse rved  to  induce  a 
t e m p o r a r y  b r e a k d o w n  of the  i n c o m p a t i b i l i t y  r eac t ion  
which  can be asc r ibed  to  u n s t a b l e  cy to log ica l  changes  
in t he  pol len  (LEWIS, t95 t ; BREWBAKER a n d  NATARA- 
JAN, t960;  ]BREWBAKER and  EMERY, t960 ; PANDEY, 
t963) or  to  a d i rec t  a l t e r a t i on  of the  i n h i b i t o r y  sub-  
s t ances  in i n c o m p a t i b l e  s ty les  (LI?qSKENS, SCHRAU- 
WEN and  VAX DEN DONK, t960;  KUMAR and  HECHT 
1965). 

The  m a i n  pu rpose  of t he  p re sen t  a r t ic le  is to  
descr ibe  a r ad io - i nduced  increase  in seed-se t  pe r  p l a n t  
which  was obse rved  dur ing  chronic  i r r a d i a t i o n  of a 
se l f - incompa t ib le  clone of Lyc@ersicum peruvianum 
and  which  does no t  a p p e a r  to be  r e l a t ed  to a n y  of the  
p h e n o m e n a  desc r ibed  above  b u t  to  a d i rec t  effect 
of i r r a d i a t i o n  upon  f loral  absciss ion processes.  

Material and Methods 

Two separa te  i r rad ia t ion  experiments  were performed 
in the  gamma-greenhouse (300 CulSTCs) of the Association 
during the summer months of t966 and 1967. In the  first 
experiment,  which was pr imar i ly  designed for inducing 
genetic mutat ions  for self-compatibii i ty in Z. peruv~anum, 
8 plants  from a self-incompatible clone (L. peruvianum 
6006, k indly  provided by  the Ins t i tu te  of Hort icul tural  
P lant  Breeding in Wageningen) were i r radia ted during 
90 days at  each of the distances corresponding to 5 pre- 

* This publ icat ion is contr ibution no. 368 of the  Eura-  
tom Biology Division. 

established dose-rates (t.90, 3.00, 4.70, 7.50 and 17.30 rad 
per hour). All  p lants  had reached anthems for the  first  
cluster stage when i rradiat ion began and i r radiat ion was 
continuous, except for a dai ly interrupt ion from 10 AM to 
5 PM (7 hours). Temperature  was mainta ined a t  23~ 
during the day  and 17 ~ at  night. Relat ive humidi ty  
(70%) remained constant  throughout  the  experiment  
whereas l ight conditions were those of Dutch summer. In  
order to decrease the  considerable amount  of flower 
dropping which occurs na tura l ly  in a clonal populat ion of 
L. peruvianum and which might  prevent  slow-growing 
pollen tubes to reach the ovules before floral  abscission 
(DAVIES and WALL, t96t),  all control  and i r radia ted 
plants  were sprayed weekly with 25 ppm alpha-naphtha-  
lene acetic acid. Poll ination was ensured by  shaking 
individually, on a l ternate  days, each open floret  with an 
electric vibrator .  The main cr i ter ium invest igated was the  
number  of seeds produced per plant .  This is a compound 
character  which can be decomposed, in four different 
ways, into several e lementary  factors (Table t and Fig t). 
Three months after harvest ,  the seeds obtained were sown 
and the resulting progeny screened for self-compatibil i ty.  

As the  results obtained in this  first  experiment  (1966) 
had shown tha t  i r radiat ion t rea tment  markedly  increased 
the capaci ty  of the  plants  to set fruits, a second experi- 
ment  was made in 1967 to tes t  the  reproducibi l i ty  of this 
result  with the same clone and under similar environmen- 
ta l  conditions but  in the  absence of hormone t rea tment .  
The cri teria observed were the following: to ta l  nmnber  of 
flowers produced per plant ,  number  of clusters, number of 
fruits and number of seeded fruits per  p lant  a t  the end of 
the i r radiat ion period (90 days, as in the  first experiment).  
In  addition, pollen tube growth in the  style at  each of the  
focal dis tances tes ted and in reciprocal crosses between 
i r radia ted  and non-irradiated plants  was examined by  
means of U.V. microscopy using the technique of MAR- 
TIN (1959). Observations were based on 15 styles per  
t rea tment .  

Results and Discussion 

1. Effects of Irradiation Upon Fertility and Compatibility 
Relationships in the Treated Generation 

A. Experiment with Hormone Treatment 
I t  can be  seen f rom tab le  t ,  which  l ist  the  average  

va lues  r ecorded  for each c r i t e r ium t o g e t h e r  wi th  the i r  
conf idence l imi ts  and  the i r  F value ,  t h a t  i r r a d i a t i o n  
effects,  when s t a t i s t i c a l l y  rel iable,  were e i ther  de-  
p ress ive  or s t imula t ing ,  depend ing  upon  the  dose - ra te  
and  the  c r i t e r ium considered.  F igu re  1, which sum-  
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marizes the da ta  obtained in terms of the difference 
between control  and i r radiated means, shows tha t  all 
depressions were restr icted to the highest  dose-rate 
(t 7.30 rad/hour)  whereas all s t imulat ing effects were 
confined to the 7.50 and 4.70 rad /hour  dose-rates, no 
significant differences being recorded between control  
and i r radiated values at  the two lowest rates. 

first experiment,  it was not  possible to know if the 
increase in frui t-set t ing resulted from a larger number  
of flowers per cluster on the i r radia ted plants  or f rom 
a radio- induced inhibit ion of floral abscission. The 
possibili ty existed, fur thermore,  tha t  the weekly 
spraying with hormones  modified radio-sensitivities 
and in terac ted  with i r radiat ion effects. These aspects 

Table 1. Fertility relationships in a clonal population o/self incompatible L. peruvianum exposed to chronic irradiation of 
gamma-rays (experiment o/ 2966 ) 

Average number of 
Rad/hour 0.00 t.90 3.00 4.70 7.50 17.30 F calculated C.L. 95% 

Clusters per plant 5.38 5.38 5.63 
Fructiferous clusters per plant 3.88 2.88 5.13 
Fruits per plant 25.50 26.00 32.50 
Fruits per cluster( z ) 3.84 4.45 6.t6 
Fruits per fructiferous cluster0} 6.73 7.60 9.67 
Seeded fruits per plant 3.88 2.25 3.t3 
Seeded fruits per cluster( z ) 0.71 0.48 0.59 
Seeded fruits per fructiferous cluster0) t.09 0.89 0.78 
Seeds per plant 7.00 7.60 15.60 
Seeds per cluster 1.41 2.06 3.0t 
Seeds per fructiferous cluster0) 1.78 4.14 3.66 
Seeds per fruit(1) 0.61 0.67 0.48 
Seeds per seeded fruit(z) 1.55 4.05 4.34 

6.75 6.50 2.50/7 4.08** 2.27 
4.75 3.38 0.88/7 4.19"* 1.95 

63.30 s 57.60 s 4.50 7.15"* 24.90 
9.52 s 8.83 s 2.05 6.12"* 3.57 

t2.21 17.94 s 4.38 8.40** 5.03 
2.75 8.508 0.38/7 7.08** 3.t0 
0.38 t.36 0.10 4.20** O.63 
0.51 2.6t 8 0.31/) 1t.71"* 0.73 

13.10 2t.508 0.40 2.38 14.50 
t.58 3.60 0.10 2.21 2.58 
2.53 6.358 0.31 2.03 4.44 
0.19 0.35 0.04 /.1t 0.70 
3.37 2.22 1.oo 1.58 3.31 

F (table) 95% = 2.44 ** = significant at the 99% level S = significantly stimulated 
F (table) 99% = 3.49 D = significantly depressed 
(t) The value listed for each compound criterium represents the average product of the elementary factors recorded for each 

plant. Because of plant to plant fluctuations this average product necessarily differs from the product of the averages 
calculated for each elementary factor. 

The depressive effects were stat ist ically significant 
for four criteria, namely,  number  of clusters per plant,  
number  of fructiferous clusters, seeded fruits per 
fructiferous cluster and number  of seeded fruits per 
plant.  In  all these cases, depression was essentially 
due to the fact  t h a t  i r radiat ion at a dose-rate of 
17.30 rad /hour  prevented  cluster format ion and sub- 
sequent  flowering and fruiting processes. 

At  dose-rates of 7.50 rad /hour  and lower, depressive 
effects were no longer observed and were often re- 
placed b y  significant increases over control  values. 
The deviat ions are par t icular ly  interest ing in the case 
of seed-set per plant  (Table t) as t hey  appear  to 
indicate a radio- induced increase in self-compatibi l i ty 
which reaches statist ical  significance at 7.50 rad/hour.  
However ,  it can be seen from Figure I t ha t  this s t imu- 
lat ion effect does not  result  f rom a rise in seed-set per 
fruit  bu t  f rom a ve ry  significant increase in the num-  
ber of fruits and of seeded fruits per cluster. Such a 
s t imula tory  action of i rradiat ion t r ea tmen t  upon 
fruit  format ion appears ra ther  remarkable,  especially 
if one considers the det r imenta l  effects of the t reat -  
ments  upon  pollen ferti l i ty (Table 2) and if one takes 
into account  the fact  t ha t  i rradiat ion at similar dose- 
rates is known to inhibit  ra ther  severely the fruit- 
set t ing capac i ty  of self-compatible species of Lyco- 
persicum (YA~IAKAWA and SPARROW, t965;  DE 
NETTANCOURT and CONTANT, t966). As the number  
of flowers per cluster had  no t  been recorded in the 

Table 2. Irradiation effects on pollen stainability 
(Counts were based on 250 grains per flower and 3 flowers per plant. All 
staining tests were carried out with fast-green in lacto-propionic acid) 

Rad/hour 0.00 1.90 3.00 4.70 7.50 

% non stainable pollen 4.58 5.83 6.49 11.62 33.65 

were invest igated in the course of the second irra- 
diat ion experiment.  

B. Experiment without Hormone Treatment 

The results obta ined  in this second exper iment  are 
compiled in Table 3 and Table  4. F rom a compar ison 
of the da ta  in Tables I and 3, it can be seen t h a t  the 
i rradiat ion response of the peruvianum clone did not  
va ry  very  much  from one year  to the other.  Due to a 
possible effect of the hormone  t r ea tmen t  or to a more 
rapid growth-ra te  in 1966, the general radiotolerance 
of the plants  was greater  in the first exper iment  
whereas seed-set per p lant  and seed-set per fruit  were 
definitely higher in 1967 than  in 1966. This increase 
in self-compatibi l i ty can possibly be a t t r ibu ted  to a 
reduct ion in vigor or to an aging effect (McGuI•u 
and RICK, 1954) in the peruvianum clone. Yet, the 
trends in response were the same for all criteria in- 
vest igated and the absence of hormone  t r ea tmen t  in 
the t967 exper iment  did not  modify  the s t imulat ing 
effects of i rradiat ion upon  the number  of fruits and of 
seeded fruits per plant  (Table 3). I t  is obvious, fur ther-  
more, t ha t  the observed increases in fruit-set  do no t  
result  f rom a larger number  of flowers per p lant  bu t  
f rom an increase in the probabi l i ty  t ha t  a flower shall 
form a fruit. In  contrast ,  the s t imulat ing effect of irra- 
diat ion upon the number  of seeded fruits is solely due 
to the  tota l  increment  in the number  of fruits and 
does no t  represent  any  radio- induced increase in the  

probabi l i ty  t ha t  a fruit  should set seeds. 
This probabi l i ty  is even significantly 
reduced at the dose ra te  of 7.50 rad/  
hour  (Table 3). 

I t  is difficult to explain the sti- 
mula t ing  effect of i r radiat ion upon 
fruit-sett ing.  F rom Table 4 it can be 



"ol. 38, No. 7 Effects of Chronic Irradiation JCpon Lycopersicum peruviam~m 291 

/ 

8 ~ ~  

\ / - -  

? 
LL . . . . . . . . . . . . . . . .  

R ~ R 8 8  

8 

g 

~ 8 R ~  

~ L  

o. 

u 

m 

L~ 

d 

U 

i:1 

8 

R S R 8 ~  

X o. 

o o o o o 

D--- I ...... < o_ 

R S R 8 8  
8 

o ~ R 8 o 

/ 

~ R S g  

�9 �9 

+ . ~  

..~ ~'~ 

~.~ 
" d  

. ~  
e*d :~  
euo+  a 

~~ 

w 
�9 

0 �9 

~ g  
0 �9 

~rZ. 



292 D. DE NETTANCOURT and R. ECOCHARD : Theoret. Appl. Genetics 

Table 3. Effects o/chronic irradiation upon/lower production and fruit/ormation in a clonal population o/L. peruvianum 
which was not sprayed with alpha-naphthalene acetic acid (experiment of 1967) 

Rad/hour 0.00 t.90 3.00 4.70 7.50 F cMculated C.L. 95% 
Criterium 

Flowers per plant 71.00 8 4 . 0 0  92.50 96.00 98.75 1.31 33.79 
Fruits per plant 5.25 2 0 . 3 3  22.00 29.75 5t.25 S 5.16"* 25.51 
Seeded fruits per plant 3.00 tl.33 s 11.258 14.00 s 4.75 5.39** 6.99 
Probability that a flower forms a fruit 6.60 23.50 25.50 3t.60 53 .208  4.45** 27.5t 
Probability that a fruit sets seeds 59.30 7 4 . 4 0  5 5 . 0 0  57.20 8.90/~ 4.44** 41.11 

F (table) 95% = 3.11 * = significant at the 95% level 
F (table) 99% = 5.03 ** = significant at the 99% level 

s = significantly stimulated 
D = significantly depressed 

seen that  irradiation slightly enhanced pollen tube 
growth in incompatible styles. The recorded values 
are, however, very much smaller than those obtained 
in the case of compatible crosses and do not deviate 
significantly from the control data. I t  is therefore 
probable that  the observed enhancement in fruit- 
setting was not the consequence of an improved pollen 
tube growth but resulted from a direct action of 
irradiation upon the physiological processes regu- 
lating flower abscission in the absence of cross- 
pollination. 

Table 4. Average number o/pollen tubes having reached at 
least one third o/the style length 24 hours after pollination. 

(The dose-rates at which were exposed the pollen donors 
and the female plants are expressed in tad per hour). 

F = 13.16, 95% confidence limits = 7.7 

c~ o.o0 1.9o 3.60 4.70 7.50 cc* 

0.00 O.3 O.9 2.1 O.9 
1.90 O.6 4.8 
3.6O O.4 O.6 
4.70 1.0 1.4 
7.50 1.t 

0.8 37.14 

0.5 

* CC = non-irradiated pollen from a peruvianum line fully 
compatible with the clone used in the present study. 

2. Analysis of M~ Population 

With the hope of detecting mutant  plants with a 
self-compatible phenotype more than 700 M S indi- 
viduals from the t966 experiment and from a preli- 
minary experiment carried out in the spring of 1966 
were screened for their capacity to set seeds under 
isolated conditions. All investigations yielded the 
same results as those reported by DAVIES and WALL 
(t96t) and no evidence was obtained that  irradiation 
treatment could induce a permanent type of self- 
compatibility similar to the one present in L. esculen- 
turn. Yet, three M 2 plants were observed to set fruits 
sporadically and to produce an average of 10 to 30 
seeds per seeded fruit. The results were however very 
irregular, varied from cluster to cluster and appeared 
to depend very much upon the environmental condi- 
tions prevailing at the time of flower opening. As it is 
known (MARTIN, 1961; RICK t963) that incom- 
patibility in hybrids of Lyc@ersicum may be governed 
by more than one gene, it is possible that  secondary 
genes are also operating in L. peruvianum and slightly 
modify the effects of the S alleles which McGUIRE and 
RICK (1954) have found to control self-incompatibility 
in this species. If this was the case, one could then 
ascribe the improvement in self-compatibility which 
was observed in the 3 Ms plants to recombination or 

alteration of modifier genes rather than to  induced 
mutations at the S locus. Further  selection-for self- 
compatibility shall be extended to the M a progenies 
of these 3 M~ plants. 

Another M s individual was found to be completely 
parthenocarpic with more than 95 % of the flowers 
setting fruits. This plant, which appears to resemble 
the parthenocarpic clone used by DAVIES and WALL 
(t 96t) in their acute irradiation experiments, is being 
subjected to further testing in a cross-pollination 
programme. 

Z u s a m m e n f a s s u n g  

Bliihende Pflanzen eines selbstunvertfiiglichen 
Klons von Lycopersicum peruvianum wurden 90 Tage 
hindurch verschiedenen Dosen von Gammastrahlen 
ausgesetzt (2 bis 17 rad/h). Die Bestrah!ungsdauer 
betrug t~glich sieben Stunden. 

W~hrend Bestrahlungen in  Dosierungen von mehr 
als 7, 5 rad/h die Knospenbi!dung und Bliitenentwick- 
lung stark hemmten, steigerte eine Dauerbestrahlung 
mit 3 bis 7 rad/h die Samenzahl je Pflanze! Diese Er- 
scheinung beruht nicht auf einer Zunahme der Samen- 
zahl der einzelnen Frtiehte, sondern ant einer hoch- 
signifikanten Steigernng der Fruchtzahl der einzelnen 
Pflanzen. Da durch die Behandlung die Bltitenzahl 
nicht signifikant zunimmt und das Einwachsen des 
Pollens in den Grit/el nicht gef6rdert wird, ist anzu- 
nehmen, daB die festgestellte Zunahme des Frucht- 
ansatzes im wesentlichen auf eine strahleninduzierte 
Hemmung des Bliitenverlustes bei Ausbleiben der 
Fremdbefruchtung zurfickzuffihren ist. 

Drei Pflanzen mit herabgesetzter Selbstunvertr~g- 
liehkeit und ein vollst~indig parthenokarpes Exemplar 
wurden in der M~-Generation angetroffen; es wurde 
kein Grund fiir die Annahme gefunden, die Bestrah- 
lung kLnne eine erbliche Selbstvertfiiglichkeit bei 
Lyc@ersicum peruvianum hervorrufen. 
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