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Abstract 

Production of solid mutants in citrus, utilizing new approaches 

and techniques* 

Conditions for embryoid differentiation in Shamouti orange ovular 

callus were studied. Lines differing; in embryogénie capacity were 

established. Ageing of callus prior to subculture enhanced embryoid 

development. A pronounced habituation effect has been found in most 
cultures. Protoplasts have been obtained from callus after treatment 

with cellolytic enzymes.^' 

Irradiation of any embryogénie line of callus with 12-20 kR 

seemed to promote embryoid formation, after a time lag in their appear­

ance. Transferrence of embryoids into agar+sucrose and GA^ and a further 

transfer into agar+sucrose, GA^ and adenine sulphate gave best results 

as to rooting of embryoids and plant survival. 

The technique of using decapitated nucellav seedlings for mutagenic 

treatment was developed further with Shamouti orange and Marsh grape­

f r u i t . Irradiation 48-72 hours after decapitation with 2 kR resulted in 

shoot neoformation and survival not much below that of control, while 

6 kR impeded de novo shoot formation in Marsh grapefruit. 

A tendency towards mutants with earlier fruit maturity was found in 

mV plants from material originating from irradiation with the 8-kR dose. 
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INTRODUCTION 

The use of Ionizing radiation for the induction of mutations may be of 
importance i n the improvement of clonally propagated species. 

Hybridization efforts are greatly hampered in citrus by polyembryony 
and sterility (3). Many of the improved citrus varieties originated as 
natural budsports. 

A mutation breeding program, making u%e of irradiated budwood and the 
bud isolation technique (production of m\A, plants), has been initiated by 
us. At the meeting in Vienna (]k) we reported on methods developed by us 
in citrus, aiming at a reduction in chimera formation and adapted in 
principle to achieve solid mutants. 

This report will deal mainly with two aspects, namely, (a) steps in 
the production of plants from nucellar callus, and (b) response to decap­
itated seedling stems through neoformation of shoots from callus. 

Sabharwal (13) was the first to show that culture of excised nucellî 
of polyembryonic species could give rise to adventive embryos, which In 
rare cases developed into seedlings. Other reports on the establishment 
of embryoids from citrus nucellar tissue followed (1,6,7,11). The subject 
has been reviewed recently, along with the related problem of tissue 

culture and plant propagation ( 1 2 ) . In our previous work ( 6 , 7 ) we found 
that ovules yielded more successful cultures than nucell1 with the 
Shamouti orange. Through culturing ovules on a basal medium containing 
malt extract and sucrose, a friable embryogénie callus developed ( 2 ) . This 
callus, lines of which are being maintained i n culture through continuous 

subculturing, serves as a source for irradiation studies, for production 
of mutants and for various physiological experiments. 

Mendel (10) described .egeneration of shoot primordia from decap­
itated hypocotyls of Annona cherimola. Differentiation of shoot primordia, 
subsequent to callus formation, takes place readily in decapitated Shamouti 
epicotyls (14). 

We have examined this phenomenon, as well as the response to Irradiat­
ion of the seedlings after decapitation of stems, in additional citrus 
varieties. Stems from juvenile citrus seedlings were recently found to 
yield callus and to regenerate plants in vitro (*») . Radiosensitlvity of 
citrus seeds and buds has been reported by Spiegel-Roy and Padova (16). 
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R E S U L T S 

1. The Cal lus-Irradlatlon-Embryolds-Plantlet-EstablIshed Plant Sequence. 
Based on previous work we have now established In culture numerous lines 

of callus obtained from culturlng Shamoutk (Citrus sinensis) ovules In vitro. 
Some of these have been grown by oonsecutivepassages for more than 2-1/2 years 
These lines differ In embryogénie capacity, with some of them being devoid 
of It. Most, but not all Unes have become habituated and will grow and 
differentiate successfully on BM only. Irradiation at the ca-lus stage will 
give rise, In most cases, to plants of single cell origin (2). Special care 
must be exercised to insure survival of plants after cessation of culture 
In vitro and transfer to soil or other media. 

The main progress during the last two years has been in the following 
aspects. (I) A better understanding of the fine structure of the callus: 
It was found that the callus is made up of proembryolds; embryogenes I s 
occurs In single cells on the periphery and within existing proembryolds. 
(II) The establishment of different lines of callus, many of which can 
be made to differentiate with the aid of a longer period between passages 
ageing, transfer to BM, and sugar starvation. (Ill) Protoplasts have been 
established with the aid of cellolytlc enzymes; these In turn regenerate new 
callus, with a potential for differentiation. (Iv) The effect of 
Irradiation on enhancement of differentiation has been re established 
with certain dose-rates, (incidentally, a similar effect was found with 
callus obtained subsequent to protoplast irradiation.) (v) A notable 
Improvement In rooting of embryoids.and subsequent survival, was found to 
take place In the presence of GÂ  and adenine (8). 

We will now examine, in somewhat more detail,the progress of these 
investigations, on each point mentioned. 

Callus structure. Flg. 1 shows that, unlike most plant eel 11 that have 
a compact or amorphous form, the Shamouti nucellar callus consists of compact 
spherical fyodules of 0.1-1.0 mm diameter. These give the callus a porous, 
friable texture. The pro embryolds develop from single cells on the 
periphery of existing pro embryolds, and sometimes from a single cell or 
a small group of cells in the interior. This part of the work was per­
formed during Dr. Kochba's stay at '..Natal' University by Button, Kochba and 
Bornman (2). As .plantlets are derived mainly from single ce11s,: this permits 
development of solid mutants after:îrradlation dlrectly, or after a further 
passage In culture. -, •« ..: • . 

Factors influencing embryo-genes Is. - Embryo-genesis has been shown tobe 
Influenced by a variety of factors.. One of these is the age of callus prior 



t o s u b c u l t u r e ( 9 ) . T h e e f f e c t i s n o t i c e a b l e o n l y u p o n s u b c u l t u r î n g a n d d o e s 

n o t d e p e n d o n t h e o v e r a l l a g e o f t h e c a l l u s . T a b l e 1 s h o w s t h a t i n t h i s 

e x p e r i m e n t t h e e f f e c t o n n u m b e r o f e m b r y o i d s p e r c u l t u r e a n d p e r c e n t a g e o f 

d i f f e r e n t i a t i n g c u l t u r e s I s l a r g e s t a f t e r a g e i n g t h e c a l l u s f o r \k w e e k s . 

C a l l u s a g e d f o r 2 0 w e e k s l o s t t h e p r o p e n s i t y f o r e m b r y o i d d e v e l o p m e n t . 

I n t e r e s t i n g l y e n o u g h s u r c r o s e s t a r v a t i o n ( n o s u c r o s e i n t h e m e d i u m ) h a d a 

s i m i l a r e f f e c t , b u t t h e e f f e c t w a s n o t p e r s i s t a n t . T a b l e 2 b r i n g s o u t t h e 

o v e r a l l a g e i n g e f f e c t e v e n m o r e c l e a r l y . 

S u b c u l t u r e s o f t h e e m b r y o g é n i e o v u l a r c a l l u s f r o m S h a m o u t i o r a n g e h a v e 

n o w b e e n m a i n t a i n e d f o r n e a r l y 3 y e a r s . D u r i n g t h e s e c o n d y e a r o f s u b ­

c u l t u r e e v i d e n c e a c c u m u l a t e d c o n c e r n i n g a h a b i t u a t i o n e f f e c t i n m o s t m e d i a . 

A c u l t u r e g r o w i n g o n 8 M + m a l t e x t r a c t ( 5 0 0 m g / 1 ) h a s b e e n e s t a b l i s h e d o n 

BM o n l y a n d h a s b e e n g r o w n s i n c e - f o r 2 y e a r s - o n BH a l o n e w i t h o u t a n y 

d e c l i n e i n g r o w t h p o t e n t i a l . S i m i l a r l y c a l l u s f r o m m a n y o t h e r m e d i a s h o w e d 

m u c h b e t t e r g r o w t h o n BM t h a n w h e n g r o w n c o n t i n u o u s l y o n t h e s a m e m e d i a . 

A s s e e n f r o m T a b l e 2 , c u l t u r e s w e r e m a i n t a i n e d f o r e i g h t p a s s a g e s o n 

d i f f e r e n t m e d i a ; s u b s e q u e n t g r o w t h w a s d e t e r m i n e d , f o r t h r e e p a s s a g e s o f 

6 w e e k s e a c h , o n t h e s a m e m e d i a a n d c o m p a r e d w i t h t h e g r o w t h m a d e u p o n 

t r a n s f e r t o BM o n l y . A c o n s i d e r a b l e i n c r e a s e i n g r o w t h o f t i s s u e w a s 

o b s e r v e d o n BM a l o n e , w i t h a l l e x c e p t t h r e e m e d i a ( A D S 20 m g / 1 k i n e t i n ; 

0 . 1 + I A A 1 . 0 m g / 1 ; a n d k i n e t i n 1 . 0 + A D S ^0 m g / l ) . T h e l a r g e s t d i f f e r e n c e 

i n f a v o u r o f BH ( w h i c h w o u l d m e a n m a x i m i z a t i o n o f t h e h a b i t u a t i o n e f f e c t ) 

w a s e n c o u n t e r e d o n m e d i a c o n t a i n i n g m a l t e x t r a c t 500 m g / 1 a n d a l s o f o r 

k i n e t i n 1 . 0 m g / l + I A A 1 . 0 m g / 1 ( T a b l e 3 ) . I t i s r e m a r k a b l e t h a t m e d i a 

w i t h t h e h i g h k i n e t i n c o n c e n t r a t i o n (1 m g l / 1 s h o w e d a v e r y l a r g e h a b i t u a t ­

i o n e f f e c t , e x c e p t w h e n k i n e t i n w a s c o m b i n e d w i t h a d e n i n e . T h e o v u l a r 

c a l l u s , t h o u g h a u t o n o m o u s i n g r o w t h , d i d n o t l o s e t h e c a p a c i t y f o r 

d i f f e r e n t i a t i n g e m b r y o i d s . C u l t u r e s o f t h e d i f f e r e n t b u d s h a v e n o w b e e n 

m a i n t a i n e d o n BM a l o n e f o r m o r e t h a n a y e a r w i t h o u t a d e c l i n e i n g r o w t h ' . 

E f f e c t o f i r r a d i a t i o n . T h e e f f e c t o f i r r a d i a t i o n o n e m b r y o i d 

d i f f e r e n t i a t i o n s e e m s t o b e m o r e c o m p l i c a t e d . I n o u r p r e v i o u s r e p o r t 

w e r e m a r k e d o n t h e e n h a n c e m e n t o f e m b r y o i d f o r m a t i o n a f t e r i r r a d i a t i o n 

o f t h e c a l l u s w i t h 16 kR ( r a d i a t i o n i r t e n s i t y 3-1 k R / h r ) (1*0 . T h e e f f e c t • 

o f i r r a d i a t i o n s e e m e d t o b e d u e t o a l a r g e e x t e n t t o c h a n g e s b r o u g h t a b o u t 

i n t h e g r o w t h m e d i u m ( 1 5 ) . E v i d e n c e f o r t h i s e f f e c t i s s h o w n I n T a b l e k. 

T h e e f f e c t o f l i g h t w a s s t u d i e d I n a n o t h e r e x p e r i m e n t . C a l l u s w e i g h t w a s 

g r e a t e r i n d a r k n e s s t h a n I n 1 6 - h l i g h t . A d e p r e s s i n g e f f e c t o f I r r a d i a t i o n 

o n c a l l u s g r o w t h w a s f o u n d , b u t c a l l u s w e i g h t w a s s t i l l s a t i s f a c t o r y , w i t h 

p r a c t i c a l l y n o l o s s I n e m b r y o i d f o r m i n g p r o p e n s i t y . N o a p p r e c i a b l e 

d i f f e r e n c e i n n u m b e r o f i r r a d i a t e d e m b r y o i d s b e t w e e n c a l l u s g r o w n I n l i g h t ; 

o r d a r k n e s s w a s f o u n d ( T a b l e 5 ) . 
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A t f i r s t I t s e e m e d a s I f n o r m a l ( a u x i n - a n d k l n e t l n - r e q u l r i n g ) c a l l u s 

p r o d u c e d m o r e e m b r y o i d s w i t h c e r t a i n i r r a d i a t i o n d o s e s , w h i l e t h e r e s p o n s e 

o f h a b i t u a t e d c a l l u s d i d n o t s e e m t o s h o w s u c h a r e l a t i o n s h i p . B a s e d o n 

t h e s e f i n d i n g s a n e w e x p e r i m e n t , i n w h i c h c a l l u s f r o m a n e m b r y o g é n i e a n d 

a n o n - e m b r y o n i c l i n e , a t t h e a g e o f 5 , 10 a n d 15 w e e k s p r i o r t o i r r a d i a t i o n 

a n d s u b c u l t u r e , I s b e i n g c a r r i e d o u t t o e x a m i n e t h e r e s p o n s e t o I r r a d i a t i o n . 

V/e I s o l a t e d e m b r y o i d s a p p e a r i n g a t d i f f e r e n t i n t e r v a l s a f t e r I r r a d i a t i o n 

a n d a l s o s u b c u l t u r c d t i s s u e f r o m i r r a d i a t e d c u l t u r e s i n s e a r c h o f n e w m u t a n t 

e m b r y o i d s . I r r a d i a t i o n I s p e r f o r m e d p r i o r t o s u b c u l t u r e i n a n e w , u n i r r a d i a ­

t e d m e d i u m . T a b l e 6 s h o w s t h e r e s u l t s o f i r r a d i a t i o n r e s p o n s e o f t h e 5~ a n d 

1 0 - w e e k - o l d c a l l u s . A s a n o n - e m b r y o g e n i c l i n e d i d n o t d e v e l o p e m b r y o i d s , 

r e s u l t s a r e g i v e n f o r a n e m b r y o g é n i e l i n e o n l y . S t i m u l a t i o n o f e m b r y o i d 

f o r m a t i o n i n t h e s a m e r a n g e a s o b s e r v e d b e f o r e , ( 1 2 - 2 0 k R ) I s n o t i c e a b l e a l s o 

w i t h h a b i t u a t e d c a l l u s t i s s u e . H o w e v e r , i r r a d i a t i o n d e f i n i t e l y c a u s e s a 

t i m e l a g I n t h e a p p e a r a n c e o f e n b r y o i d s . T h i s i s I n l i n e w i t h t h e k n o w n 

e f f e c t o f I r r a d i a t i o n o n t e m p e r a r i l y s u p p r e s s e d g r o w t h . T h e h i g h e r r a d i a t i o n 

i n t e n s i t i e s t e s t e d w i t h t h e 12 k R d o s e o n l y , s e e m t o s t i m u l a t e e m b r y o i d 

f o r m a t i o n f u r t h e r , w i t h a n o p t i m u m s o f a r a t 8 5 k R / h . A n u n e x p l a i n e d d e c l i n e 

w i t h l o w r a d i a t i o n i n t e n s i t i e s h a s b e e n f o u n d a t k k R . A s o m e w h a t s i m i l a r 

p h e n o m e n o n w a s f o u n d I n t h e e x p e r i m e n t r e p o r t e d b y u s a t t h e I A E A p a n e l i n 

1972 (1*0; i t c o n c e r n e d c a l l u s e x p o s e d t o 2 k R . 

C y t o l o g y a n d p r o t o p l a s t i s o l a t i o n . O u r c y t o g e n e t l c l s t , D r . A l l z a V a r d I , 

h a s e x a m i n e d t h e n u m b e r o f c h r o m o s o m e s i n t h e o v u l a r c a l l u s . S o f a r o n l y 

c o u n t s o f t h e d i p l o i d n u m b e r ( 2 n = l 8 ) h a v e b e e n n o t e d . T h i s w o u l d e x p l a i n 

t h e r e l a t i v e s t a b i l i t y o f t h e c a l l u s a s w e l l a s I t s p r o l o n g e d c a p a c i t y f o r 

m o r p h o g e n e s i s . 

B y t r e a t m e n t o f c a l l u s w i t h e n z y m e s c a u s i n g p o l y s a c c h a r i d e d e g r a d a t i o n , 

p r o t o p l a s t s w e r e e s t a b l i s h e d b y A l l z a V a r d i , P . S p i e g e l - R o y a n d E z r a G e l u n . 

( F i g . 2 ) T h e e f f e c t o f I r r a d i a t i o n a n d m u t a g e n s o n p r o t o p l a s t s i s u n d e r s t u d y . 

C a l l u s f r o m l e m o n o v u l e s . We h a v e n o t y e t s u c c e e d e d i n c u l t u r i n g l e m o n 

o v u l e s a n d n u c e l l î t n v 1 1 r o . S o f a r , o n l y c a l l u s h a s b e e n o b t a i n e d f r o m w h o l e 

a n d s l i c e d o v u l e s . A d d i t i o n o f 0 . 5 m g / l 2 , * » - D a l o n e o r I n c o m b i n a t i o n w i t h 

1 . 0 mg/1 k l n e t l n r e s u l t e d i n t h e b e s t c a l l u s d e v e l o p m e n t ; 10$ V a l e n c i a o r a n g e 

j u i c e p r o d u c e d l e s s a b u n d a n t c a l l u s , b u t m o r e t h a n k i n e t i n a l o n e o r m a l t 

e x t r a c t . 

R o o t i n g o f e m b r y o i d s a n d s u r v i v a l o f p l a n t f o r m e d f r o m e m b r y o l d s . , | n t h i s 

p a r t o f o u r w o r k t h e a i m s h a v e b e e n t o I n c r e a s e t h e p e r c e n t a g e o f e m b r y o i d s 

f o r m i n g r o o t s i n v i t r o , a n d t o i n c r e a s e s u r v i v a l o f p l a n t s d e r i v e d f r o m 

* W e l z r h a n n ' I n s t 1 t u t e o f S c i e n c e , F . e h o v o t . '•' ' - • " } " . , • . 
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e r c b r y o l d s o f c a l l u s o r i g i n . 

T h e b e s t m e t h o d a t p r e s e n t s e e m s t o be t o t r a n s f e r g r e e n e m b r y o l d s i n t o 

a g a r + 5% s u c r o s e + 1 mg/1 G A ^ a n d t o e f f e c t a f u r t h e r t r a n s f e r a f t e r 10 d a y s 

i n t o a g a r + 5% s u c r o s e + 1 mg/1 G A ^ + 27 mg/1 a d e n i n e s u l p h a t e . A b o u t 60% 
o f t h e e m b r y o i d s h a v e r o o t e d i n t h e c o m b i n e d g i b b e r e J I i n + a d e n i n e t r e a t m e n t , 

a s c o m p a r e d w i t h o n l y 15% r o o t i n g i n t h e contro'] . 

I n a m o r e d e t a i l e d S t u d y K o c h b a e t a l . (8)found t h a t e m b r y o l d s t a g e s 

i n d u c e d b y G A ^ a n d A D S t o f o r m r o o t s w e r e t h o s e t h a t h a v e n o o r o n l y a 

p a r t i a l l y d e v e l o p e d r o o t z e n e . L a r g e e r b r y o i d s h a v e b e e n f o u n d t o h a v e a 

f u l l y d e v e l o p e d r o o t z o n e a n d t o f o r m r o o t s t o a n e a r l y c o m p a r a b l e e x t e n t 

o n BM o n l y ( T a b l e 7). T h e n e e d f o r e n s u r i n g b e t t e r p r o p a g a t i o n t e c h n i q u e s 

f o r t h e s u r v i v a l o f t i s s u e - c u l t u r e - r a i s e d p l a n t s h a s b e e n s t r e s e e d I n a 

r e c e n t r e v i e w o n t i s s u e c u l t u r e a n d p r o p a g a t i o n (12). 
2 A d v e n t i t i o u s B u d F o r m a t i o n o n C u t S t e m s 

We w i l l n o w t u r n t o a n o t h e r m e t h o d d e v e l o p e d b y u s , n a m e l y , t h e u s e 

o f d e c a p i t a t e d n u c e l l a r s e e d l i n g s f o r c a l l u s f o r m a t i o n a n d s u b s e q u e n t 

n e o f o r m a t i o n o f s h o o t s . T h i s t e c h n i q u e l e n d s i t s e l f w e l l t o m u t a t i o n 

b r e e d i n g a n d i s s i m p l e r t h a n t h e r e c e n t l y e s t a b l i s h e d m e t h o d f o r g r o w i n g 

s t e m s e g m e n t s o f j u v e n i l e c i t r u s m a t e r i a l i n v i t r o C»,5). 

W e h a v e c o n t i n u e d o u r p r e v i o u s w o r k w i t h S h a m o u t i o r a n g e a n d i n c l u d e d 

M a r s h g r a p e f r u i t i n o u r t r i a l s . B a s e d o n p r e v i o u s r e s u l t s , d o s e s u p t o 

6 k R w e r e a p p l i e d a n d s e e d l i n g s w e r e d e c a p i t a t e d ( j u s t b e l o w t h e f i r s t t w o 

l e a v e s ) 72 h o u r s p r i o r t o i r r a d i a t i o n . H u m i d i t y c h a m b e r s f o r d e c a p i t a t e d 

s e e d l i n g s w e r e i m p r o v e d i n o r d e r t o p r o v i d e o p t i m u m a n d u n i f o r m h u m i d i t y 

d u r i n g c a l l u s f o r m a t i o n a n d b u d n e o f o r m a t i o n . B e t t e r r e s u l t s a n d s u r v i v a l 

w e r e u s u a l l y o b t a i n e d i n e x p e r i m e n t s c a r r i e d o u t d u r i n g w i n t e r a n d s p r i n g , 

t h a n d u r i n g s u m m e r . T r e a t m e n t s w e r e d e s i g n e d I n 3-5 r e p l i c a t e d b a t c h e s 

o f 20 s e e d l i n g s e a c h . R e s u l t s a r e g i v e n i n T a b l e 8. A s m e n t i o n e d , t h e 

r e s p o n s e o f d e c a p i t a t e d s e e d l i n g s i s g r e a t l y I n f l u e n c e d b y t e m p e r a t u r e 

c o n d i t i o n s i n t h e g r e e n h o u s e . R a d i o s e n s i t i v i t y w a s f o u n d t o b e g r e a t e r 

w i t h h i g h e r t e m p e r a t u r e s . S h a m o u t i o r a n g e s e e d l i n g s w e r e m o r e t e m p e r a t u r e -

s e n s i t i v e t h a n M a r s h g r a p e f r u i t s e e d l i n g s . T h i s h o l d s a l s o f o r t h e u n i r r a d ­

i a t e d c o n t r o l . T h e L D f o r S h a m o u t o r a n g e w a s i n t h e r a n g e o f 2-h k R ( c l o s e r 

t o k k R ) ; t h e s a m e d o s e s o n M a r s h g r a p e f r u i t c a u s e d o n l y a t i m e l a g o . 1m 
s h o o t f o r m a t i o n , i n t h e e a r l i e r e x p e r i m e n t . I n t h e l a t e r e x p e r i m e n t s h o o t 

f o r m a t i o n w a s s t r o n g l y i n h i b i t e d i n M a r s h a f t e r i r r a d i a t i o n a t k k R a n d 6 k R ; 

6 k R w a s m o r e i n h i b i t i n g f o r M a r s h t h a n f o r S h a m o u t i . 

S e e d l i n g s d e v e l o p i n g a t l e a s t t w o n e w l e a v e s w e r e t r a n s p l a n t e d I n t o b l a c k 

p o l y e t h y l e n e c o n t a i n e r s a n d a r e g r o w i n g i n a g r e e n h o u s e w i t h p a r t i a l s h a d e . 

A t t h e t e r m i n a t i o n o f t h e g r o w i n g s e a s o n , g r o w t h , n u m b e r o f l e a v e s a n d a n y 
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aberrant characteristics will be recorded. Evaluation of mutation rate will 
be made after grafting on rootstocks next spring. 
3. Shamouti Orange Plants from Irradiated Budwood 

A substantial number of NIV^ Shamouti plants, having their origin in 
Irradiated budwood, started to bear in 1973/7^»- Fruit from all trees was 
picked on January 7, 197*», and analyzed. Frist results have to "be inter­
preted with caution, as fruit from Shamouti trees during the first years of 
fruiting tend to vary to a great extent, especially in shape, size, juice 
percentage, and peel thickness. A certain tendency to earlier maturity is 
becoming evident In some mV^ trees that have been obtained from buds on 
shoots originating from budwood irradiated with k-B kR. This is manifested 
by a somewhat higher TSS content and a wider TSS/acid ratio. In some cases 
the skin has a deeper orange colour. Some fruit from these trees also had 
small protuberances; such protuberances have been found in isolated cases 
also in the control and other treatments. 

Differences in peel smoothness were also found between treatments and 
between trees of the same treatment. The possible significance of this will 
be followed up during a detailed analysis of the next crop. 

References 

1 . Button, J. and Bornman, C.H. 1971. Development of nucellar plants from 
unpollinated and unfertilized ovules of the Washington Naval orange 
In vitro. J.S.Afr.Bot.37:27-

2 . Button, J., Kochba, J. and Bornman, C.H. 197*1. Fine structure and embryold 
development from embryof. -'c ovular callus of 'Shamouti' orange 
(Citrus sinensis). Expi >>ot. (in press). 

3. Cameron, J.W. and Soost, R.K. 1969. Outlines of perennial crop breeding in 
the tropics. Ch.6. jjv. Citrus (Ferwerda F.P.Wit, F.Eds). Weenman 
and Zonen, Wageningen. 

k. Chaturvedi, H.C. and Mitra, G.E. 1 9 7 * . Clonal propagation of Citrus from 
somat ic cal lus cultures. Hort. Sci.9_:118. 

5. Grinblat, U. 1972. Differentiation of citrus stem in vitro. J.Am.Soc. 
hort.Sei.97:599. 

6. Kochba, J., Spiegel-Roy, P. and Safran,Hannah, 1972. Adventive plants from 
ovules and nucelli in Citrus. Planta 106 :237 . 

7. Kochba, J., Spiegel-Roy, P. 1973. Effect of culture media on embryold 
formation from ovular callus. Z. Pflanzenzuechtung 8il58. 

8. Kochba, J., Button, J., Spiegel-Roy, P., Bornman, C.H. and Kochba, M. 
Stimulation of rooting of citrus1 embryoids by gibberellic acid and 
adenine sulphate. Ann. Bot.38:U1. 

119 



9- K o c h b a , J . a n d B u t t o n , J . 1 9 7 4 . T h e s t i m u l a t i o n o f e m b r y o g e n e s i s a n d e m b r y o l d 

d e v e l o p m e n t i n h a b i t u a t e d o v u l a r c a l l u s f r o m t h e S h a m o u t i o r a n g e 

Z . P f l P h y s . 7 3 . ( I n p r e s s ) . 

10. M e n d e l , K . 1 9 3 8 . A c a s e o f r e g e n e r a t i o n o f t h e g r o w i n g p o i n t a t t h e 

h y p o c o t y l . P a l e s t . J . B o t . R e h o v o t S e r . 2 _ ( l ) : 8 g . 

1 1 . M i t r a , G . C . a n d C h a t u r v e d l , H . C . 1 9 7 2 . E m b r y o i d s a n d c o m p l e t e p l a n t s f r o m 

u n p o l l i n a t e d o v a r i e s a n d f r o m o v u l e s o f i n y I v o g r o w n e m a s c u l a t e d 

f l o w e r b u d s o f C i t r u s s p p P u l ) . T o r r e y B o t . C l u b 99:18^4. 

1 2 . M u r a s h i g e , T . 1 9 7 4 . P l a n t p r o p a g a t i o n t h r o u g h t i s s u e c u l t u r e . 

A . R e v . P I . P h y s i o l .25.: 135-

13. S a b h a r w a l , P . S . 1962. I n v i t r o c u l t u r e o f n u c e l l i a n d e m b r y o s o f C i t r u s 

a u r a n t i f o l i a S w i n g l e p . 2 3 9 i n P . M a h e s b w a r i ( e d . ) P l a n t e m b r y o l o g y , 

a s y m p o s i u m . C . S . I . R . N e w D e l h i , I n d i a . 

1*». S p i e g e l - R o y , P . a n d K o c h b a , J . 1973. M u t a t i o n b r e e d i n g i n C i t r u s . 

i n ; I n d u c e d M u t a t i o n s i n v e g e t a t i v e l y p r o p a g a t e d p l a n t . I A E A , V i e n n a , 9 1 . 

1 5 . S p i e g e l - R o y , P . a n d K o c h b a , J . 1973. S t i m u l a t i o n o f d i f f e r e n t i a t i o n i n o r a n g e 

( C i t r u s s i n e n s i s ) o v u l a r c a l l u s i n r e l a t i o n t o i r r a d i a t i o n o f t h e m e d i a . 

Rad.Bot . J3_ : 97. 

1 6 . S p i e g e l - R o y , P . a n d P a d o v a , R . 1973. R a d i o s e n s i t ï v i t y o f S h a m o u t i o r a n g e 

( C i t r u s s i n e n s i s ) s e e d s a n d b u d s . R a d . B o t . 1 3 : 1 0 5 -

T a b l e 1 . T h e e f f e c t o f a g e i n g t i s s u e f o r v a r i o u s p e r i o d s p r i o r t o s u b c u l t u r e , 

o n s u b s e q u e n t e m b r y o i d f o r m a t i o n i n c u l t u r e ( c a l l u s c u l t u r e d o n BM) 

( C i t r u s s i n e n s i s ) a s a f f e c t e d b y t i s s u e a g e a n d s u c r o s e c o n c e n t r a t i o n . 

A g e o f c a l l u s p r i o r 

t o s u b c u l t u r e 

( w e e k s ) 

E m b r y o i d s p e r 

c u l t u r e 

( N o . ) 

D i f f e r e n t i a t I n g 

c u l t u r e s 

A v g . f r e s h w e i g h t 

o f c u l t u r e s 

( m g ) 

3 
6 

14 

9 . 0 

1 0 8 . 0 

0 . 8 

30 
85 

10 5 3 0 

7*»0 

5 2 0 

20 0 . 0 0 270 

120 



T a b l e 2. E f f e c t o f c a l l u s a g e i n g p r i o r t o s u b c u l t u r e , o n s u b s e q u e n t e m b r y o i d f o r m a t i o n 

A d d i t i o n t o 
BM 

I n u n i r r a d i a t e d c u l t u r e ; - p r e p a r e d 
f r o m 6 - w e e k - o l d c a l l u s 

E m b r y o ! d s / c u l t u r e % d i f f e r e n t i a t i n g 
c u l t u r e s 

I n u n i r r a d i a t e d c u l t u r e s p r e p a r e d f r o m 
12-week -o ld callus 

E m b r y o i d s / c u l t u r e % d i f f e r e n t i a t i n g 
cu!tures 

K i n e t i n l m g / 1 + I A A 1 m g / 1 0 0 9.0 10 
K i n e t i n 0.1 mg / 1 0 0 k.Z 66 
K i n e t i n 1.0 m g / 1 5 38.2 100 
1AA 1.0 mg / 1 0.8 41 2 3 . *» 100 
K i n e t i n 0.1 m g / 1 + I A A 1.0 m g / 1 0 0 11.0 60 
BM 0.2 5 25 .8 100 



T a b l e 3- G r o w t h o f S h a m o u t i o r a n g e o v u l a r c a l l u s c u l t u r e w i t h a n d w i t h o u t 

a d d i t i o n s t o a b a s a l m e d i u m ' 

A d d i t i o n s t o 
BM ( m g / 1 ) 

A v e r a g e w e i g h t 
i n p r e s e n c e o f 
a d d i t i o n ( A ) 

A v e r a g e w e i g h t 
i n a b s e n c e o f 
a d d i t i o n ( B ) 

G r o w t h r a t l o 
BA 

M a l t e x t r a c t 250 250 6*f7 2.58 
" 500 120 687 5.72 
" 1000 185 297 1.60 
" 2000 85 160 2.00 

A d e n i n e s u l p h a t e 20 360 3̂ 3 
40 150 380 2 .53 

" 80 340 480 1.41 
" 120 75 180 2 .40 

K l n e t l n 0.1 256 43*1 1.69 
1.0 278 454 1 . 6 3 

1AA 0.1 340 487 T . 4 3 
1 1 1.0 200 **93 2 .46 

K i n 0.1 + 1AA 0.1 280 4 6 0 1 . 6 4 
" 1.0 404 408 l . O O 
"•1,0 0.1 I S O 607 3.79 
" 1.0 9 0 693 7 .25 

K i n 1.0 + A D S 4 0 - 360 387 1.07 
I A A 1.0 + A D S 40 200 498 "09 

^ C u l t u r e s w e r e m a i n t a i n e d o n t h e s a m e m e d i u m f o r 8 p a s s a g e s o f 6 w e e k s e a c h . 

2 
A v e r a g e w e i g h t o f c u l t u r e 

f o r t h r e e f u r t h e r p a s s a g e s ( n o s .9-10 
U n d e r l i n e d v a l u e s - n o h a b i t u a t i o n . 
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T a b l e 4. E f f e c t o f s e p a r a t e I r r a d i a t i o n o f g r o w t h m e d i u m a n d o f c a l l u s o n t h e n u m b e r o f e m b r y o l d s 

d i f f e r e n t f a t e d from S h a m o u t i o r a n g e o v u l a r c a l l u s . 

(Culture medium : basal medium plus malt extract, 500 mg/1; radiation dose, 16 kR; Intensity, 3.1 kR/h.) 

W e i g h t of N u m b e r o f P e r c e n t 
Treatment culture embryo ids successful 

( m g ) p e r c u l t u r e c u l t u r e s 

I r r a d i a t i o n of m e d i u m o n l y 58o£ 27.0 87 
I r r a d i a t i o n of m e d i u m a n d c a l l u s M o ! 30.0 100 
I r r a d i a t i o n of callus only 120* 18.0 95 
N o 1 r r a d i a t i o n 7003 18.8 88 

Figures followed by different letters differ statistically at P » 0.01. 



T a b l e 5 - E f f e c t o f l i g h t a n d i r r a d i a t i o n o n c a l l u s g r o w t h a n d n u m b e r o f e m b r y o i d s d i f f e r e n t i a t i n g 

f r o m S h a m o u t i o r a n g e o v u l a r c a l l u s . 

( C u l t u r e m e d i u m : b a s a l m e d i u m p l u s m a l t e x t r a c t , 500 m g / 1 ; r a d i a t i o n d o s e , 16 kR; i n t e n s i t y , 3 .1 kR/h; 

I r r a d i a t i o n o f b o t h c a l l u s a n d m e d i u m . ) 

T r e a t m e n t 

W e i g h t o f N u m b e r o f e m b r y o i d s p e r c u l t u r e 

c u l t u r e S m a l l B i g S m a l l B i g T o t a l 

( m g ) g l o b u l a r g l o b u l a r l e a f y l e a f y 

Percent 

s u c c e s s f u l 

c u l t u r e s 

16 -h l i g h t p e r i o d , l l 4 0 

u n i r r a d i a t e d 

I6-h l i g h t p e r i o d 5̂ 0 

i r r a d i a t e d 

2 4 - h d a r k p e r i o d , 1230 

u n i r r a d i a t e d 

24 - h d a r k p e r i o d , 700 

u n i r r a d i a t e d 

1 3 . 3 1 3 - 0 5 - 4 7 - 2 3 9 . 4 

6.0 14.3 6.6 2.4 29.8 

13-4 8.6 7-6 4.4 34.0 

21 5 - 2 3 . 2 0 . 2 2 9 . 4 

100 

100 

100 

71 



Table 6. Performance of Irradiated nucellar callus 
Embryogénie line (L 1) 

b 
Dose No. of cultures Differentiation Embryoid 

% Index (1) 
1 <J Ix * 
100 

Differentiation 
% 

Embryoid 
Index (1) 

lx % 
100 

5 weeks after Irradiation 1 0 weeks after Irradiation 
0 19 37 1.57 0.58 69 \ M 1.00 

2 19 63 1 .33 0.84 94 1.73 1 .63 

21 0 - 0 0 0 

8 '9 0 - 45 2 . 5 0 1.13 

12 19 0 - 100 2.08 ? . 08 

16 23 0 - 100 3.60 3 .60 

20 20 0 - 100 3 . 2 2 3 . 2 2 

12C 21 0 - 100 4.20 4 .20 

12d 23 0 — 100 3-13 3 . 1 3 

callus was irradiated prior to subculture 
bDose rate was 3.1 kR/-h 
cDose rate was 85 kR/h 
Dose rate was 170 kR/h 
'Rating of 1-5, from an average of two embryoids to 200 embryo Ids per culture. 
Modified Index taking Into consideration the percent of differentiating cultures. 



T a b l e 7 . E f f e c t o f g i b b e r e l l l c a c i d ( G A ) , A D S ( a d e n i n e s u l p h a t e ) a n d 
d e v e l o p m e n t s t a g e o n t h e r o o t i n g o f S h a m o u t i o r a n g e e m b r y o i d s . 

S t a g e o f 
e m b r y o i d d e v e l o p m e n t BM C u l t u r e m e d i u m 

BM+GA * * BM+ADS 
BM+GA 
+ A O S 3 

( 1 m g T 1 ) ( 2 7 m g l ] ) 

2 
3 
h 

33 
38 
83 

0 21 
58 
67 
75 

10 
kB 
80 
9h 

8 
50 
67 

100 

* s t a g e I : s m a l l p s e u d o b u l b i 1 s , 1 mm o r l e s s i n d i a m e t e r ; 
s t a g e 2 : p s e u d o b u l b i I s 2 -3 mm i n d i a m e t e r ; 
s t a g e 3 : h e a r t s h a p e d e m b r y o i d s 3~5 mm l o n g ; 
s t a g e 4: m u l t i - c o t y l e d o n a r y e m b r y o i d s l a r g e r t h a n 5 mm 

* * P e r c e n t a g e o f r o o t e d p l a n t s a u t o c l a v e d w i t h m e d i u m 
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Table 8. Neoformation of shoots on decapitated seedlings pf Marsh grapefruit and Shamouti orange after gamma 
irradiation. Experiment designed in 3 -5 randomized plots of 20 seedlings each. 

W a r s h la M a r s ii lla 

Dose No. of % shoot -forming seedl.ings % No. of % shoot-forming seedlings % 
(kR) seedlings 1 3 days 20 day; » 27 days Transplanted seedlIngs 6 days 1 2 days 27 days 40 days Transplanted 

0 57 ft 89 89 79 100 0 30 90 95 75 

2 79 53 85 80 70 100 0 5 60 65 45 

4 80 15 68 80 50 100 0 0 10 5 5 

6 60 0 5 1 5 0 100 0 0 5 5 3 

S h a m o u t 1 la S h a m o u t 1 lla 

Dose N6. of % shoot--forming seedlings % No. of % shoot-forming seedlings 
(kR) seedlings 7 days 16 days 22 days 28 days 35 days Transplanted seedlings 7 days 18 days 33 days 

0 60 0 80 80 80 80 67 79 0 10 40 
2 55 0 1 1 43 43 50 29 100 0 5 40 
4 67 0 18 41 41 53 29 100 0 5 30 

6 65 0 3 25 25 31 31 100 0 0 8 

3Marsh I sown 24.XII, irradiated 7.111 ; Marsh II sown 25.1, Irradiated 18.IV; Shamouti 1 sown 24.1.74, Irradiated 28.111; 
Shamouti 11 sown 28.11, Irradiated 21.V. 


