
and 1974 on whole trees were not 
successful. The reasons for this are not 
known.

Discussion. The external tissues of 
citrus peel (flavedo) are known to con­
tinue their growth during the whole 
period of fruit development and matura­
tion ( 1 ); their growth involves cell 
division and expansion. This is needed 
as fruit size in continuously increasing 
and peripheral layers must keep pace 
with the expansion of the endocarp. 
All known growth promotors partici­
pate in peel growth: endogenous auxin­
like substances are found in the flavedo 
even at maturity (4). High endogenous 
gibberellins and cytokinins are responsi­
ble for excessive peel growth in rough 
oranges (2) and their effect can be 
counteracted by applied growth retard­
ants (Erner, Goren and Monselise, 
unpublished). It is also well known that 
peel viability is enhanced by applied 
gibberellin (5, 8), and excessive senes­
cence of peel, conducive to creasing, 
can be inhibited by applied gibberellin 
(9).

The prevention of corky spots by 
applied promotors of different classes 
is another case of growth regulation in 
citrus peel (6). When 2,4-D treatments 
are used to affect either set or size of 
early grapefruits in accordance with 
their exact timing (7), as in the hot

interior valleys of Israel, an alleviation 
of the corky spot situation will ensue 
without further costs. As in other 
cases, negative results of applied regula­
tors can be obtained, as satisfactory 
control of the disorder is linked with 
fine adjustment of the internal balance, 
and can be defeated by improper timing 
or doses and unusual climatic conditions; 
this does not disprove the possibility 
of peel conditioning against corky spots.

Our results fall in line with the hypo­
thesis that tissue splits conducive to 
spots are due to lack of sufficient 
growth in the external flavedo layers. 
Different classes of regulators may co­
operate in correcting this situation by 
enhancing either cell divisions (BA) or 
extension (GA, auxin). It is also of 
interest that applications of GA4+7 
(identical with native gibberellins found 
in apples) to apple trees early after petal 
fall, have been recently shown to reduce 
the occurrence of russeting (12). In this 
particular case, however, BA seemed to 
act in the opposite direction.
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Tissue Culture and Differentiation 
of Garlic1 3
A. E. Kehr and G. W. Schaeffer 2
Agricultural Research Service, U.S. Department o f Agriculture, Belts- 
ville, MD 20 705

Abstract. Growing points from cloves of Allium sativum L. were excised from mature air- 
dried corms and cultured in vitro. Media for vegetative increase of tissues in the undifferen­
tiated form should contain (2,4-dichlorophenoxy) acetic acid, indole-3-acetic acid (IAA), 
6-(furfurylamino) purine (kinetin), and coconut milk. The vegetative tissues differentiate on 
Murashige-Skoog medium supplemented with IAA and kinetin.

Additional index words. Alium sativum

The purpose of this study was to 
determine the tissue culture require­
ments for the increase of garlic tissue 
and for the differentiation of the callus 
tissue into plants.

Tissues from ‘Rose de Lautrec’ 
(RL), ‘California Early’ (CE), and ‘Cal­
ifornia Late’ (CL) garlic were excised,

1 Received for publication April 23 , 1976. 
2 Staff Scientist, National Program Staff, and 
Research Plant Physiologist, respectively. 
The authors acknowledge the technical help 
of John Dudley and Frank Sharpe, Jr.

surface sterilized with Clorox^ diluted 
1:5 v/v, and rinsed with distilled water. 
Meristems were removed and reduced 
to 3 mm at the base. The tissues were 
then cultured on the Murashige-Skoog 
(MS) (2) or Nitsch (N) (3) media with

3 Clorox = 5.25% sodium hypochlorite.
Mention of a trademark or proprietary prod­
uct does not constitute a guarantee or war­
ranty of the product by the U.S. Department 
of Agriculture, and does not imply its ap­
proval to the exclusion of other products 
that may also be suitable.

the following hormonal amendments 
per liter:

1. MS including 1 mg IAA and 1 
mg kinetin.

2. MS including 1 mg IAA, 1 mg
2.4-D and 25 ml of deproteinized 
coconut milk (Grand Island Bio­
logical Company, Grand Island, 
New York 14072).3

3. MS including 1 mg kinetin, 
1 mg 2,4-D, 0.5 mg -napthalene- 
acetic acid (NAA).

4. MS including 3 mg 2,4-D,
5. Nitsch’s medium without hor­

mones.
Successive transfers were made in 25 

mm test tubes or 125 ml Erlenmeyer 
flasks with 4 mm pieces of undiffer­
entiated tissue at 4-8 week intervals. 
The tissues were cultured in an incubat­
or at 970 lux with a 16 hr photoperiod 
at 25°C.

Garlic can be initially cultured as 
callus, mostly undifferentiated, on an 
MS medium supplemented with 2,4-D 
and organic constitutents (Fig. 1). 
Our best medium for tissue increase 
is medium 2, particularly for the RL 
cultivar. MS medium with 1 mg/liter 
of IAA and kinetin does not permit 
extensive callus growth but shifts 
growth dramatically toward differentia­
tion. Thus, with garlic it is possible to 
control the growth form by altering 
the hormonal constitutents of the
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media. The subculture of cells started 
on 2,4-D differentiate when placed on 
medium 1 (Fig. 2), however, tissues 
started on the standard MS medium 
1 will not differentiate if subcultured

on media 2 or 3, both of which have
2,4-D. If the initial explant is cultured 
on medium 1 ( 1  mg/liter of IAA and 
kinetin) and then subcultured on 
Nitsch’s basic medium without hor­

mones, the cells not only differentiate 
but the plant base has a bulb-like shape 
resembling the mature garlic bulb.

Observations of interest are: 1)
the culture of garlic cells in liquid sus­
pension was unsuccessful with media 
that produced callus growth; 2) some 
calluses kept for long periods without 
transfer became “waterlogged” and then 
would no longer subculture; 3) tissue 
that had been subcultured up to 6 times 
on media 2, 3, or 4 lost some vigor and 
did not survive subsequent transfer to 
medium 1. Liquid culture preparations 
for cells in suspension were done with 
media 2, 3, and 4 described above in 
125 ml Erlenmeyer flasks, containing 
20 ml of media on a gyrotory shaker 
at 86 cycles/min at room temp.

One of the major problems in com­
mercial growth of garlic is the reduction 
in yield due to systemic viruses. Two 
prerequisites for the elimination of 
viruses by tissue culture method are the 
capability to increase the apical tissue 
and vegetative propagation, along with 
the recovery of differentiated plants 
(1,4). Even though the virus elimina­
tion was not the primary objective of 
this work, preliminary observations of 
electron micrographic preparations sug­
gest that the tissues cultured as de­
scribed above were virus-free (R. Law- 
son, Beltsville, MD-personal communica­
tion). We report here the tissue culture 
requirements for the successful growth 
and increase of callus tissues and the 
recovery of intact plants following in 
vitro culture.

For the purpose of garlic tissue cul­
ture and differentiation, our recommen­
dation is to excise 3 mm apices, culture 
them initially on medium 2 containing 
IAA, kinetin, 2,4-D, and coconut milk. 
Subculturing on medium 1 or on 
Nitsch’s medium then produces differ­
entiated plantlets useful for virus elimi­
nation and genetic or physiological 
studies.
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Fig. 1. Growth of apex isolated from cloves of ‘California Late’ (left) and ‘Rose de Lautrec’ 
(right) garlic 45  days after the first subculture. Both the original culture and first subculture 
were on medium 2.

Fig. 2. Growth and development of ‘California Late’ garlic on different media. Apices were 
excised and cultured on media 1 or 4 (shown in parentheses below) for 45  days and then 
transferred to a second culture medium (culture number following arrow) for 60 days. 
Tissues in tubes from left to right are: A) medium 4=>1; B) medium l ^ j C )  medium 
D) medium 4 ^ 4 .
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