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Abslma. Ethylene production and growth of callus cultures of lavandin (Lavandula off/c/nal/s 
CHAIX X Lavandu/a latifolia VILLAS) CV. Grosso were examined. Callus lines, derived from various 
kinds of primary explants (shoot tip, leaf and calyx), exhibited differences in ethylene production patterns 
independent of callus growth. Moreover these differences could not be ascribed to the explant source. 
Within a line, ethylene pattern paralleled callus growth curve. Variations in ethylene evolution were 
induced in shoot tip callus by means of ACC, AVG and varied amounts of 2,4-D in the culture medium. 
Following all these treatments callus growth was not altered. The decrease in 2,4-D concentration caused 
changes in Chl a and water content of the tissues. 

Additional index words: Lavandula officinalis x Lavandula latifolia. 

Lavandin is a sterile hybrid between Lavandula officinalis CHAIX and Lavandula 
latifolia VILLARS ; the essential oil of this plant is composed mainly of monoterpenes 
with important applications in pharmacy and cosmetics. Tissue cultures of lavandin 
co. Grosso were established to study in vitro propagation of selected clones and the 
biochemical production of secondary metabolites by undifferentiated cells. While 
studying the parameters affecting growth and differentiation of callus cultures, 
ethylene production was examined (PANIZZA et al. 1988). It is now well 
established that callus cells synthesize ethylene during the growth cycle in response 
to various cultural conditions (HUXTER et al. 1979, MILLER and PENG~TJ.Y 1984). 
However, the role of ethylene in growth has not yet been clarified and in vitro 
systems need to be explored in this respect. The aim of this work is to study growth 
and morphology changes in lavandin callus in response to factors modifying ethylene 
evolution. 

MATERIALS AND METHODS 

Shoot tips and leaves of greenhouse grown lavandin (Lavandula officinalis 
CHAIX x Lavandula latifolia VILLARS) co. Grosso were obtained from actively 
growing plants; calyces were excised from flowers after anthesis. 
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Plant material was washed in a solution of 0 .1% (v/v) Tween-20 in water for 30 
rain. Excised plant parts were surface sterilized with 10 % sodium hypoehlorite 
(7 _+ 2 % chloro active) for 10 min and then rinsed three times with sterile water. 

Sterile explants were placed in 25 ml Erlenmeyer flasks containing 20 ml 
LINSMAIER and SKOOG medium (1965) supplemented with 30 g 1-1 sucrose, 7.5 g 1-1 
Difco Bacto Agar, 0.5 mg 1-1 kinetin and 1 (standard medium), 0.75, 0.50, 0.25, 
0.10 mg 1-1 2,4-D. Hormones were added to the medium before autoclaving and the 
pH adjusted to 5.7. ACC (25 ~tM) and AVG (10 ~1 )  were added to the autoclaved 
medium (while the medium was still warm) after sterile filtration. Flasks were closed 
with double aluminium foil. The cultures were grown at 25 + 1 ~ under cool white 
fluorescent light (10 W m -2) provided by Philips TL 40 W/33 RS lamps with 16 h 
photoperiod. 

Callus cultures were subscultured every 21-28 days by transferring pieces with 
average initial fresh mass of 400 + 16 mg. 

Callus growth was expressed as growth index (GI) : 

(31 = (M - Mo) / Mo 

where M and Mo are the final and the initial mass, respectively. Weekly GI was 
calculated with the final and the initial mass within each week. Both dry and fresh 
masses were measured. 

To measure ethylene production the culture flasks were uncapped and flushed 
with sterile air to remove any residual ethylene. Each assay was performed 6 h after 
sealing the flasks with silicon caps. Preliminary experiments showed that ethylene 
was neither lost nor released by this material in a six hour period. For ethylene 
determination 1 ml samples were withdrawn with a gas tight syringe and injected 
into a gas chromatograph equipped with a dual flame ionization detector and a metal 
column (150 x 0.4 cm ID) packed with alumina (70-230 mesh). Column and 
detector temperatures were 70 ~ and 350 ~ respectively. N2 was used as a carrier 
at flow rate of 40 ml min -1. The rate of ethylene production was calculated on a per 
hour basis and expressed as ~tl 1-1 (callus piece) -1. 

Extracts were prepared by grinding 1 g of callus tissue in 8 ml 96 % ethanol and 
centrifuging it at 1000 • g for 3 min. All operations were carried out under a green 
safelight. The absorbances of the extracts at 665 and 649 nm were measured 
spectrophotometrically. These readings were converted to Chl a content as descri- 
bed by WlNTERMANS and DEMOTS (1965). 

All data are presented as means + SE of five replicate flasks. Analysis of variance 
procedure was chosen in order to test the significance of observed results: to 
determine which means were statistically different, least statistical difference was 
used at ct values of 0.01 and 0.05. 

Abbreviations used: ACC = 1-aminocyclopropane-l-carboxylic acid; AVG = aminoethoxyvinyl- 
glycine; Chl ffi chlorophyll; 2,4-D = 2,4-dichlorophenoxyacetic acid; dry m. = dry mass; fr. m. = fresh 
mass; GI = growth index. 
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A linear correlation coefficient (r) was calculated ata = 0.05 between growth rate 
and ethylene production. 

RESULTS 

Differences were found in ethylene levels between callus lines (Table 1) indepen- 
dently of callus growth. Moreover, these variations in ethylene formation could not 
be attributed to callus source, as shown by average values of each origin (Table 1). 
We observed that ethylene evolution increased from the first day and reached 
a maximum the 14th-21st day, depending on callus line. 

TXBLI 1 

Ethylen~ p rodnc t i~ ,  and growth index (calculated on fr. m. v a l u e s ) o f l a v a n d i n  ealli derived 
from var ious kinds of explant :  M ~ shoot  tip; L = leaf; C = calyx. D a t a  are means  of five 
replicates :k SE. Within e~Leh column, values followed l~y different let ters are statist ically differ- 
eat ,  :~ = 0.01 (small letters are used for cMlus lilms, capital le t ters  for average values ~)f each 
~xplant  source) 

Ethylene l)roduction GI 
[10 -2 ~tl 1 - l  h -1 (callus piece) -1] 

l ) ay  1 7 14 21 

Callus 
SI 30.1 :L 7.:Is 60.3 :L 7.9a 35!1.2 :j- 25.5a 170.5 4- 12.lab 24.9 4- 1.3a 
$2 12.5 • 7.7ab 48.7 • 17.4a 128.6 • 6.3bcd 90.9 +- l l . 9bc  18.4 -t- 2.50b 
$3 1.7 5: 0.3b 39.3 • 9.3a 127.1 4- 39.8bcd 127.5 • 35.3bc 15.7 ~ 1.9ab 

.~ 14.8 • 4.8A 49.4 4. 6.9A 171.6 ! 23.6A 129.7 • 15.3A 19.7 -4- 1.9A 

LI 12.2 ~ 0.7ab 66.8 _~: 33.3a 173.2 -j: 23.2ab 75.3 :[: 28.1c 15.1 4- 5.2ab 
1,3 2.9 ~ 0.2b 30.5 • 3.2a 51.5 ~ 8.2d 63.6 • 4.7e 14.9 4- 2.0ab 
1,3 6.3 k 0.Sb 39..11 ~: 5.1a 145.6 • 24.0bc 140.5 • 23.2bc 8.4 4- 1.1b 

7.1 z_ 1.3A 42.4 :~: l l . 4A 133.1 4- 18.6A 93.1 • 15.1A 12.8 4- 2.8A 

('1 27.5 _~ 9.1~ "37.3 :~ 8.9a 71.0 • 10.6cd 78.4 4- 14.4bc 17.8 -4- 3.7tl.b 
C2 13.11 ~ 3.7ab 37.9 ~ 23.7a 158.0 • 33.8bc 342.2 • 40.1a 10.2 • 1.3b 
C3 12.8 -~ 3.bd~ 23.7 ~ 3.7a 76.8 ~ 13.4cd 1111.7 i 19.9bc 8.:1 + 1.6b 

x 17.4 ! 3.8A 32.9 ~ 8.0A I 'H.9 4- 16.6A 140.7 ~: 26.0A 12.1 • 2.2A 

To verify the presence of possible connections between ethylene pattern and callus 
growth curve, ethylene evolution and weekly GI were measured at the same time 
points in a shoot tip line (Fig. 1). Maximum ethylene production (Fig. 1A) coincided 
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with maximum dry mass GI and preceded maximum fresh mass GI by a week (Fig. 
1B). Ethylene and dry mass GI values were significantly and positively correlated 
(r = 0.94, a -- 0.05). This was true in calli of any tested origin (data not shown). 
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Fig. 1. Ethylene production (A) in comparison with weekly growth index curves (B) expressed in both dry 
(0) and fresh masses (o). Data as means + SE for five replicate flasks. 

Ethylene evolution in shoot tip callus on the standard medium was compared with 
ethylene on media containing decreasing amounts of 2,4-D. Following transfer onto 
media containing 0.25 and 0.10 mg l -I 2,4-D (Experiment I), ethylene declined to 
a lower level than the control, particularly after the 14th day in culture (Table 2). 
After two months of subculture (Experiment II), decreased ethylene production 
occurred during the whole culture period in every medium but the control, most 
pronouncedly on 0.10 mg I-L2,4-D medium (Table 2). In the first experiment GI of 
calli on 2,4-D-decreased media grew less as compared with the control, however in 
the second experiment GI values went back to the control levels (Table 2). 

After two months of culture, morphological changes occurred in callus on 
2,4-D-reduced media: tissues appeared hard, compact and green whereas the 
control tissue was friable and light yellow. Table 3 shows that ft. m./dry m. ratio was 
lower than the control at the three lower 2,4-D concentrations, whereas Chl a was 
higher only on 0.10 mg 1-1-2,4-D medium. 

Growth of shoot tip callus was not affected by ACC addition to both the standard 
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TA.~L~ 2 

E thy l ene  produc t ion  and  growth  index (calculated on fr. m. values) of  shoot  t ip  callus on media  
provided  with different  2,4-D concen t ra t ions  and  the  same a m o u n t  of  k ine t in  (0.5 m g  l - t ) .  
D a t a  are nmans  of  five repl icates • SE. I n  each expe r imen t  (I a n d  II) values  fol lowed by  different  
le t ters  are s ta t is t ical ly  different,  ~r = 0.05, wi th in  each column 

E thy l ene  p roduc t ion  OI 
[10 -2 ~1 1 - I  h-X (callus p iece)q  

Day  1 7 14 21 

2,4-I) [rag 1-1] 
1.00" 2.6 • 0.5a 56.3 4- 8.0a 181.1 4- 29.3a 179.8 4- 30.5a 22.0 :j: 1.7a 
o.75 0.0 • 0.0b 52.4 • 21.1a 91.2 4- 25.8b 152.3 4- 13.1a 12.1 4- 1.7b 

Exp. I 0.50 0.0 • 0.0b 45.2 • 9.7a 177.7 4- ]0.7a 123.2 q- 31.0a 11.8 4- 3.0b 
0.25 0.0 • 0.0h 51.2 4- l l . 0 a  83.4 4- 8.6b 54.8 4- l l . 9b  10.5 4- 0.213 
0.10 0.0 4- 0.0b 38.7 4- 10.1a 48.9 :J: 5.5b 8.6 4- 2.5b 7.3 4- 1.7b 

1.00" 2.9 + 0.Sa 60.2 + l l . l a  259.1 4- 36.1a 170.5. 17.0a 24.9 1.Ta 
0.75 0.0 4- 0.0b 15.8 4- 2.7b 31.2 + 3.8c 54.6 10.0b 47.2 2.8a 

Exp . I I  0.50 0.0 4- 0.0b 26.7 • 3.3b 135.2 -4- 7.1b 76.5 24.8b 38.9 29.3a 
0.25 0.0 4- 0.0b 19.1 4- 6.0b 81.2 4- 12.4be 42.9 16.3b 28.5 0.7a 
0.10 0.0 4- 0.0b 17.0 • 8.6b 8.9 4- 3.4d 2.0 1.3c 19.8 8.9a 

* Control  medium.  

TABL~C 3 

('hh,r~)phyli , , : tmtont mid ft.  m./(lry m. ra t io  in shoot  t ip  callu.s on media, p rov ided  wi th  dif- 
f"rent  concent ra t ions  of  2,~1-1) and the  same a m . u n t  of  kinot in (0.5 m g  l-J).  D a t a  are means  of  
five r~phcates  • SE. Wi th in  each column,  v,h.ms folh)wed by difl'ereltd, letter~ are statistic.ally 
difl'erq,nt, ct 0.05 

2,4-11 (rhl ~J t~'. z~t../drx 711. 
[nty 1 - l ]  (?.g g-1 (dry m.)} 

1,1~* 445 53h 42.1) i 2.7~ 
.. '2h ;.'.'~I :Ill, 41t.8 : 5.'lAb 

(I.2.') :)42 :|:)h 27.3 + l..ql.- 

0,10 1411~ :,- : l iOn ~6.0 ~ 6.h' 

II ~Ol~l;ro~ ITko,l(ll~'n. 

and 0.10 mg 1-1-2,4-D medium although ethylene production was stimulated on 
0.10 mg 1-1-2,4-D medium (Fig. 2A). 

AVG was provided to shoot tip callus on the standard medium since it showed thc 
highest ethylene production. Ten ~tM AVG strongly reduced ethylene levels during 
the whole culture period (Fig. 2B) without modifying callus growth. 
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DISCUSSION 

From our results it is clear that each callus line is characterized by specific ethylene 
production. Modifications in ethylene levels, induced by various treatment, did not 
alter callus growth. HUXTER et al. (1979) suggest that most ethylene production may 
be caused by metabolic changes in response to auxin treatment, nevertheless they do 
not exclude that very low ethylene levels may regulate callus growth when released 
by tissues. We were not able to induce still lower ethylene levels by means of AVG, 
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Fig. 2. Ethylene production by lavandin callus on + (A) the standard medium with ( � 9  and without ( � 9  
25 ~M ACC, on 0.10 mg 1-12,4-D medium with (a) and without ({:]) 25 ~tM ACC, or (B) on the standard 
medium with ( , )  and without (rl) 10 ~tM AVG. Data as means + SE for five replicate flasks. 

since concentrations higher than 10 ~tM caused the callus to die within a few days. 
Even the decrease in ethylene production, achieved by lowering 2,4-D in the culture 
medium (Table 2), did not affect callus growth. In fact, after an initial decline, GI 
values were back to the control level: this result indicates that a certain time is 
needed to restore normal growth following variations in hormonal levels. Unfortu- 
nately, no callus was'able to grow on 2,4-D-deprived medium. 

The changes in water and Chl a content of the tissue (Table 3), may be ascribed to 
the decrease in both 2,4-D and ethylene levels. DE PROFT et al. (1985) found that 
high CO2 and ethylene concentrations corresponded with low Chl a content in 
Magnolia tissue cultures. Ethylene involvement in loss of Chl has also been reviewed 
by'LIEBERMANN (1979). It is significant to note that variations in tissue greening can 
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be related to monoterpene  production as reported by WATIS et  al. (1985) in celery 
tissue cultures. 

We conclude that lavandin callus growth is not affected by ethylene production at 
tested levels. Nevertheless it is important  to stress that ethylene evolution parallels 
callus growth (Fig. 1), and they both sharply decrease by the end of the culture. It is 
well known that an inverse relationship exists between secondary metabolite 
production and growth rate of cell cultures, suggesting the presence of a switch from 
primary to secondary metabolism (YEOMAN et al. 1980). The observed differences 
in ethylene evolution between callus lines may indicate different levels of metabolic 
activity. Further  studies, now in progress, on monoterpene  production by lavandin 

callus may confirm our hypothesis. 
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