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ABSTRACT 

Mature embryos excised from 
avocado seeds (Persea 
americana Mill, cv Americana, 
Mexican race) were cultured 
on Murashige and Skoog 
medium supplemented with 
kinetin (K), and/o r 
indoleburyric acid (IBA) at · 

25 ± 2°c fo r 21 d in darkness 
followed by 14 d of 
continuous light. Embryo 
germination, production of 
a shoot and root of 0.5 cm in 
length minimum, was 100% 
for embryos culcured with 
0.3 mg/l IBA and 0.1 ro 
0.3 mg/l K. Concentrations 
greater than 0.3 mg/l IBA 
reduced germination. The 
greatest nmber of adventitious 
shoots was obtained with 
3 .0 mg/l IBA and 0 .1 mg/l K. 
Maximum mean shoot length 
(12.5 cm) was achieved with 
the combination of 1.0 mg/l 
IBA and 1.0 mg/l K. 
M aximum root length (4.9 
ro 6.6 cm) was obtained with 
IBA ofberween 0.3 and 
1.0 mg/l combined with 0.1 
ro 1.0 mg/1 K. 
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lliSUMÉ 

Des embryons matures extraits 
de noyaux d 'avocats (Persea 
americana Mill, cv Americana, 
race mexicaine) ont été cultivés 
sur un milieu de Murashige et 
Skoog enrichi en kinétine (K) 
et/ou en acide indole-butyrique 

(!BA), à 25 ± 2°C, pendant 21 j 
à l'obscurité suivis de 14 j en 
lumière continue. La 
germination des embryons, 
mesurée par le taux d 'embryons 
ayant produit une tige et une 
racine de 0,5 cm de longueur 
minimale, a été de 100% pour 
les embryons cultivés avec 
0,3 mg/1 d' IBA et 0,1 à 
0,3 mg/1 de K. Des 
concentrations supérieures à 
0,3 mg/l d 'IBA ont diminué ce 
taux de germination. Les 
milieux contenant 3,0 mg/l de 
K ont donné le plus grand 
nombre de pousses adventives. 
La plus longue tige (12,5 cm en 
moyenne) a été observée sur des 
milieux contenant 1,0 mg/l 
d 'IBA et 1,0 mg de K. Les 
racines les plus longues (4,9 à 
6,6 cm) ont été obtenues sur 
des milieux contenant de 0,3 à 
1,0 mg/l d ' IBA combinée avec 
0, 1 à 1,0 mg/l de K. 

MOTS CLÉS 
Persea americana, embryon 
végétal, culture in vitro, 
milieu de culture, 

Cultivo in vitro 
de embriones maduros 
de semillones 
de aguacate. 

RESUMEN 

Se sacaron embriones 
maduros de semillones de 
aguacate (Persea americana 
Mill. , cv Americana, raza 
mejicana) y se cultivaron en 
un media ambienre 
Murashige y Skoog (MS) al 
que se le afiadi6 kinetina (K) 
y/o acido indolbutfrico (AIB) 

a 25 ± 2°c durante 21 d y en 
la obscuridad, seguidos de 14 
d de luz continua. Se obcuvo 
la germinaci6n de los 
embriones, la producci6n 
de rerofios y raîces de 0,5 cm 
de largo coma minima en el 
100% de los embriones 
cultivados con 0,3 mg/1 de 
AIB y 0, 1 a 0,3 mg/l de K. 
Aquellas concenrraciones de 
AIB superiores a 0 ,3 mg/l 
redujeron la germinaci6n. 
Se obtuvo el mayor mimera 
de rerofios con 3 mg/l de AIB 
y 0,1 mg/l de K. Aquellas 
concenrraciones de 1 mg/1 de 
AIB y 1 mg/l de K 
provocaron la largura maxima 
de los rerofios (12,5 cm). La 
combinaci6n de 0,3 a 1 mg/l 
de AIB y de 0, 1 a 1 mg/l de K 
hizo posible obtener una 
longitud maxima de las raices 
(4,9 a 6,6 cm). 

PALABRAS CLAVES 
Persea americana, 
embriones vegetales, 
cultiva in vitro, media 

germination. de cultiva, germinacion. 
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Figure 1 
Effect of kinetin and /BA (mg/!) 
on germination of mature 
avocado embryos. 
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introduction 
W idespread acceptance of avocados on interna

tional markets has resul ted in a co nsiderable 

worldwide increase in the amount ofl and dedi

cated to avocado production in areas w here 

avocados can be grown. H owever, the p resence 

of adverse productio n co nditions at m any new 

pl anting sites and/o r inapprop riate o rchard 

management is resulting in low yields. Typical 

problems include those caused by excess salts 

(principally Na+ and C r) in the water o r so i!, a 

shortage of water during the critical stages of 

fruit developm en t, o r the lack of adequate so i! 

drainage, leading to subsequent d evastating 

attacks by Phythophthora cinnamomi Rands. 

The presence of any of these conditio ns reduces 

the prod uctiviry and longeviry of an avocado 

o rchard. 
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Find ing genorypes w ith resistance o r to lerance 

to the above- mentio ned fac tors th rough class i

cal genetic improve ment p rograms usually takes 

several years, and sometimes the expected results 

are no t o bta ined . In vitro emb ryo culture may 

provide a means to select genorypes with desired 

characreristics in a shon er period of rime. For a 

fruit tree crop, the first successful in vitro em

bryo culture was the work of TUKEY (1933) 

with sweet cherry (Prunus avium). ln avocado, 

there is ve1y litt!e info rmation concerning this 

technique. PLI EGO-ALFARO and MURASH IGE 

(1 987) used embryo cultiva tio n to evalua te th e 

rooting cap acity o f cu ttings fro m m ature m a

te rial; SKENE and BARLASS (1983) rescued hy

brid embryos by cultivating them in vitro. The 

obj ective of this study was to tes t the effi cacy of 

adding IBA and/o r K to basic MURAS HIGE and 

SKOOG (1 962) culture medium to increase ger

mination and root and shoot growth fo r rapid 

production of in vitro plantlets from mature 

embryos of creole avocado . 

materials and methods 
Avocado seeds of the Mexican race were sub

m erged in 70% ethanol (v/v) for 1 min. The 

seed was split and the embryo surface was ste

rili zed fo r 15 min w ith 2% sodium hypo

chloride (v/v) and rinsed in srerile double-dis

tilled water. T he embryos were excised w ith a 

sm all piece o f co ryledon (photo 1) and ascepti

cally transferred to srerile culture tubes (2 5 x 

150 mm) containing 10 ml ofMURASHIGE and 

SKOOG (1962) (MS) suppl em ented w ith 

2.0 mg/! glycine, 100 m g/1 myoinositol , 5 mg/! 

p y ridoxine- HCI, 1.0 m g/! thi amine-HCI , 

5.0 mg/1 nico tinic acid, 30.0 g/1 sucrase and 

7.0 g/1 bacto aga r. T he MS medium was ad

jusred to pH 5.7 with 0.1 N NaOH o r HCI. 

C ulture tubes were capped with aluminum foi] 

and sterilized by auroclaving at 12 0°C and 

1. 5 kg/cm 2 p ress ure fo r 15 m in. T h e M S 

medium was supplemented w ith IBA and K 
al one or in combination , at concentrations from 

0.0 , 0.01, 0 .1, 0 .3, 1.0 and 3 .0 mg/!. 

T he explants were incubated at 25 ± 2°C in 

darkness for 2 1 d , fo llowed by continuous ligh t 

(3 000 lux cool white flu o rescen t irradiance) fo r 

14 d. Atthe end of35 d of culture, the fo llowing 

paramerers were evaluared: 1) germination , as 



the number of emb1yos in which both the 
plumule and root were a minimum of0.5 cm 
in length expressed as a percent of the total 
number of emb1yos culcured; 2) shoot number 
and length. When multiple shoots were formed 
in some treatments, they were considered sep
aracely in estimating the average per treatment; 
3) root number and length. 

The resu!ts were analyzed as a randomized de
sign, with a single embryo per treatment and 30 
replicacions. The Tukey test with a significance 
level of 5% was used for statistical comparisons. 

results and discussion 

germination 
The number of shoots and roots obtained in the 
treatments was closely related to the percentage 
of germination. Ir was found chat separate ad
dition of K or IBA to the medium did not 
significant!y affect the results fo r any of these 
chree variables. Germination of embryos cul
tured with 0.3 mg/1 IBA mixed with 0.1 or 
0.3 mg/1 K was 100% and the resulcing seed
lings showed excellent development (photo 2) . 
Greater concentrations ofIBA (up to 3.0 mg/1) 
reduced embryo germination. Germination of 
embryos culcured wi th 0.3 mg IBA plus 
1.0 mg/1 K or 0.1 mg IBA plus 3.0 mg/1 K was 
85.7% and 83.3%, respectively (fig 1). 

shoot number and length 
The highest number of adventitious shoots 
(1.83) was obtained when the avocado embryos 
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Photo 1 
Seeds from the Mexican race 
of avocado. Whole seed {left) 
and seeds showing the cotyledons 
trimmed (right) to be inoculated 
in vitro. 
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Photo2 
Seedlings obtained from mature 
avocado embryos cultured on MS 
medium supplemented with 
O. 3 mg!/ /BA and O. 1 mg// K. 
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Figure2 
Effect of kinetin and /BA (mg//) on shoot production. 
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Figure3 
Effect of kinetin and /BA (mg//) 
on shoot length. 
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were culcured in MS medium supplemented 

with 3.0 mg/! IBAand 0.1 mg/! K (fig 2). The 

addition of 0.3 mg/! K also provided good 
resu!ts when this concentration was combined 

with 0.3 (1 .5 shoots), 1.0 ( 1.57 shoots) and 3.0 

(1 .44 shoots) mg/! IBA. H owever, an average 
of2.6 shoots was observed in one of each of the 

four embryos. Even though under narural con
ditions multiple shoo ts occur in avocado 

embryos, this phenomenon has been observed 

in 2-10% of the Mexican race of avocado (SA

LAZAR-GARCIA and BORYS, 1983). This fre
quency contrasts with that obtained in the pres
ent experiment (25%). GONZALEZ-ROSAS and 

SALAZAR-GARCIA (19 84) and GONZALEZ

ROSAS et al ( 1985) used a greater concentration 
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of K (3.0/1 mg) to stimulate the development 
of axillary buds in stem segments of avocado. 
T he concentrat ions used and the results 
obtained by these authors differed from those 
in the present study, possibly because of the type 
of expiant and the difference in its endogenous 
hormonal concentration. Conversely, it can be 
considered that a minimum portion of cotyle
don tissue left with the emb1yos initially stimu
lates germination and larer promotes bath shoot 
development and the formation of axillaty buds. 
The results of this srudy complement those of 
SKENE and BARLASS (1 983) which established a 
possible role of cotyledons on shoot development. 

Shoot length was not significandy affected by 
the separate addition of K or IBA. However, 
when combined, the concentration of K had a 
greater effect than that of IBA. The maximum 
mean shoot length (1 2.5 cm) was achieved with 
a combination of 1.0 mg/! IBA and 1.0 mg/! K 
(fig 3). This does not coincide with the resu!ts 
of SCHROEDER (1967), who in an experiment 
with explants of avocado pericarp cultivared in 
vitro, discovered that a higher level of auxin, in 
relation to cytokinin, was more conducive to 
tissue growth. Nevertheless, this is possible 
because the requirements of a substance va1y 
considerably in different p lant tissues. Cyto
kinins are compounds that are generally related 
to cyrokinesis, while auxins are associated with 
cellular lengthening (BHOJWANI and RADZAN, 
1983) . Their effect on shoot length may thus be 
due to the influence of these growth regulators 
on the processes of ce!! division and lengthening. 

root number and length 
The number of roots produced by the emb1yos 
was not significandy modified by auxin or cy
tokinin levels, a!though greater root formation 
was obtained when embryos were cultured in 
MS containing either 0.3 mg/IBA plus 0.1 or 
0.3 mg/! K, or 1.0 mg/! IBA with 1.0 mg/! K 
(data not shown). Our resu!ts on mature avo
cado embryos contrasted with those of SKENE 
and BARLASS ( 1983), who mentioned that only 
a few immature embryos produced roots. 

As for the previous variables, the addition of 
only 1 growth regulator to the MS medium did 
not significandy affect root length. However, 
the combination of IBA and K levels affecred 



this characteristic. A significam increase in root 
length was obtained with kinetin levels of 
0.1 mg/! and higher (table I; fig 4). Concerning 
the differem levels tested for IBA, 0.3 mg/l IBA 
concentrations produced the highest mean root 
length (4.4 cm). The lowest values were re
corded for the IBA levels of 0.0 and 3.0 mg/l 
(table I). 

The combinations of IBA and K which pro
duced the highest root length increases were 0.3 
and 1.0 mg/l IBA combined with 0.1 and 
0.3 mg/! K (fig 4) . Treatments with lower levels 
of kinerin did not result in significam root 
length increases. When the levels of IBA and 
kinetin were increased beyond 1.0 and 0.3 mg/!, 
respectively, root length decreased (fig 4). 
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Figure4 
Effect of kinetin and /BA 
(mg!/) on root length. 
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Table 1 

Root length (cm) : effect of different levels (mg/1) of IBA and kinetin. 

Kinetin Root lenght 

IBA 0.0 0.01 0.1 0.3 1.0 3.0 average 

0.0 1.5 a 1.6 a 2. 1 C 1.9 b 2.6 a 4.3 a 2.3 be 

A A A A A A 
0.01 3.1 a 1.5 a 2.3 C 3.6 ab 4.7a 3.6 a 3_ 1 abc 

AB B AB AB A AB 
0. 1 2.4 a 2.5 a 3_8 abc 2.3 b 2.4 a 3.5 a 2_8 abc 

A A A A A A 
0.3 3.5 a 1.7 a 6 .6 a 5.5 a 5.3 a 4.0 a 4.4 a 

BC C A AB AB ABC 
1.0 1.5 a 1.3 a 5.6 a 5 .5 a 4.9a 2.9 a 3.6 ab 

B B A A A • AB 
3.0 2.2 a 1.6 a 3.2 be 1.9 b 2.6 a 2.2 a 2.3 be 

A A A A A A 

Average 2.4 1.7 3.9 3.4 3.7 3.4 
B B A A A A 

Th e same lower case or capital letters in the same column or line are not sign ificant ly different 
(Tukey, 5%). 
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