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ABSTRACT – Agar is traditionally used to solidify 
medium in cultures grown on in vitro  conditions. 
However, it has been observed, in some cases, a poor 
root development, along with the non-functionality of 
these roots when transferred to in vivo conditions. Two 
trials were carried out at Embrapa Clima Temperado 
laboratory with pears (Pyrus sp)  cv. Bartlett and OH x 
F97 clone), to investigate the possibility of replacing 
agar by vermiculite as a physical support, and to analyze 
the influence of light on the base of micro cuttings on 
root development. Shoots were conditioned in a medium 
MS/3 to which was added  myoinositol (100 mg.L-1; 
sucrose (30 g.L-1); agar (6 g.L-1) or vermiculite (8g/tube). 
No growth regulator was added. The darkening 
treatment was accomplished by putting a black sheet on 
the top of the agar medium. The evaluation was 

performed after 30 days on the shoots being maintained 
on 25 °C, 2000 lux and 16 hour of photoperiod. The trial 
was performed in a completely ramdomized block and the 
means were compared by using the Duncan test at 5% 
probability. Either agar or vermiculite did not affect 
rooting percentage. On the other hand, shoots on agar 
showed a higher number of roots per shoot for both ´ 
Bartlett` and OH x F97 clone. Root hairs were not 
observed on agar grown plantlets, but they were 
produced on vermiculite grown ones. As secondary root 
is concerned, it was not observed any on agar grown 
shoots, whereas shoots rooted in vermiculite had 
around 31% and 53% of secondary root for ´Bartlett and 
OH x F97 clone, respectively. Darkened medium 
decreased the percentage of rooted plantlets from 98 to 
86 and the root length from 3.5 to 2.1 cm.  

INDEX TERMS : Pyrus sp., agar, tissue culture, micropropagation, root quality.  

 
USO DA VERMICULITA COMO SUBSTRATO E  EFEITO DA LUZ  
NO ENRAIZAMENTO IN VITRO DA PEREIRA, CV. BARTLETT E  

DO CLONE OH x F97 
 

RESUMO – O ágar é tradicionalmente utilizado como 
meio solidificante em culturas in vitro. Entretanto, tem 
sido observado, em muitos casos, um desenvolvimento 
pobre do sistema radicular, ocorrendo formação de raí-
zes não-funcionais quando transferidas para condições 
in vivo. Com o  intuito de verificar a possibilidade da 
substituição do ágar pela vermiculita como suporte físi-
co e analisar a influência da luz incidente na base das 
microestacas sobre o desenvolvimento radicular em pe-
reira (Pyrus sp.)  cv. Bartlett e do clone OH x F97, foram 
realizados na Embrapa Clima Temperado dois experimen-
tos utilizando-se meio MS reduzido à terça parte, acres-
cido de 100 mg.L-1 de mio-inositol e 30 g.L-1 de sacarose. 

No primeiro exp erimento, utilizaram-se um tratamento de 
6 g.L1 de ágar e outro de 8 g.L-1 de vermiculita. No se-
gundo, usou-se somente ágar na mesma concentração, 
sendo escurecida a base da metade dos frascos até a al-
tura do ágar. Os frascos foram incubados por 30 dias à 
temperatura de 25oC, 2.000 lux e 16 horas de fotoperíodo. 
O delineamento estatístico empregado foi o inteiramente 
ao acaso, analisando-se as médias pelo teste de Duncan 
a 5% de probabilidade. A porcentagem de enraizamento 
não foi afetada pelo tipo de substrato. As microestacas 
em ágar apresentaram um número maior de raízes do que 
em vermiculita, para os dois materiais testados. As raí-
zes desenvolvidas 
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em vermiculita apresentaram formação de pêlos absor-
ventes, o que não ocorreu nas raízes desenvolvidas em 
ágar. Do mesmo modo, em ágar não houve formação de 
raízes secundárias, ao passo que em vermiculita a cv. 
Bartlett e  o clone OH x F97 apresentaram, respectiva-

mente, 31% e 53% das plântulas enraizadas  com forma-
ção de raízes secundárias. O escurecimento do meio de 
cultura diminuiu a porcentagem de enraizamento (98,0% 
para 86,0%) e o comprimento das raízes (3,5 cm para 2,1 
cm). 

TERMOS PARA INDEXAÇÃO: Pyrus sp., cultura de tecido, micropropagação, qualidade de raiz. 

 
INTRODUCTION 

Agar is traditionally used as a solidifying agent 
in in vitro cultures (Caldas et al., 1990). Many authors 
have mentioned problems related to the root quality 
when developed in agar medium. So far no work has be-
en published mentioning the use of vermiculite on in vi-
tro pear culture.  Yu et al. (2000) observed less roots 
formed in agar medium, as compared with vermiculite, in 
papaya in vitro  cultures. Pierik (1988) stated that roots 
formed in vitro  were not totally functional when trans-
ferred to in vivo. These in vitro  formed roots were weak 
and presented few root hairs and died soon. Plantlets 
that developed roots in anaerobic conditions in agar 
substrate had no root hairs and were very inefficient 
when placed in aerobic substrate,  leading to loss of vi-
gor of the plantlets when transferred to greenhouse 
(Suksa-Ard et al., 1998). Kataoka (1994), presented the 
same reason for the lower  shoot growth of plantlets roo-
ted in vitro  in agar medium; for this reason the plantlets 
may not establish after transplanting. 

Yu et al. (2000) suggested that aeration is an im-
portant factor in the formation of adventitious roots. The 
assumption that a bad aeration could be the reason for 
low root quality and/or loss of root functionality due to 
agar medium is also shared by Avanzato et al. (1993). 
Feldman (1984) mentioned that although the lack of 
knowledge on the effect of light on the lateral roots, the 
white light could inhibit their formation. The presence of 
light increases the ethylene production and promotes 
the downward transport of auxin to the roots, and this 
would influence the levels of this hormone in the root 
tissues and,  resulting in the development of  lateral ro-
ots. 

According to Caldas et al. (1990), vermiculite 
moistened in a nutrient solution would favor root forma-
tion due to a higher degree of aeration it promotes. Kir-
damanee et al. (1999) working with Eucalyptus spp and 
Das et al. (1999), working with litchi got better results 
when agar was replaced by vermiculite. 

The purpose of this work was to evaluate the a-
gar substitution for vermiculite as a physical support for 
in vitro  rooting for pear cv. Bartlett and OH x F97 clone, 

and to analyze the influence of light incidence on micro 
cuttings base  on root development on in vitro  rooted 
plantlets of OH x F97 pear clone. 

 
MATERIALS AND METHODS 

Two trials were carried out in the Tissue Culture 
Laboratory at EMBRAPA/CPACT in Pelotas, RS, Brazil. 
The first trial aimed to evaluate the agar substitution for 
vermiculite as a physical support on in vitro  rooting. In 
the two substrates, the MS (Murashige & Skoog, 1962) 
basal medium used was reduced to 1/3 of its strength to 
which were added 100 mg.L-1  of myoinositol, 30 mg.L-1 
of sucrose and MS vitamins. No growth substance was 
used in this phase. The control treatment consisted of 
agar (6.0 g.L-1) in the nutrient solution after the pH ad-
justment. The vermiculite treatment consisted of 8.0 g 
vermiculite/test tube, after being imbibed in the nutrient 
solution and sterilized in autoclave along with the agar 
substrate treatment.  

The trial was arranged in a randomized complete 
block with 16 replicates of five shoots for cv. Bartlett and 
18 replicates with five shoots for OH x F97 clone. After 
30 days in incubation,  the parameters were evaluated as 
follows: percentage of rooting: number of roots per sho-
ot; mean root length and percentage of rooted shoot 
showing secondary roots. The root percentage data was 

transformed in arc sin 100/x and the remaining ones 

in 1+x , being finally analyzed by the Duncan test.  
 The second trial aimed to analyze the influence 

of light incidence on the micro cuttings base on the root 
development of OH x F 97 plantlets. Twenty 250 ml-
flasks with 1/3 strength MS medium to which were ad-
ded  100 mg.L-1 of myoinositol, 30 mg.L-1 of sucrose and 
6.0 g.L-1  of agar were used. Half of these flasks had the 
substrate darkened with a black sheet of paper previous-
ly sterilized. The shoots were displayed in the flask t-
hrough previous holes perforated in it. Externally, the 
flasks were covered with black sheet up to the nutrient 
medium level.  

After thirty days in incubation the parameters 
were evaluated as follows: percentage of rooting; num-
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ber of root/explants; mean root length and formation of 
secondary roots. This trial was arranged in a complete 
randomized block with ten replicates being each replica-
tion composed of five shoots. 

 
RESULTS AND DISCUSSION 

Vermiculite delayed root growth of microcuttings 
of both ´Bartlett` and OH x F97 clone compared to agar. 
The microcuttings from agar were almost ready for 
transplanting by the end of two weeks of incubation 
while those from vermiculite were ready only one week 
later. Nevertheless, vermiculite induced root hair growth 
through almost all root length while those from agar we-
re completely root hairless.  

These findings are in agreement with those of Pi-
erik (1988) and Kataoka (1994). They affirmed that it is 
generally difficult to get a good functional root system 
in vitro , giving as example the lack of root hairs deve-
lopment. In order to optimize rooting in vitro , they sug-
gested the replacement of the agar medium by another 
with improved aeration such as liquid medium and/or ar-
tificial substratum like vermiculite. 

The percentage of rooting of both cultivar and 
clone was not affected by the two substrates. Although 
there was no statistical difference, it was found 84.44% 
of rooting on cuttings of OH x F97 clone grown in vermi-
culite as compared to 70% when grown in agar medium 
(Table 1).  

The number of roots per shoot on 'Bartlett', but 
not on OH x F97 clone, was significantly higher with a-
gar than with vermiculite as substratum. The treatments 
did not significantly affect the length of the roots (Table 
1). 

Zecca (1995) used agar, vermiculite, and liquid 
medium with paper bridge as physical supports, and did 
not observe significant differences on the percentage of 

rooting for quinces  Champion  and  BA-29 cultivars  
and apple. Rooting was significantly higher on quince 
Smyrna grown in agar medium.  

Hutchinson (1984), working with apple cv. Nor-
thern Spy, obtained significantly higher percentages of 
rooting growing in coarse sand, rotatory liquid medium, 
perlite, and agar than in vermiculite. On the other hand, 
Zimmerman & Broome (1989) got better results on roo-
ting of various apple varieties using vermiculite or a mix-
ture of vermiculite and perlite than in agar as substrate. 

The different responses observed for different 
species and varieties may be related to the fact that the 
predisposition to rooting is the result of an interaction 
between the genotype and the environment (Haissig et 
al., 1992). The lack of aeration/oxygenation is 
frequently referred to as the main problem for the roots 
grown in a medium solidified with agar (Debergh & Ma-
ene, 1981; Simmonds, 1983; Pierik, 1988). Working with 
various substratums for in vitro  rooting, Avanzato et al. 
(1993) concluded that those with fine particles had the 
tendency of aerobic capacity reduction with negative ef-
fects on rhizogenesis. 

It was not observed any rooted shoot with se-
condary roots in the agar substrate, while with vermiculi-
te there was 31.07% of rooted shoots in ´Bartlett`and 
53.61% of rooted shoots in ´ OH x F97 `with secondary 
roots (Table 1). Roots from vermiculite substrate seemed 
more similar to those obtained in vivo, with branching 
and root hairs (Figure 1). These characteristics may be 
determinant for plant surviving at transplant since their 
functionality permit immediate water and nutrient ab-
sorption. 

Anaerobic root development in agar medium, wi-
thout root hairs, is inefficient after transplanting to an 
aerobic substratum, inducing lack of vigor when in the 
greenhouse (Simmonds, 1983) or even the death of the 
plants just after transplanting (Debergh & Maene, 1981). 

 
TABLE 1 – Effect of substrate, agar and vermiculite, on the rooting percentage, number and mean root length and 
percentage of secondary root formed in the pears cv. Bartlett and clone OH x F97.  
 

Cultivars Substrate 
Root 

percentage 
Root 

number 
Root 

length (cm) 
% Secondary 

root 
Bartlett Agar 56,3   2,7 a 2,4       0,0   b 

 Vermiculite 53,8     1,8   b 2,7   31,1 a 
OH x F97 Agar 70,0 2,9 2,1       0,0   b 

 Vermiculite 84,4 2,7 1,7   53,6 a 

Means followed by the same letters do not differ significantly by 5% probability using Duncan test. 
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FIGURE 1 – Type of roots formed in agar (left) and vermiculite (right). 

 
Similar results of shoot grown in vermiculite and 

agar, regarding to the parameters percentage of rooting 
and number and length of roots, is very important. They 
indicate that it is possible to replace agar by vermiculite 
without affecting those parameters, and with substantial 
advantages on the quality of the root system such as 
secondary root formation and the presence of abundant 
root hairs, besides economical aspects. The high purity 
agar, supposedly the best one, costs 8.42 times mo re 
than vermiculite, and the common agar costs 2.3 times 
more than vermiculite, without adding any benefit to the 
rooting of pear. 

The medium solidified with agar is translucent, 
permitting the light to reach the base of the shoots and 
the growing roots in the medium. According to Feldman 
(1984), the white light could inhibit the formation of se-
condary roots.  In this work the parameters percentage 
of rooting and length of the roots were statistically in-
fluenced by the treatments. The darkening of the medi-
um reduced the rooting (86.0%) compared of the normal 
medium (98.0%) (Table 2). In the same way, root length 

was 2.1 cm in the darkened medium, and 3.5 cm in the 
normal medium (Table 2). 

The development of the roots was delayed in the 
same way it happened with vermiculite when the medium 
was darkened. This may be the reason for the greater ro-
ot length obtained in the medium with light. Generally, 
the roots grown in the presence of light seemed to be 
more vigorous than those grown in  darkness. 

 The percentage of rooted shoots that presented 
secondary roots was not significantly affected by dar-
kening the medium (38.3%) if compared to the normal 
medium (28.5%) (Table 2). The hypothesis of Feldman 
(1984) that the white light could inhibit the formation of 
secondary roots was not confirmed with the results of 
this experiment. 
 There was a tendency for root branching to oc-
cur in only one side in the normal mediums, without 
darkening (Figure 2). The induction of branching by 
physical contact of the main root may explain this fact. 
Due to their bigger length there was contact with the 
flask. This did not happen with the roots developed on 
the darkened medium. 

  
TABLE 2 – Effect of agar darkening on the rooting percentage, number and root length and percentage of rooted 
shoots with secondary roots for pear clone OH x F97. 
 

Agar 
% of 

rooting 
Root 

number 
Root 

Length ( cm ) 
% Secondary 

root 
Normal 98,0 a 3,9 3,5 a 28,5 

Darkened  86,0   b 4,0 2,1 b 38,3 

Means followed by the same letters do not differ significantly at 5% probability by Duncan test. 
 



 

Ciênc. agrotec., Lavras. V.26, n.5, p.977-982, set./out., 2002 

981

 
  

 

 

 

 

 

 

 
FIGURE 2 – Aspects of roots formed on light (left) and on darkened (right) conditions. 

 
The absence of light also did not promote root 

hair formation, but apparently this was not the cause for 
root hairless in the mediums solidified with agar. This re-
inforces the hypothesis that the problems of root quality 
formed in agar come from the lack of aeration in the me-
dium (Pierik, 1988; Kataoka, 1994; Suksa-Ard et at., 
1998). 

 
CONCLUSIONS 

Based on the results above, it may be concluded 
that: 

a) The vermiculite may advantageously substitu-
te the agar as substrate for rooting of pear plantlets, re-
sulting in a branched root system with presence of root 
hairs. 

b) The absence of light in the medium did not 
promote root hair formation, and did not influence the 
formation of secondary roots. 

c) The darkening of the medium reduced the per-
centage of rooting and the root length.  
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