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Abstract

M.L. Tapia, and J.M. Caro. 2009. Production of lettuce (Lactuca sativa) seedlings in 
granulate rockwool and expanded perlite for use in hydroponics. Cien. Inv. Agr. 36(3):401-
410. The quality of lettuce (Lactuca sativa) seedlings is closely dependent on the substrate and 
the management practice during the transplant to the hydroponic system. This seed bed process 
may affect the normal development of the seedlings by affecting the post-transplanting period, 
potentially causing root stress, infl uencing establishment and even leading to seedling loss. An 
important criterion when choosing either a single or mixed substrate is the ability to provide for 
both growth and establishment of the seedlings in the hydroponic system. The main objective 
of this study was to evaluate the effect of granulated rockwool substrate (Agrolan™, Compañía 
Industrial El Volcán S.A., Santiago, Chile), expanded perlite A6 (Harbolite Chile Ltda., Santiago, 
Chile) and a mixture of both substrates on seedling growth, development and establishment 
after transplant of lettuce seedlings to an NFT-modifi ed hydroponic system. Growth analyses 
were performed at the 2 to 3 true leaf stage of the lettuce seedlings, which were subsequently 
transferred to an NFT-modifi ed hydroponic system. The stress level was evaluated at 10 days 
after transplant. From emergence until the 2 to 3 true leaf stage, no signifi cant differences 
were observed between the assayed substrates. However, there was a consistent tendency for 
better growth development when seedlings were cultivated in the 100% rockwool substrate or 
in the substrate mixture containing rockwool in comparison to 100% expanded perlite. The 
differences obtained at seedling stages were maintained after seedlings were transplanted. The 
effect of the substrate was statistically signifi cant (p ≤ 0.05) for all evaluated parameters 10 days 
after transplanting. These results confi rmed that the rockwool substrate, alone or in combination 
with expanded perlite, allows for the production of high-quality lettuce seedlings that optimally 
respond to their establishment in an NFT-modifi ed hydroponic system.

Key words: Hydroponic, Lactuca sativa, NFT-modifi ed hydroponic, seedling bed, substrate, 
transplant stress. 

Introduction

The success of lettuce (Lactuca sativa L.) and 
other vegetable production depends to a great 
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extent on seedling quality. This is particularly 
true for lettuce, because the seedling bed ac-
counts for 30% of the overall production time 
(Kratky and Mishima, 1981; Incrocci et al., 
2006). A good seedling for transplant must be 
vigorous, free of pests and diseases, and have a 
well-developed root system. Because transplant 
affects the growth rate, it is important to mini-
mize stress and maintain continuous growth 
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(Vavrina, 2004). The time for the plant to over-
come transplant stress and become established 
depends on the species, cultivar, environmental 
conditions, crop system, transplant manage-
ment, and seedling quality (Tapia et al., 2007, 
2008). The time required to form new roots and 
reestablish their normal development is also 
species dependant (Waine, 2003). 

The substrate used for the seedling bed is of 
great importance in order to produce high-qual-
ity seedlings (Gruda, 2009). The optimal result 
occurs when seedlings are transplanted with the 
substrate attached to the roots, forming a root 
ball without disintegration (Alvarado and Rojas, 
1996). Lettuce seedlings produced in substrates 
that allowed for optimal aggregation at trans-
planting always reached a higher growth rate than 
those with desintegrations (Aillapan, 1997). 

Some chemically inert substrates offer advan-
tages over traditional substrates used in seedling 
production, because they act only as a plant sup-
port, without affecting the nutrient adsorption 
process and/or nutrient fi xation (Cave, 1991). Of 
the most commonly used inert substrates world-
wide, rockwool and expanded perlite stand out, 
because they both have pH values close to neu-
tral and null cationic exchange capacities (CEC) 
(Cantliffe, 2008). Rockwool and perlite offer a 
high degree of water capillary movement and a 
large space for air distribution (Hochmuth and 
Hochmuth, 1998). 

Humidity and the substrate water content play 
fundamental roles in root and aerial growth (Ni-
cola et al., 2004). Rockwool is one of the most 
studied and useful substrates; it is a highly po-
rous inert material with a homogeneous struc-
ture and free of pathogens. Over 95% of the 
water retained by rockwool is readily available 
to seedlings (Abad, 1993; Benko et al., 2008). 
In Chile, Compañía Industrial El Volcán S.A. 
(Santiago, Chile) produces Agrolan®, a sub-
strate similar to granular rockwool; however, 
there is no scientifi c information supporting the 
potential of this substrate in lettuce seedlings 
for hydroponic cultivation or for the production 
of other vegetable seedlings.

On the other hand, expanded perlite retains 
water only in the particles at the surface or in 

between pores, and therefore is commonly used 
in combination with other substrates to increase 
aeration. Only 25% of the retained water is 
readily available for seedlings (Abad, 1993). 
Lettuce seedlings produced in expanded per-
lite are reported to have a low growth rate at 20 
days post-transplant (Aillapan, 1997), mainly 
because of the disintegration of the perlite root 
ball when transplanting, thereby delaying the 
seedling growth. 

Acosta (1996) worked with rockwool, perlite 
and a mixture of perlite and peat in greenhouse 
tomato. Based on evaluations performed at dif-
ferent growth stages after transplant, the plants 
growing in rockwool were always reported to 
grow better than those in perlite. Signifi cant dif-
ferences in the number of leaves per plant, plant 
height and fruit fresh weight were also found 
(Acosta, 1996). 

On the other hand, Martínez and Abad (1992) 
studied the behavior of tomato plants in seven 
different substrates, and found that plant height, 
anthesis, fruit set, and formed fruits evaluated 8 
and 13 weeks post-transplant were higher in to-
matoes established in rockwool than in perlite. 
However, the early yield was statistically similar 
in both substrates, and the total fruit yield was 
slightly higher in tomatoes established in perlite 
than in other substrates. Benko et al. (2008), in 
a two-year trial, obtained signifi cantly higher 
yields in  tomato plants cultivated in rockwool 
than in expanded clay.

The selection of substrate type has been stud-
ied in numerous plant species, yielding differ-
ent results between them, even among cultivars 
of the same species. However, information is 
scarce with respect to the plant response to 
establishment in hydroponic systems. Further-
more, the available information is diffi cult to 
adapt to the chilean conditions. Preliminary ob-
servations suggest that Agrolan® would allow 
for the production of high-quality lettuce seed-
lings with better establishment in hydroponic 
systems than with expanded perlite. Therefore, 
the objective of this study was to evaluate the 
growth and development of lettuce seedlings 
produced in granular rockwool, expanded per-
lite and mixtures of both substrates during the 
seedling bed phase and to investigate their fur-
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ther establishment in an NFT-modifi ed hydro-
ponic system. 

Materials and methods

Inert substrates used

The study was conducted in La Pintana, Santia-
go, Chile (32º40’ S, 70º32’ W, 625 m.a.s.l.) using 
lettuce (L. sativa var. capitata) cv. Divina. This 
is an early lettuce cultivar, greasy, with smooth 
green leaves. Two chemically inert substrates 
were studied in different proportions: a. 100% 
granular rockwool (Agrolan®, Compañía Indus-
trial El Volcan S.A., Santiago, Chile), b. 100% 
expanded perlite A6 (Harborlite Chile Ltda. San-
tiago, Chile), c. 75% (v/v) Agrolan® in combi-
nation with 25% (v/v) expanded perlite, d. 50% 
(v/v) Agrolan® in combination with 50% (v/v) 
expanded perlite, and 25% (v/v) Agrolan® in 
combination with 75% (v/v) expanded perlite.

Seedling bed

Tests were carried out in a greenhouse covered 
with black mesh with 65% light interference. 
Lettuce was seeded on Protekta® trays (Protekta 
Ltda., Santiago, Chile) and each was provided 
with 162 cups each  of 16 mL. A table for capil-
lary irrigation, which was covered with a low-
density polyethylene (150 μm thick), was used. 
Irrigation was performed by daily applying a 
water sheet to allow for a complete wetting of 
each substrate according to its retention capac-
ity. 

Fertilization began when seedlings had expand-
ed cotyledons using a nutrient solution com-
posed of (per liter): 125 mg N, 60 mg P, 160 mg 
Ca, 38 mg Mg, 0.5 mg Fe, 0.22 mg B, 0.03 mg 
Cu, 0.03 mg Mo, 0.05 mg Zn, 0.31 mg Mn and 
16.14 mg S. A 50% nutrient solution was deliv-
ered by capillary every two days. 

In order to characterize the amount of time 
for seedling development in each treatment, 
the number of degree days was recorded, from 

seeding to emergency, seeding to expanded 
cotyledons, seeding to fi rst expanded true leaf, 
and seeding to the two to three true leaf stage 
(phenological stage at transplanting). At each of 
these phenological stages of seedling develop-
ment, 42 seedlings were taken at random from 
each replicate and the number of seedlings at 
each stage was calculated. To estimate the de-
gree days (DD), the daily minimum and maxi-
mum temperatures were recorded at the plant 
height to determine the daily mean tempera-
ture (T) and then subtracted by the temperature 
threshold (Tt) of lettuce growth (Tu = 5ºC) (Gia-
coni and Escaff, 2001).

Transplant

Seedling vigor was evaluated at the transplant-
ing stage (seedling with 2 to 3 true leaves) to de-
termine the plant height (distance from the plant 
neck to the apex of the tallest leaf), leaf area us-
ing a LI-COR® leaf area meter (LI-3000A model, 
LI-COR Biosciences, Lincoln, NE, USA), aerial 
fresh weight and dry weight (dried at 70ºC to 
a constant weight in a Labtech stove, Daihan 
Labtech Co., Ltd., Namyangju, South Korea).

Post-transplant establishment

Transplanting was done when 80% of the lettuce 
seedlings were at the 2 to 3 true leaf stage. Five 
seedlings per replicate were taken randomly 
and arranged in an NFT-modifi ed system, with 
a 25-cm plantation frame over and among the 
polyvinyl chloride profi les (PVC). A 2% slope 
and a 0.5-1.0 mm high-nutrient lamina were 
provided. 

The nutrient solution was stored in darkness in 
a PVC tank and was driven by a Pedrollo Model 
PKm 60® pump (Pedrollo, S.p.A., Verona, Italy) 
with a 5.4 m3ּh-1 fl ow rate. The entrance of the 
nutrient solution to the hydroponic system was 
regulated through a source valve, with an aver-
age fl ow of 0.7 Lּmin-1, which was measured in 
the discharge head of each profi le. 

In a traditional NFT system, the seedlings are 
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established on bare roots in the absence of a sub-
strate. However, we used a modifi ed NFT hydro-
ponic system where the root ball formed by the 
roots and the substrate was kept in order to hin-
der alterations to the root system and to reduce 
the post-transplant stress. A seedling was set in 
each profi le hole, which was fi xed by a low-den-
sity expanded polyurethane cube that was placed 
at the plant neck. At 10 days post-transplant, the 
plant height, foliar area, fresh weight and dry 
weight of the aerial portion and the total number 
of leaves per plant were recorded. In addition, 
the number of lost plants and the post-transplant 
establishment percentage were determined. 

Design and statistical analysis 

A completely randomized block design was per-
formed with fi ve treatments and fi ve replicates. 
The experimental unit in the seedling bed peri-
od was the 162 alveoli tray, with a sampling unit 
of 42 seedlings. In the NFT-modifi ed system, 

the experimental unit consisted of fi ve plants 
per replicate and the sampling unit comprised 
four plants. The results obtained were subject 
to an analysis of variance (ANOVA) and the 
means were separated using the Student New-
man-Keuls (SNK) multiple range comparison 
test (p ≤ 0.05). The number of leaves per plant 
and percentage data were transformed as √ (nº 
of leaves+1) and arccosine √(% establishment), 
respectively, before the ANOVA (Montgomery, 
1991).

Results

Seedling development 

The use of expanded perlite, granular rockwool 
or the mixtures of both substrates did not signif-
icantly affect the development of lettuce seed-
lings, as measured by the seeding emergence 
and later at the expanded cotyledon and 2 to 3 
true leaf stages (Table 1).

Table 1. Lettuce (Lactuca sativa) seedlings at emergency, expanded cotyledons, and at the one to two true leaf stage.

Seedlings development at the bed stages
 

Substrate treatments1 Emergency
%

Expanded cotyledons
%

1-2 true
 leaf stage
%

2 true leaf stage
%

Rockwool, 100 % 87.60ns 87.14ns 86.19ns 85.23ns

Rockwool, 75%
 +  perlite, 25% 86.19 84.76 91.42 84.28
Rockwool, 50%
 +  perlite 50% 91.42 90.95 92.38 88.09

Rockwool, 25%
 + perlite,75% 88.57 92.85 88.57 90.00

Perlite, 100% 88.57 87.14 91.42 74.76

Time, days 7 11 16 21

Degree days3 105.5 159.0 215.5 313.7 
1Agrolan® Rockwool (Compañía Industrial El Volcan S.A., Santiago, Chile). Perlite corresponds to expanded perlite A6 (Harborlite Chile 
Ltda. Santiago, Chile).
2ns, not signifi cantly different according to the SNK test (p ≤ 0.05).
3To estimate the degree days (DD), the daily minimum and maximum temperatures were recorded at plants height to determine the daily 
mean temperature (T) and then subtracted by the temperature threshold (Tt) of lettuce growth (Tu = 5ºC).

Evaluation of seedlings on transplant

Fresh weight and dry weight. A signifi cant effect 
of the substrates was observed on the aerial fresh 
and dry weights, which were lower for lettuce 

plants cultivated in 100% expanded perlite than 
in substrates containing granular rockwool. No 
statistical differences were obtained among the 
four substrate treatments where granular rock-
wool was present (Table 2).
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Seedlings height. The effect of substrates was 
also signifi cant for differences in seedling 
height obtained at the 2 to 3 true leaf stage. Let-
tuce seedling heights varied from 5.88 cm as the 
average for seedlings produced in 100% granu-
lar rockwool to 4.29 cm in 100% expanded per-
lite. The seedlings produced in 100% expanded 
perlite were signifi cantly shorter than in other 
substrates. The four treatments including gran-
ular rockwool were statistically similar in plant 
height (Table 2).

Foliar area. The effect of substrates was sig-
nifi cant for differences in foliar area obtained 
at the 2 to 3 true leaf stage. Foliar area varied 
from 11.09 cm2 for seedlings produced in 100% 
granular rockwool to 6.58 cm2 in 100% expand-
ed perlite (Table 2).

Post-transplant evaluation 

Independent of the seedling bed substrate, 
100% establishment was obtained in the NFT-

modifi ed hydroponic system at 10 days after 
transplant. The plants remained turgid and free 
of chlorosis or other symptoms due to stress be-
cause of the transplant.

Fresh weight and dry weight. The lettuces had 
considerably increased fresh and dry weights in 
the NFT-modifi ed hydroponic system 10 days 
after transplant for all substrate treatments. Let-
tuce produced in 100% expanded perlite had the 
lowest aerial weights; however, a 6-times dry 
weight increase was obtained in only 10 days. 
In contrast, lettuce cultivated in a mixture of 
50% granular rockwool and 50% expanded per-
lite showed an 8.72-times weight gain on aver-
age. Signifi cant effects of the substrates on the 
fresh and dry weights were observed, and plants 
produced in 100% expanded perlite had signifi -
cantly lower weights than in substrates contain-
ing rockwool (Table 2).

Plant height. Ten days after transplant, plant 
height increased more than 44% compared to 
the time of transplant in all  substrate treatments. 
Lettuce plants produced in 50% granular rock-

Table 2. Characteristics of lettuce (Lactuca sativa) seedlings obtained in different substrates.

Substrate
 treatments1

Fresh weight/ plant
g

Dry weight2/                
plant
g

Height/
plant
cm

Foliar area3/
plant
cm2

Leaves/
plant
no.

2 to 3 true leaf stage

Rockwool, 100% 0.235 b 4 0.018 5.88b 11.09 b

Rockwool, 75%
 +  perlite, 25% 0.224 b 0.017 b 5.75b 9.45 ab
Rockwool, 50%
 +  perlite, 50% 0.230 b 0.017 b 5.70 b 10.73 b
Rockwool, 75%
 +  perlite, 25% 0.248 b 0.017 b 5.23 b 9.31 ab

Perlite, 100% 0.162 a 0.011 a 4.29a 6.58 a

10 days after transplant

Rockwool, 100% 1.670 b4 0.138 b  9.2 bc1 50.4 b 5.86 ab
Rockwool, 75%
 +  perlite, 25% 1.470 b 0.124 b 8.2 b 36.6 ab 5.79 ab
Rockwool, 50%
 +  perlite, 50% 1.740 b 0.151 b 9.5 c 49.5 b 6.13 b
Rockwool, 75%
 +  perlite, 25% 1.440 b 0.125 b 8.8 c 40.1 ab 5.66 ab

Perlite, 100% 0.800 a 0.069 a 6.7 a 25.0 a 5.13 a
1Agrolan® Rockwool (Compañía Industrial El Volcan S.A., Santiago, Chile). Perlite corresponds to expanded perlite A6 (Harborlite Chile 
Ltda. Santiago, Chile).
2Dry weight was determined at constant weight at 70ºC in a Labtech stove (Daihan Labtech Co., Ltd., Namyangju, South Korea).
3Foliar area was determined with an LI-COR foliar area integrator (model LI-3000A, LI-COR Biosciences, Lincoln, NE, USA).
4Means followed by the same letters in each column are not statistically different according to the SNK test (p ≤ 0.05).
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Figure 1.  Lettuce seedlings (Lactuca sativa). A. Seedlings at the 2 to 3 true leaf stage (transplant stage). From left to right: 
T1 (Rockwool, 100%); T2 (Rockwool, 50% + Perlite, 50%); T3 (Rockwool, 50% + Perlite 50%); T4 (Rockwool, 25% + 
Perlite, 75%); T5 (Perlite, 100%). B. Lettuce plants ten days post-transplant in an NFT-modifi ed hydroponic system.

A B

wool in combination with 50% expanded perlite 
reached the highest height, 9.5 cm on average 
and had the largest height increase (66%). Al-
though the plants produced in 100% expanded 
perlite had the lowest average height (6.7 cm), 
these plants had a 57% increase in plant height 
over the 10 days after transplant (Table 2).

Foliar area. Foliar area also increased con-
siderably in the 10 days after transplant for all 
substrate treatments, up to 370% more than at 
transplanting. The plants developed in 100% 
granular rockwool had a foliar area of 50.4 cm2 
after ten days, which is almost 100% more than 
the 25 cm2 foliar area of plants produced in 
100% expanded perlite. The effects of substrate 
on foliar area are shown in Table 2.

Number of leaves. No leaf loss was observed 
after 10 days of transplant in the lettuce plants 
for any of the substrate treatments. An average 
of 5.71 leaves per plant was produced in each 
of the fi ve substrates, which represented an in-
crease of nearly three new leaves per plant in 10 
days. The effects of substrate on the numbers of 
leaves are shown in Table 2.

Discussion

At transplant (2 to 3 true leaf stage), lettuce 
seedlings produced in the substrates containing 
a high proportion of granular rockwool devel-
oped a root ball with the substrate attached to the 

roots in contrast to the disaggregation obtained 
in seedlings produced in 100% expanded per-
lite (Figure 1A). This difference may be due to 
a higher capacity of water retention of rockwool 
(80%) in comparison to expanded perlite (73%), 
which allows for a stronger union between the 
substrate particles and roots (Table 3). 

Table 3. Chemical and physical characteristics of the fi ve 
substrate treatments studied for lettuce (Lactuca sativa) 
seedling production.

Treatments1

Chemical and physical
characteristics 2

pH

Electric
conductivity
dS ּm-1

Humidity
%

Rockwool, 100% 7.6 0.5 80
Rockwool, 75%
 +  perlite, 25% 8.0 0.5 79
Rockwool, 50%
 +  perlite, 50% 8.0 0.5 79
Rockwool, 25%
 + perlite, 75% 8.0 0.4 78

Perlite, 100% 8.0 0.3 73
1 Agrolan® Rockwool (Compañía Industrial El Volcan S.A., 
Santiago, Chile). Perlite corresponds to expanded perlite A6 
(Harborlite Chile Ltda. Santiago, Chile).
2 Analysis done in Agricultural Laboratory AGROLAB (AGROLAB 
Ltda., Santiago, Chile).

The fast weight gain and higher production of 
dry matter of seedlings produced in substrates 
containing rockwool may be attributed to the 
high degree of aggregation provided by this 
substrate, which allowed the seedling to adapt 
faster to the new environment and to optimally 
reduce the post-transplant stress.
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The relatively low height of the lettuce seedlings 
produced in expanded perlite can be explained 
by the lower capacity for water retention (73%) 
and the relatively low water availability as only 
25% of this retention is readily available for the 
plant. As such, it is possible that the seedlings 
were under water restrictions that affected their 
normal growth development. In addition, the 
low degree of aggregation of expanded perlite 
did not allow for the formation of a root ball 
with the root system, thus producing root mal-
formations at transplanting. According to Waine 
(2003), this root malformation may negatively 
affect seedling establishment and loss of crop 
precocity, restricting the aerial growth of the 
plant. Root stresses can cause inhibition of cy-
tokinin and gibberellin translocation from the 
roots to the aerial organs, enhancing the levels 
of abscisic acid and ethylene production, and 
leading to a growth regulator imbalance that 
can restrict plant growth (Sharp, 2002; Lesko-
var et al., 2008).

The fast increase of the foliar area in the seed-
lings where rockwool was present confi rms the 
same tendency recorded in measurements of the 
other growth parameters. The high degree of 
aggregation from this substrate helped to main-
tain the active growth and development of the 
plant at transplanting. According to Cometti et 
al. (2004), plants cultivated in hydroponics have 
a lower amount of assimilates (dry matter) in 
the formation of stems and central leaves ribs, 
thereby increasing their foliar lamina. On the 
other hand, plants cultivated in soil make a high-
er use of carbon hydrates during root growth in 
comparison to those established in hydroponic 

systems. Therefore, plants cultivated in hydro-
ponic media grow and develop more effi ciently 
than in soil.

Within hydroponic cultivation systems, the 
NFT and NFT-modifi ed systems favor success-
ful establishment of seedlings. The fl ow rate of 
the nutritive lamina is higher than the absorp-
tion rate of the plants, ensuring the water and 
nutritional supply and hindering excessive root 
growth (Molyneux, 1988). This becomes more 
relevant during the fi rst days post-transplant; 
therefore, the adaptation period depends on the 
general environmental conditions of the seed-
ling to continue its normal development. Con-
sequently, one of the greatest advantages of the 
NFT and NFT-modifi ed systems is the constant 
supply of nutrients, which helps to maintain op-
timal plant growth (Graves, 1983; Waine, 2003; 
Gruda, 2009). 

This investigation provided unprecedented in-
formation about the growth and development 
of lettuce seedlings in inert substrates and their 
further establishment in a hydroponic NFT-
modifi ed system. Our results demonstrated that 
the rockwool substrate, alone or in combina-
tion with expanded perlite, is appropriate for 
the production of high-quality lettuce seedlings 
in NFT-modifi ed hydroponic systems. Farmers 
dedicated to hydroponic lettuce production will 
gain from this information, as they are current-
ly obligated to purchase seedlings produced in 
conventional substrates, which requires wash-
ing the root mass to eliminate the adhered sub-
strates and ultimately results in root loss, post-
transplant stress and premature plant aging.
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M.L. Tapia y J.M. Caro. 2009. Producción de plantines de lechuga (Lactuca sativa) en lana 
de roca granulada y perlita expandida para uso en hidroponía. Cien. Inv. Agr. 36(3):401-
410. La calidad fi nal de un plantín depende estrechamente del sustrato empleado y del manejo 
realizado durante el transplante al sistema hidropónico. Este proceso puede afectar negativamente 
el desarrollo posterior de los plantines, alterando el periodo de postransplante, debido que 
provoca estrés a nivel radical, que genera pérdidas por  problemas en el establecimiento de los 
plantines. Un criterio importante para elegir un sustrato, ya sea sólo o en mezcla, es asegurar 
la continuidad del crecimiento y el establecimiento de los plantines en el sistema hidropónico. 
El objetivo de esta investigación fue evaluar los efectos de lana de roca granulada (Agrolan®, 
Compañía Industrial El Volcán S.A., Santiago, Chile), perlita expandida A6 (Harbolite Chile 
Ltda., Santiago, Chile) y mezcla de ambos sustratos sobre el crecimiento, desarrollo y posterior 
establecimiento de plantines de lechuga (Lactuca sativa L.) en un sistema hidropónico NFT-
modifi cado. Los análisis de crecimiento se realizaron cuando los plantines estaban en el estado 
de 2ª a 3ª hoja verdadera y posteriormente se procedió al establecimiento de ellas en un sistema 
hidropónico NFT-modifi cado con el objetivo de evaluar el estrés 10 días post transplante. En 
la primera etapa del desarrollo de los plantines (desde la emergencia hasta el transplante) no 
se observaron diferencias signifi cativas en los sustratos utilizados. Pero consistentemente se  
obtuvo una  tendencia de  un mayor crecimiento de los plantines cuando el sustrato era  100% 
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del transplante.  El efecto del sustrato empleado fue estadísticamente signifi cativo (p ≤ 0.05) 
en todos los parámetros evaluados 10 días post transplante. Confi rmándose nuevamente que 
el sustrato lana de roca (sólo o en mezcla con perlita expandida) permitió producir plantines 
de lechuga de calidad, los que responden de forma óptima al establecimiento en un sistema 
hidropónico NFT-modifi cado.
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