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Abstract
The objective of this research was to determine growth and dry matter partitioning among organs of strawberry stock plants 
under five Nitrogen concentrations in the nutrient solution and its effects on emission and growth of runner tips. The experi-
ment was carried out under greenhouse conditions, from September 2010 to March 2011, in a soilless system with Oso 
Grande and Camino Real cultivars. Nitrogen concentrations of 5.12, 7.6, 10.12 (control), 12.62 and 15.12 mmol L-1 in the nu-
trient solution were studied in a 5x2 factorial randomised experimental design. All runner tips bearing at least one expanded 
leaf (patent requested) were collected weekly and counted during the growth period. The number of leaves, dry matter (DM) 
of leaves, crown and root, specific leaf area and leaf area index (LAI) was determined at the final harvest. Increasing N con-
centration in the nutrient solution from 5.12 to 15.12 mmol L-1 reduces growth of crown, roots and LAI of strawberry stock 
plants but did not affect emission and growth of runner tips. It was concluded that for the commercial production of plug 
plants the optimal nitrogen concentration in the nutrient solution should be 5.12 mmol L-1.
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Nitrogênio para crescimento das plantas matrizes e produção de pontas de estolões 
de morangueiro
Resumo

O objetivo do trabalho foi determinar o crescimento e a partição de massa seca entre órgãos de plantas matrizes de moran-
gueiro cultivadas sob cinco concentrações de (N) nitrogênio na solução nutritiva e seu efeito na emissão e no crescimento 
de pontas de estolões. O experimento foi desenvolvido em ambiente protegido, de setembro de 2010 a março de 2011, 
em sistema de cultivo fora do solo com as cultivares Oso Grande e Camino Real. Foram estudadas concentrações de N de 
5,12; 7,6; 10,12 (testemunha); 12,62 e 15.12 mmol L-1 na solução nutritiva em um esquema fatorial 5x2 em delineamento 
inteiramente casualizado. Todas as pontas de estolões emitidas com pelo menos uma folha expandida (patente requerida) 
foram semanalmente coletadas e contadas durante todo o período de emissão. O número de folhas, massa seca (MS) de 
folhas, coroas e raízes e área foliar específica e índice de área foliar (IAF) das plantas matrizes foram determinadas no fim 
do experimento. O aumento na concentração de N de 5,12 para 15,12 mmol L-1 reduziu o crescimento da coroa, das raízes e 
o IAF das plantas matrizes de morangueiro, mas não afetou a emissão e o crescimento das pontas de estolões. Conclui-se 
que para a produção comercial de pontas de estolões a concentração de N na solução nutritiva pode ser de 5,12 mmol L-1.

Palavras-chave: Fragaria x ananassa, hidroponia, propagação, fertirrigação.

1. INTRODUCTION

In recent years, there has been a trend in the United States 
and Europe to replace the production of strawberry bare 
root transplants by plug plants (Durner et al., 2002; 
Armeflhor, 2006). Although the restriction for us-
ing methil bromide was the origin of this technological 
change, growers had quickly noticed many advantages 
to this new type of transplants, such as lower water re-
quirements for crop establishment, higher transplant 

survival after planting and improved crop yield (Takeda 
and Hokanson, 2003; Hochmuth et al., 2006).

The production of strawberry transplants in Rio 
Grande do Sul State, Brazil is inexpressive and they need 
to be imported from the Patagonia region in Argentina 
(Oliveira et al., 2005). Due to the distance the prices are 
high and they are often delivered after the ideal moment 
for planting. Growers search for new production meth-
ods capable of supplying high quality transplants to each 
production region of the country at an adequate moment 
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for planting. This goal can be achieved by the “plug plant” 
production method, as it has been reported in literature 
(Verdial et al., 2004; Oliveira et al., 2007; Giménez et al., 
2008). In such method, stock plants are grown in hydropon-
ical facilities but little attention has been paid to the compo-
sition of the nutrient solution used for plant fertigation.

Hydroponical production systems have been patented 
for producing strawberry plug plants (Bish et al., 2003; 
Armeflhor, 2006), and several other systems have been 
described in worldwide literature. Stock plants growing in 
bags or pots filled with substrate and placed on or above 
the soil surface were proposed by Bish et al. (2003). In 
this system, plants were fertigated and the nutritive solu-
tion drained to waste, while in the system described by 
Lieten (2000) it was collected and reused. In all soilless 
systems, stock plants have to reach their highest poten-
tial number of runner tips, to reduce production costs 
(Takeda and Hokanson, 2003). The composition of 
the nutrient solution is one of the main factors affecting 
plant growth and it has to be adapted to environmental 
conditions as well as cultivars. It has been reported that 
for growing strawberry stock plants the composition of 
the nutrient solution affects the production and quality 
of runner tips (Bish et al., 2001; Durner et al., 2002).

Nitrogen has been considered the key nutrient in plant 
growth and yield, affecting photosynthesis and dry matter 
partitioning (Yin et al., 2003). For the strawberry crop, ni-
trogen concentrations in the range from 2.16 mmol L-1 to 
15.25 mmol L-1 in the nutrient solution have been reported 
in the literature (Bish et al., 2001; Armeflhor, 2006). In 
strawberry fruiting plants, high N concentrations increased 
vegetative growth and early emission of stolons, reducing 
fruit yield (Hennion and Vechambre, 1997), but little ef-
fects on growth and yield has been reported (Cantliffe et 
al., 2007). In the wild species Fragaria chiloensis, N increased 
runner emission and reduced stolon length, but this effect 
was genotype dependent (Tworkoski et al., 2001). In Santa 
Maria, RS, Brazil, Oliveira et al. (2010) didn´t observe any 
effect of N concentration on production of bare root trans-
plants in a growing sand bed. They attributed such result to 
competition for radiation among plants on the bed and/or 
for carbon assimilate among plant organs.

The objective of this research was to determine growth 
and dry matter partitioning among organs of strawberry stock 
plants under five nitrogen concentrations in the nutrient solu-
tion and its effects on emission and growth of runner tips.

2. MATERIAL AND METHODS

The experiment was conducted from September 22, 2010 to 
March 3, 2011, in a polyethylene greenhouse in Santa Maria, 
Rio Grande do Sul State, Brazil. Average air temperature dur-
ing the experiment varied between 17.5 oC (September) and 
24.5 oC (January). A closed soilless system was used (Godoi 

et al., 2009). The substrate used was sand in 0.21 m diameter 
white polyethylene bags. Physical characteristics of the sand 
were 0.01–0.03 m gauge, 1.60 kg dm-3 bulk density and 0.243 
L dm-3 maximum water retention capacity. Bags were placed 
over fibber cement tiles, at a height of 0.80 m above the soil. 
The nutrient solution was supplied daily, six times a day for 
15 min by drip fertigation from a polyethylene reservoir for 
optimal water and nutrient availability to plants.

The nutrient solution reported by Hennion and 
Veschambre (1997) for the strawberry crop was used as con-
trol, adjusted to nutrient concentrations of, in mmol L-1: 8.26 
NO3

-, 1.86 NH4
+, 4.00 H2PO4

-, 6.00 K+, 2.00 Ca+2, 1.00 
Mg+2 and 1.00 SO4

-2. Micronutrients quantities were, in mg 
L-1, 0.03 Mo; 0.42 B; 0.06 Cu; 0.50 Mn; 0.22 Zn and 1.00 Fe.

Treatments consisted of five N concentrations in the 
nutrient solution: 5.12 (T1), 7.6 (T2), 10.12 (T3 control), 
12.62 (T4) and 15.12 (T5) mmol L-1, at electrical conduc-
tivities (EC) of 1.09; 1.30; 1.60; 1.76 and 2.00 dS m-1, 
respectively. The pH was adjusted in the range between 
5.5 and 6.5, by H3PO4

- or KOH in the concentration of 
1 mol L-1 whenever necessary. The cultivars Oso Grande 
and Camino Real were used, in a 5 x 2 factorial randomised 
experimental design and twenty replications of one plant. 
Separated units of the hydroponical growing system were 
used for each nutrient concentration. Fertilizers were po-
tassium nitrate, ammonium nitrate, calcium nitrate-Cal-
cinit®, potassium monophosphate, potassium sulphate and 
magnesium sulphate. Nitrogen concentrations differed 
by modifying ammonium nitrate and potassium sulphate 
quantities in the nutrient solution. Ionic concentrations of 
H2PO4

-, Ca+2, Mg+2 and K+ were as the control in all treat-
ments and concentration of SO4

-2 was 4 mmol L-1 in T1.
Micropropagated stock plants of both cultivars were 

acclimatized and planted in bags on September, 22nd, 
2010. The bags were arranged in four lines at a plant den-
sity of 12 plants m-2, with 4.5 dm3 of substrate for each 
plant. The runner emission period was from October, 
17, 2010, to March, 3rd, 2011, when the experiment was 
ended. It was recorded on 50% plants of each treatment. 
During the experimental period, all runner tips bearing at 
least one expanded leaf (patent requested) were collected, 
counted and averaged at fortnightly intervals. Ten runner 
tips from plants of each treatment were monthly sampled 
to determine its crown diameter, the number of visible 
root nodules and dry matter (DM) after drying at 65 ºC 
until constant mass was reached. At the end of the experi-
ment, six stock plants of each treatment were harvested, 
the number of leaves counted and DM of leaves, crown 
and root was determined. Specific leaf area (SLA) was 
estimated by means of a relationship between DM and 
5.02×10-5.m2 diameter leaf discs sampled from nine leaves 
of each plant. Leaf area index (LAI) was estimated from 
SLA and total leaf DM of plants was determined. Results 
were submitted to analysis of variance and polynomial re-
gression using the software Sisvar 4.1 (Ferreira, 2000).
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3. RESULTS AND DISCUSSION

The N concentration of the nutrient solution did not af-
fect the production of runner tips by stock plants of either 
cultivars (data not shown) (p>0.05). The average number 
was 54 tips per stock plant. The number of runner tips col-
lected during the growing period decreased polinomially 
(Figure 1). The maximum estimated number was reached 
from mid-November to mid-December with an average 
of 17.4 runner tips per stock plant. Crown diameter and 
DM of runner tips were also not affected and average val-
ues were 5.71 mm and 0.40 g per runner tip, respectively. 
Emission and growth of runner tips were similar between 
cultivars, but average number of root nodules was 5.56 on 
Camino Real and 2.41 on Oso Grande runner tips.

In stock plants, total and crown DM decreased linearly 
and were similar between cultivars (Figure 2a,b). Growth of 
roots decreased in a negative polynomial pattern with high-
est intensity from T1 to T2, without significant differences 
between cultivars (Figure 2c). Growth of leaves increased 
linearly in Oso Grande while in Camino Real it increased 

Figure 1. Number of runner tips collected during the experiment 
from strawberry stock plants grown at N concentrations of 5.12, 
7.60, 10.12 (control), 12.62 and 15.12 mmol L-1 in the nutrient 
solution. p<0.05.

Figure 2. Total (a), crown (b), root (c) and leaf (d) dry matter of strawberry stock plants grown at N concentrations of 5.12, 7.60, 10.12 
(control), 12.62 and 15.12 mmol L-1 in the nutrient solution. p<0.05.

(a) (b)

(c) (d)
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until 8.2 mmol L-1 N in the nutrient solution (Figure 2d). 
Number of leaves increased in Oso Grande from T1 to T2, 
decreasing thereafter (Figure 3a), and LAI decreased poli-
nomially in both cultivars (Figure 3b).

The lack of N effect on emission and growth of straw-
berry runner tips was surprising. In Fragaria chiloensis, 
Tworkoski et al. (2001) reported an increasing number 
of stolons on plants grown in nutrient solutions with N 
concentrations from zero up to 5.7 mmol L-1. In a similar 
study using Fragaria chiloensis, Alpert (1991) reported a 
20% increase in stolon growth by effect of N doses from 
0 to 3.6 mmol L-1. Nevertheless, the range of N concen-
trations used by both authors was lower than those of the 
present experiment. At low N availability plant growth 
and developmental processes might be affected by iso-
metric and allometric relationships. Strawberry plant 
development has been considered to be triggered manly 
by air temperatures between 20–26 °C and photoperiod 
ranging from 13–14 hours (Sonsteby, 1997). However, 
in spite of environmental variables, a new developmen-
tal phase can take place only when minimum growth has 
been reached by the plant at the previous phase, to assure 
its isometry (McConnaughay and Coleman, 1999). In 
this way, it could be interpreted that N concentrations 
used by Tworkoski et al. (2001) and Alpert (1991) were 
low enough to isometrically reduce plant growth and, as a 
consequence, runner emission. This suggests that the low-
est N concentration of 5.12 mmol L-1 used in the present 
experiment was not limiting to the growth and develop-
ment of strawberry plants.

The crop management practices for plant and stolon 
growth can affect production and crown diameter of run-
ner tips. In this study, only first order runner tips bearing 

one expanded leaf were collected and its crown diameter 
was higher than that reported by Oliveira et al. (2010) 
and Giménez et al. (2008). These authors used a growing 
sand bed for simultaneously producing bare root trans-
plants on the bed surface and runner tips on suspended 
stolons growing downward between beds. Present results 
agree with Durner et al. (2002), to whom runner tips 
collected in weekly intervals are bigger and lead to more 
uniform transplants. According Oliveira et al. (2010) 
, no difference was found in emission of runner tips at 
N concentrations from 8 to 17 mmol L-1 and it was at-
tributed to competition for assimilates between plant and 
runner tip growth, as final plant density by mother and 
daughter plants on the bed surface reached 339 plants 
m-2. In the present experiment, plant density was of 12 
plants m-2 and stolons were not kept to grow, as a way 
to reduce such competition. Nevertheless, production 
and crown diameter of runner tips were also not affected 
and the assimilate limiting hypothesis was not confirmed. 
Probably, temperature and photoperiod are the key en-
vironmental variables controlling the propagation of the 
strawberry plant, as suggested by Sonsteby (1997), and 
the N concentration of 5.12 mmol L-1 is not limiting for 
runner tip production.

In the Southern Brazil, strawberry growers replant 
their crops mainly in April and May. To be used in this 
period plug plants have to be collected at least 30 days 
before. The maximum production of runner tips is from 
mid-November to mid-December and decreases strongly 
thereafter (Figure 1). This time period is too early for com-
mercial plug plant production, being a handicap for this 
production method. Cultural practices had to be searched 
to overcome it. Transplants of horticultural crops have 

Figure 3. Number of leaves (a) and leaf area index (LAI) (b) of strawberry stock plants grown at N concentrations of 5.12, 7.60, 10.12 
(control), 12.62 and 15.12 mmol L-1 in the nutrient solution. p<0.05.

(a) (b)
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been produced mainly in 128 cell-polystyrene trays for 
economical reasons. For strawberry plug plants produced 
in November-December, trays with bigger cells might be 
used without increase in production costs. Another pos-
sibility might be the cold storage of runner tips for fur-
ther rooting and plug plant production, as suggested by 
Hokanson et al. (2004). More research is needed to test 
such hypothesis.

Present results have implications for the commercial 
production of strawberry runner tips. The N concentra-
tion of the nutrient solution can be reduced to about 5 
mmol L-1 with environmental and economical benefits. 
Management practices may also be reviewed. The fact 
that DM and crown diameter of runner tips were not af-
fected by either N availability and growth of the stock 
plant suggests that runner tips are able to produce the 
carbon assimilates needed for growth. If they were depen-
dent on water and nutrients from the stock plant, it was 
only at initial developmental stages, before root emission. 
Thus, shoot growth of stock plants might be reduced and 
controlled by cultural practices like pruning, defoliation 
or increasing plant density. Benefits would be less con-
sumption of nutrient solution and higher surface use ef-
ficiency of growing beds.

4. CONCLUSION

Increasing the N concentration of the nutrient solution 
from 5.12 to 15.12 mmol L-1 reduces growth of crown, 
roots and LAI of strawberry stock plants but does not af-
fect emission and growth of runner tips for Oso Grande 
and Camino Real cultivars. It was concluded that for 
the commercial production of plug plants the optimal 
nitrogen concentration in the nutrient solution should 
be 5.12 mmol L-1.
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