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Abstract

Strawberry (Fragaria x ananassa Duch.) production in Argentina takes place in a wide environmental range, being
characterized by the coexistence of different production systems, limitations to technology access by small-scale
growers, and by the foreign origin of the cultivars used. In 2021, a study was conducted to evaluate the adaptability
of a set of strawberry cultivars to two contrasting cropping conditions in Tucuman, Argentina, in order to increase
the current knowledge about genotype response to sub-optimal growing situations. The study included two locations,
Padilla (Famailld, Tucuman) and El Manantial (Lules, Tucuman), that share climate (CWa), soil conditions, and
surrounding landscapes. In Padilla, plants were grown under the recommended strawberry farming practices (RSFP),
and in El Manantial, plants were subjected to resource-limited cropping conditions (RLCC). The cultivars evaluated
were ‘Benicia’, ‘Fronteras’, ‘Monterey’, ‘Petaluma’, ‘Rabida’ and ‘Rociera’. Fruit number (both total and marketable),
% of marketable fruit (%MKTF), average marketable fruit weight, and yield were recorded. There were statistical
differences between production systems for all the variables, in favor of RSFP. Not all the evaluated cultivars had the
same production pattern in both experimental conditions, showing significant cultivar x cropping condition interactions.
‘Rociera’ and ‘Réabida’ had the best performance under RSFP; and ‘Rabida’ and ‘Fronteras’ under RLCC. ‘Rociera’ and
‘Benicia’ were the most affected cultivars under RLCC. In summary, ‘Rabida’ was the cultivar that maintained a high
relative performance in both growing conditions.

Keywords: Adaptability; Fragaria x ananassa; Genotype x environment interaction; Productive systems; Yield.

Resumen

La produccién de fresa o frutilla (Fragaria x ananassa Duch.) en Argentina se desarrolla en un amplio rango
ambiental, caracterizandose por la coexistencia de diferentes sistemas productivos, escaso acceso a tecnologia por parte
de pequeilos productores y por el origen extranjero de los cultivares utilizados. En 2021, se evalud la adaptabilidad de
distintos cultivares de fresa a dos condiciones de cultivo contrastantes en Tucuman (Argentina), procurando incrementar
el conocimiento actual sobre la respuesta del genotipo a situaciones de cultivo suboptimas. El trabajo incluyd dos
localidades, Padilla (Famailld) y El Manantial (Lules), que comparten clima (CWa), condiciones de suelo y paisajes
circundantes. En Padilla, el ensayo se condujo acorde a practicas recomendadas para el cultivo de frutilla (RSFP).
En El Manantial, las plantas se sometieron a condiciones de cultivo restringidas (RLCC). Los cultivares evaluados
fueron: ‘Benicia’, ‘Fronteras’, ‘Monterey’, ‘Petaluma’, ‘Rabida’ y ‘Rociera’, registrandose numero de frutos totales y
comerciales (% frutos comerciales), peso promedio de frutos comerciales y rendimiento. Hubo diferencias estadisticas
entre los sistemas productivos para todas las variables analizadas, a favor de RSFP. No todos los cultivares tuvieron el
mismo patron de produccion en ambas condiciones experimentales, mostrando interacciones significativas cultivar x
condicién de cultivo. Se destacaron por mejor desempefio ‘Rociera’ y ‘Rébida’ bajo RSFP, y 'Rabida' y 'Fronteras' bajo
RLCC. ‘Rociera’y ‘Benicia’ fueron los cultivares mas afectados bajo RLCC. En sintesis, ‘Rabida’ sobresalié por mostrar
un desempefio relativo alto en ambas condiciones de crecimiento.

Palabras clave: Adaptabilidad; Fragaria x ananassa; Interaccion genotipo x ambiente; Rendimiento; Sistemas productivos.
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Introduction

Strawberry (Fragaria x ananassa Duch.)
production worldwide has shown a clear growth
in the past 5 years (FAO, 2021) and this trend
is expected to continue due to the effects of the
COVID-19 pandemic, given that strawberry is
one of the foods preferred for their nutraceutical
properties, especially for strengthening the immune
system (Yadav, 2021). This continuous increase
of the crop acreage has encouraged numerous
breeding programs to develop new varieties.

Strawberry production in Argentina takes place
in a wide range of environments (Kirschbaum
and Hancock, 2000), and is characterized for
the coexistence of different production systems
(Kirschbaum et al, 2019) and for limitations
to technology access by small-scale growers
(Fernandez et al., 2011). In the last 20 years,
most of the genotypes of commercially grown
strawberries in Argentina, and especially in the
northwestern province of Tucuman, were released
by United-States or Spain-based breeding programs
(Kirschbaum and Hancock, 2000; Kirschbaum
et al., 2017), and they are not well adapted to
Argentina’s diverse edaphoclimatic conditions.

Since the strawberry is a microclimatic crop
(Palencia et al., 2009), with a high genotype
by environment interaction, cultivars behavior
could vary depending on several agronomic and
environmental factors (Lopez-Medina et al., 2001),
which restricts the selection and recommendation
of the same cultivar for contrasting growth
conditions. Some cultivars adapt well to a broad
range of environments, while others have a limited
adaptation, but the major goal for industry and
breeding is counting on high-yielding genotypes
with good performance in different growing
conditions (Lapshin and Yakovenko, 2020).

Strawberry growers usually have to deal with
several issues that could limit the achievement
of adequate yields. Some of the most important
limiting factors are a) initially low plant
carbohydrate reserves due to extended cold storage
periods (Lieten, 1995), b) late planting (Menzel
and Smith, 2012), ¢) short in-row distance (higher
competition between plants; Al-Ramamneh et al.,
2013), d) low winter temperatures (Anderson et al.,
2019), e) deficient water supply (Ariza et al.,2021),
f) insufficient fertilization (Deng and Woodward,
1998), g) delayed stolon removal (Ahmed et al.,
2017),and h) pests (MacKenzie et al., 2003; Torrico

et al., 2017; Carisse and Fall, 2021; Kirschbaum,
2021a). Under this conceptual frame, a study was
carried out to evaluate the adaptability of a set of
strawberry cultivars to two contrasting cropping
conditions in Tucuman, Argentina, in order to
increase the current knowledge about genotype
response to sub-optimal growing situations.

Materials and methods

The study was carried out in 2021, in two
locations, Padilla and El Manantial, 24-km apart.
They share the same climate (CWa, Koppen-
Geiger classification, Kottek et al., 2006), similar
soil conditions (texture, pH, organic matter and
macronutrients content), and agroecologically
similar  surrounding landscapes (sugarcane
plantations, citrus orchards and forest patches). In
Padilla (Famaill4, Tucuman), plants were grown
under the recommended strawberry farming
practices (RSFP), and in El Manantial (Lules,
Tucumén) plants were subjected to resource-
limited cropping conditions (RLCC) (Table 1).

The RSFP plot was located at INTA's Famailla

Agricultural Experiment Station, in Estacion
Padilla (27°03'S, 65°25'W; 363 m elevation;
Famailla  department, Tucuman province,
Argentina), agroecological region of the non-
saline depressed plain (Zuccardi and Fadda, 1985).
Aquic Argiudol soil, imperfectly drained, silty
loam textural type, pH 6.47, organic matter 2.0%,
total N 0.12%, soluble P 28.4 ppm, exchangeable
K 1.01 me.100 g! and EC 0.53 dS.m!. Climate
CWa (Funes et al., 2020).
The RLCC plot was located at Finca E1 Manantial
(Facultad de Agronomia, Zootecnia y Veterinaria,
Universidad Nacional de Tucuman; 26°55'S,
65°20'W, 426 m eclevation; Lules department,
Tucuman province, Argentina), agroecological
region of the subhumid-humid Chacopampean
Plain (Sanzano and Fernandez de Ullivarri, 2020).
Typical Argiudol soil, silty loam textural type, pH
5.9, organic matter 2.89%, total N 0.15%, soluble
P 32.3 ppm, exchangeable K (K) 0.9 me.100 g-!
(Sal Paz et al., 2014). Climate CWa (Rodriguez
and D'urso, 2005).

The strawberry cultivars evaluated in this
study were ‘Benicia’, ‘Fronteras’, ‘Monterey’,
‘Petaluma’ (University of California, USA),
‘Réabida’ and ‘Rociera’ (Fresas Nuevos Materiales,
Spain). Except for ‘Monterey’, which is a day-
neutral cultivar, all the rest are short-day cultivars.
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Table 1. Characterization of the cropping conditions imposed to both strawberry experimental plots.

Recommended strawberry farming

Resource-limited cropping conditions

Conditions practices (RSFP) (RLCC)

Plant storage at 10°C (days) 1-3 40-50

Planting date 19 April-12 May 11 June

Plant density (plants.m-2) 50000 80000

Winter cold protection Yes No

Fertilizer supply Full dose 1/3 full dose
Water supply (field capacity) 3-5/week 1-2/week

Stolon removal Weekly Once (26 October)

Fresh dug bare root transplants from a high latitude
nursery (42°03' S, 71°10" W; 680 m altitude; El
Maitén, Chubut province, Argentina) were used in
both experimental fields. All the planting material
was cold stored at 10 °C immediately after arrival.
In RSFP, each variety was planted the day after
the plants arrived. Therefore, planting dates
were: ‘Monterey’ 19 April, ‘Fronteras’ 23 April,
‘Benicia’ 6 May, ‘Petaluma’ 10 May, ‘Rociera’
and ‘Rabida’ 12 May. All the planting material for
the RLCC plot remained cold stored (10 °C) and
were planted all together at the same date: 11 June.

Plants were established in standard offset 2 row
beds (0.5 m in width, 0.30 m in height, 1.25 m
apart), covered with a 24 thick black polyethylene
mulch, using a 0.3 m in row plant spacing (50000
plants.ha-!) in RSFP, and 2 0.2 m in row plant
spacing in RLCC (80000 plants.ha-!). Water and
fertilizers were applied through a drip tape with
a 0.20 cm hole spacing. Irrigation frequency was
3-5 times per week in RSFP, and 1-2 times per
week in RLCC. Fertilization (in kg. ha'!) under
RSFP consisted of 120 N, 70 P,Os, 220 K,O,
40 CaO and 20 MgO (Agtiero and Kirschbaum,
2015), while under RLCC the dose was reduced to
1/3. Fertilizers were applied three times a week in
the RSFP plot and once a week in the RLCC plot.

In the RSFP plot, low tunnels were erected over
each individual cropping bed on 15 June, to protect
plants from low winter temperatures. They were
supported by hoops (made of stainless steel rods,
6 mm in diameter x 3 m long) spaced every 3 m,
providing vertical support for the transparent 100p
thick polyethylene film along each bed. The height
of the hoops was 0.6 m above the bed centers. The
RLCC plot was not protected by tunnels nor any
other covering material.

The experimental setup was a completely
randomized design with three replications. Fruit
were harvested weekly, from June to November
in the RSFP plot, and from August to December

in the RLCC plot, according to commercial
fruit maturity standards. Fruit yields (total and
marketable; TOT and MKT, respectively) and
fruit numbers (TOT and MKT) were determined
for each plot (on a per plant basis), as well as % of
marketable fruit by weight (%MKTF) and average
marketable fruit weight (AMFW). The percentage
of plants with stolon (%PWS) and the rate of
stolon production per plant (RSP) were recorded
in RLCC on 26 October. Afterwards, all stolons
were removed. Meteorological data for two key
months, July (winter) and October (spring), were
provided by remote agrometeorological stations
located nearby the experimental plots. Data were
subjected to analysis of variance and means were
separated (DGC test) using INFOSTAT (Di Rienzo
et al., 2020).

Results and discussions

Meteorological data. In July, both locations

showed very similar meteorological data
(Table 2), with some differences in terms of thermal
amplitude and days with frosts (both higher
in Padilla). In October, besides precipitations
(higher in El Manantial), the rest of EI Manantial
meteorological data was much alike Padilla’s.
Cropping conditions. The restrictions imposed
had a highly significant impact on the yield and
quality of the strawberry crop, which allowed to
differentiate clearly both cropping conditions.
There were statistical differences between
production systems for all the variables studied, in
favor of RSFP (Figure 1a, b, c).
The greatest drops due to the imposed limitations
were in yield and fruit number (between 64 and
82%), with lower impact on %MKTF and on
AMFW (between 19 and 31%). These drops could
be potentially explained by cumulative negative
effects of the conditions imposed in the RLCC
plot, summarized in Table 3.
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Table 2. Meteorological variables in both strawberry experimental plots: resource-limited cropping conditions plot (RLCC;
department of Lules) and recommended strawberry farming practices plot (RSFP; department of Famailla).

Month Meteorological data Plot
RLCC RSFP

Absolute maximum temperature (°C) 26.7 279
Average maximum temperature (°C) 21.0 21.8
Average temperature (°C) 12.9 12.5
Average minimum temperature (°C) 4.8 3.2

July Absolute minimum temperature (°C) -0.7 -1.7
Thermal range (°C) 16.3 18.5
Days with frost (days) 2.0 6.0
Total precipitation (mm) 0.3 0.5
Days with precipitation (days) 1.0 2.0
Absolute maximum temperature (°C) 394 40.0
Average maximum temperature (°C) 30.0 30.1
Average temperature (°C) 21.4 21.5
Average minimum temperature (°C) 12.8 12.8

October
Absolute minimum temperature (°C) 5.0 3.7
Thermal range (°C) 17.2 17.3
Total precipitation (mm) 49.0 279
Days with precipitation (days) 5.0 6.0

Source: EEAOC, Seccion Agrometeorologia (https://agromet.eeaoc.gob.ar/).
a b c

Figure 1: Effects of two contrasting cropping conditions (RSFP; RLCC) on a) total and marketable yield (TOTFW, MKTFW);
b) total and marketable fruit number (TOTFN, MKTFN); and c) on the average marketable fruit weight (AMFW) and % of
marketable fruit in weight (%MKTF), of six strawberry cultivars. RSFP: recommended strawberry farming practices; RLCC:
resource-limited cropping conditions. *Significant differences at p < 0.0001.

Similar results were obtained by Gabriel et al.
(2018), who compared the performance of various
strawberry cultivars in two production sites named
by the authors as favorable and unfavorable, in
Brazil. The average total yield dropped by 51%
from favorable to unfavorable. The same trend
was observed in %MKTF and AMFW.

‘Cultivar by cropping condition’ interactions.
Not all the evaluated cultivars followed the same
production pattern in both experimental conditions,
showing significant interactions cultivar x
cropping condition. Under RFSP (Table 4), the

cultivars separated into three groups regarding
TOT and MKT yields: ‘Réabida’, ‘Rociera’
(high), ‘Fronteras’, ‘Benicia’ (intermediate), and
‘Monterey’, ‘Petaluma’ (low). In terms of TOT
and MKT fruit number, the cultivars separated
in two levels, with ‘Rabida’ and ‘Rociera’ in the
highest, and the rest of the cultivars in the lowest.
Performances of ‘Rabida’, ‘Fronteras’, ‘Benicia’
and ‘Petaluma’ were similar to those previously
reported forthe same locationin2020 (Kirschbaum,
2021b). Besides, in that report ‘Rociera’ also had
the highest yield as in the present study, but 50%
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Table 3. Studies supporting yield and/or fruit quality drops by strawberry crops subjected to different cropping conditions.

Condition

Contribution to yield reduction

Extended plant cold-storage (days)

Delayed planting

Increased plant density (plants.m-2)

Lack of cold protection

Low fertilizer supply

Low water supply

Crown starch level dropped by almost 50% from lifting time to planting (cultivar
‘Elsanta’), after a cold storage period of 42 days, in Belgium (Lieten, 1995). Plants
(‘Sweet Charlie’) with low carbohydrate levels yielded 40% less compared to
plants with high carbohydrate levels, in Florida (Kirschbaum ef al., 1998).

Delayed planting (from late March to late April) dropped yields by 15-45%
depending on the cultivar (‘Festival’, ‘Fortuna’) and the year, in Australia (Menzel
and Smith, 2012). Delayed planting from April/May to June, reduced yield by
31-66% depending on the cultivar (‘Albion’, ‘Camarosa’, ‘Festival’), in Brazil
(Pereira et al., 2013; Trentin et al., 2021).

Increased plant (‘Albion’) density enhanced competition among plants, reducing
number of fruits per plant (22%), yield (31%) and average marketable fruit weight
(14%), in Iowa (Portz and Nonnecke, 2010).

Low tunnels improved marketable fruit yield by 8-22% and percentage of
marketable fruit by 14-41% compared with the openfield control (‘Albion’,
Minnesota) (Anderson et al., 2019).

Nitrogen deficiency reduced fruit yield by about 50% due to decreases in fruit
weight, fruit set and the number of fruits (‘Elsanta’, United Kingdom) (Deng and
Woodward, 1998).

Strawberry (‘Sabrina’, ‘Fortuna’, ‘Splendor’, ‘Primoris’, ‘Rabida’, ‘Rociera’)
yield decreased up to 40% with deficient irrigation, in Spain (Ariza et al., 2021).

Table 4. Mean + standar error of yield and fruit number of six strawberry cultivars grown according recommended strawbe-

rry farming practices (RSFP).

Cultivar Total yield (g/plant) Total fruit number Marketable yield (g/ Marketable fruit
(per plant) plant) number (per plant)
‘Petaluma’ 485.56 £43.92a 29.28 +2.52a 412.97 £ 40.26a 19.52 +1.89a
‘Monterey’ 567.30 +43.92a 35.99+2.52a 443.47 £ 40.26a 21.96 +1.89a
‘Fronteras’ 643.55 +43.92b 34.16 £2.52a 554.49 + 40.26b 24.40 + 1.89a
‘Benicia’ 664.29 +43.92b 39.04 +£2.52a 549.61 + 40.26b 25.01 +1.89a
‘Rabida’ 814.96 +43.92¢ 46.97 +2.52b 697.23 +40.26¢ 32.94 +1.89b
‘Rociera’ 869.25 +43.92¢ 47.58 +2.52b 778.36 + 40.26¢ 35.99 + 1.89b

Means with the same letter within each column are not significantly different (DGC test, p > 0.05).

greater. Similarly, ‘Monterey’ yielded 50% more
in 2020 compared to 2021, but this reduction is
attributed to a strong infestation of Tetranychus
tirticae Koch in 2021. Our results are in agreement
with those from Medina Minguez et al. (2019),
who reported that ‘Rabida’ and ‘Rociera’ were
within the group of the three top producing
cultivars in trials conducted in Spain, and that
‘Petaluma’ was in a secondary level, with statistic
differences among them.

Under RLCC, the cultivars also separated into three
groups regarding TOT yield (Table 5): 'Rabida’,
‘Fronteras’ (high), ’'Petaluma’, ‘Monterey’,
‘Rociera’ (intermediate), and ‘Benicia’ (low);
three groups in terms of MKT vyield (p-value
<0.0001): ‘Fronteras’ (high), ‘Rabida’, ’Petaluma’
(intermediate), and ‘Monterey’, ‘Rociera’,

‘Benicia’ (low). In TOT fruit number, there were
also three levels: ‘Rabida’ (high), ‘Fronteras’,
‘Petaluma’, ‘Monterey’, ‘Rociera’ (intermediate),
and ‘Benicia’ (low). However, there were just two
groups of cultivars regarding number of MKT
fruit: ‘Rébida’, ‘Fronteras’ (high), and ‘Petaluma’,
‘Monterey’, ‘Rociera’ and ‘Benicia’ (low).

In general, yields in the RLCC plot were 25 to
50% below those reported for the same location
(but under conventional cropping conditions),
where Sal Paz et al. (2012) registered 460 and
480 g.plant! for ‘Camino Real’ and ‘Fortuna’,
respectively. However, in other locations of the
same department (Lules) subjected to commercial
production practices, cultivars such as ‘Benicia’
and ‘Monterey’ reached much higher production
values, 684 and 551 g.plant!, respectively (Forns
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Table 5. Mean =+ standar error of yield and fruit number of six strawberry cultivars grown under resource-limited cropping

conditions (RLCC).
Cultivar Total yield (g/plant) Total fruit number Marketable yield (g/ Marketable fruit
(per plant) plant) number (per plant)
‘Benicia’ 100.71 + 18.63a 10.26 £ 1.62a 62.10 £ 15.93a 432 +1.08a
‘Rociera’ 146.61 + 18.09b 16.20 = 1.62b 82.08 +15.39a 5.94+0.81a
‘Monterey’ 155.79 £ 24.57b 17.55+2.16b 79.38 £20.79a 5.67+1.35a
‘Petaluma’ 170.10 + 19.98b 14.85+1.62b 102.60 + 17.01b 5.94 +1.08a
‘Fronteras’ 197.91 £ 17.55¢ 15.66 = 1.35b 152.55 + 14.85¢ 8.91+1.08b
‘Rabida’ 230.04 +19.71¢ 24.57 +£1.62¢ 123.12+£17.01b 8.37+0.81b

Means with the same letter within each column are not significantly different (DGC test, p > 0.05).

et al., 2015), which are very similar to those
obtained in the RSFP plot. This information
confirms the effect of the profound limitations
imposed on the RLCC plot. Regarding %MKTF,
under RSFP there were no statistic differences
among cultivars, but under RLCC ‘Fronteras’ and
'Petaluma’ were on top (Figure 2a, c). In terms of

AMFW, ‘Fronteras’ had the best performance in
both cropping conditions, but without significant
differences with 'Petaluma’ in the RLCC plot
(Figure 2b, d).

Similar results were obtained by Gabriel et
al. (2018), who compared the performance of
various strawberry cultivars in two production

C

d

Figure 2: Percentage of marketable fruit and average marketable fruit weight and of six strawberry cultivars (‘Benicia’, BE;
‘Fronteras’, FR; ‘Monterey’, MO; ‘Petaluma’, PE; ‘Rabida’, RA; ‘Rociera’, RO) under recommended strawberry farming
practices (RSFP, a and b); and under resource-limited cropping conditions (RLCC, ¢ and d). Means with the same letter are not

significantly different (DGC test, p > 0.05).
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sites named by the authors as favorable (F) and
unfavorable (U), in Brazil. In that study, for
example, ‘Camarosa’ and ‘Oso Grande’ were in
the top yielding group, ‘Dover’ was intermediate,
and ‘Sweet Charlie’ was in the lower yielding
group, in F. Nevertheless, in U, ‘Dover’ was in
the high yielding group, ‘Camarosa’ intermediate,
and ‘Oso Grande’ and ‘Sweet Charlie’ were in a
lower yielding group, concluding that the cultivars
had different responses to different environments
(genotype x environment interaction).

Genotype x environment interactions also occur in
different soil moisture situations, since strawberry
cultivars respond differentially to deficient
irrigation treatments (Ariza et al., 2021).

Thus, ‘Rabida’, ‘Rociera’ and 'Sabrina' had
significant yield decreases with water supply
reduction of 20%, but ‘Splendor, ‘Primoris’, and
‘Fortuna’ were not affected. Further decreases in
water supply (35%) resulted in substantial yield
reductions in all the evaluated cultivars, but yield
losses were comparatively lower in ’Splendor’
and ‘Primoris’.

There were significant differences among
cultivars regarding the percentage of plants with
stolon (%PWS; F = 3.24, df error = 13, p-value =
0.0406) and the rate of stolon production per plant
(RSP; F = 6.28, df error = 13, p-value = 0.0036;
Figure 3). In the first case, the mean separation
test showed two groups of cultivars: ‘Fronteras’,
‘Rabida’, ‘Rociera’, ‘Monterey’ (intermediate to
high %PWS), and ‘Petaluma’, ’Benicia’ (null or
low %PWS). Regarding RSP, ‘Rociera’ separated
from the rest of the cultivars for having by far
the highest rate. The dimension of this particular
fact could have been a strong cause of yield
reduction in this cultivar. In subtropical annual
winter production systems, stolons and flowers
often develop simultaneously and stolon removal
reduces competition for resources between
runnering and flowering, improving yields
(Albregts and Howard, 1986). If stolons are not
promptly removed, strawberry yield reductions
from 11 to 41% can be expected (Ahmed et al.,
2017; Morrison et al., 2018).

Delayed runner removal is not only associated with
yield drop but also with decreases of individual
berry weight in some cultivars, as reported for
‘Albion’ in Canada (Hughes et al., 2017), where
AMFW dropped from 21.1 to 13.8 g under
“weekly” versus “never” runner removal. The
magnitude of this AMFW reduction is similar to

that recorded in our study (Figure 2b, d).
‘Réabida’and ‘Rociera’ are some of the last cultivars
registered in Argentina, and are considered very
promising because of their high productivity
and fruit quality attributes (Medina Minguez et
al., 2019; Jerez et al., 2021). Their adaptation to
different production scenarios of the country is
still unknown.

r41.66

(==
[=a

0,687

0.529 a r31.24

0.357 r20.83

0171 r10.41

M™ of stolons per plant
Plants with stolons (%)

— r0.00
PE BE FR RA Ia RO

D % of plants with stolons
. N* of stolons per plant

Figure 3: Percentage of plants with stolons (%PWS) and
rate of stolon production (RSP), expressed as the number
of stolons/plant, of six strawberry cultivars in the resource-
limited cropping condition (RLCC) plot. Means with the same
letter (upper case for AMFW; lower case for % of marketable
fruit) are not significantly different (DGC test, p > 0.05).

Conclusions

The results suggest that the ranking of relative
performance of strawberry cultivars might vary
depending on the availability of resources or
cropping conditions. ‘Rociera’ and ‘Rabida’ had
the best performance under RSFP. However,
under RLCC, the best cultivars were ‘Rabida’
and ‘Fronteras’. Considering the two contrasting
cropping conditions, ‘Rabida’ was the cultivar
that maintained a high relative performance
in both situations in spite of the limitation of
resources. ‘Rociera’ and ‘Benicia’ were the most
affected cultivars under resource-limited cropping
conditions. For more accuracy, it would be
necessary to analyze the effect of each individual
factor separately.

Continuously, cultivar trials in contrasting
environments should be promoted, especially
considering that in the last 30 years, 76 strawberry
cultivars have been registered in Argentina’s
National Registry of Cultivars, according to a
search that we conducted in the Instituto Nacional
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de Semillas (INASE) database.

The information on the strawberry crop growth
in response to the environment provided by the
present study could contribute to developing
mathematical crop models, which would allow
making yield predictions on specific issues (i.e.
the impact of projected climate change scenarios
on strawberry production systems). Strawberry
growers in Argentina and in many underdeveloped
countries, especially small-scale farmers with
limitations to technology access, are frequently
exposed at least to one of the yield-limiting factors
discussed in this study, which results could be
useful for reinforcing actions to raise awareness
about the consequences of inappropriate crop
management practices. All the situations that
reduce the capacity of the plant to express
its optimal agronomic performance must be
rigorously avoided in order to guarantee profitable
yields in a frame of sustainable production.
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