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Influence of growing environment on growth, yield and chemical composition
of strawberry (Fragaria X ananassa) fruits under open vs naturally ventilated
polyhouse conditions
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ABSTRACT

Strawberry (Fragaria X ananassa Duch.) is grown extensively in the plastic greenhouses for higher productivity
and off season production. The growing environment influences morphology, composition and quality of strawberry
fruits. A study was conducted to determine the effects of growing environment on various growth, yield and fruit
quality parameters of Winter Dawn strawberry under semi-arid conditions of Rajasthan. The results reveal that the
fruits harvested from the open field condition had higher root volume, root weight, number of roots/plant and total
chlorophyll content (2.02 mg/g), maximum leaves/plant (73.33), fruit length and fruit weight. In naturally ventilated
polyhouse, strawberry plants had higher crown height, plant spread and produced higher fruit yield (242.77 g/plant)
with maximum number of fruits/plant (29.00) and total anthocyanin content (45.51 mg per 100 g) in the fruits. In
contrast, fruits of open field conditions have recorded higher total and reducing sugar content, vitamin C content
(50.32 mg per 100 g) and maximum sensory scores (8.35 out of 10) which indicates that both types of environmental

conditions are favourable for strawberry.
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Fruits are considered as health foods because of their
nutritional content. In fruit production, the major emphasis
is being given to improve the quality of produce along
with higher production. Apart from genetic potential of a
variety, the other components which influence productivity
and quality of fruits are growing environment and agro
techniques. Strawberry (Fragaria % ananassa Duch.) is
one of the most delicious, attractive, nutritious and
refreshing soft fruits of the world. The plants are
herbaceous in nature comprising of fibrous roots, rosette
short crown attached with bunched trifoliate leaf with long
petiole and the runner producing shoots. Being a surface
feeder, strawberry requires optimum moisture and
temperature conditions especially in the upper layer of the
soil. These conditions have great influence on growth and
development (yield performance) of the crop. Pre-requisites
for a successful strawberry growing are climate, cultivars
and soil (Albregts and Howard 1980).
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The use of polyethylene in commercial cultivation of
strawberry can play a pivotal role in minimizing winter injury,
plant mortality, and increasing productivity (Pramanick et
al. 2013). It can be cultivated in both open fields (OF) and
greenhouses (GH); however its cultivation in GHs is so
intensive in terms of energy consumption, investments,
costs as well as whole year production. A greenhouse or
heated high tunnel offers growers the ability to manipulate
water, light, and heat as well as minimize/prevent diseases
and insects. The fruit size becomes smaller with increase in
temperature in strawberry (Draper ef al. 1981). Open field
(OF) production can be regarded as a low-input or extensive
cultivation compared with GH production because the
amount of energy consumption from different sources is
so low and consequently extensive farming systems really
result in a clear reduction in environmental impacts,
especially if their lower productivity is taken into account
(Nemecek et al. 2011). In these cases a better performance
may be secured by specific treatments, depending on the
cultivar and the environmental conditions, both factors
being critical for adequate yield and economic viability
(Lieten 1991). Greenhouse production of strawberry has
the advantage of increased yield per unit area, early
production when market prices are high, relatively easier
pest management with reduced use of chemicals, as well
as better fruit quality (Dinar 2003).
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Environmental control of flowering of the cultivated
strawberry has been extensively studied and under semi
arid zone of Rajasthan, strawberry is grown mostly during
post-monsoon season under polyhouse conditions and to
some extent under open field conditions. The plant remains
in cultivation during winter when temperature sometimes
dips down, and if goes down to 10°C, the growth and
production are badly affected. Mulching with vested
attributes of temperature buffering seems promising in
mitigating the ill effect of low temperature during winter. It
holds special significance for cultivation of strawberry
outside polyhouse conditions. Strawberry is one of the
crops that respond well to the increase in soil temperature/
light reflectance produced with the use of mulches (Sonkar
et al. 2012) and in polyhouses. There is no information
available on the influence of variation in the growth
conditions and management practices on the performance
of strawberry for semi-arid region of Rajasthan. Keeping
the knowledge gaps in view and considering the utility of
such a study, the present investigation aimed to study the
effect of growing environment on root growth, yield and
fruit quality parameters of strawberry under semi-arid
condition of Rajasthan.

MATERIALS AND METHODS

The experiment was conducted in the Protected
Cultivation Unit, College of Horticulture and Forestry,
Jhalrapatan, Jhalawar, Rajasthan during the year 2013-14.
The experimental site was situated at 23°4” to 24 °52° N
latitude and 75 °29° to 76 °56’ E longitude in south-eastern
part of Rajasthan. The average rainfall in the region is 954.7
mm, and maximum temperature range in the summer is 43-
48°C and minimum to 1.0- 2.6°C.

The strawberry cv. Winter Dawn planted under raised
bed planting system at 60 cm x 30 cm spacing under four
environments, i.e. Control (open field) (T;); Agro shade
net (75 per cent light intensity) (T,); Naturally ventilated
polyhouse (T,) and Fan pad system greenhouse (T3). The
experiment was laid out with 4 numbers of treatments with
5 replications. All necessary cultural practices and plant
protection measures were followed uniformly for all the
plots and experiments during the experimentation.Three
plants were selected randomly in each replication for taking
observations on growth and physico-chemical parameter
of fruits.

Light measurements was carried out periodically (three
times a day) during the growth stages in all environments,
to monitor the actual light conditions to which the plants
were grown and light intensity (Lux) in each treatment was
expressed in hundred lux with the help of Lux meter. As the
yield of strawberry plants is closely related to vegetative
growing parameters such as crown height, petiole length,
number of leaves/plant, plant weight and spread, root
weight and volume and number of roots per plant, was
investigated in different growing environments. The plant
growth parameters like crown (aerial portion of the plant)
height, petiole length (cm) of the leaves of the randomly
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selected plants were measured in each replication at final
harvest with the help of meter scale. Total number of leaves
(per plant) was counted from tagged plants in each
replication after completion of harvesting period. The spread
(cm) of the plants was recorded in east-west and north-
south direction with the help of a meter scale. After
completion of harvesting, tagged plants were uprooted and
cleaned properly. They were then dried in oven at 70°C
and the plant (Fresh and dry) weight (g) was recorded.

Various root parameters like fresh weight of the roots
was taken by excavation of the plants and the weight was
taken with the help of electronic balance. The dry weight
of the roots was taken by drying the roots in oven at 70 °C
till the weight was constant up to 2 days. The root volume
was taken by water displacement method, root length of
the plants was observed with the help of meter scale, the
number of thin roots (<0.20 mm) and thick roots (> 0.20
mm) were estimated by counting the number of roots/plant.
The root to shoot ratio was calculated by dividing the root
weight by the shoot weight. After completion of harvesting,
leaves from tagged plants were analyzed for chlorophyll
estimation as per method suggested by Sadasivam and
Manickam (1997).

Fruit length and width (mm) of 10 fruits from each
treatment was taken with the help of digital vernier caliper
and fruit length: diameter ratio of the same 10 fruits was
used to record length and width. The weight of fruits (g)
from each tagged plants was taken on each date of harvest
with the help of electronic top pan balance and dry weight
(g) of the fruit was recorded by drying the fruits in oven at
70°C till the constant weight up to 2 days. The number of
fruits/plant was recorded by counting the fruits reaching
harvestable maturity. The yield/plant (g) was recorded by
adding yield of all the harvests obtained from selected
plant.

Total soluble solids (TSS) (°Brix) were recorded with
the help of hand refractometer. The titratable acidity (%)
was determined by titrating the juice against standard alkali
solution (0.1 N NaOH). TSS: acid ratio was calculated by
dividing the value of total soluble solids content by per
cent acidity. Total and reducing sugars were estimated by
Lane and Eynon method (1923) as described in AOAC
(1984). For estimation of juice percentage, the ripe fruits of
strawberry were taken in muslin cloth and crushed. It was
squeezed firmly to get juice. The juice was weighed with
the help of balance and the percentage of juice was worked
out on the basis of total weight of fruit taken for juice
extraction. Ascorbic acid content was determined by
titration with 2, 6-dichlorophenolindophenol, according to
the AOAC (1984).

Estimation of total anthocyanin content was done
through methods suggested by Fuleki and Francis (1968),
aliquots weighing 5.0 g of the homogenized strawberry
samples were dissolved in 25 ml methanolic hydrochloric
acid (85:15) solution and kept for 24 hours at cool
temperature (4-5°C). The flocculate was filtered off by
whatman filter paper 1 and the absorbance of the resulting
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clear liquid was measured at 535 nm in Spectrophotometer
(Model: Systronics 118).

Total anthocyanin content was calculated using the
following formula:

OD (abs 535A) x volume
of solution x 100
Weight of sample x 98.2

Anthocyanin  _
(mg/100g pulp)

x 100

For estimation of sensory score, a panel of five judges
conducted organoleptic test of the fruits immediately after
harvest. The observation were recorded on the basis of
flavour, colour, taste and general appearance of fruit and
rated on 10.0 scale as Excellent (9.1 to 10.0), Very Good (8.1
to 9.0), Good (6.1 to 8.0), Acceptable (5.1 to 6.0), Non-
acceptable (0.0 -5.0)

The data was subjected to appropriate statistical
analysis as described by Gomez and Gomez (1984) using
probability values (P=0.05) to test significance of observed
differences and LSD for mean separation.
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RESULTS AND DISCUSSION

Meteorological variations during fruit production
season, i.e. July-April (Fig 1) revealed that average light
intensity (in 100 lux) was maximum in open field condition
during 415t week (630) of 2013 and 15th week (650) of next
year (2014). Agro shade net has least light intensity except
February-April months of year 2014. The light intensity
ranges from 350-400 hundred lux is found to be best for
total anthocyanin production of fruits (Fig 2). Naturally
ventilated polyhouses was better for anthocyanin
production as it provided optimum light intensity, growing
strawberry in agro shade net was not good for coloured
fruits of strawberry, i.e. least synthesis of anthocyanin.

Plant growth parameters like crown height (cm), petiole
length (cm), number of leaves/plant, plant spread (E-W and
N-S) (cm), plant fresh weight and dry weight (g) were
significantly influenced by different growing environments
(Table 1).The crop grown in naturally ventilated polyhouse
recorded maximum crown height (26.46 cm), whereas the
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Fig 1 Variation of light intensity across the growing season (July 2013-April 2014)

Table 1 Effect of different growing environment on morphological characters of strawberry cv. Winter Dawn

Different growing Crown height Petiole Number of Plant spread (cm) Plant weight (g)
environment (cm) length (cm)  leaves/plant E-W N-S Fresh weight Dry weight
Open field 21.11 10.82 73.33 38.50 39.33 90.03 30.88
Agro shade net 14.89 7.80 18.33 26.50 24.94 21.00 5.00
Naturally ventilated polyhouse 26.46 14.87 72.55 48.05 44.06 115.33 28.46
Fan pad system greenhouse 22.94 15.35 55.00 41.33 39.38 97.66 23.72

CD (P=0.05) 2.94 1.43 9.25 5.63 5.06 9.88 2.72

SEm+ 1.01 0.49 3.18 1.94 1.75 3.40 0.93

[22]
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Fig 2 Variation of light intensity and total anthocyanin content
across growing environment

minimum crown height (14.89 cm) recorded due to agro
shade net. The maximum plant spread (E-W: 48.05 cm; N-S:
44.06 cm) was recorded in the plants grown in naturally
ventilated polyhouse, whereas minimum plant spread was
observed in Agro shade net. The present findings are in
accordance with those as reported by Pires et al. (2006).
These findings may be attributed to favourable environment
and better moisture conservation vis-a-vis suppression of
weeds resulted in better plant growth parameters (Qureshi
et al. 2012). Strawberry plants grown in Fan pad system
green house recorded the maximum petiole length (15.35
cm), while minimum (7.80 cm) was observed in plants grown
in Agro shade net. The plants grown under open field or
naturally ventilated polyhouse has highest number of
leaves (73.33) per plant due to better exploration of nutrients
and water (Sturm et al. 2003) and once it is grown under
agro shade net, number of leaves/plant reduced to 18.33.
The plant weight was maximum on fresh weight (115.00 g)
if grown under naturally ventilated polyhouse but on dry
weight basis open field conditions improved plant weight
(30.88 g). Agro shade net had significantly reduced plant
weight (Table 1).

Root parameters like volume, length, weight, numbers,
thickness and root: shoot ratio is significantly affected to
each other. The maximum fresh (18.52 g) and dry (3.96 g)
weight of roots, root volume (20.00 cm?) was observed in
open field conditions while minimum root weight (1.93, 1.00
g) was in Agro shade net however the root volume (6.14
cc) was least in Fan pad system greenhouse (Table 2).
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Similar results have been observed by Verma et al. (2005).
The maximum root length (21.33 cm) was recorded in plants
grown in naturally ventilated polyhouse and open field
conditions (20.55 cm) while minimum root length (11.33 cm)
was seen when strawberry was grown in Agro shade net.
The maximum number of thin (146.22) and thick (131.00)
roots was recorded in open field conditions however
minimum number of thin roots (30.77) and thin roots was
observed in Agro shade net. The maximum root: shoot ratio
(0.46) was observed in plants grown in open field
conditions while minimum (0.13) was recorded in Fan pad
system greenhouse (Kumar and Dey 2012).

The total chlorophyll content was maximum (2.02 mg/
g) in plants grown in open field conditions, followed by
1.88 mg/g in naturally ventilated polyhouse. The minimum
total chlorophyll content (1. 64 mg/g) was recorded in plants
grown in Fan pad system greenhouse (Table 2). Similar
result has been observed by Sheng et al. (2011) in pear.
The increased chlorophyll content may be attributed to
differential synthesis and degradation of chlorophyll in the
open field conditions. More photo-oxidation of the
chlorophyll and high activity of enzyme chlorophyllase in
naturally ventilated conditions may be ascribed to minimum
total chlorophyll content. The role of chlorophyllase in
degrading chlorophyll has also been highlighted by Kuroki
etal. (1981).

It is evident from the data that fruit length (47.72 mm),
fruit width (42.59 mm), length: diameter ratio, fruit weight
(on fresh weight and dry weight basis) (26.85 g, 2.08g) was
recorded maximum in plants grown under open field
conditions than growing environment while minimum fruit
length, length: diameter ratio (1.03) was observed in Fan
pad system greenhouses and least fruit width and fruit
weight was found in Agro shade net conditions (Table 3).
There was a significant difference in term of yield between
the growing environments (Table 3). The significantly
higher yield recorded in the plants grown under naturally
ventilated polyhouse condition over the plants grown in
the open field was associated with the production of higher
number of fruits (29.00) and fruit yield (242.77 g per plant)
than those in open field (Table 3) and high temperature
(24-32 °C) might have reduced strawberry flower formation
and fruit quality in open field conditions. Agro shade net
drastically reduces fruit yields (4.66 numbers of fruits and

Table 2 Effect of different growing environment on root characters and total chlorophyll content of strawberry cv. Winter Dawn

Different growing Root volume Root length Root weight (g) No. of roots/plant Root: Total
environment (cc) (cm) Fresh Dry Thin Thick shoot chlorophyll
weight weight (<0.20 (>0.20 ratio content of
mm) mm) leaves (mg/g)
Open field 20.00 20.55 18.52 3.96 146.22 131.00 0.35 2.02
Agro shade net 8.87 11.33 1.93 1.00 30.77 46.89 0.18 1.66
Naturally ventilated polyhouse 18.00 21.33 6.17 2.29 47.00 84.33 0.15 1.88
Fan pad system greenhouse  6.14 16.33 4.14 1.31 65.22 114.44 0.13 1.64
CD (P=0.05) 1.79 1.95 1.43 0.48 8.18 9.73 0.03 0.12
SEm+ 0.62 0.67 0.49 0.16 2.82 3.35 0.009 0.01
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Table 3 Effect of different growing environments on fruit yield and quality characteristics of strawberry cv. Winter Dawn

Different growing Fruit length ~ Fruit width Length: Fruit weight (g) No. of fruits/ Fruit yield/
environment (mm) (mm) diameter ratio Fresh weight Dry weight plant plant (g)
Open field 47.72 37.60 1.30 26.85 2.08 25.33 218.89
Agro shade net 31.66 24.32 1.30 8.74 0.72 4.66 29.22
Naturally ventilated polyhouse 38.30 30.73 1.25 15.31 0.91 29.00 242.77
Fan pad system greenhouse 28.39 27.43 1.03 11.33 0.76 25.77 202.22
CD (P=0.05) 4.12 4.04 0.12 4.55 0.40 4.36 35.00
SEm+ 1.42 1.39 0.04 1.57 0.14 1.50 12.06

Table 4 Effect of different growing environments on fruit bio-chemicals parameters of strawberry cv.Winter Dawn

Different growing TSS Titrable Total Reducing Juice Vitamin C Total Sensory
environment (°B) acidity sugars sugars (%) (mg/100g) anthocyanin score
(%) (%) (%) (mg/100g)

Open field 7.30 1.66 5.15 4.06 96.10 50.32 38.90 8.35

Agro shade net 6.10 1.064 3.75 2.74 91.13 50.22 35.53 7.66

Naturally ventilated polyhouse 7.20 1.45 4.69 3.58 94.90 47.55 45.51 7.64

Fan pad system greenhouse 6.63 1.90 3.51 2.52 87.89 48.31 31.74 6.90
CD (P=0.05) NS NS 0.50 0.44 7.62 3.84 4.76 0.59
SEm+ 0.52 0.10 0.17 0.15 2.62 1.32 1.64 0.20

29.22 g/plant (Nagalakshmi et al. 2002). Favourable and
integrated effect of moderation in hydrothermal regime that
possibly enhanced the root growth for better uptake of
water and nutrients might lead to better yield. Singh et al.
(2009) also found enhanced fruiting, i.e. fruit yield increased
by 27% and advanced flowering by two weeks through
using plastic tunnels during night (5 pm to 9 am) in northern
India.

It was observed that there was no significant effect of
growing environment on fruit TSS and acidity of strawberry
fruits (Table 4). Strawberry growing in open field condition
was better with respect to fruit juice (96.10 %) and sensory
scores (8.35). The total sugars (5.15 %), reducing sugars
(4.06 %), contents of strawberry fruits produced in the open
field condition had higher than fruits produced in the other
protected environment (Table 4). Beckmann et al. (2006)
explained as high sugar content in the fruits produced in
the field may be due to the greater light intensity and
greater photosynthetic plant activity in this crop
environment. Significantly high ascorbic acid was found in
open field (50.32 mg/100 g) than the fruits grown in agro
shade nets and naturally ventilated polyhouse (47.55 mg/
100 g). Ascorbic acid biosynthesis can be strongly
influenced by environmental cultivation conditions, with
light intensity affecting the content of ascorbic acid in
strawberry fruits (Venter 1977). In this investigation, a lower
ascorbic acid content of the fruits produced in a protected
environment is probably caused by the lower luminosity in
this environment, which may have reduced the production
of sugar, a substrate that is used in the synthesis of
ascorbic acid. In contrast, more light exposure and greater
accumulation of photosynthates might have contributed
to an increase in vitamin C content in berry (Sonkar et al.

2012) under open field condition. Growing strawberry in
Fan pad system may not be profitable for quality point of
view as it reduced total and reducing sugar, juice percentage,
total anthocyanin content and sensory score. Such
differential in sensory score may be due to differences in
physico-chemical properties of strawberry under various
degree of light reflectance (Decoteau et al. 1988) under
various growing conditions.

The plants growing under naturally ventilated
polyhouse has enhanced total anthocyanin content (45.51
mg/100 g) but recorded lowest content of vitamin C. Agro
shade net might help in anthocyanin accumulation in the
ripening fruits though partial shade may have increase
phenylalanine ammonia lyase (PAL) and UDPGFT (Uridine-
diphosphate-glucose- flavonoid-3-o transferase) regulatory
enzyme activities (Cheng and Breen 1991).

The increase in soil temperature in open field condition
might be responsible for increased nutrients use, metabolite
mobilization, and energy and ultimately favours increased
sugars. This type of finding may be due to favourable
activity of enzyme sacharose, phosphate synthase in the
open field conditions. Hubbard ef al. (1991) has cited the
role of sugar accumulation dependent to the enzyme
saccharose phosphate synthase.

In general, the yield and other physical parameters
(fruit length, width, average fruit weight) of the strawberry
were higher in naturally ventilated polyhouse and in open
field condition than the fruits grown in Agro shade net
house or Fan pad system greenhouse. However, open field
condition caused better root volume, root weight and
number of roots per plant and higher total chlorophyll
contents. Although Fan pad system increased total
anthocyanin content but juice percentage, vitamin C
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content and sensory score were highest in open field
condition than in fruits produced in shaded or any other
protected environment. Field-grown fruits were more
palatable due to the high total and reducing sugars.

Therefore, it may be concluded that shade nets may
be avoided on the protected structures during post-rainy
season especially in the semi dry conditions of Rajasthan
where weather remains cloudy, to improve the quality of
the fruit in addition to the yield. However, more studies are
required to see the effects of shade nets during other
seasons.
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