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ABSTRACT: A field experiment was conducted to evaluate the performance of strawberry (Fragaria x ananassa Duch.) in
different growing conditions of Kerala. The study was carried at two locations viz., central midlands (altitude of 22.25 m above
MSL which enjoys a warm humid tropical climate) and high ranges (altitude of 1000 m above MSL which enjoys a mild
subtropical climate). The various growing systems (open-field, greenhouse and fan and pad system) and two time of planting
(last week of September planting and last week of October planting) and two mulches (white and black) were evaluated under
FRBD with three replications. In central midlands, planting in last week of September with black mulch in fan and pad system
resulted in significantly higher plant height (17.70 cm) and plant spread (33.73 cm) and early flowering (55 days). However,
systems of growing had no significant influence on number of leaves, number of flowers, number of clusters and yield per plant.
In high ranges, planting in the last week of September with black mulch in open field recorded maximum number of leaves

(25.73), number of flowers (27), number of clusters per plant (24.4), and highest yield per plant (110.07 g).
Key words: Strawberry, Greenhouse, Fan and pad, Open field, Planting time, Mulch.

INTRODUCTION

Strawberry (Fragaria x ananassa Duch.) is the most
refreshing and delicious fruit crop which belongs to
the family Rosaceae. The fresh ripe fruits of strawberry
are rich source of vitamins mainly vitamin A (60 IU/
100g of fruit) and vitamin C (30-120 mg/100g of fruit)
and has abundance of minerals like potassium,
calcium and phosphorus and has high pectin (0.55 per
cent) content (Mitra, 1991). It is the most widely
distributed fruit crop due to its genetic diversity,
highly heterozygous nature and broad range of
environmental adaptations (Larson, 1994; Childers et
al., 1995). The major strawberry growing states in India
are Jammu and Kashmir, Himachal Pradesh,
Maharastra, Uttarakhand, Haryana, Uttar Pradesh
and Punjab. It is among the few fruit crops which give
quick and very high returns per unit area on the capital
investment, as the crop is ready for harvest within
four months of planting. It is cultivated in the
temperate and subtropical conditions of India (Singh,
1992; Dhillon, 2005). Kerala is blessed with different
agro ecological conditions suitable to various crops.

Therefore, in this study an attempt was made to
compare the performance of strawberry under three
growing conditions in two agro ecological zones of
Kerala viz., central midlands and high ranges.

MATERIALS AND METHODS

The present investigation was carried out at two
locations viz., central midlands (College of Horticulture,
Vellanikkara, Thrissur, Kerala, 10°31'N, 76°3’E and
22.25 m altitude, with typical warm humid tropical
climate) and high ranges (Krishi Vigyan Kendra,
Ambalavayal, Wayanad, Kerala, 11.37°N, 76.12°E and
1000 m altitude, with mild sub-tropical climate) during
September 2013 to March 2014. The experiment was
laid outin 3x2x2 randomized block design (RBD) with
three replications. One month old tissue cultured
strawberry variety winter dawn was taken for the
study. The treatments comprised of three growing
systems viz., open field, greenhouse and fan and pad
system, two mulches viz., transparent polyethylene
sheet and black polyethylene sheet and two time of
planting viz., last week of September and last week of
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October. Twelve raised beds of size 1.5 mx1mx0.3m
were taken in each growing system. FYM @ 10 t ha
was applied in the beds taken for planting. N: P: K @
75:80:50 kg ha' was given in two equal splits, first as
basal and second 45 days after planting. Double row
hill system of planting was done with a spacing of 30
cm x 40 cm. Holes were made on the mulch and
planting was done by hand. Ten plants were planted
in each plot. Observations were recorded from five
randomly selected plants on plantheight (cm), number
of leaves, plant spread (cm), days to first flowering,
number of flowers and number of clusters per plant
and yield per plant (g). The details of soils of
experimental site were analysed for salient properties
following standard methods. The soil was of sandy
loam texture having 1.99% organic carbon with pH of
5.7 and sandy clay loam texture having 0.96% organic
carbon with pH of 4.95 in central midlands and high
ranges respectively.

RESULTS AND DISCUSSION

Central midlands: The growth characters viz., the plant
height, number of leaves and plant spread were
significantly influenced by growing systems (Table 1).
Maximum plant height (17.7 cm) was recorded under
fan and pad system. Plants in open field recorded
significantly higher number of leaves per plant (63.04).
This was in close conformity with Yahya and Atherton
(1995) in strawberry, where plants under open field
produced more leaves than under shaded condition.
Plant spread was recorded maximum in fan and pad
system up to 3 month after planting (36.26cm). Among
the two time of planting, planting in the last week of
September resulted in maximum number of leaves per
plant (42.47). Rahman et al., (2014) reported the
favorable effect of planting strawberry in the last week
of September in the subtropical climate of Bangladesh.
Mulch and interactions had no significant influence on
growth characters. Among different flowering
attributes, early flowering (55.67 days) was recorded
under fan and pad system (Table 2). Low temperature
prevailing in the fan and pad system advanced the
flowering (Table 4). Time of planting had no influence
on flowering attributes. Plants mulched with black
polyethylene recorded early flowering (57.11 days).
This might have been influenced by favorable soil
temperature and moisture conditions as influenced by
black polyethylene mulch. Positive influence of black
mulch on early flowering was reported in strawberry
by Pollard and Cundari (1989); Abbotty and Gough
(1992); Hassan et al., (2000); Singh and Asrey (2005);
Singh et al., (2006). Interaction effect between white

mulch and fan and pad system leads to early flowering
of strawberry (55 days). There was no significant
difference in yield per plant among different growing
systems, time of planting and mulches.

High ranges: The growth characters viz., the plant
height, number of leaves and plant spread were
significantly influenced by growing systems (Table 1).
Plants in the greenhouse recorded significantly higher
plant height (18.77 cm) and maximum plant spread
(31.57 ¢cm) compared to other growing systems.
Number of leaves per plant was recorded maximum
in open field (32.83). In general, time of planting and
mulches had no significant influence on growth
characters. Among the flowering attributes, early
flowering (40-41 days) was observed irrespective of the
system of growing. The favorable temperature, short
day condition, high relative humidity prevailing in high
ranges might have advanced flowering (Table 2).
Significantly higher number of flowers (20.78), number
of clusters (17.47) per plant was recorded in open field.
Higher number of leaves was observed under open
field, which might have influenced the production of
maximum number of flowers and clusters per plant.
The interactive effect of system of growing and mulch
had positive and significant influence on production
of maximum number of flowers (25.85) and clusters
(21.57) per plant when planted in open field with black
mulch mainly because of combined and beneficial effect
of use of black polyethylene mulch in open field (Table
3). It may be attributed to synergistic and interactive
influence of open field planting and black polyethylene
mulch on creation of comparatively favorable
environment and better moisture conservation,
suppression in weed growth etc., which might have
resulted in better flowering attributes (Rajbir et al.,
2007). Plants in the open field recorded significantly
higher yield (80.35 g). Growing system and mulch
interaction had significant influence on yield per plant
in high ranges (Table 3). Black mulch in open field
resulted in maximum yield (102.17 g). Earlier result
indicated that significantly higher number of flowers
and clusters were observed in plants planted in open
field, mulched with black polyethylene. This might
have resulted in higher yield per plant.

CONCLUSION

Results indicated that favorable conditions are
prevailing for the growth, flowering and fruit setting
of strawberry in central midlands and high ranges of
Kerala. In central midlands, strawberry could be
planted in last week of September with black or white
polyethylene mulch in open field for maximum
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Table 1

Effect of growing systems, time of planting and mulch on plant height (cm), number of leaves and plant spread of strawberry
cv. winter dawn at central midlands and high ranges

Plant height (cm)
Central midlands
Months after planting (MAP)

Number of leaves
Central midlands
Months after planting(MAP)

Plant spread (cm)
Central midlands
Months after planting(MAP)

Treatments 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Growing systems (S) S, 888 10.46 1242 1495 1713 583 1158 26.82 46.06 63.04 11.98 17.11 2234 28.89 35.40
S, 712 828 945 1072 11.86 6.83 11.55 17.70 23.30 20.05 17.17 24.13 26.83 30.13 33.26
S, 11.88 13.26 14.63 16.18 17.70 825 19.43 25.08 31.35 3210 23.99 36.48 36.26 36.02 33.73
CD 166 182 186 180 185 081 286 362 566 930 261 492 503 NS NS
Time of planting (P) P, 994 11.34 1278 14.66 1624 799 1694 26.18 36.73 4247 18.87 28.11 30.60 33.65 35.60
P, 864 999 1155 1324 1489 596 1143 2022 3041 3432 1655 2371 2635 29.71 32.66
CD NS NS NS NS NS 066 233 296 462 759 213 402 NS NS NS
Mulch (M) M, 933 1070 12.23 13.94 1547 6.72 13.92 23.63 35.37 4193 17.08 2524 2749 3041 33.52
M, 926 10.63 12.09 13.95 15.66 7.22 14.46 22.77 31.77 34.86 18.34 26.58 29.45 3295 34.74
CD NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS

High range (cm) High range High range (cm)
Months after planting (MAP) Months after planting(MAP) Months after planting(MAP)

Treatments 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Growing systems (S) S, 1057 12.67 1518 1633 17.22 727 11.87 2642 3283 23.00 1548 19.30 23.86 2635 27.75
S, 11.27 13.67 16.42 1758 18.77 7.82 10.77 15.95 19.07 13.15 14.85 19.80 24.73 28.43 31.57
S, 635 767 89 1025 1113 733 875 10.07 11.25 717 1030 1441 1791 19.85 22.00
CD 123 120 100 1.06 1.09 NS 159 395 625 435 123 179 217 223 249
Time of planting (P) P, 897 10.89 13.04 14.61 1532 7.92 11.69 19.09 2211 14.20 13.43 17.68 2249 24.44 26.69
P, 982 11.78 14.00 1483 16.09 7.02 923 1587 19.99 14.68 13.66 17.99 21.84 2531 27.52
CD NS NS 003 NS NS 067 130 NS NS NS NS NS NS NS NS
Mulch (M) M, 919 11.00 13.28 14.61 1551 740 10.74 16.93 21.17 14.20 14.08 18.23 2247 24.69 26.93
M, 9.60 11.67 13.76 14.83 1590 7.54 10.18 18.02 20.93 14.68 13.01 17.44 21.86 25.06 27.28
CD NS NS NS NS NS NS NS NS NS NS 101 NS NS NS NS

Table 2

Effect of growing systems, time of planting and mulch on flowering attributes and yield of strawberry cv. winter dawn at
central midlands and high ranges

Central midlands High ranges
Days No. of No. of Days No. of No. of
to first flowers clusters Yield per to first flowers clusters Yield per
Treatments flowering  perplant  perplant  plant (g)  flowering  perplant  per plant plant (g)
Growing systems (S) S, 62.83 715 3.63 32.67 40.00 20.78 17.47 80.35
S, 56.92 5.45 3.02 23.75 40.83 11.07 8.97 61.27
S, 55.67 7.97 417 40.90 40.00 8.69 4.29 41.52
CD 0.59 NS NS NS NS 2.61 2.67 17.49
Time of planting (P) P, 58.39 7.42 3.89 38.19 40.56 13.88 10.57 58.65
P, 58.56 6.29 3.32 26.69 40.00 13.14 9.91 63.45
CD NS NS NS NS NS NS NS NS
Mulch (M) M, 59.83 6.11 3.31 27.93 40.00 1243 2.97 57.92
M, 57.11 7.60 3.90 36.95 40.56 14.60 3.72 64.17
CD 0.84 NS NS NS NS NS NS NS
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Table 3
Effectof Px M, S x P, Sx M and S x P x M interactions on flowering attributes and yield of strawberry cv. winter dawn at
central midlands and high ranges

Central midlands High ranges
Days No. of No. of Yield Days No. of No. of Yield
to first flowers clusters per plant to first Sflowers clusters per plant

Treatments Sflower perplant  per plant (g) Sflower perplant  per plant (g)
PxM PM, 59.78 6.47 3.47 31.78 40.00 1243 9.46 52.76
P M, 57.00 8.38 431 44.59 41.11 15.33 11.69 64.54
P,M, 59.89 5.76 3.16 24.09 40.00 12.42 9.46 63.08
P,M, 57.22 6.82 3.49 29.30 40.00 13.87 10.37 63.81
CD NS NS NS NS NS NS NS NS
SxP S,P, 62.50 8.10 410 38.09 40.00 20.92 18.83 77.20
SP, 63.17 6.20 3.17 27.26 40.00 20.65 16.10 83.50
S,P, 57.00 5.30 3.00 27.60 41.67 11.10 8.07 54.87
S,P, 56.83 5.60 3.03 19.90 40.00 11.03 9.87 67.67
S,P, 55.67 8.87 4.57 48.87 40.00 9.63 4.82 43.88
S,P, 55.67 7.07 3.77 32.92 40.00 7.75 3.77 39.17
CD NS NS NS NS NS NS NS NS
SxM SM, 64.83 5.47 2.83 23.27 40.00 15.72 13.37 58.53
S M, 60.83 8.83 4.43 42.08 40.00 25.85 21.57 102.17
S,M, 58.33 5.30 3.07 19.05 40.00 13.23 10.90 71.87
S,M, 55.50 5.60 2.97 28.45 41.67 8.90 7.03 50.67
S,M, 56.33 7.57 4.03 41.48 40.00 8.33 410 43.36
SM, 55.00 8.37 4.30 40.31 40.00 9.05 4.48 39.69
CD 0.84 NS NS NS NS 3.70 3.78 24.62
SxPxM S,PM, 64.67 6.27 3.20 25.60 40.00 14.83 13.27 4433
S, P M, 60.33 9.93 5.00 50.58 40.00 27.00 24.40 110.07
S,P,M, 65.00 4.67 2.47 20.94 40.00 16.60 13.47 72.73
S,P,M, 61.33 7.73 3.87 33.57 40.00 24.70 18.73 94.27
S,PM, 58.33 4.80 2.87 22.15 40.00 13.33 10.53 65.33
S,P M, 55.67 5.80 3.13 33.05 43.33 8.87 5.60 44.40
S,P,M, 58.33 5.80 3.27 15.94 40.00 13.13 11.27 78.40
S,P,M, 55.33 5.40 2.80 23.85 40.00 8.93 8.47 56.93
S,PM, 56.33 8.33 4.33 47.59 40.00 9.13 4.57 48.61
S,P M, 55.00 9.40 4.80 50.15 40.00 10.13 5.07 39.15
S,P,M, 56.33 6.80 3.73 35.37 40.00 7.53 3.63 38.11
S,P,M, 55.00 7.33 3.80 30.47 40.00 7.97 3.90 40.23
CD NS NS NS NS NS NS NS NS

Table 4

Weather parameters

Monthly mean temperatures (°C) during the period from September 2013 to March 2014 in different growing systems

Open (S)) Green house (S,) Fan and pad (S,)
Central midlands High ranges Central midlands High ranges Central midlands High ranges
Month 8.00am 2.30pm 8.00am 2.30pm 8.00am 2.30pm 8.00am 2.30pm 8.00am 2.30pm 8.00am 2.30pm
September 2013 23.84 2888 1958 2509 2459 3198 1938 2619 2289 2690 1893  24.28
October 2013 2425 2998 1990 2518 2507 3210 1981 2643 2373 2758  19.02 2441
November 2013 2515  31.62 19.60 2595 2623 3384 19.64 2772 2478 2918 1849  25.01
December 2013 23.60 31.83 18.01 2635 2590 3338 1812 2806 2139 3045 2010 2417
January 2014 2424 3216 1751 27.63 2662 3341 1757 2995 21.74  30.01 19.69  28.18
February 2014 2410  33.61 18.21 2845 2611 3498 1840  30.61 21.84 3185  20.03  28.69
March 2014 2575 3447 2028 3066 2830 3713 2038 3146 2359  31.66  21.85  28.86
Mean 2442 3179 19.01 27.04 2612 3383 1904 2863 2285 2966 1973  26.23
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Monthly mean relative humidity (per cent) during the period from September 2013 to March 2014 in different growing systems

Open (S))

Green house (S,) Fan and pad (S,)

Central midlands High ranges

Central midlands

High ranges Central midlands High ranges

Month 8.00am 2.30pm 8.00am 2.30pm 8.00am 2.30pm 8.00am 2.30pm 8.00am 2.30pm 8.00am 2.30 pm
September 2013 94.73 68.39 94.80 7324 9221 7247  97.82 73.15 9232  79.83 92.78 80.33
October 2013 95.87  69.68 9532 7816 92.94 71.68 98.32 79.16 92.55 80.19 9332 8416
November 2013 86.63 59.73 94.50 72.26 80.63 62.13 97.50 73.26 8477  73.77 9250 79.23
December 2013 75.97  49.90 90.71 61.39 74.00 51.94 9371 63.61 77.68 65.16 88.71 68.71
January 2014 64.71 39.13 9477  58.19 6248  45.29 97.77 6119 66.06  58.68 9277  66.19
February 2014 7236 4275 96.23  59.19 7146 4532 9887 6219 74.29 54.50 93.87  67.19
March 2014 76.35 38.74 89.68 52.23 7629 4387 9316  58.90 77.84 54.06 88.16 63.90
Mean 80.95 52.62  93.72  64.95 7857 5610  96.74 67.35 80.79  66.60 91.73 72.82

Monthly mean light intensity (lux) during the period from September 2013 to March 2014 in different growing systems

Open (S)) Green house (S,) Fan and pad (S,)

Central High Central High Central High Central High
Month midlands ranges midlands ranges midlands ranges midlands ranges
September 2013 79878.50 93500.30 7384.82 9056.00 14053.37 18380.00 344.1 1934
October 2013 80512.9 94158.06 7474.84 9375.00 14300.00 18487.10 369.8 15.6
November 2013 88926.67 93603.23 8481.67 9076.13 16696.67 18435.16 82.0 422
December 2013 93864.52 107597 42 8708.07 10153.55 17493.55 20855.16 0.5 2.4
January 2014 88803.23 103014.19 8006.45 9452.55 16574.19 20179.03 0.0 0
February 2014 74882.14 88817.42 6753.57 8900.97 14232.14 17942.58 0.0 52
March 2014 79083.87 86400.32 7270.97 8590.97 15277.42 18141.29 0.0 7.2

number of leaves and early flowering. In high ranges,
strawberry could be planted in last week of September
with black polyethylene mulch in open field for
maximum number of leaves, flowers, clusters and
yield per plant. Yield obtained from high ranges is 8
t/ha and from central midlands is 3.3 t/ha when
compared to national average is 4.5-10 t/ ha.

ACKNOWLEDGEMENT

Authors are thankful to the College of Horticulture,
Vellanikkara and Krishi Vigyan Kendra, Ambalavayal,
Kerala Agricultural University, Thrissur, Kerala, India for
providing facilities for research.

REFERENCES

Abbotty J. D.and Gough R. E., (1992), Comparison of winter
mulches of several strawberry cultivars, J. Small Fruits
Vitic. 1: 51-58.

Childers N. F., Morris ]. R. and Sibbett G. S., (1995), Modern
Fruit Science, Horticulture Publication, Gainesville,
Florida, USA.

Dhillon A. S., (2005), Effect of bio-regulators on growth and
cropping in strawberry under sub-tropical conditions
of Punjab, M.Sc. Thesis, Guru Nanak Dev University,
Amristar,India.

Hassan G. 1., Godara A. K., Jitender K., and Huchche A. D.,
(2000), Effect of different mulches on the yield and
quality of ‘Oso Grande’ strawberry (Fragariaxananassa),
Indian |. of Agric. Sci., 70(3): 184-185pp.

Larson K. D., (1994), Strawberry, (In): Handbook of
Environmental Physiology of Fruit crops.
Volume 1: Temprate Crops, Schaffer, B. and Andersen,
P. C. (Eds), CRC, Press, Inc., pp.271-279.

Mitra S. K., (1991), Strawberries, (In): Temperate Fruit, Bose
T.K.., Mitra S. K. and rathore D. S. (Eds.), Horticulture
and Allied Publishers, Calcutta, pp.549-96.

Pollard J. E. and Cundari C. M., (1989), Overwintering
strawberry plants under row covers increases fruit
production, Hort. Sci., 23: 332-333.

Rahman M. M., Hossain M. M., and Moniruzzaman M.,
(2014), Effect of planting time and genotypes growth,
yield and quality of strawberry (Fragaria x ananassa
Duch.) Scientia Horticulturae, (167): 56-62.

Rajbir S., Sharma R. R., and Goyal R. K., (2007), Interactive
effects of planting time and mulching on ‘Chandler’
strawberry (Fragaria x ananassa Duch.), Scientia
Horticulturae, 111(4): 344-351.

Singh R., (1992), Fruits, National Book Trust, India, 224pp.

Singh R. and Asrey R., (2005), Growth, earliness and fruit
yield of micro-irrigated strawberry as affected by
planting time and mulching in semiarid regions. Indian
J. of Hortic, 62(2): 148-151.

Singh R., Asrey R., and Kumar S., (2006), Effect of plastic
tunnel and mulching on growth and yield of
strawberry, Indian ]. of Hortic., 63(1): 18-20.

Yahya B. A. and Atherton]. G., (1995), Growth and fruiting
responses of strawberry plants grown on rockwool to
shading and salinity, Scientia Horticulturae, 62: 25-31.

Vol. 33, No. 2, April-June 2015

805








