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Abstract: The present studies were made to improve the growth, yield and quality for economized strawberry
production in sub-tropical areas with the use of plant bio-regulators (PBRs). Three PBRs namely GA  (30, 603

and 90 ppm), NAA (20, 30 and 40 ppm) and cycocel or CCC (250, 500 and 750 ppm) were tested during the
course of investigation. Of the various treatments, 90 ppm GA  proved best in respect of plant height (23.12cm),3

plant spread (32.96cm), petiole length (11.28cm), number of leaves per plant (16.32), runners per plant (4.77), leaf
area index (0.82), fruit vitamin-C (63.03 mg/g) and titratable acid content (0.75%).  However, the highest values
for fruit yield (330.7 g/plant and 20.15 t/ha), specific gravity (1.17), TSS (10.01°B), total sugars (9.14%),
organoleptic numerical rating (8.66 out of 10) and cost benefit ratio (1:2.70) were recorded with the use of 500
ppm cycocel. Strawberry plants treated with highest concentration of cycocel i.e. 750 ppm took least number
of days to produce first flower (53.44 days) and fruit bud development (58.27 days) after planting.
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INTRODUCTION new cultivars were  introduced  and  accordingly  the

The modern cultivated strawberry (Fragaria x strawberry cultivation got the boost.
ananassa Duch.) is a  man  made  hybrid  crop  evolved Despite its evolution from two temperate species,
by crossing two species, Fragaria chiloensis and strawberry  has  been  commercially  exploited   in  the
Fragaria virginiana. It is one of the most widely sub-tropical regions of India, in general and in the vicinity
distributed  fruit crop due to its genotypic diversity, of cities, in particular, because of its arrival in the market
highly heterozygous nature and broad range of during the period of fruit scarcity, causing very high
environmental  adaptations  [1]. Strawberry is cherished returns per unit area to the growers. Besides, the
in  home  gardens and in commercial fields for its appearance, medicinal value and wide acceptability of its
beautiful,  nutritious  red  fruits that has a tantalizing processed products have further made strawberries a
aroma  [2].   Being   rich  in  vitamins  and  minerals choicest fruit among every age group consumers in India.
coupled  with  delicate  flavor,  strawberry   has  become Ironically, the strawberry planting in sub-tropical regions
an  important  table  fruit  of  millions  of people around is entirely dependent on availability of runner plants from
the  globe [3]. It is amongst the few fruit crops which temperate areas. Availability of runners, late in the season
gives  quicker  and  very  high  returns  per unit area on affects its yield due to poor plant development before
the  capital  investment,  as the crop is ready for harvest flowering. Keeping in view the poor or late plant growth,
within six months of planting. In India many strawberry present studies were carried out under sub-tropical
cultivars were introduced during the early sixties to conditions, to observe the effect of different PBRs on
popularize this crop but all efforts failed because of the growth, yield and quality characteristics of strawberry,
poor adaptability of the introduced cultivars and poor and to analyze the economic feasibility of PBRs use in
technical know  how  of  their  cultivation.  Later  many strawberry production.

agro-techniques were standardized and as the result
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MATERIALS AND METHODS after transplanting. Plant height (cm), plant spread (cm),

The present studies were conducted on “Sweet runners per plant, days taken to first flowering, number of
Charlie” strawberry cultivar during two consecutive years flowers per plant, number of fruits per plant,  fruit  yield
at Research Farm, Department of Horticulture, Allahabad per  plant were recorded as per the standard practices.
Agricultural Institute, Allahabad, UP located at 20°15´ Leaf area index (LAI) was determined by graphical method
north and 60°03´ east longitude. Strawberry runners of by dividing leaf area with ground area.  Specific  gravity
almost equal size and vigour were transplanted during of  the  fruit  was measured by water displacement
evening hours at a spacing of 60cm x 30cm and subjected method, and was calculated by dividing fruit weight (g)
to strict schedule of  cultural  operations.  The  experiment with volume of the water displaced by  the  fruit  (ml).
was laid out in a randomized block design with ten Total soluble solids (°B) were determined with the help of
treatments consisting of  GA   (30,  60,  90  ppm),  NAA Hand Refractometer (0-32°), ERMA, Japan. Total sugar3

(20, 30, 40 ppm), Cycocel (250, 500, 750 ppm) and (%) content was estimated with the help of Brix
untreated control, each treatments replicated thrice. Hygrometer. Titratable acidity and ascorbic acid content
Strawberry runners of almost equal size and vigour were were determined as  per  the  method  suggested in
transplanted in the last week of October at a spacing of AOAC [4]. Juice percentage was determined by dividing
60cm x 30cm, and subjected to strict schedule of cultural the volume of juice (ml) by the fruit weight (g) and
operations. To avoid mixing of PBRs, spraying was multiplying with 100. Organoleptic evaluation was done
performed carefully by covering the adjacent beds with on 9 point hedonic  scale  as  per the method suggested
polythene sheets. The aqueous solution was sprayed on by Amerine et al. [5]. Cost of cultivation for each
the plants till the solution began to run off the leaves. treatment (Table 1) was calculated separately taking into
Sprays of each chemical were given  at  30  and  45  days consideration all the cultural practices followed in the

number of leaves per plant, petiole length (cm), number of

Table 1: Cost of cultivation of different PGR treatments in strawberry cv. Sweet Charlie (per hac basis).
Treatments Concentration of PBRs (ppm) Rate of PBRs (Rs) Quantity Cost of treatment (Rs) Labor cost (Rs) Total treatment cost (Rs)
Control (T ) - - - - - -0

GA 90 ppm (T ) 90 165.00 438.48 72349.20 640.00 72989.23, 1

GA 60 ppm (T ) 60 165.00 292.32 48232.80 640.00 48872.83, 2

GA  30 ppm (T ) 30 165.00 146.16 24116.40 640.00 24756.43, 3

NAA, 40 ppm (T ) 40 4.25 194.88 828.24 640.00 1468.244

NAA, 30 ppm (T ) 30 4.25 146.16 621.18 640.00 1261.185

NAA, 20 ppm (T ) 20 4.25 97.44 414.12 640.00 1054.126

Cycocel, 750 ppm (T ) 750 2.50 3654.00 9135.00 640.00 9775.007

Cycocel, 500 ppm (T ) 500 2.50 2436.00 6090.00 640.00 6730.008

Cycocel, 250 ppm (T ) 250 2.50 1218.00 3045.00 640.00 3685.009

Common expenditure: Includes expenditure of operations performed equally in all the treatments.
1. Cost of plants (61000 plants/hac) @ Rs. 4 per plant – Rs. 244000.00
2. Land preparation:
a. Ploughing (One tractor @ Rs. 500/hr for 3 hours) – Rs. 1500.00
b. Leveling (cultivators @ Rs. 500.00 for 2 hours) – Rs. 1000.00
c. Cost of FYM (50 tonnes @ Rs.200/per tone) and insecticides (Rs. 1000.00) – Rs. 11000.00
d. Furrow/bed preparation (50 labourers @ Rs. 80/day) – Rs. 4000.00
3. Transplanting:
a. Fungicide treatment (cost of fungicides plus two labourers @ Rs. 80/day) – Rs. 400.00
b. Transplanting cost (50 labourers @ Rs. 80.00/day) – Rs. 4000.00
c. Watering with fountain (Rs. 80/day) – Rs. 800.00
4. Installation of micro-irrigation unit: Rs. 40000.00
5. Intercultural operations:
a. Fertilizer application (cost of fertilizers plus application charges) – Rs. 5200.00
b. Mulching (Cost of mulching material plus labour cost) – Rs. 7000.00
c. Weeding (Cost of weedicide plus labour cost) – Rs. 1500.00
d. Irrigations, 15 irrigations(labour cost of  two labourers @ 80/day) – Rs. 1000.00
e. Insect/pest and disease control (cost of insecticides and labour cost) – Rs. 5000.00
f. Bird scaring and watch and ward (Two labourers @ 80/day for one month) – Rs. 5000.00
g. Fruit harvesting (five labourers @ Rs. 80/day) – Rs. 12000.00
h. Overhead expense – Rs. 6000.00
i. Bank interest on loan (@10%) – Rs. 17540.00
Total cost of cultivation- Rs. 366940.00
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cultivation. Gross return (Rs per ha) for each treatment bundles and the number of xylem vessels were also
was calculated after deducting the crop loss @ 10%. Net increased appreciably by the  application  of  GA  [12].
profit (Rs per ha) was calculated for each treatment by The increase in the size of the conducting vessels may
subtracting cost of cultivation from gross return. Cost have been helpful in better transport of nutrients and
benefit ratio for each treatment was calculated by dividing greater vegetative growth. All the PBR treatments
gross return with cost of cultivation. enhanced vegetative growth of strawberry plants over

RESULTS AND DISCUSSION cycocel were statistically at par with each other for growth

Plant Characters: Data presented in Table 2 revealed that treated plants only, whereas it was absent under all other
a significant differences between effects of  different treatments including control.
PBRs on plant characters of strawberry cv. Sweet Charlie.
Of the various PBR treatments, GA  proved to be the most Floral Characters and Fruit Yield: It is clear from the data3

effective for enhancing the plant growth of strawberry, (Table 2) that various yield and yield contributing
showing highest plant height (23.12 cm), plant spread characters were significantly influenced by the PBR
(32.96 cm), petiole length (11.28 cm), number of leaves per treatments. Plants treated with 750 ppm cycocel took least
plant (16.32), leaf area index (0.818) and number of runners number of days (53.44) to first flower and flower bud
per plant (4.77) while applied at 90 ppm, however it was development (58.27 days) which was closely followed by
statistically at par with 60 ppm, GA  except plant spread 500 ppm, cycocel (53.82 days and 59.60 days) and 2503

and leaf area index which  were  significantly  highest  in ppm, cycocel (54.49 days and 61.71 days). The maximum
90 ppm, GA  treated plants. These results are in days taken to first flower open were observed with GA3

conformity with those of Sharma et al. [6]. The increment treatments. Number of flowers per plant (23.53), number of
in plant growth due to the fact that GA  enhances the fruits per plant (18.77), fruit yield (330.77 g/plant and 20.153

endogenous level of auxins in plants [7]. Strawberry t/ha) were observed to be the highest under 500 ppm
runners contain a high concentration of gibberellin like cycocel treatment. However, these values were at par with
substances which have been shown to increase leaf size 250 ppm, and 750 ppm, cycocel and 20 ppm, NAA except
[6, 8] and induce early runner production [9]. Thompson for yield. The induction of early flowering and number of
and Guttridge [10] found an increase in length and upright flowers per plant with application of cycocel in the
growth of petioles and concluded that GA  can substitute present study are in conformity with those of Will [13]3

for growth promoting substances that are produced and Dwivedi et al. [14]. Fruit yield revealed reverse effect
normally under long days. It has also been demonstrated with the plant growth i.e. maximum yield was found under
that GA  enhances diphenoles and hence decrease the the treatment of 500 ppm cycocel where vegetative growth3

activity of IAA oxidase, resulting in high auxin level. promotion was least. However, all the cycocel treatments
Some reports have indicated that GA stimulation of auxin were statistically at par with each other for fruit yield.
biosynthesis, which increase by hydrolysis of proteins Ghora et al. [15] too obtained 90% increase in yield
and  release  of  tryptophan  [11].   The   size   of   vascular without affecting fruit size while treated with cycocel.

control (untreated plants) but cycocel restricted the plant
growth in comparison to control, and all the treatments of

parameters. The runner production was observed in GA3

3

Table 2: Effect of PBRs on plant and floral characteristics of strawberry cv. Sweet Charlie (pooled mean of 02 years)

Plant height Plant spread Petiole length Leaves Leaf Runner Days taken Days taken to flower Number of Number of Yield per Yield

Treatment (cm) (cm) (cm) per plant area index per plant to first flower bud development Flower per plant Fruit per plant plant (g) (t/ha)

T 13.21 22.18 7.53 12.27 0.290 - 64.83 70.94 14.70 12.98 166.66 10.180

T 23.12 32.96 11.28 16.32 0.818 4.77 66.99 74.93 17.81 14.99 112.38 6.841

T 21.08 29.63 10.61 15.21 0.718 4.32 66.10 73.27 15.75 13.93 115.43 7.032

T 19.27 28.49 9.71 14.32 0.688 3.49 62.88 68.27 15.43 14.26 130.77 7.963

T 14.68 25.35 8.30 13.88 0.573 - 61.49 67.44 19.56 16.73 281.05 17.124

T 13.96 25.05 8.02 13.99 0.464 - 59.83 65.55 20.86 17.09 292.29 17.815

T 13.91 24.02 7.74 13.71 0.318 - 55.41 60.77 22.09 18.32 317.21 19.336

T 11.07 20.54 6.68 11.71 0.209 - 53.44 58.27 22.31 17.54 303.38 18.487

T 11.77 21.29 6.92 12.05 0.235 - 53.82 59.60 23.53 18.77 330.71 20.158

T 12.46 21.52 7.34 12.49 0.275 - 54.49 61.71 22.59 17.99 295.77 18.029

CD (5%) 2.29 1.98 0.89 1.19 0.04 0.70 2.30 2.52 2.19 1.77 8.47 0.51



Am-Euras. J. Agric. & Environ. Sci., 12 (12): 1543-1547, 2012

1546

Table 3: Effect of PBRs on fruit characters and organoleptic evaluation of strawberry cv. Sweet Charlie (pooled mean of 02 years)

Organoleptic evaluation*
Length diameter Specific Juice Total Total Ascorbic acid Acidity -----------------------------------------------------------

Treatment ratio(cm) gravity content (%) soluble solid (%) sugar (%) (mg/100g fruit) (%) Score (Av. of two years) Rating

T 1.29 1.12 71.53 8.58 7.50 53.03 0.69 7.10 Like moderately0

T 1.24 1.09 72.83 7.92 6.91 63.03 0.75 6.23 Like slightly1

T 1.26 1.11 83.45 8.25 7.18 62.26 0.74 6.68 Like slightly2

T 1.28 1.13 87.35 9.07 8.14 60.91 0.73 7.47 Like moderately3

T 1.32 1.14 92.45 9.33 8.33 53.83 0.72 7.68 Like moderately4

T 1.34 1.15 92.50 9.31 8.45 51.84 0.71 7.96 Like very mush5

T 1.48 1.16 95.16 9.46 8.59 51.70 0.70 8.46 Like very mush6

T 1.39 1.11 91.60 9.41 8.58 59.66 0.64 7.93 Like very mush7

T 1.45 1.17 93.74 10.01 9.14 59.24 0.66 8.66 Like extremely8

T 1.33 1.15 93.32 9.38 8.49 54.80 0.67 7.88 Like very mush9

CD (5%) 0.08 0.02 4.77 0.63 0.63 2.03 0.03 - -

*Organoleptic evaluation on 9 point hedonic scale:
1 = Unacceptable 2 = Very poor 3 = Poor 4 = Slightly undesirable 5 = Neither good nor bad
6 = Fair 7 = Good 8 = Very Good 9 = Excellent

Table 4: Economics of different treatments of PBRs on strawberry cv. Sweet Charlie

Pooled yield
Common Treatment Total --------------------------------------------- Average sale Gross Net Cost

Treatments  expenditure (Rs) cost input cost Fruits (tones/ha) Runners (lakh/ ha) rate (Rs/Kg) Rs/runner income (Rs.) return (Rs.) benefit ratio

T 366940.00 - 366940.00 10.18 - 50.00 2.00 509000.00 142060.00 1:1.390

T 366940.00 72989.20 439929.20 6.84 2.90 50.00 2.00 922000.00 482071.00 1:2.101

T 366940.00 48872.80 415812.80 7.03 2.63 50.00 2.00 877500.00 461687.00 1:2.112

T 366940.00 24756.40 391696.40 7.96 2.12 50.00 2.00 822000.00 430304.00 1:2.103

T 366940.00 1468.24 368408.24 17.12 - 50.00 2.00 856000.00 487592.00 1:2.324

T 366940.00 1261.18 368201.18 17.81 - 50.00 2.00 890500.00 522299.00 1:2.425

T 366940.00 1054.12 367994.12 19.33 - 50.00 2.00 966500.00 598506.00 1:2.636

T 366940.00 9775.00 376715.00 18.48 - 50.00 2.00 924000.00 547285.00 1:2.457

T 366940.00 6730.00 373670.00 20.15 - 50.00 2.00 1007500.00 633830.00 1:2.708

T 366940.00 3685.00 370625.00 18.02 - 50.00 2.00 901000.00 530375.00 1:2.439

Fig. 1: Organoleptic rating of strawberry cv. Sweet Charlie for two consecutive years under different PBR treatments. 

Fruit Characters: PBR treatments significantly influenced NAA (92.45%), 30 ppm NAA (92.50%), 750 ppm cycocel
the fruit quality of strawberry tested during the course of (91.60%), 500 ppm cycocel (93.74%) and 250 ppm cycocel
present studies (Table 3). The highest fruit length to (93.32%). The contents of sugar and TSS were
diameter ratio (1.48) was observed with 30 ppm, NAA significantly improved by PBRs registering the highest
which was at par with 500 ppm, cycocel (1.45).  The value values (9.24% and 10.01°B) with the use of 500 ppm
for specific gravity of fruit was registered to be the cycocel followed by 20 ppm NAA (8.59% and 9.46°B) and
highest (1.17) with 500 ppm, cycocel showing parity 750 ppm cycocel (8.58% and 9.41°B). Similar results were
statistically with 30 ppm NAA (1.15), 20 ppm NAA (1.16) obtained by Agafanov et al [16] and Dwivedi et al. [14]
and 250 ppm cycocel (1.15). The use of 20 ppm NAA while strawberry plants were treated with cycocel.
tended to show the highest juice content (95.16%) Organoleptic evaluation of the fruits (Table 3 and Fig 1)
without showing any significant differences with 40 ppm showed  that the  fruits  harvested  from 500 ppm cycocel
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treated plants were found most acceptable as they scored 8. Porlingis, I.C. and D. Boynton, 1961. Evidence for the
the highest numerical ratings (8.66) followed by 20 ppm occurrence of gibbrelin like substances in the
NAA (8.46). strawbrerry. Proceedings of American Society of

Cost Benefit Analysis: The data pertaining to treatment 9. Barritt, B., 1974. The effect of gibbrellic acid blossom
wise cost benefit analysis (Table 4) revealed that the removal and planting date on strawberry runner
highest net returns (Rs. 628697.00) and cost benefit ratio production. Hort Science, 9: 25-27.
(1:2.70) were recorded with 500 ppm cycocel followed by 10. Thompson, P.A. and G.C. Guttridge, 1959. Effect of
20 ppm NAA (Rs. 593489.00 and 1:2.63 respectively). GA on initiation of flowers and runners in the
Untreated control had the lowest cost benefit ratio which strawberry. Nature, 184: 72-73.
might be the result of the differences in their yield and 11. Mallik, C.P., 1999. Agro Botanica. IVE176, JM. Vyas,
cost of the production of the individual treatment. Bikaner, pp: 416.
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