
 

 

 
Effect of Plant Growth Regulators on The Morpho-Physiological AndPhysico-Chemical 
Characters of Strawberry (Fragaria × ananassa Dutch.) 

 
 
ABSTRACT  
 
In the coastal region of Odisha, an experiment was carried out to investigate the effects of 
several plant growth regulators, such as auxin, cytokinin, and gibberellins, on the growth, yield, 
and quality characteristics of strawberries. Different concentration of napthylacetic acid(NAA), 
gibberellic acid(GA3) and benzyl amino purine(BAP) we are taken for the experiment to evaluate 
the changes in morpho-physiological and physico-chemical characteristics of strawberry.The 
investigation's findings showed that strawberry plants respond favourably to the administration 
of plant growth regulators. When it came to the generation of runners and vegetative growth, 
treatment GA3 at 100 ppm produced the best results.The application of NAA@ 100 ppm was 
found to increase various yield-attributing characteristics, such as the number of flowers or fruits 
per plant, the number of days taken for fruit development, and the number of days taken for the 
first fruiting. On the other hand, the treatment of 75 ppm NAA produced better physico-chemical 
characteristics, such as total soluble solid, specific gravity, juice percentage, and length to 
diameter ratio of the fruits. However, GA3 75 ppm had a greater ascorbic acid concentration and 
acidity %. 
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1. INTRODUCTION 
 
Fragariais a prominent fruit crop species because of its fruit quality and post-harvest application. 
It is a genus of perennial, creeping herbs that grows naturally in various climatic zones of the 
world (Gaston et al., 2020). It is a member of the Rosaceae family of plants. According to 
Darrow (1996), Galletta and Bringhurst (1990), and Larson (1994), the cultivated strawberry 
(Fragaria × ananassaDuch.) is a monoecious octaploid hybrid of two mostly dioecious octaploid 
species, Fragariachiloensis Duch. and Fragaria virginianaDuch. In Fragaria, the container 
expands into the red fruit known as a strawberry, and black specks, each representing a single 
genuine fruit, are found all over its surface.The term "achenes" refers to the solitary fruit. 
Anthocyanins and ellagic acid are two phenolic flavonoid phytochemicals found in notably high 
concentrations in strawberries. According to scientific research, eating these berries may protect 
against neurological disorders, cancer, aging and inflammation. 
 It is one of the few crops that yields rapid and extremely large returns on capital 
investment per unit area. Strawberry vegetative growth and reproductive activity have been 
reported to be enhanced by GA3 and cytokinin; strawberry output and quality have been found to 
be enhanced by Cycocel and NAA (Thakur et al., 1991). Strawberry is a temperate fruit with a 
high market price and very little output in tropical and subtropical regions. The impoverished 
cannot afford it because of these obstacles, and farmers hardly ever cultivate it. In light of this, 
the current research on strawberries was conducted to determine the ideal growth hormone and 
its concentration for the industrial production of high-quality strawberries in tropical climates.  
 
2. MATERIALS AND METHOD 



 

 

 
Experimental site 
 At the Faculty of Agriculture, Sri Sri University, Cuttack, Odisha, an experiment was 
carried out in 2019–20 to determine the impact of plant growth regulators on the quality, yield, 
and growth of strawberry (Fragaria ×ananassaDuch.)plants. This area, which is in the east and 
south-east coastal zone, has a tropical climate with moderate winters (December to February) 
and humid summers (May to June). The region receives roughly 1542 mm of rainfall annually, 
most of it falls in the months of July and August. In the evening, strawberry runners with about 
identical size and vigor were transplanted into medium-sized pots with sand as the growing 
medium. manure from the farmyard (1:1:1).  The soil had a sandy-loam with a pH of 7.5, low 
levels of organic carbon (0.42%), medium levels of phosphorus that was accessible, and high 
levels of potash. In the trial pot, every cultural custom was adhered to exactly.  
 
Treatment details 
The ten treatments in the experiment were as follows: T1 was the control (water), T2 was GA3@ 
50 ppm, T3 was GA3 @ 75 ppm, T4 was GA3@ 100 ppm, T5 was NAA @ 50 ppm, T6 was 
NAA@ 75 ppm, T7 was NAA@ 100 ppm, T8 was BAP @ 50 ppm, T9 was BAP @ 75 ppm, and 
T10 was BAP@100 ppm. Each treatment was replicated three times. Growth regulators were 
sprayed foliarin mid-November, when flower buds were beginning to differentiate, and in mid-
January, when fruit was about to ripen.  
 
Observations recorded 
Many vegetative characteristics, such as plant height (cm), plant spread (cm), petiole length 
(cm), number of leaves per plant, number of runners per plant, and days taken for the 
development of the first flower or fruit bud, number of flowers per plant, number of fruits per 
plant, and various fruit characteristics, such as length: diameter ratio, specific gravity, juice (%), 
total soluble solid (°Brix), ascorbic acid (mg/100g), and acidity, were noted. Using a scale, the 
height of the plant was measured from the base of the crown to the tip. We measured and 
averaged the plant spread in both the North-South and East-West directions. With the use of a 
scale on the first two basal leaves, the petiole length was measured from the base of the lamina's 
conjunction. On the start and finish of flowering and fruiting, records were kept. A refractometer 
was used to record the TSS. Following the crushing of twenty randomly chosen fruits from each 
crop, the juice content was measured. According to accepted practices, acidity was measured 
(AOAC, 1990). 
 

3. RESULTS AND DISCUSSION 
 
Morpho-physiological characteristics of strawberry 
It is clear from the data depicted in the table-1 that, there was significant effect of growth 
regulators on growth and runner production of plant.  
 
Plant height  
Treatment T4 GA3@100ppm produced the highest plant height (25.7 cm), which differed 
considerably from all other treatments. The control produced the lowest plant height. NAA and 
BAP do not exhibit a substantial reaction when it comes to plant height. This may be because 
gibberellin was applied exogenously, activating the subapical meristem and causing shoot 



 

 

elongation. The subapical meristem's inactivation causes the rosette habit and dwarf shoots to 
develop. According to Guttridge, 1970; Guttridge and Thompson, 1964; Martinez et al., 1994, 
this conclusion was consistent. Since strawberry plants often lack a distinct above-ground stem, 
the application of GA to promote vegetative growth resulted in an increase in crown height 
(Sharma et al., 2009).  
By hydrolyzing protein and releasing tryptophan, GA promotes apical dominance and increases 
the plant height. (Katel et al., 2022). 
 
Plant spread (cm) 
The treatment T4 GA3@100ppm (35.5 cm) had the greatest plant spread, differing significantly 
from the other treatments. Conversely, control (T1) achieved the minimal plant spread of 25.0 
cm. This could be the result of Gibberellins being sprayed, which caused growth by either cell 
enlargement or division, or both. These results also agree with Singh and Kaul (1970) and 
Martinez et al. (1994). 
 
Petiole length (cm) 
While the minimal petiole length of 6.1 cm was obtained from the control treatment (T1), the 
maximum petiole length of 13.6 cm was obtained from T4, GA3@100ppm, which differed 
considerably from all other treatments. The lengthening of the petiole that gibberellins elicit may 
be the result of alterations in cellular microtubules. Singh and Kabul (1970) found a similar 
outcome. 
 
Numbers of leaves 
The highest number of leaves (20.7) from treatment T4, GA3@100ppm, was discovered. This 
could be because applying GA3 speeds up the synthesis of amino acids in plants, as seen by the 
increased development of strawberry plants and their components. whereas the control group 
(T1) had the bare minimum of leaves (13.2). This outcome is comparable to that of Guttridge and 
Thompson (1964). 

Application of gibberellic acid in the yearly stage induces cell division in cambium cells, 
resulting in the production of xylem tissue in the lower internodes which provides more number 
of leaf formations and add mechanical support to the plant. (Katel et al., 2022). 

 
Runners per plant 
Runners are the commercial propagators of strawberries, and one of the key cultivation 
techniques in strawberry production technology is runner production management. The plant 
treated with GA3@100 ppm produced the maximum number of runners (7.5) (T4). This could be 
because the activity that GA3 promoted caused the gibberellins to be reallocated and 
concentrated more in the crown region, which in turn caused the runner to emerge. However, the 
control group produced the same minimal number of runners as treatments T5 and T6. These 
findings are consistent with the work of Martinez et al. (1994). When strawberry plants are one 
year old, GA3 is applied to encourage vegetative growth and runner production. According to 
Dennis and Bennett (1969), this might be the result of blooming inhibition and a rise in 
epidermal and parenchymatous cell development. The experiment's outcomes also closely 
matched those of Singh and Randhawa (1959), Kumar Rajesh et al. (2012), and Singh and Koul 
(1967). One possible explanation for the increase in plant growth following GA3 application 
could be that GA3 raises the plant's endogenous auxin content (Nitsch and Nitsch, 1961). 



 

 

GA3 boosts diphenols while inhibiting IAA oxidized activity resulting in a high auxin level 
and promoting more number of runners. (Katel et al. 2022). 
 
Influence of plant growth regulators on flowering and fruiting  
The data shown in Table 2 on the number of flowers/plant, fruit bud development, days taken to 
generate first flower, and number of fruits/plant indicated a substantial effect of growth 
regulators on strawberry. 
 
Days taken to produce first flower: 
Strawberry plants sprayed with T4 GA3@100 ppm took 17.6 days longer to generate flowers 
than other treatments, taking a maximum of 68.1 days from planting to produce the first blossom 
(50.5 days) after planting. This is due to the fact that auxin, and in particular NAA, generally 
stimulates florigen to travel from the petiole to the growing tip and transform the vegetative bud 
into a blooming bud. The outcomes align with the findings of Thakur et al. (1991).  
NAA promotes cell elongation, division auxin mediated flowering pathways by triggering the 
endogenous hormonal cues (Dong et al., 2021) 
 
Fruit bud development: 
The treatment T7 NAA @100 ppm produced the minimum number of days required for fruit bud 
growth (54.2 days) after planting; however, the strawberry plant required an additional 21.4 days 
to create a fruit bud when sprayed with GA3 @100 ppm, with a maximum of 75.6 days reported. 
The term "fruit set" describes the ovarian alterations that result in the development of the fruit. 
Usually, these modifications occur following fertilization and pollination, which are started by 
NAA. The outcomes align with the findings of Thakur et al. (1991), Diwedi et al. (2002), and 
Kumar et al. (2012). 
 
Number of Flowers 
Plants that were sprayed with NAA@100ppm produced the greatest amount of blooms (24.2). 
On the other hand, the control group produced the requisite minimum of blooms (15.6). Since 
more flowering stock develops from NAA-treated plants as a result of the stimulus (florigen) 
converting vegetative bud to fruiting bud with the aid of exogenously given NAA, there are more 
flowers on NAA-treated plants. The outcomes with Thakur et al., 1991 are comparable.  
 
Number of fruits 
93% of the flowers in the treatment with 100 ppm NAA turned into commercially viable fruits. 
The aforementioned treatment produced 22.2 fruits out of 24.2 blooms, which was determined to 
be the maximum amount. In strawberries, the size and quantity of fruit decreases with time due 
to the inflorescence's unpredictable development pattern. However, applying NAA spray might 
lessen this occurrence and give the farmer a profit (Kumar et al., 2011). There were the bare 
minimum of fruits (13.5) in the control group. Plant characteristics both internal and extrinsic to 
the blooming process determine fruit set. Maintaining the plant's correct C:N ratio, giving it the 
right amount of nutrients, and balancing its hormones all contribute to increased fruit set, which 
is partially or entirely dependent on auxin. 
 
Influence of plant growth regulators on fruit quality  



 

 

The findings in Table 3 on fruit quality indicated that the application of growth regulators had an 
impact on the physical and chemical properties of strawberry fruits.  
 
Fruit length-diameter ratio 
The greatest fruit length diameter ratio of 2.06 was obtained from treatment T6, and it differed 
considerably from all other treatments. NAA@75ppm was obtained from treatment T6, and it 
was comparable to treatment T7 (1.71). In the control group, the minimum of this feature was 
found. The important function that auxin signalling plays in initiating and coordinating the 
transition from flower to fruit has recently been validated by molecular investigations. Auxin is 
implicated in the depression of ovarian growth following fertilization, and the growth of the 
ovary is inhibited prior to pollination (Pandolfini et al., 2007). Thus, exogenous administration of 
NAA at a specific concentration results in an increase in fruit size. Similar outcomes were seen 
with Kumar et al. (2011) and Khunte et al. (2014).  
 
Specific gravity 
The lowest specific gravity was obtained from BAP @ 100 ppm, while the maximum specific 
gravity of 2.01 was obtained from T6, @ 75 ppm, which was considerably different from all 
other treatments. Specific gravity rises with increases in sink strength and total solid. Similar 
outcomes were seen with Kumar et al. (2011) and Khunte et al. (2014).  
 
Juice Percentage  
The fruit harvested from plants sprayed with NAA at a concentration of 75 parts per million (T6) 
had the highest juice percentage (94.4%), comparable to treatment T7's (93.3%). Conversely, the 
treatment T1 (control) group showed the lowest percentage of juice.Similar outcomes were seen 
with Kumar et al. (2011) and Khunte et al. (2014). This could be brought on by the pedicel's 
increased vascularization, the sink's increased strength, the fruit's decreased senescence, or both. 
 
Total Soluble Solid:    
Maximum TSS of 12.6°The fruit collected from the plant treated with NAA @75ppm (T6) had 
the highest brix, while the fruits of T1 (control) had the lowest TSS. The findings are comparable 
to those of Kumar et al. (2011), Kumar et al. (2012), and Khunte et al. (2014). This could be 
because of how the medication affected the body's natural sugar accumulation and altered 
metabolism, which in turn led to a greater retention of total sugar and TSS. due to the invertase 
enzyme's activity, which converts sucrose into fructose and glucose and increases the amount of 
reducing sugars. 
 
Ascorbic Acid  
Fruit ascorbic acid was significantly impacted by the treatments, according to the findings in 
Table 3. Treatment T3 (75 ppm GA3) showed the highest ascorbic acid content (63.42 mg/100g), 
whereas treatment T5 (NAA@50 ppm) showed the lowest ascorbic acid content (50.81 
mg/100g). Similar results were also reported by Kumar et al. (2011), Khunte et al. (2014), Singh 
and Phogat (1983), and others. Saleem et al. (2008) also reported higher ascorbic acid 
concentrations in "Blood red" sweet oranges as a result of gibberellic acid application, as 
compared to the control.This is because auxin treatment has a beneficial effect on sink strength, 
or reproductive growth, as seen by the fruit of auxin-treated plants having higher TSS and juice 
mass (%) than control and other growth regulators like GA3. 



 

 

 
Acidity 
Fruit juice with the highest acidity (0.74%) was found in treatment T3 (75 ppm GA3), while 
treatment T5 (50 ppm NAA) had the lowest acidity (0.59%). Similar results were also reported 
by Kumar et al. (2012), Khunte et al. (2014), and Singh and Singh (1979). Because GA3 was 
consuming sugar as energy to promote vegetative growth, there was an increase in titrable 
acidity.  
GA3decreases titrable acidity of strawberry by increasing the concentration of total soluble solid. 
(Kumar et al., 2017) 
 
4. CONCLUSION 
 
From the explanation above, it is clear that strawberries respond very well to growth regulators 
in terms of yield and characteristics that contribute to yield. Therefore, farmers are advised to 
apply two foliar sprays of NAA @ 100 ppm and GA3 @ 100 ppm in mid-November and mid-
February, respectively, in accordance with standard production practices to promote good 
vegetative growth and a higher yield of commercially grade fruit in the tropical hot and humid 
climate.  
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Table 1. Influence of plant growth regulators on vegetative growth and runner production 
of strawberry (Fragaria ×ananassa)  
Treatments  Plant height Plant spread Petiole length Leaves/plant Runners/ 



 

 

(cm) (cm) (cm) plant 
T1 12.4 25.0 6.1 13.2 4.0 
T2 18.3 31.3 10.1 15.4 4.5 
T3 20.9 33.2 12.7 17.5 6.4 
T4 25.7 35.5 13.6 20.7 7.5 
T5 13.7 26.6 7.4 14.5 3.7 
T6 14.1 26.8 7.7 15.6 3.6 
T7 16.3 28.2 8.8 15.4 4.7 
T8 12.6 25.4 7.5 13.3 3.6 
T9 12.7 26.0 7.6 14.2 3.5 
T10 13.3 26.2 7.3 14.7 4.0 
SE (m)± 0.28 0.32 0.24 0.25 0.05 
CD (1%) 1.14 1.43 1.05 1.13 0.30 

 
 
 
 
 
Table 2. Influence of plant growth regulators on flowering & fruiting on strawberry 
(Fragaria ×ananassa)  
Treatments  Days taken to 

first flower 
Days taken to 
fruit bud 
development 

 Number of 
flower/ plant 

Number of fruit/ 
plant 

T1 64.2 72.1 15.6 13.5 
T2 62.5 68.8 15.8 14.3 
T3 65.2 74.4 16.4 14.7 
T4 68.1 75.6 19.8 15.3 
T5 55.2 59.0 21.2 17.3 
T6 52.4 55.5 22.0 18.3 
T7 50.5 54.2 24.2 22.2 
T8 60.2 66.2 21.5 17.1 
T9 58.3 64.1 20.3 16.0 
T10 57.4 64.8 22.0 16.8 
SE (m)± 0.27 0.24 0.24 0.23 
CD (1%) 1.13 1.13 1.11 0.91 
 
 
 
 
 
 
Table 3. Influence of plant growth regulators on quality of strawberry (Fragaria 
×ananassa)  
 



 

 

Treatments  Length: 
diameter 
ratio 

Specific 
gravity 

Juice (%) Total soluble 
solid (° Brix) 

Ascorbic 
acid 
(mg/100g) 

Acidity 

T1 1.10 1.11 70.4 5.9 53.41 0.62 
T2 1.22 1.08 84.2 7.4 63.04 0.73 
T3 1.24 1.11 83.4 7.9 63.42 0.74 
T4 1.25 1.13 81.2 8.3 61.11 0.69 
T5 1.32 1.15 92.6 10.1 50.81 0.59 
T6 2.06 2.01 94.4 12.6 51.81 0.60 
T7 1.71 1.52 93.3 12.1 55.11 0.63 
T8 1.41 1.15 92.5 9.5 58.31 0.67 
T9 1.36 1.11 91.7 9.2 55.61 0.64 
T10 1.12 1.01 91.5 10.1 57.21 0.66 
SE (m)± 0.10 0.04 0.41 0.35 1.07 0.04 
CD (1%) 0.41 0.21 1.62 1.31 2.12 0.28 

 
 
 
 
 
 

 


