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Abstract

The present investigation entitled “Effect of bio-stimulants on yield and quality of custard apple
(Annona squamosa L.) cv. Sindhan” was carried out at Madhadibaug, Fruit Research Station,
Department of Fruit Science, College of Horticulture, Junagadh Agricultural University, Junagadh
during the year 2023-24. The experiment was laid out in Randomized Block Design (RBD) with 11
treatments of bio-stimulants i.e. Seaweed extract @ 1% (T1), Seaweed extract @ 2% (T2), Humic acid
@ 1.5% (Ts), Humic acid @ 2.5% (Ta4), Panchagavya @ 3% (Ts), Panchagavya @ 5% (Té),
Azotobacter + PSB + KSB @ 3 ml/plant each as soil application (T7), Azotobacter + PSB + KSB @ 5
ml/plant each as soil application (Ts), Fulvic acid 4 ml/L (Tg), Fulvic acid 5 ml/L (T1o), Control (T11)
with three replications. Among the bio-stimulants, seaweed extract @ 2% (T2) was found significantly
maximum fruit weight (208.57 g), fruit length (7.39 cm), fruit girth (7.48 cm), pulp weight (102.19 g),
rag weight (82.24 g), number of fruits per tree (108.65), fruit yield (22.64 kg/tree), fruit yield (6.27
t/ha), TSS (26.70 °Brix), total sugar (23.60%), reducing sugar (19.96%), non reducing sugar (3.27%)
and minimum seed: pulp ratio (0.21), titratable acidity (0.20%).
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Introduction

Custard apple (Annona squamosa L.) is a delicious and important minor fruit crop cultivated
in tropical and subtropical climate. It comes under family “Annonaceae”. The origin of
different species of annona is reported at different regions. Custard apple is originated in
Central America from there; it was distributed to Mexico and Tropical America (Popenoe,
1974) 181,

In India, it is cultivated especially in Andhra Pradesh, Bihar, Madhya Pradesh, Maharashtra,
Tamil Nadu, Gujarat and Odisha. In India, it is cultivated on an estimated area of 45
thousand hectares with 387 thousand MT production with productivity 8.45 MT/ha (Anon.,
2022) 61 In Guijarat, it is cultivated on an estimated area of 7760 hectares with 77.84
thousand MT of production with productivity 10.03 MT/ha (Anon., 2023) I,

Custard apple is mostly cultivated in Gujarat state in Ahmedabad, Aravalli, Bhavnagar,
Dahod, Junagadh, Mahisagar, Panchmahal and Vadodara from which Bhavnagar district
contributes highest 1026 hectares area and 13.67 thousand MT production with productivity
13.32 MT/ha (Anon., 2023) Bl, Custard apple is an arid fruit crop and hardy in nature. It
requires dry climate with mild winter. It can grow from sea level up to 1000 m above the
mean sea level elevation. Custard apple flowers during May to August. High temperature,
low atmospheric humidity, lack of irrigation water and natural stress during this period
results into a smaller number of flowers, poor fruit set and low yield and poor quality fruits.
The custard apple commonly known as “Sitaphal” or “Sugar apple” is minor fruit of
commercial value. The custard apple is important due to its nutritive values. The ripened
fruits are consumed mainly in fresh form. There has been great demand for custard apple in
preparation of ice cream and pudding. Custard apple contains protein (5.20 g), fat (0.50-0.60
g), carbohydrates (59.00 g), crude fibre (0.90-6.60 g), calcium (60.00 mg), phosphorus
(80.00 mg), iron (105.00 mg), thiamine (0.08-0.12 mg), riboflavin (0.09-0.18 mg), ascorbic
acid (15.00-44.40 mg) and nicotinic acid (0.50 mg) per 100 g of edible portion of custard
apple (Nair and Agrawal, 2017) 191,
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In recent years, attention has been mainly directed to the use
of bio-stimulants in modification growth, flowering,
fruiting, fruit quality and vyield of different fruits.
Conventional (chemicals based) farming is non-sustainable
because of many problems such as loss of soil health and
productivity from excessive erosion and associated plant
nutrient losses, surface and ground water pollution from
fertilizers and sediments, impending of non-renewable
resources and low farm income from high production costs.
The basic concept of plant growth regulators is the
adjustment of plant nutrient supply to an optimum level for
sustaining the desired crop productivity.

The foliar application of bio-stimulants play a vital role in
improving the quality and comparatively more effective for
rapid recovery of plants. The foliar feeding of fruit tree has
gained much importance in recent years, as micronutrients
applied through soil are needed in higher quantity because
some amount leaches down and some become unavailable to
the plant due to complex soil reactions. The yield parameter
like average fruit weight, number of fruits per tree and yield
per tree are increased by the spray of bio-stimulants.
Bio-stimulants are substances which affect the plants in
numerous ways ultimately affecting yield and quality. They
enhance nutrient supply to the crop and increase the crop
productivity. Also, they contribute towards sustainable and
high output with low input crop production. Now a days,
awareness has been mainly focused on the use of nutrients
and bio-stimulants in modification of development, fruiting,
flowering, quality as well as yield of custard apple.

Materials and Methods

The present investigation was carried out at Madhadibaug,
Fruit Research Station, College of Horticulture, Junagadh
Agricultural  University, Junagadh the 2023-24. The
experiment was laid out in Randomized Block Design
(RBD) with 11 treatments of bio-stimulants i.e. Seaweed
extract @ 1% (T1), Seaweed extract @ 2% (T), Humic acid
@ 1.5% (T3), Humic acid @ 2.5% (T4), Panchagavya @ 3%
(Ts), Panchagavya @ 5% (Ts), Azotobacter + PSB + KSB
@ 3 ml/plant each as soil application (T;), Azotobacter +
PSB + KSB @ 5 ml/plant each as soil application (Ts),
Fulvic acid 4 ml/L (Tg), Fulvic acid 5 ml/L (T10), Control
(T11) with three replications to study the effect of bio-
stimulants on yield and quality parameter viz. Fruit weight
(9), Fruit length (cm), Fruit girth (cm), Pulp weight (g),
Seed weight (g), Rag weight (g), Seed: pulp ratio, Number
of fruits/tree, yield (kg/tree), yield (t/ha), TSS (°Brix),
titratable acidity (%), Total sugar (%), Reducing sugar (%)
and Non reducing sugar (%). Collected data was statistically
analyzed as per method given by Panse and Sukhatme
(1985) 1281, All characters were studied for significance by
“F” test. Standard error of mean (S. Em.x) and critical
difference (CD) were worked out at 5 percent level of
significance.

Result and discussion

The data presented in Table 1 and 2 observed that, bio-
stimulants were produce significant effect on yield and
quality parameters in custard apple studied in this
experiment.

Yield and yield attributing parameters
The data from investigation revealed that application of bio-
stimulants to be influence on yield and yield attributing
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parameters viz. fruit weight (g), fruit length (cm), fruit girth
(cm), pulp weight (g), seed weight (@), rag weight (g), seed:
pulp ratio, number of fruits/ trees, yield (kg/tree), yield
(t/ha).

The maximum fruit weight (208.57 g) was recorded with the
application of with seaweed extract @ 2% (T>). It was at par
with application with seaweed extract @ 1% (Ti). The
maximum fruit length (7.39 cm) was recorded with the
application of seaweed extract @ 2% (T>). It was at par with
application of humic acid @ 2.5% (T4), humic acid @ 1.5%
(T3) and seaweed extract @ 1% (T1). The maximum fruit
girth (7.48 cm) was recorded with the application of
seaweed extract @ 2% (T>). It was at par with application of
seaweed extract @ 1% (T1), humic acid @ 1.5% (Ts), humic
acid @ 2.5% (T.) and panchagavya @ 5% (Te). The
maximum pulp weight (102.19 g) was recorded with the
application of seaweed extract @ 2% (T»). It was at par with
application of seaweed extract @ 1% (T1). The maximum
rag weight (82.24 g) was recorded with the application of
seaweed extract @ 2% (T2). It was at par with application of
seaweed extract @ 1% (T1). The maximum number of fruits
per plant (108.65) was recorded with the application of
seaweed extract @ 2% (Tp). It was at par with the
application of seaweed extract @ 1% (T1). The maximum
yield (22.64 kg/tree and 6.27 t/ha) wear recorded with the
application of seaweed extract @ 2% (T»). It was at par with
the application of seaweed extract @ 1% (T1). Likewise, the
minimum seed: pulp ratio (0.21) was recorded with the
application of seaweed extract @ 2% (T>). It was at par with
application of seaweed extract @ 1% (T1) and humic acid @
25% (T4). However, there was no significant effect
observed on seed weight. It might be due to the reason that
seaweed extract regulates the plant bio-physiological
activities like increasing chlorophyll content in the leaf,
nutrient uptake, photosynthetic activity and synthesis of
plant growth regulators during growth and development of
fruit which might have ultimately increased yield per tree.
The growth regulators present in the extracts, especially
cytokinin (Featonby Smith and Van Staden, 1984) [ is
associated with nutrient partitioning. Photosynthate
distribution could be shifted from vegetative parts to the
developing fruits during fruit development by cytokinin.
Fruits treated with seaweed extract had higher concentration
of cytokinin than the untreated fruits. The results are in
close conformity with the findings of Percival (2010) 71 in
apple, Sau et al. (2016) @@ in guava, El-Shamma et al.
(2017) M in avocado, Al-shatri et al. (2020) [l in strawberry,
Harhash et al. (2021) © in grape, Ahir et al. (2022) ! in
mango and Mosa et al. (2023) 1 in apple.

Quality parameters

The data from investigation revealed that application of bio-
stimulants to be influence on quality parameters viz. TSS
(°Brix), titratable acidity (%), Total sugar (%), Reducing
sugar (%) and Non reducing sugar (%).

The maximum TSS (26.70 °Brix) was recorded with the
application of seaweed extract @ 2% (T>). It was at par with
application of humic acid @ 2.5% (T4), humic acid @ 1.5%
(T3) and seaweed extract @ 1% (T1). It might be due to the
reason that application of seaweed extract may be attributed
to the quick metabolic transformation of starch and pectin
into soluble compounds and rapid translocation of sugars
from the leaves to the developing fruits. The results are in
conformity with those reported by Inomata et al. (1992) (4
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in pear, Hassan et al. (2009) % in banana, Roshdy (2014)
2 in banana, El-Shamma et al. (2017) [ in avocado,
Zankat et al. (2022) 4 in muskmelon and Mosa et al.
(2023) B1in apple.

The minimum titratable acidity (0.20%) was recorded with
the application of seaweed extract @ 2% (T>). It was at par
with application of humic acid @ 1.5% (Ts), humic acid @
2.5% (T,) and seaweed extract @ 1% (T1). The application
of seaweed extract at different growth stage significantly
decreased the titratable of fruit juice. Lower acidity in fruits
might be due to the more accumulation of sugars, better
transportation of sugars into fruit tissues and conversion of
organic acids into sugars (Kliewer, 1971) 1%, It was also
suggested that rapid acid utilization of organic acid in
respiration may be another possible reason for minimizing
the titratable acidity. Abd EIl- Ghany et al. (2001) ™ and
Ismail et al. (2003) [*?1 also reported decrease in the level of
titratable acidity in grape after seaweed extract application.
The results are in conformity with those reported by Roshdy
(2014) P9 in banana, Salama (2015) % in orange, Al-
Musawi (2018) Bl in orange and Mosa et al. (2023) I in
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apple.
The maximum reducing sugar (19.96%) was noted in

application with the seaweed extract @ 2% (T). It was at
par with application of seaweed extract @ 1% (T1), humic
acid @ 1.5% (Ts3), humic acid @ 2.5% (T4), Panchagavya
@ 3% (Ts), Panchagavya @ 5% (Ts) and Azotobacter +
PSB + KSB @ 5ml /plant each as soil application (Ts). The
maximum non reducing sugar (3.27%) was observed in
application with the seaweed extract @ 2% (T,) and it was
at par with application of humic acid @ 1.5% (T3), seaweed
extract @ 1% (T1) and humic acid @ 2.5% (Ti). The
maximum total sugar (23.60%) was recorded in application
with the seaweed extract @ 2% (T.) and it was at par with
application of seaweed @ 1% (T1). It might be due to the
reason that the application of seaweed extract increases the
activity of the enzymes such as amylases, which hydrolyse
the complex polysaccharides into simple sugars. The results
are in conformity with those reported by Singh and
Brahamchari (1999) ! in guava, Ram et al. (2007) I in
guava, Hassan et al. (2009) [ in banana, Roshdy (2014) [2°]
in banana and Mosa et al. (2023) I in apple.

Table 1: Effect of bio-stimulants on yield and yield attributing parameters of custard apple cv. Sindhan

sr. Fr_uit Fruit Fr_uit PL_JIp R_ag Se_ed Seed: Numb_er vield Ivield
No. Treatments weight | length | grith |weight | weight | weight pul_p of fruits (kgltree) [(t/ha),
@ | (m | (m) | (9) (9) (9) | ratio | per tree
T, Seaweed extract @ 1% 204.68 | 6.87 7.03 |100.51| 77.87 | 22.05 | 0.22 100.47 20.69 |5.73
T, Seaweed extract @ 2% 208.57| 7.39 748 [102.19] 82.24 | 21.02 | 0.21 108.65 22.64 |6.27
Ts Humic acid @ 1.5% 181.56 | 6.64 6.82 | 85.38 | 70.53 | 23.70 | 0.28 94.57 17.27 [4.79
Ty Humic acid @ 2.5% 193.23| 6.86 | 6.89 | 94.01 | 70.67 | 22.70 | 0.24 97.18 18.71 |5.18
Ts Panchagavya @ 3% 176.47| 6.50 | 6.59 | 79.25 | 68.79 | 23.60 | 0.30 86.13 1535 [4.25
Te Panchagavya @ 5% 179.75| 6.60 | 6.73 | 80.69 | 70.33 | 22.77 | 0.28 89.91 16.16 |[4.48
T, |Azotobacter + PSB + KSB @ 3ml/plant each as soil application| 170.75| 6.33 | 6.41 | 75.07 | 65.33 | 25.38 | 0.34 80.57 13.71 [3.80
T | Azotobacter + PSB + KSB @ 5ml/plant each as soil application| 174.01 | 6.37 6.48 | 77.58 | 66.58 | 24.02 | 0.31 84.96 14.63 [4.05
Ty Fulvic acid 4ml/L 163.68 | 5.73 6.59 | 70.26 | 59.30 | 26.13 | 0.37 76.61 12.62 |3.50
Ty Fulvic acid 5ml/L 168.09| 5.90 | 5.88 | 72.90 | 63.16 | 25.36 | 0.35 78.57 13.58 [3.76
Tu Control 157.24 | 5.57 551 | 66.83 | 55.25 | 29.50 | 0.44 75.25 11.67 [3.23
S.Em.+ 4.503 | 0.265 | 0.273 | 2.218 | 1.943 | 1.532 | 0.020 3.316 1.036  |0.287
C.D. at5% 1321 | 0.78 | 080 | 651 | 5.70 NS 0.06 9.73 3.04 |0.84
C.V.% 4.34 7.14 7.20 4.67 4.94 6.49 | 11.22 6.49 11.16 [11.16
Table 2: Effect of bio-stimulants on quality parameter of custard apple cv. Sindhan
Sr. No Treatments TSS Ti_tr_atable Total Reducing | Non reducing
T (°Brix)| Acidity (%) | sugar (%) | Sugar (%) | Sugar (%)
T1 Seaweed extract @ 1% 25.45 0.21 22.01 18.75 3.26
T2 Seaweed extract @ 2% 26.70 0.20 23.60 19.96 3.27
T3 Humic acid @ 1.5% 24.85 0.23 21.17 18.24 3.05
T4 Humic acid @ 2.5% 25.00 0.22 21.69 18.44 3.22
Ts Panchagavya @ 3% 23.38 0.25 20.80 18.08 2.72
Ts Panchagavya @ 5% 23.40 0.24 20.93 18.14 2.79
T7 Azotobacter + PSB + KSB @ 3ml/plant each as soil application 23.19 0.27 20.26 17.69 2.56
Ts Azotobacter + PSB + KSB @ 5ml/plant each as soil application 23.22 0.26 20.59 18.02 2.58
To Fulvic acid 4ml/L 22.14 0.29 19.62 17.15 2.47
Tio Fulvic acid 5ml/L 22.17 0.28 19.94 17.40 2.54
Tu Control 20.07 0.30 18.01 15.87 2.14
S.Em.x 0.787 0.009 0.544 0.665 0.104
C.D. at5% 231 0.03 1.60 1.95 0.30
C.V.% 5.78 6.20 4.53 6.40 6.46
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Fig 2: Effect of bio-stimulants on quality parameter of custard apple cv. Sindhan

Conclusion

Based on the results obtained in the present study reported

that the foliar spray of seaweed extract @ 2% for two times, 4.
once at before flowering and second at 15 days after
flowering resulted in enhanced yield and yield attributing
parameters and quality parameter cv. Sindhan under South
Saurashtra Agro climatic condition.
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