Yield, quality, soil parameters and economics of custard apple as influenced by organic inputs

Abstract 
The present experiment was carried out on 12 years old custard apple trees of variety Sindhan from June to December 2023 at the College Farm, College of Horticulture, Sardarkrushinagar Dantiwada Agricultural University, Jagudan, Dist. Mehsana, Gujarat. Trees planted at 6 m × 6 m. The experiment was laid out in a Randomized Block Design (RBD) with eight treatments and three replications. Eight treatments combination consists two levels (75 and 50% RDN) of organic manure i.e. Ghanjeevamrut with two levels (50 and 25% RDN) of each organic manures viz., FYM, vermicompost, poultry manure and castor cake. In respect of yield and quality parameters, the results indicated that, maximum number of fruits per tree (95.13), fruit weight (202.78), pulp weight (86.40), yield per tree (18.16 kg), yield per hectare (5.05 t),  T.S.S. (25.67 oBrix) and total sugar content (21.30%), reducing sugar (19.38), non reducing sugar, (1.91%), ascorbic acid (20.45 mg/ 100 g pulp) and acidity (0.27%) were found in the treatment  T7 i.e. 50% Ghanjeevamrut + 50% poultry manure. In respect of soil properties, the results revealed that, treatment T7 showed maximum organic carbon (0.328%), available N (176.58 kg/ ha), P2O5 (37.97 kg/ ha) and K2O (207.90 kg/ ha), while, in respect of economics, maximum gross returns (₹2,01,943/ha), net returns (₹97,229/ha) and Benefit-Cost Ratio (1.93).	Comment by Manisha Kachari: Should be precise with aim objective and results of the experiment. Paraphrase it
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Introduction
Custard apple is the most ancient dry land fruit crop in India valued for its adaptability to arid climates. It is originated from tropical region of America and its is introduced to India by the Portuguese and quickly acclimatized. It is widely distributed throughout the tropics and subtropics. It belongs to the family Annonaceae, comprises 40 genera and 120 species out of that only five are edible. Annona squamosa is the most valued species of custard apple known as Sitaphal also called as a poor man’s fruit as well as food. Custard apple trees are drought-resistant and can grow in dry regions, requires well-drained soil. In India, custard apple is cultivated in  the area 62,000 ha with a production of 829,000 t (Anon., 2024-25). Gujarat is a key producer and districts Bhavnagar, Ahmedabad and Junagadh are contributing significantly. The state covers 7903 ha area with production 81137 t and a productivity of 10.27 t/ ha. According to Bishnoi and Bhatia (2017) the natural farming practices provide favorable environment to the microorganisms present in soil, while, Keerthi et al. (2018) stated that natural farming practices prevent development of fungal and bacterial plant disease causing organisms. On other hand side, the productivity of tropical orchards is declining due to deterioration of soil health. Improvement of orchard soil is a must for enhancement of productivity and fruit yield along with quality. FYM is an essential source of nutrients, while, vermicompost enhances soil structure and aeration (Prasad et al., 2017). Castor cake is rich in nitrogen, phosphorus and potassium serves as a balanced fertilizer and poultry manure is a rapid nutrient source. Ghanjeevamrut is a powdered organic manure that promotes plant growth, improves fruit quality and helping the plants to tolerate in extreme conditions. The growing of fruit crops is the most intensive and remunerative business and adoption of these natural inputs supports sustainable agriculture, reduces chemical reliance and enhances crop resilience benefiting both farmers and consumers (Garg et al., 2020). In this backdrop, an experiment to study the “effect of organic inputs on yield, quality and economics of custard apple” was undertaken.	Comment by Manisha Kachari: Refinement in introduction part is needed. Also mention the problem and objective of  the experiment conducted.	Comment by Manisha Kachari: Title is not same with the manuscript title
Materials and Methods	Comment by Manisha Kachari: In materials and methods, mention the dose of organic inputs per acre or hectare.
Please mention the NPK content present in the organic manures

The present experiment was carried out on 12 years old custard apple trees of variety Sindhan from June to December 2023 at the College Farm, College of Horticulture, Sardarkrushinagar Dantiwada Agricultural University, Jagudan, Dist. Mehsana, Gujarat. Trees planted at 6 m × 6 m. The experiment was laid out in a Randomized Block Design (RBD) with eight treatments and three replications. Eight treatments combination consisted of two levels of proportion such as 75 and 50% recommended dose of nitrogen (RDN) through organic manure i.e. Ghanjeevamrut and two levels of proportion such as 50 and 25% recommended dose of nitrogen (RDN) through each of organic manures viz., FYM, vermicompost, poultry manure and castor cake. The treatment details of the present investigation are described as below. 
Table 1: Treatment details 

	Treatment No.	Comment by Manisha Kachari: T1 75% Ghanjeevamrut + 25% FYM
T2 …….
T3………………..
RDN ??
Organic inputs are source of NPK not only N.
Please revise the treatment details.

	Treatments details 

	T1
	75% RDN through Ghanjeevamrut + 25% RDN through FYM

	T2
	75% RDN through Ghanjeevamrut  + 25% RDN through vermicompost

	T3
	75% RDN through Ghanjeevamrut + 25% RDN through poultry manure

	T4
	75% RDN through Ghanjeevamrut  + 25% RDN through castor Cake

	T5
	50% RDN through Ghanjeevamrut  + 50% RDN through FYM

	T6
	50% RDN through Ghanjeevamrut + 50% RDN through vermicompost

	T7
	50% RDN through Ghanjeevamrut + 50% RDN through poultry manure

	T8
	50% RDN through Ghanjeevamrut + 50% RDN through castor cake






Table 2: Physico-chemical composition of soil of the experimental field
	Particulars
	Initial value 
	Method of analysis

	A. Physical analysis

	Sand (%)
	78.55
	International Pipette Method (Piper, 1950)

	Silt (%)
	14.30
	

	Clay (%)
	06.27
	

	Textural class
	Loamy sand
	

	B. Chemical analysis

	Soil pH (1:2.5 soil: water ratio)
	8.29
	Potentiometric method (Jackson, 1973)

	EC (dS/m) (1:2.5 soil: water ratio)
	0.30
	Schofield method (Jackson, 1973)

	Organic Carbon (%)
	0.27
	Walkley and Black’s rapid titration method (Jackson, 1973)

	Available Nitrogen (kg/ha)
	165.47
	Alkaline permanganate method
(Subbiah and Asija, 1956)

	Available Phosphorus (kg/ha)
	28.64
	Olsen’s method (Jackson, 1973)

	Available Potassium (kg/ha)
	168.14
	Flame photometer’s method (Jackson, 1973)



Observations were recorded on of number of fruits per tree, weight of pulp (g), weight of seed (g), weight of peel (g), weight of fruit (g), number of button fruit, yield per tree (kg), yield per hectare (t), total soluble solids (oBrix), reducing sugar (%), non-reducing sugar (%), total sugar (%), ascorbic acid (mg/100 g pulp), acidity (%), soil organic carbon (%), available nitrogen in the soil (kg/ ha), phosphorus (kg/ ha) and potassium (kg/ ha). The gross realization in terms of rupees per hectare was worked out on the basis of the yield of custard apple for each treatment and the price of the produce prevailing in the market. The cost of cultivation of each treatment was calculated considering the current rate of agricultural operations and market price of inputs involved. The total cost of cultivation was subtracted from the gross realization to obtain net return per hectare for each treatment. For this, benefit cost ratio (BCR) was worked out using the following formula.
                            Gross realization (₹/ha)
      BCR =      ---------------------------------
                        Total cost of cultivation (₹/ha)

Result and discussion
Yield parameters 
Data regarding yield parameters clearly reveals that, number of fruits per tree, fruit weight, pulp weight, yield per tree and yield per hectare was significantly affected by various treatments as depicted in Table 3. The maximum maximum number of fruits per tree (95.13) was harvested in the treatment T7 i.e. 50% Ghanjeevamrut + 50% poultry manure was at par with treatment T6 i.e. 50% RDN through Ghanjeevamrut + 50 % RDN through vermicompost. In respect of yield parameter like number of fruits, Ghanjeevamrut was found effective. This may be due to increased availability of nutrients due to build-up of soil micro flora resulting from increased bacteria, fungi, actinomycetes, phosphorus solubilizes and nitrogen fixers population in the soil which resulted in high nutrient uptake, better growth and yield (Meera Devi et al., 2025) in kiwi. From the findings of Narayan et al. (2016) it was concluded that application of different organic manures alone such as poultry manure or in combination like poultry manure, FYM, vermicompost, neem cake was effective for improving flowering, fruiting and yield of peach cv. Florida Prince. Organic fertilizers increased tree yield and the positive effect of organic manures was attributed to improving soil physical conditions, creating more favourable conditions for plant growth and supplying the trees with the nutrient element (Helail et al., 2003). Moreover, organic fertilizer was very beneficial in increasing productivity due to conversion of unavailable minerals into soluble forms that plant can use. Also, it improved plant nutrition by stimulating the absorption of mineral elements through root, stimulating roots growth especially in vertical direction, thus enabling better uptake of nutrients, retaining water soluble inorganic fertilizers in root zones, reducing their leaching and enhancing the uptake of nitrogen by plants (El-Haggar et al., 2004). These observations were in close conformity with the findings of Dauda et al. (2008) in watermelon. In respect of fruit characters and yield parameters, the results indicated that, maximum weight of pulp (86.40 g), weight of peel (96.65 g), weight of fruit (202.78 g), maximum yield per tree (18.16 kg) and yield per hectare (5.05 t)  were recorded in the same treatment (T7). It might be due to high amount of nitrogen in combination of phosphorus and potassium present in poultry manure in comparison of the organic sources enhanced more growth and metabolic transport which leads ultimately the increased fruit yield. In addition to this potassium act as a catalyst in the formation of more complex substances and act as an accelerator of enzymatic activity which were beneficial in early emergence of flower bud and increased fruit set resulted in fruit retention and increased yield. These results are in accordance with the findings of Meera Devi et al. (2025) in kiwi,Kurer et al. (2017), Marathe et al. (2017) in pomegrante, Pradeep and Saravanan (2018) and Soni et al. (2018) in strawberry and Yadav et al. (2012) in guava, while, the effect of different organic inputs on button (stony) fruit showed non-significant influences. 	Comment by Manisha Kachari: Table numbers should be in serial number.
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Quality parameters 
The data clearly showed that, quality parameters were influenced by various treatments as depicted in Table 4. Data regarding quality parameters, clearly reveals that, maximum T.S.S. (25.67 ºBrix), total sugar (21.30%), reducing sugar (19.38%), non-reducing sugar (1.91%) and ascorbic acid (20.45 mg/100 g pulp) was recorded in the treatment T7 i.e. 50% Ghanjeevamrut + 50% poultry manure was at par with treatment T6 i.e. 50% RDN through Ghanjeevamrut + 50 % RDN through vermicompost. It might me due to high nutrient in poultry manure in comparison to other organic sources conforming to findings of Yadav et al. (2012) in guava and Osman and IE., 2010 in fig, while, the effect of different organic inputs on acidity showed non-significant influences. Treatment T7 suggesting that the soluble solids content was significantly influenced by the nitrogen application enzymatic activities linked to sugar synthesis, improved soil microbial activity and increased nutrient availability and uptake are the reasons for the rise in T.S.S. The similar trend of increase in T.S.S. of fruits was also noted by Shekhawat et al. (2025) in custard apple. It seems that increased absorption of nitrogen and phosphorus might play a regulatory role by promoting vigorous plant growth and photosynthesis. This leads to higher production of carbohydrates, starch and other compounds. As fruits ripen, they draw heavily on these carbohydrate reserves from the stem and roots. Consequently, this process likely enhances the overall quality of the fruit, including higher levels of T.S.S. like sugars, which contribute to their sweetness and other desirable characteristics. The improvement of total sugar attribute might be due to improvement of soil physical properties such as porosity, water holding capacity, decreased bulk density and tendency of the soil toward neutral pH range which turn increased microbial biomass in rhizosphere resulting continuous supplement to the plant (Dadashpour and Jouki, 2012).
Soil parameters
The application of different treatments had a significant effect on the properties of soil as depicted in Table 5. In respect of soil properties, the results indicated that, maximum organic carbon (0.328%) available nitrogen (176.58 kg/ ha), phosphorus (37.97 kg/ ha) and potassium (207.90 kg/ ha) were recorded in treatment T7 i.e. 50% Ghanjeevamrut + 50% poultry manure which was at pat with treatment T6. Higher available NPK contents in soil in the treatment T7  and T6 might be due to rapid mineralization of available pool of nitrogen due to higher microbial activity in this treatment with application of Ghanjeevamrut, poultry manure and  vermicompost. Similar results have also reported by Meera Devi et al. (2025) in kiwi and Gore et al. (2011) in tomato. Higher available nitrogen in soil with application of Ghanjeevamrut was reported by Shwetha (2008) in wheat and by Kiran (2014) in chickpea. In case of Ghanjeevamrut, it increased the release of organic acid during mineralization that helped in the solubility of native phosphates, thus increased available phosphorus pool in the soil. Due to higher microbial activity and nutrient contents in the soil, the uptake of nutrients (NPK) was higher with the application of Ghanjeevamrut which might be ascribed to the rapid mineralization of native and applied nutrients. The results are well supported by earlier findings of Gore et al. (2011) in tomato, Zublena et al. (1993) and Eghball and Power (1999) in corn production. 
Economics 
From the economic point of view, it is clearly revealed that, highest gross returns (2,01,943 ₹/ha), net returns (97,229 ₹/ha) and Benefit Cost Ratio (1.93) was recorded in treatment T7 i.e. 50% Ghanjeevamrut + 50% poultry manure as compared to all the treatments (Table 6). 
Conclusions 
		On the basis of obtained results, it may be concluded that basal application of 50% RDN through poultry manure (4.68 kg/ plant) + 50% RDN through Ghanjeevamrut (9.39 kg/ plant) improved soil properties, economics and increased yield of high quality fruit of custard apple.	Comment by Manisha Kachari: Based on the results obtained, it can be concluded that the basal application of 50% poultry manure (4.68 kg/plant) combined with 50% Ghanjeevamrut (9.39 kg/plant) led to increase the yield and quality of custard apple fruit and enhanced soil properties with high economic return.
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Table 3: Effect of organic inputs on yield parameters of custard apple

	Treatments
	Number of fruits per
tree
	Weight of
pulp (g)
	Weight of
seed (g)
	Weight of
peel (g)
	Weight of
fruit (g)
	Number of
button fruit
	Yield
(kg/tree)
	Yield
(t/ha)

	T1
	80.70
	65.27
	25.50
	78.76
	169.53
	11.75
	13.39
	3.72

	T2
	82.87
	75.56
	22.93
	84.45
	182.94
	10.85
	14.61
	4.06

	T3
	85.37
	75.36
	22.79
	85.87
	184.02
	11.03
	14.68
	4.08

	T4
	82.88
	72.28
	23.94
	82.35
	178.57
	10.70
	14.29
	3.97

	T5
	81.29
	74.40
	23.19
	83.88
	181.47
	10.72
	14.44
	4.01

	T6
	88.49
	84.17
	20.68
	92.98
	198.83
	11.50
	16.83
	4.68

	T7
	95.13
	86.40
	19.73
	96.65
	202.78
	10.59
	18.16
	5.05

	T8
	83.00
	73.78
	24.25
	86.50
	184.52
	11.14
	15.10
	4.20

	S.Em. ±
	2.33
	3.37
	0.91
	3.30
	4.36
	0.26
	0.89
	0.25

	C.D. at 5%
	7.06
	10.22
	2.77
	10.01
	13.22
	NS
	2.70
	0.75

	C.V. %
	4.74
	7.69
	6.90
	6.61
	4.07
	4.10
	10.16
	10.16



Table 4: Effect of organic inputs on quality parameters of custard apple

	Treatments
	Total Soluble
Solids (oBrix) 
	Total sugar (%)
	Reducing sugar (%)
	Non reducing sugar (%)
	Ascorbic acid
(mg/100 g pulp)
	Acidity (%)

	T1
	22.97
	19.28
	17.55
	1.74
	17.77
	0.28

	T2
	23.55
	19.63
	17.85
	1.78
	18.70
	0.29

	T3
	23.71
	19.91
	18.12
	1.79
	19.10
	0.27

	T4
	23.25
	19.44
	17.71
	1.72
	18.11
	0.30

	T5
	23.61
	19.35
	17.59
	1.76
	18.00
	0.29

	T6
	24.15
	20.38
	18.53
	1.85
	19.37
	0.27

	T7
	25.67
	21.30
	19.38
	1.91
	20.45
	0.27

	T8
	23.73
	19.74
	17.92
	1.82
	18.57
	0.27

	S.Em. ±
	0.46
	0.35
	0.36
	0.03
	0.43
	0.01

	C.D. at 5%
	1.39
	1.06
	1.08
	0.08
	1.29
	NS

	C.V. %
	3.33
	3.04
	3.42
	2.60
	3.94
	3.75






Table 5: Effect of organic inputs on soil properties 

	Treatments
	Organic carbon (%)
	Available
nitrogen (kg/ha)
	Available
phosphorus (kg/ha)
	Available potassium
(kg/ha)

	T1
	0.303
	167.48
	31.53
	174.77

	T2
	0.311
	170.96
	33.06
	175.53

	T3
	0.316
	172.47
	34.59
	196.53

	T4
	0.308
	169.90
	32.98
	184.48

	T5
	0.314
	170.75
	34.11
	187.43

	T6
	0.327
	175.49
	36.26
	206.15

	T7
	0.328
	176.58
	37.97
	207.90

	T8
	0.316
	171.74
	34.60
	185.35

	S.Em. ±
	0.004
	1.57
	1.03
	6.32

	C.D. at 5%
	0.013
	4.77
	3.12
	19.16

	C.V. %
	2.38
	1.58
	5.19
	5.77



Table 6: Effect of organic inputs on economics
	Treatments
	Yield
(t/ha)
	Total cost
(₹/ha)
	Gross returns
(₹/ha)
	Net returns
(₹/ha)
	Benefit:
Cost Ratio

	T1
	3.72
	114736
	148844
	34108
	1.30

	T2
	4.06
	119718
	162493
	42775
	1.36

	T3
	4.08
	113213
	163205
	49992
	1.44

	T4
	3.97
	116615
	158959
	42344
	1.36

	T5
	4.01
	107760
	160539
	52779
	1.49

	T6
	4.68
	117723
	187113
	69389
	1.59

	T7
	5.05
	104714
	201943
	97229
	1.93

	T8
	4.20
	111518
	167908
	56391
	1.51


   *Selling price ₹40 per kg




