


Influence of Different Organic Manure on Fruit Yield and Yield Attributes of Papaya (Carica papaya L.)


Abstract
[bookmark: _Hlk224296961][bookmark: _Hlk222260470][bookmark: _Hlk222260483]Papaya (Carica papaya L.) is a widely cultivated tropical fruit crop valued for its nutrition, industrial uses, and enzyme-rich unripe fruits, but its high nutrient demand often leads to heavy chemical fertilizer use that can degrade soil health, highlighting the need for sustainable organic nutrient management. A field experiment was carried out at a farmer’s field during 2022–2024 to assess the effect of different organic manure sources on fruit yield and yield attributes of papaya (Carica papaya L.). was. It consisted of ten treatments laid out in a Randomized Block Design with three replications, involving different organic manures and their combinations viz., 100% FYM, 100% poultry manure, 100% sheep manure, 75% FYM+25% poultry manure, 75% FYM+25% sheep manure, 50% FYM+50% poultry manure, 50% FYM+50% sheep manure, 25% FYM+75% poultry manure, 25% FYM+75% sheep manure and a control (without any organic manure application). Results indicated that Yield attributes, viz., number of fruits per plant (67.00), average fruit weight (1597.30 g), fruit yield per tree (80.33 kg) and fruit yield per hectare (160.66 t/ha), were significantly higher with T9 treatment. Fruit physical parameters such as equatorial diameter (17.20 cm), polar diameter (28.35 cm), pulp thickness (3.56 cm), seed weight (101.12 g), flesh weight (1374.62 g), seed-to-flesh ratio (0.07) and fruit volume (1681.33 cm³) were also superior. This was followed by the treatment T₃ (100% sheep manure), which also recorded better growth, yield and fruit quality parameters compared to other treatments.
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Introduction
Cultivated papaya (Carica papaya L.) is an important commercial fruit crop cultivated widely across the world for both domestic consumption and export. It belongs to the family Caricaceae and is a diploid species with a chromosome number of 2n = 2x = 18 (Nakasone and Paull, 1998). Papaya is valued for its pleasant flavour, high nutritive value, and diverse industrial applications. The fruit is rich in vitamins A, C and E, and essential minerals such as potassium and magnesium (Paull and Duarte, 2011; Singh et al., 2012). The unripe fruits contain papain, a proteolytic enzyme widely used in the food, pharmaceutical and leather industries for meat tenderization and protein digestion (Nakasone and Paull, 1998). In addition to its nutritional importance, papaya possesses medicinal properties and is traditionally used in indigenous systems of medicine (Karthikeyan et al., 2017). Ripe fruits are consumed fresh or processed into value-added products such as juice, jam, candy and tutti-frutti, contributing significantly to the crop’s economic importance. In India, papaya occupies an area of 149 thousand hectares, with a production of 5744 thousand metric tonnes and an average productivity of 58.31 metric tonnes per hectare (NHB, 2021–22). Papaya is a heavy feeder of nutrients and farmers often depend on the application of large quantities of chemical fertilizers to sustain higher yields. However, excessive and continuous use of chemical fertilizers pose serious concerns related to fruit quality, environmental safety and long-term soil health. Prolonged reliance on inorganic fertilizers has been reported to cause multi-nutrient deficiencies, soil degradation and nutrient imbalance (Nambiar and Abrol, 1989). Organic manures are finely divided, peat-like materials characterized by high porosity, good aeration, superior water-holding capacity and enhanced microbial activity, thereby serving as effective soil conditioners. Organic nutrient sources also stimulate soil enzyme activity, microbial biomass and soil respiration, which are closely associated with improved soil health and efficient nutrient cycling (Okwuagwu et al., 2003; Bhattacharyya et al., 2003; Crecchio et al., 2001). Organic manures supply essential macro and micronutrients through mineralization and contribute to improved product quality, as reported in organically grown fruit crops (Chatterjee et al., 2005; Reganold et al., 2010). The objective of this study was to evaluate the effects of different organic manure sources and their combinations on the yield and yield attributes of papaya (Carica papaya L.).
Material and Methods
The present investigation was conducted at a farmer’s field in Gajwel village, Siddipet district of Telangana, during 2022–2024. It consisted of ten treatments laid out in a Randomized Block Design (RBD) with three replications, involving different organic manures and their combinations viz., T1:100% FYM, T2:100% poultry manure, T3: 100% sheep manure, T4:75% FYM+25% poultry manure, T5: 75% FYM+25% sheep manure, T6: 50% FYM+50% poultry manure, T7: 50% FYM+50% sheep manure, T8: 25% FYM+75% poultry manure, T9: 25% FYM+75% sheep manure and T10: control (without any organic manure application). Papaya No.15 variety sapling were planted at spacing of 1.8 x 1.8 meter of spacing. Organic manures that are FYM, Poultry manure, Sheep Manure and their combinations. The total manure dose was applied in three split applications, comprising a basal dose at planting, followed by two subsequent applications at 90 days intervals. The data observed in the yield parameters number of fruits per plant, Average fruit weight, fruit yield per tree, Fruit yield per hectare, Equatorial diameter, Polar diameter, pulp thickness, seed weight, flesh weight, seed:flesh ratio, fruit volume.
Result and discussion
Number of fruits per plant:
The influence of organic manures on number of fruits per plant are presented in Table 1. Among the treatments, T9 (25% FYM + 75% sheep manure) recorded the maximum number of fruits per plant (67.00), which was at par with T3 (100% sheep manure) (63.22) and T7 (50% FYM + 50% sheep manure) (61.56). while the minimum number of fruits per plant was recorded in T10 (control) (35.44).
[bookmark: _Hlk224328810]Average fruit weight:
Average fruit weight of papaya treated with organic manures is presented in the Table:1. The maximum average fruit weight (1597.27 g) was recorded in T9 (25% FYM + 75% sheep manure), which was on par with T3 (100% sheep manure) (1550.30 g), followed by T7 (50% FYM + 50% sheep manure) (1510.37 g). In contrast, the minimum average fruit weight (970.28 g) was recorded in T10 (control). The higher average fruit weight observed under FYM and sheep manure-based treatments may be attributed to the improved and sustained availability of essential nutrients, particularly nitrogen, potassium, and micronutrients, which play a crucial role in cell division, cell enlargement, and accumulation of assimilates in developing fruits.
[bookmark: _Hlk224328994]Fruit yield per tree
[bookmark: _Hlk224328952]Fruit yield per tree of papaya treated with organic manure is presented in the Table:1. Among the treatments, T9 (25% FYM + 75% sheep manure) recorded the maximum fruit yield per tree (80.33 kg), which was on par with T3 (100% sheep manure) (78.33 kg) and T7 (50% FYM + 50% sheep manure) (77.65 kg). This was followed by T5 (75% FYM + 25% sheep manure) (76.67 kg), while the minimum fruit yield per tree was recorded in T10 (control) (43.26 kg). Improved soil organic matter status, soil aggregation, and sustained nutrient release under organic amendments collectively contribute to higher biomass production and fruit yield. Similar observations were reported by Pinamonti and Sicher (2001).
[bookmark: _Hlk228043040]Fruit yield per hectare
[bookmark: _Hlk224331863][bookmark: _Hlk224329561][bookmark: _Hlk224329530][bookmark: _Hlk224329172][bookmark: _Hlk221912200][bookmark: _Hlk224329204]The synergistic effect of organic manures of papaya on fruit yield per hectare is present in Table:1. The maximum fruit yield per hectare (160.66 t/ha) was recorded in T9 (25% FYM + 75% sheep manure), which was on par with T3 (100% sheep manure) (156.66 t/ha) and T7 (50% FYM + 50% sheep manure) (155.30 t/ha). This was followed by T5 (75% FYM + 25% poultry manure) (153.34 t/ha). The minimum fruit yield per hectare was recorded in T10 (control) (86.52 t/ha). The increased fruit yield per hectare under organic manure treatments may be attributed to enhanced nutrient availability and uptake by plant roots, coupled with improved source–sink relationships resulting from efficient translocation of carbohydrates from leaves to fruits. These findings are in accordance with Yadav (2007), who reported increased yield due to improved nutrient uptake and carbohydrate translocation under organic nutrient management. The present findings are further supported by earlier reports in fruit crops, including Kohli et al. (1998) in citrus, Babu Ratan et al. (2006) in banana, and Ray et al. (2008) in papaya, who observed enhanced yields with the application of organic manures due to improved soil–plant relationships and increased biological activity in the soil. Similar yield improvements with organic nutrient sources were also reported by Singh et al. (2012a) in aonla and Khunte et al. (2015) in strawberry.
Table 1: Effect of organic manures on Number of fruits per plant, Fruit yield per tree, Fruit yield per ha, Average fruit weight of papaya (Carica papaya L.)
	Treatments
	[bookmark: _Hlk224332292]Number of fruits per plant
	Fruit yield per tree (kg)
	Fruit yield per ha (t /ha)
	Average fruit weight (g)

	T1
	58.44c
	73.62c
	147.24c
	1423.3de

	T2
	52.89d
	63.96e
	127.92f
	1281.2f

	T3
	63.22b
	78.33ab
	156.66ab
	1550.30ab

	T4
	55.22d
	69.59d
	139.18d
	1372.8e

	T5
	60.22bc
	76.67b
	153.34bc
	1475.3cd

	T6
	54.33d
	68.76d
	137.52de
	1309.2f

	T7
	61.56bc
	77.65ab
	155.30ab
	1510.37bc

	T8
	53.97d
	65.69e
	131.38ef
	1306.6f

	T9
	67.00a
	80.33a
	160.66a
	1597.27a

	T10
	35.44e
	43.26f
	86.52g
	970.28g

	S.Em±
	1.89
	1.01
	2.16
	19.78

	CD at 0.05
	5.62
	3.01
	6.42
	58.78


 (
T
1
:100%-FYM                        
 T
5
:75%FYM+25% Sheep manure         
  T
8
: 25%FYM+75% poultry manure
T
2
:100%-Poultry manure      
 T
6
:50% FYM+ 50% Poultry manure          T
9
: 25% FYM + 75% Sheep manure
T
3
:100%-Sheep manure         
 T
7
:50% FYM+ 50% Sheep manure            T
10
: Control (without any application)
T
4
: 75% FYM+ 25% Poultry manure
)



[bookmark: _Hlk228043122][bookmark: _Hlk224329815]Equatorial diameter
[bookmark: _Hlk224329727][bookmark: _Hlk224329681][bookmark: _Hlk224329457]Results on equatorial diameter of papaya fruit as affected   by organic manures is presented   in   the   Table   2. The maximum equatorial diameter (17.20 cm) was recorded in T9 (25% FYM + 75% sheep manure), which was on par with T3 (100% sheep manure) (17.00 cm) and T7 (50% FYM + 50% sheep manure) (16.90 cm). This was followed by T5 (75% FYM + 25% poultry manure) (16.20 cm) and T1 (100% FYM) (15.90 cm). The minimum equatorial diameter (12.32 cm) was recorded in T10 (control).
Polar diameter
[bookmark: _Hlk224329841][bookmark: _Hlk224329794][bookmark: _Hlk224329705][bookmark: _Hlk221911856][bookmark: _Hlk221911878]The effect of organic manures on polar diameter of papaya is presented in the Table 2. The maximum polar diameter (28.35 cm) was recorded in T9 (25% FYM + 75% sheep manure), which was comparable with T3 (100% sheep manure) (28.10 cm) and T7 (50% FYM + 50% sheep manure) (27.56 cm). This was followed by T5 (75% FYM + 25% sheep manure) (26.43 cm), T1 (100% FYM) (26.12 cm), and T4 (75% FYM + 25% poultry manure) (25.98 cm). The minimum polar diameter was recorded in T10 (control) (19.99 cm).
Pulp thickness
[bookmark: _Hlk224331602][bookmark: _Hlk224329896][bookmark: _Hlk224329857]The effect of organic manures on pulp thickness of papaya is presented in the Table 2. The maximum pulp thickness (3.56 cm) was recorded in fruits harvested from plants treated with T9 (25% FYM + 75% sheep manure), which was on par with T3 (100% sheep manure) (3.40 cm). This was followed by T7 (50% FYM + 50% sheep manure) (3.12 cm) and T5 (75% FYM + 25% sheep manure) (3.05 cm). In contrast, the minimum pulp thickness (1.52 cm) was recorded in fruits from the control treatment (T10).
Table 2: Effect of organic manures on Equatorial diameter, Polar diameter, Pulp thickness of papaya (Carica papaya L.)
	Treatments
	Equatorial diameter (cm)
	[bookmark: _Hlk207990177]Polar diameter (cm)
	[bookmark: _Hlk207873637]Pulp thickness (cm)

	T1
	15.90b
	26.12c
	2.96bc

	T2
	13.30e
	24.23d
	2.56ef

	T3
	17.00a
	28.10a
	3.40a

	T4
	15.50bc
	25.98c
	2.84cd

	T5
	16.20b
	26.43bc
	3.05b

	T6
	15.00c
	25.86c
	2.73de

	T7
	16.90a
	27.56ab
	3.12b

	T8
	14.20d
	25.32cd
	2.44f

	T9
	17.20a
	28.35a
	3.56a

	T10
	12.32f
	19.99e
	1.52g

	S.Em±
	0.23
	0.40
	0.06

	CD at 0.05
	0.70
	1.20
	0.18



 (
T
1
:100%-FYM                        
 T
5
:75%FYM+25% Sheep manure         
  T
8
: 25%FYM+75% poultry manure
T
2
:100%-Poultry manure      
 T
6
:50% FYM+ 50% Poultry manure          T
9
: 25% FYM + 75% Sheep manure
T
3
:100%-Sheep manure         
 T
7
:50% FYM+ 50% Sheep manure            T
10
: Control (without any application)
T
4
: 75% FYM+ 25% Poultry manure
)



[bookmark: _Hlk224331621]Seed weight:
The effect of organic manures on Seed weight of papaya is presented in the Table 3. Among the treatments, T9 (25% FYM + 75% sheep manure) recorded the minimum seed weight (101.10 g), which was on par with T3, T7, T5, T1, T4, T6 and T8. In contrast, the maximum seed weight was recorded in the control treatment (T10) (116.67 g). Similar observations were reported by Athani et al. (2007) and Singh et al. (2010) in papaya, who reported reduced seed weight and improved pulp-to-seed ratio under organic nutrient management. Improved fruit quality attributes with reduced seed proportion under organic manure application were also reported by Yadav et al. (2011b) in papaya cv. Pusa Dwarf.
Flesh weight
[bookmark: _Hlk224331744]Influence of organic manures on flesh weight of papaya is presented in the Table:3. The maximum flesh weight (1374.62 g) was recorded in T9 (25% FYM + 75% sheep manure), which was on par with T3 (100% sheep manure) (1322.94 g). In contrast, the minimum flesh weight was recorded in the control treatment (T10) (707.25 g).
Seed: Flesh ratio
[bookmark: _Hlk224331916][bookmark: _Hlk224331874]The synergistic effect of organic manures of papaya on seed: flesh per hectare is present in Table:1. The minimum seed: flesh ratio (0.07), indicating superior fruit quality, was recorded in T9 (25% FYM + 75% sheep manure), which was on par with T3 (100% sheep manure) (0.08), T7 (50% FYM + 50% sheep manure) (0.08), and T5 (75% FYM + 25% sheep manure) (0.08). In contrast, the maximum seed: flesh ratio was recorded in the control treatment (T10) (0.16).
Fruit volume
[bookmark: _Hlk224331933]The maximum fruit volume (1681.33 cm³) was recorded in fruits harvested from plants treated with T9 (25% FYM + 75% sheep manure), which was on par with T3 (100% sheep manure) (1631.85 cm³). This was followed by T5 (75% FYM + 25% sheep manure) (1589.86 cm³) and T7 (50% FYM + 50% sheep manure) (1552.91 cm³). In contrast, the minimum fruit volume (1021.35 cm³) was recorded in the control treatment (T10). Similar findings were reported by Chandra et al. (2014) in papaya, who observed enhanced fruit volume and improved fruit size attributes with the application of organic and microbial fertilizers, thereby corroborating the present results.
[bookmark: _Hlk221048503]Table 3: Effect of organic manures on Seed Weight, Flesh weight, Seed: flesh ratio, Fruit volume of papaya (Carica papaya L.)
	Treatments
	Seed Weight (g)
	Flesh weight (g)
	Seed: flesh ratio
	Fruit volume(cm3)

	T1
	104.67b
	1173.43c
	0.09c
	1498.25de

	T2
	107.00b
	1031.91e
	0.10b
	1348.67f

	T3
	102.63b
	1322.94a
	0.08d
	1631.85ab

	T4
	105.33b
	1120.94cd
	0.09c
	1445.09e

	T5
	104.33b
	1262.42b
	0.08d
	1589.86bc

	T6
	106.00b
	1066.81de
	0.10b
	1378.07f

	T7
	103.77b
	1244.98b
	0.08d
	1552.91cd

	T8
	106.00b
	1069.23de
	0.10b
	1375.36f

	T9
	101.12b
	1374.62a
	0.07e
	1681.33a

	T10
	116.67a
	707.25f
	0.16a
	1021.35g

	S.Em±
	1.78
	17.71
	0.002
	21.54

	CD at 0.05
	5.30
	52.61
	0.006
	63.98


 (
T
1
:100%-FYM                        
 T
5
:75%FYM+25% Sheep manure         
  T
8
: 25%FYM+75% poultry manure
T
2
:100%-Poultry manure      
 T
6
:50% FYM+ 50% Poultry manure          T
9
: 25% FYM + 75% Sheep manure
T
3
:100%-Sheep manure         
 T
7
:50% FYM+ 50% Sheep manure            T
10
: Control (without any application)
T
4
: 75% FYM+ 25% Poultry manure
)



Conclusions
The present investigation revealed significant variation among organic nutrient treatments for growth, yield, and fruit quality of papaya. Among all treatments, T9 (25% FYM + 75% sheep manure) recorded the highest values for vegetative growth parameters, yield attributes, and fruit quality traits. This was closely followed by T3 (100% sheep manure), which remained statistically comparable for several traits, indicating the superiority of sheep manure-based nutrition. 
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