Effects of Nano DAP and Urea on Growth and Yield of Bitter Gourd (Momordica charantia L.)


Abstract
A field experiment was conducted at Research Farm, Mewar University, Gangrar, Chittorgarh (Raj.) in the spring season (summer season) of 2024-25 to effects of nano DAP and urea on growth and yield of bitter gourd variety “Arka Harit” was used in the study. The experiment was conducted in a Randomized Block Design (RBD) with ten treatments and three replications. The result discovered growth parameters that the maximum vine length at 30 and 60 DAS (71.95 cm and 195.45 cm), Number of leaves per plant at 30 and 60 DAS (30.33 and 163.33),Number of branches per plant (8.89) and yield parameters such as maximum fruit length (14.00 cm), fruit diameter (4.40 cm), number of fruits per plant (32.50), average fruit weight (77.40 g), fruit yield per plant (2.51 kg) and quality parameters such as maximum TSS (5.70 OBrix), vitamin-C (84.94 mg/100g) and iron (1.78 mg/100g) recorded with T9-50% RDN + full P as basal + 3 spray of nano urea. 
Introduction
The Cucurbitaceae family includes the tropical and subtropical bitter gourd (Momordica charantia L.). A popular vegetable crop in India, bitter gourd is the most favoured crop by Indian farmers due to its greater yield and greatest returns. Vitamin C (88 mg/100 g) is abundant in bitter gourd, which are regarded as a rich source of minerals and vitamins. It can help lower blood sugar levels and has antioxidant, antibacterial, antiviral, anti-hepatotoxic, and anti-ulcerogenic qualities (Behera, 2011). Bitter gourd is commonly cultivated as a summer vegetable in kitchen gardens. However, it is now also cultivated commercially near cities. Additionally, it can be grown in any type of soil, provided there is adequate drainage. Nutritionally, bitter gourds are both a fruit and vegetable rich in nutrients. They contain significant amounts of water (83–92%), carbs (4.0–10.5%), protein (1.5–2.0%), fat (0.2–1.0%), minerals (0.5–1.0%), and fiber (0.8–1.7%). Ripe fruits are also high in vitamin A.  (Akter et al., 2009). Due to its nutritional value and therapeutic qualities, Bitter gourd is one of the economically important cucurbitaceous vegetable crops that is widely cultivated throughout the country. The fruits are frequently used in fried, boiled, and stuffed forms and can be prepared in a variety of ways for eating. It is a climbing vine and a crop that is heavily cross-pollinated. (Behera et al. 2010).
Nano urea, a novel technology in fertilizer designing, is expected to reduce environmental pollution caused by the granular form by decreasing its excessive application that causes environmental pollution. Nano urea is gaining importance in Indian agriculture because of its ability in increasing nutrient use efficiency, increasing crop yields, and reducing excessive use of synthetic fertilizers (Dubey et al., 2023). Utilising nano urea is expected to boost output, reduce environmental issues, and enhance input efficiency. IFFCO's development of nano urea (liquid) for agriculture could improve nutrient delivery by offering a more precise and efficient mechanism. A 500 ml bottle contains 40,000 ppm of nitrogen. IFFCO nano urea liquid can replace regular urea by 50% and contains the same quantity of nitrogen as one bag of traditional urea. Nano urea is better at absorbing nutrients since there are less losses. When sprayed on plants during critical phases of crop growth and initiation, Nano urea easily enters through stomata and other openings, getting absorbed by the plant cells smoothly. (Subramani et al., 2023).
Nano DAP (liquid) serves as a source of nitrogen and phosphorus, containing approximately 8% (80,000 ppm) nitrogen and 16% (160,000 ppm) phosphorus. It has a higher surface area to volume ratio when particle sizes of less than 100 nanometres (nm) this product effectively meets the nitrogen and phosphorus needs of crops when applied as a foliar spray (Prakash et al., 2023). Nano- technology based fertilizers improve soil fertility, boost agricultural productivity and enhance crop quality by altering conventional fertilizers or extracting plant components through different physical, chemical and biological methodsTop of Form (Singh et al., 2017).
Material and Methods
Experiment was conducted in spring season 2025 under field condition at Research Farm, Mewar University, Gangrar, Dist. Chittorgarh, Rajasthan. The experiment was conducted using a Randomized Block Design (RBD) with ten treatments and three replications. Ten treatments viz. T1-Control, T2-50% RDF (N and P) + 1 spray of nano DAP + 1 spray of nano urea, T3-50% RDF (N and P) + 1 spray of nano DAP + 2 spray of nano urea, T4-50% RDF (N and P) + 2 spray of nano DAP + 1 spray of nano urea, T5-50% RDN + full P as basal + 1 spray of nano urea, T6-50% RDN + full P as basal + 1 spray of nano DAP, T7-50% RDN + full P as basal + 2 spray of nano urea, T8-50% RDN + full P as basal + 2 spray of nano DAP, T9-50% RDN + full P as basal + 3 spray of nano urea, T10-50% RDN + full P as basal + 3 spray of nano DAP.  The required quantities of foliar spray of Nano DAP and nano urea use for nitrogen and phosphorus as per treatments were applied.
Result and discussion
The physical features of the bitter gourd crop recorded on vine length (cm), number of leaves per plant, number of branches per plant, fruit length(cm), fruit diameter(cm), number of fruits per plant, average fruit weight(g), fruit yield per plant(kg), TSS (OBrix), Vitamin C (mg/100g) and Iron (mg/100g) were influenced by the foliar spray of Nano DAP and nano urea. The data related to various observations on growth and yield parameters of bitter gourd are presented in Table 1, quality parameters in Table 2, and economic analysis in Table 3. Foliar spray of Nano DAP and urea brought significantly increased growth parameters that the maximum vine length at 30 and 60 DAS (71.95 cm and 195.45 cm), Number of leaves per plant at 30 and 60 DAS (30.33 and 163.33),Number of branches per plant (8.89) and yield parameters such as maximum fruit length (14.00 cm), fruit diameter (4.40 cm), number of fruits per plant (32.50), average fruit weight (77.40 g), fruit yield per plant (2.51 kg) and quality parameters such as maximum TSS (5.70 OBrix), vitamin-C (84.94 mg/100g) and iron (1.78 mg/100g) recorded with T9-50% RDN + full P as basal + 3 spray of nano urea. And The lowest values of these parameters were recorded in the T1- control.
  The foliar spray of nano DAP and nano urea effects on vine length (cm) of bitter gourd. The maximum vine length was recorded (71.95 cm) at 30 DAS and (195.45 cm) at 60 DAS. And the minimum vine length was recorded (60.92 cm) at 30 DAS and (154 cm) at 60 DAS. Application of nano fertilizers enhanced the availability of nitrogen and phosphorus which might be due to the nano particles. This increased the rate of photosynthesis, formation of chlorophyll, photosynthesis related enzyme activities, metabolism of carbohydrates, protein synthesis, cell elongation and cell division which ultimately increased the vine length. These outcomes concur with the findings. of Neogi and Das (2022) and Girigoud et al. (2023). The number of leaves per plant were enhanced with progress of growth period of bitter gourd as visible from the data noted at 30 and 60 DAS. Maximum number of leaves per plant was counted (30.33) at 30 DAS and (163.33) at 60 DAS. And the minimum number of leaves per plant was counted (23.33) at 30 DAS and (122.67) at 60 DAS. This increase in number of leaves per plant might be due to the fact that N-nano fertilizers magnify cell division particularly the leaf cells. Similar results were also published by Sathyan (2022), Chauhan et al. (2023) and Manikanta et al. (2023). The results of the present experiment discovered that the number of branches per plant in bitter gourd was significantly affected with the application of nano DAP and nano urea. The highest number of branches per plant was counted (8.89) at 90 DAS and the minimum Number of branches per plant was recorded (6.56) at 90 DAS. The application of nitrogen in nano form resulted in higher amounts of cytokinin in the plants, which stimulated the lateral buds and produce more branches. Moreover, nano DAP enhances chlorophyll content in leaves, boosts the rate of photosynthesis, increases root biomass, and promotes the growth of fully developed tillers and branches. These results are in agreement with the findings of Kazem et al. (2021), Neogi and Das (2022), Manikanta et al. (2023) and Sahithi et al. 2023).	Comment by Maher: Added   a -  2023
The foliar spray of nano DAP and nano urea effects on fruit length (cm). the results recorded after harvesting. Highest fruit length was recorded (14 cm) and minimum fruit length was recorded (10.58). And the maximum fruit diameter was recorded (4.40 cm) and minimum fruit diameter was recorded (3.01 cm). Application of nano fertilizers enhanced the availability of nitrogen and phosphorus which might be due to the nano particles. This enhanced chlorophyll formation, photosynthetic rate, enzyme activities related to photosynthesis, carbohydrate metabolism, protein synthesis, cell division, and cell elongation, ultimately leading to an increase in fruit lenhth and fruit diameter. These findings are in agreement with those reported by Merghany et al. (2019) in cucumber, and by Panda et al. (2020) and Mishra et al. (2020) in tomato. Outcomes of the present investigation revealed that maximum number of fruits per plant was counted (32.50) and minimum number of fruits per plant was recorded (18.17). And the findings of the current experiment showed that average fruit weight of bitter gourd was significantly affected with nano DAP and nano urea. Highest average fruit weight was obtained (77.40 g) and the minimum average fruit weight was recorded (47.35 g). The current study's findings demonstrated that the use of foliar spray of nano DAP and nano urea effects on the maximum fruits yield per plant (kg) recorded (2.51). and the minimum fruit yield per plant was recorded (0.86 kg). Improved nutrient availability positively influenced plant growth, which in turn increased the number of fruits per plant, average fruit weight, and ultimately the fruit yield per plant.  Similar results were reported by Al-Bayati et al. (2023) in potato and Subramani et al. (2023) in okra.



Applications of nano DAP and nano urea influenced TSS content in fruits of bitter gourd. Highest TSS content was determined (5.70 OBrix) and the minimum TSS was recorded (4.03 OBrix). After nitrogen application, TSS can increase because N plays vital role in chloroplast structure, CO2 uptake and the activation of photosynthesis related enzymes. These processes enhance photosynthesis and carbohydrate accumulation, which raises TSS content in tubers. These outcomes are consistent with the conclusions of Kumar et al. (2014), Chauhan et al. (2023) and Manikanta et al. (2023) in potato. The foliar applications of nano DAP and nano urea influenced Vitamin-C in fruits of bitter gourd. Highest Vitamin-C was recorded (84.94 mg/100g) and The minimum vitamin C was recorded (63.79 mg/100g). The foliar applications of nano DAP and nano urea increase in the Vitamin-C, a natural defender and antioxidant, is significantly impacted by the availability and utilisation of plant-available nutrients as well as favourable conditions brought about by the application of nano NPK foliar spray. Al-juthery et al. (2020) in potato. Applications of nano DAP and nano urea influenced iron in fruits of bitter gourd. The maximum iron was recorded (1.78 mg/100g) and minimum iron was recorded (1.20 mg/100g). The applied with nano NPK foliar spray have significant effect on Iron. These findings are supported by the results reported by Merghany et al. (2019) in cucumber, as well as by Panda et al. (2020) and Mishra et al. (2020) in tomato.
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Table.1 Effects of Nano DAP and nano urea on growth and yield of bitter gourd
	Treatment
	Vine length (cm)
	Number of leaves
	Number of branches
	Fruit length (cm)
	Fruit diameter (cm)
	Number of fruits per plant
	Average fruit weight (g)
	Fruit yield per plant (kg)

	
	
30 DAS
	
60 DAS
	
30 DAS
	
60 DAS
	
	
	
	
	
	

	T1
	60.92
	154.00
	26.83
	122.67
	6.56
	10.58
	3.01
	18.17
	47.35
	0.86

	T2
	70.57
	177.82
	28.67
	137.33
	7.11
	11.15
	3.65
	23.33
	62.98
	1.49

	T3
	68.80
	191.70
	28.00
	158.67
	8.22
	13.48
	4.27
	31.33
	73.87
	2.31

	T4
	65.47
	180.60
	25.50
	147.17
	7.78
	12.40
	4.01
	29.50
	70.38
	2.07

	T5
	65.05
	168.92
	23.37
	133.67
	6.67
	11.02
	3.31
	20.50
	59.13
	1.21

	T6
	63.92
	166.12
	23.33
	130.67
	6.78
	11.25
	3.13
	18.33
	54.32
	0.99

	T7
	62.88
	184.52
	23.50
	146.00
	7.56
	12.17
	3.73
	25.50
	65.15
	1.66

	T8
	70.32
	183.10
	27.33
	139.67
	7.00
	11.10
	3.47
	22.67
	61.35
	1.39

	T9
	71.95
	195.45
	30.33
	163.33
	8.89
	14.00
	4.40
	32.50
	77.40
	2.51

	T10
	68.32
	191.18
	27.5
	157.5
	7.67
	12.78
	4.11
	30.00
	71.96
	2.15

	S. Em±
	1.34
	3.46
	0.91
	1.19
	0.23
	0.26
	0.035
	0.60
	2.89
	0.27

	CD at 5%
	2.81
	7.26
	1.90
	2.49
	0.48
	0.56
	0.073
	1.27
	6.08
	0.56





The results obtained from the present investigation showed significant influence of different nano DAP and nano urea treatments on economics viz. cost of cultivation, gross income, net income and B:C ratio of bitter gourd. The maximum cost of cultivation recorded (63136 Rs/ha), and the minimum cost of cultivation was recorded with T1- Control (56649.65 Rs/ha). The maximum gross return was recorded (250740 Rs/ha) (230760 Rs/ha) and the minimum gross return was recorded (85900 Rs/ha). The maximum net return was recorded (190052 Rs/ha) (171422.35 Rs/ha) and the minimum net return was recorded (29235.35 Rs/ha). And the maximum B:C ratio was recorded (4.13) the minimum B:C ratio was recorded with T1-Control (1.51). These outcomes are consistent with the conclusions of Kumar et al. (2023) in tomato and cauliflower and Subramani et al. (2023) in okra.	Comment by Maher: Preferably a source of gourd


  Table.2 Effects of Nano DAP and nano urea on quality of bitter gourd
	Treatment
	TSS (OBrix)
	Vitamin C (mg/100g)
	Iron (mg/100g)

	T1
	4.03
	63.79
	1.20

	T2
	4.36
	72.03
	1.59

	T3
	5.20
	82.90
	1.74

	T4
	4.83
	77.89
	1.67

	T5
	4.27
	66.59
	1.55

	T6
	4.19
	65.06
	1.48

	T7
	4.50
	74.13
	1.62

	T8
	4.38
	69.03
	1.58

	T9
	5.70
	84.94
	1.78

	T10
	5.13
	81.15
	1.70

	S. Em±
	0.12
	1.39
	0.07

	CD at 5%
	0.25
	2.94
	0.16



     Table.3 Effects of Nano DAP and nano urea on economics of bitter gourd
	Treatment
	Total cost of cultivation (Rs/ha)
	Gross return (Rs/ha)
	Net return (Rs/ha)
	B:C ratio

	T1
	56649.65
	85900
	29235.35
	1.51

	T2
	58713.65
	148840
	90127.35
	2.53

	T3
	59337.65
	230760
	171422.35
	3.88

	T4
	60153.65
	206780
	146626.35
	3.43

	T5
	59440.00
	120860
	61420
	2.03

	T6
	60256.00
	98900
	38644
	1.64

	T7
	60064.00
	165820
	105756
	2.76

	T8
	61696.00
	138860
	77164
	2.25

	T9
	60688.00
	250740
	190052
	4.13

	T10
	63136.00
	214780
	151644
	3.40
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