



Optimizing Okra growth, seed productivity and quality using nanourea along with conventional fertilization

ABSTRACT
[bookmark: _GoBack]The demand for good quality seeds has been increasing with the increase in production of okra over the years. In addition to this, okra seeds can be directly consumed as a caffeine-free alternative to coffee and have also been utilized for oil extraction to a limited extent. The present research investigated the impact of nanourea application in combination with inorganic fertilizers on growth, seed productivity and quality of okra (cv. Hisar Unnat) at the Regional Research Centre, Raiya (Jhajjar) of MHU in Haryana in the spring summer season of the year 2023. The crop was sown in RCBD with ten treatments of foliar nanourea application in combination with recommended doses of conventional fertilizers. The quality of the harvested seed was analyzed at CCS HAU, seed testing laboratory, Hisar. The results revealed that earliest flowering and fruit setting were observed with treatment T2 (100% RDF) while maximum nodes per plant, seed yield, quantity of seeds per fruit, 100 seed weight (g), germination (%), length of seedling (cm), their dry weight (mg), vigour indices I and II were obtained with treatment T4 (100% RDF + nanourea application @ 4ml/l at 25 and 40 DAS). Application of nanourea twice @ 4ml/l in addition to 100% RDF resulted in 5.36% increase in seed yield and 3.1% increase in germination percentage over treatment T2 (100% RDF). Reduction in inorganic fertilization i.e. 75%-50% RDF (T5-T8) resulted in reduced seed productivity and overall quality even with nanourea applications. It can be concluded from the experiment that nanourea helps in enhancing seed productivity and quality when used as a supplement rather than a substitute to the recommended fertilizer doses.
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INTRODUCTION
Okra, a member of the Malvaceae family is a globally consumed vegetable grown in tropical and sub tropical regions across the world. India stands as its leading producer, harvesting approximately 7157.64 thousand metric tons from 548.95 thousand hectare area in the year 2022-23 (Patel et al., 2024; Singh & Pandey, 2024). On the other hand, okra covers 11.93 thousand hectares of area in Haryana, with 100.71 thousand metric tons of production and 8.44 metric tons per hectare of productivity (Anonymous, 2024). High quality okra seed is the primary and the most essential requirement for enhancing its production and achieving an optimum plant density per unit area to improve crop productivity. Seeds should germinate promptly and vigorously in a uniform manner, developing into healthy seedlings to ensure high productivity. Therefore, the demand for good quality seeds has been increasing with the increase in production of okra over the years. In addition to this, okra seeds can be directly consumed as a caffeine-free alternative to coffee and have also been utilized for oil extraction to a limited extent (Gemede et al., 2015).
Another factor that directly affects the productivity of okra is fertilizers and their doses. Okra is a high yielding and nutrient exhausting crop that grows well on highly fertile soil and hence, requires a continuous supply of nutrients that depends on the nature of the soil, the crop grown in the previous season, the usual fertilizers programmed for the crop and the climatic conditions of the growing region. In India despite of favourable climatic conditions, the productivity of okra is low due to imbalanced and improper fertilization and hence limited availability of quality seed. 
In the last decade, nanofertilizers have gained attention as they claim to provide enhanced nutrient use efficiency, lesser leaching losses and synchronize nitrogen release with crop demand (Seleiman et al., 2020; Frank and Husted, 2024;). Responding to these critical agricultural challenges, IFFCO has formulated a nanourea fertilizer (NU) and it claims that a half litre bottle of their 4% w/v NU (containing 43 grams of urea or 20 grams of nitrogen) can effectively replace a traditional 45 kg urea bag (which contains 20.7 kg of nitrogen). Researchers have explored the utilization of IFFCO's nano-urea to provide essential nitrogen and enhance its efficacy across various crops, including wheat, barley, finger millet, maize, chickpea, lentil, urd bean, mustard, tomato and potato (Kumar et al.,2020; Kumar et al., 2021 and Samanta et al., 2022). Given these findings, this study investigates the impact of nanourea application, combined with inorganic fertilizers on plant growth, seed productivity and quality of okra.
	MATERIALS AND METHODS	
Okra variety “Hisar Unnat” was sown during the spring summer season of the year 2023 at the Regional Research Centre, Raiya (Jhajjar) of MHU, Karnal, Haryana.Its seeds were procured from CCS HAU’s seed processing unit in Hisar. The experiment was laid out in RCBD that included three replications of 10 treatments (Table 1). Application of 100 kg nitrogen and 60 kg phosphorous was recommended by CCS HAU for one hectare of okra seed production. The same was applied as per treatment using inorganic fertilizers: granular Urea and DAP. Full dose of phosphorous and 1/3rd nitrogen were applied as basal dose, remaining nitrogen was applied in two splits at 21 and 45 days after sowing. IFFCO nanourea was used for foliar applications of nitrogen @ 4 ml/l. Single application of nanourea was given at 25 DAS while in treatments involving two foliar applications, nanourea was applied at 25 and 40 DAS. The seeds were harvested after the fruits dried and turned yellow completely but before any shattering losses could occur. 
Table 1: Treatment details
	T1.
	Control

	T2.
	100% RDF

	T3.
	100% RDF + nanourea application @ 4ml/l at 25 DAS

	T4.
	100% RDF + nanourea application @ 4ml/l at 25 and 40 DAS

	T5.
	75% RDF + nanourea application @ 4ml/l at 25 DAS

	T6.
	75% RDF + nanourea application @ 4ml/l at 25 and 40 DAS

	T7.
	50% RDF + nanourea application @ 4ml/l at 25 DAS

	T8.
	50% RDF + nanourea application @ 4ml/l at 25 and 40 DAS

	T9.
	Single nanourea application @ 4ml/l at 25 DAS

	T10.
	Two nanourea applications @ 4ml/l at 25 and 40 DAS


RDF (Recommended Dose of Fertilizer), DAS (Days after Sowing)
Post-harvest, seed quality was evaluated under controlled laboratory conditions in CRD (complete randomized design) at the CCS HAU’s seed testing laboratory, Hisar.Germination test was conducted as per the procedures suggested by the International Seed Testing Association (ISTA) by using between paper (BP) method in three replications per treatment, each containing 50 seeds. The germination paper was soaked in water for 30 minutes prior to the experiment, then the seeds harvested from each treatment were placed in between two moist germination papers and incubated in a seed germinator at 25 ± 1°C. The percentage of normally germinated seedlings was recorded and germination (%) was calculated using the following formula:
Germination (%) = (no. of normally germinated seedlings/ no. of seeds tested) ×100
Ten such normally germinated seedlings were randomly picked after this experiment for the measurement of the mean length of seedlings using a measuring scale. These ten seedlings were then dried for 24 hrs at 80 ± 1ºC in a hot-air oven for recording seedling dry weight using a weighing balance. For measurement of seedling vigour indices method suggested by Abdul-Baki and Anderson (1973) were followed and they were calculated using following formulae:
Seedling vigour index I = Mean length of seedling (cm)×Germination (%)
Seedling vigour index II =Mean dry weight of seedling (mg)×Germination (%)
The collected data was analysed using ANOVA (analysis of variance) by OPStat software developed by CCS HAU. Duncan multiple range test was conducted to precisely identify significant difference (P= 0.05) among treatment means.
RESULTS AND DISCUSSION
I. Plant Growth:
The data in Table 2 shows significant difference in the growth attributes of okra when nano urea is applied in combination with inorganic fertilizers. Significantly maximum nodes per plant (23.93) were obtained with T4 (100% RDF + nanourea application @ 4ml/l at 25 and 40 DAS). The minimum days taken to first flowering, 35.67 days, was noted under treatment T2 (100% RDF) being at par with treatments T3 (100% RDF + nanourea application @ 4ml/l at 25 DAS) and T4 (100% RDF + nanourea application @ 4ml/l at 25 and 40 DAS) with 36.33 and 36.67 days, respectively. Similar results were obtained for 50% flowering, the minimum days to 50% flowering 38.67 days, was noted under treatment T2 (100% RDF) being at par with treatments T3 (100% RDF + nanourea application @ 4ml/l at 25 DAS) and T4 (100% RDF + nanourea application @ 4ml/l at 25 and 40 DAS) with 39 and 40 days, respectively. The earliest fruit setting at 40.33 days was observed under treatment T2 (100% RDF). It was significantly earlier than all the other treatments except T3 (100% RDF + nanourea application @ 4ml/l at 25 DAS) and T4 (100% RDF + nanourea application @ 4ml/l at 25 and 40 DAS) which were at par with 41.67 and 42.00 days respectively. These results conform to the findings of Brar and Singh (2016), Meena and Bhati (2016), Chawla et al. (2018), Nibin (2019); Subramani et al. (2023) and Razauddin et al. (2025) in okra. Sahithi et al. (2023) also reported that the number of days to first flower bud initiation (32.20 days), 50% flowering (44.60 days) and the number of days to full bloom (51.20 days) were least with 100% RDF and application of nanourea resulted in delayed flowering in marigold.
II. Seed productivity:
The maximum seeds per fruit was obtained with treatment T4 (100% RDF + nanourea application @ 4ml/l at 25 and 40 DAS) with 40.73 seeds, closely followed by T3 (100% RDF + nanourea application @ 4 ml/l at 25 DAS) and T2 (100% RDF) with 40.27 and 39.2 seeds, respectively. Minimum seeds per fruit were observed with control (T1) and T9 (single nanourea application @ 4 ml/l at 25 DAS) with 33.67 and 34.33 seeds, respectively. Seed yield per hectare also exhibited significant differences among the treatments. The highest seed yield was obtained in T4 (100% RDF + nanourea application @ 4 ml/l at 25 and 40 DAS) with 11.01 q/ha and T3 (100% RDF + nanourea application @ 4 ml/l at 25 DAS) with 10.89 q/ha, which were statistically at par. The lowest seed yield was observed in the control group (T1) and T9 (single nanourea application @ 4 ml/l at 25 DAS) with 8.89 and 8.9 q/ha, respectively and were statistically similar. Similar findings were also recorded by Soni et al. (2006), Sajid et al. (2012), Singh et al. (2012) and Parmar et al. (2015).
Table 2: Impact of different fertilizer doses and application of nanourea on growth and seed productivity attributes of okra 
	No.
	Number of nodes in each plant
	Days to first flower initiation 
	Days to 50% flowering
	Days to fruit setting 
	Number of seeds per fruit
	Seed yield (q/ha)

	T1
	17.73e
	42a
	44.33a
	46.67a
	33.67f
	8.89e

	T2
	22b
	35.67d
	38.67e
	40.33f
	39.2abc
	10.45b

	T3
	22.4b
	36.33d
	39e
	41.67ef
	40.27ab
	10.89a

	T4
	23.93a
	36.67d
	40de
	42.00def
	40.73a
	11.01a

	T5
	20.53c
	38.67bc
	41.67c
	43.67bcd
	38.07bcd
	10.14bc

	T6
	20.73c
	38c
	41.33cd
	43.33cde
	38.93abc
	10.27bc

	T7
	18.73de
	39.67b
	42.33bc
	44.67bc
	36.07def
	9.56d

	T8
	19.33d
	39.33bc
	42bc
	44.33bc
	37.13cde
	9.87cd

	T9
	18.07e
	41.67a
	44a
	46.33ab
	34.33f
	8.9e

	T10
	18.6de
	40b
	43.33ab
	45.00abc
	35.13ef
	9.03e

	S.E.(m)±
	0.32
	0.43
	0.50
	0.58
	0.70
	0.14

	C.D. (P=0.05)
	0.96
	1.29
	1.50
	1.75
	2.11
	0.43


Means denoted by the same letter(s) within each column, are not significantly different (DMRT, P = 0.05)
III. Seed quality:
Treatment effects on seed quality attributes were significant (P = 0.05). Nanourea (NU) synergized with inorganic fertilizers significantly enhanced overall seed quality (Table 3). The 100% RDF + two NU applications (T4) produced the boldest seeds (100 seeds weighing 5.95 g), outperforming 100% RDF alone (T2: 5.65 g). Even at reduced RDF levels, NU applications improved test weight: 75% RDF + two applications (T6: 5.55 g) surpassed 75% RDF + single application (T5: 5.47 g). However, NU-only treatments (T9; T10) and 50% RDF combinations (T7, T8) showed minimal improvement over the control (5.27 g). The highest standard germination (88.67% and 88%) and seedling lengths (41.28 cm and 40.77 cm) was recorded in T4 (100% RDF + two NU applications) and T3 (100% RDF + single NU application), both statistically superior to 100% RDF alone (T2).  The lowest germination percentage (74.67%) and the shortest seedling (32.24 cm) were observed in the control group (T1).
Table 3: Impact of different fertilizer doses and application of nanourea on seed quality attributes of okra
	No.
	100 seed weight (g)
	Germination (%)
	length of seedling (cm)
	dry weight
of seedling (mg)
	Seed vigour index I
	Seed vigour index II

	T1
	5.27f
	74.67g
	32.24e
	20.50f
	2406.74f
	1530.93h

	T2
	5.65bc
	86.00bc
	37.62b
	28.73abc
	3238.03b
	2471.40bc

	T3
	5.75b
	88.00ab
	40.77a
	29.03ab
	3588.57a
	2553.93ab

	T4
	5.95a
	88.67a
	41.28a
	29.67a
	3659.73a
	2629.80a

	T5
	5.47de
	82.67de
	35.53bc
	27.23c
	2937.43cd
	2251.00d

	T6
	5.55cd
	84.67cd
	36.92bc
	27.87bc
	3126.17bc
	2360.27cd

	T7
	5.41def
	80.67ef
	34.93bcde
	24.60de
	2817.73de
	1985.07ef

	T8
	5.46de
	82.00e
	35.17bcd
	24.73d
	2884.37cd
	2027.60e

	T9
	5.28f
	78.67f
	32.55de
	23.03e
	2560.80ef
	1812.00g

	T10
	5.37ef
	79.33f
	34.77cde
	23.47de
	2757.70de
	1861.73fg

	S.E.(m)±
	0.04
	0.85
	0.85
	0.53
	76.44
	46.28

	C.D. (P=0.05)
	0.13
	2.55
	2.56
	1.58
	228.87
	138.57


Means denoted by the same letter(s) within each column, are not significantly different (DMRT, P = 0.05)
The maximum mean dry weight of the seedling was observed in T4 (100% RDF + nanourea application @ 4 ml/l at 25 and 40 DAS) with 29.67 mg, followed closely by T3 (100% RDF + nanourea application @ 4 ml/l at 25 DAS) at 29.03 mg and T2 (28.73 mg). These treatments were significantly higher than the control group (T1), which recorded a dry weight of 20.50 mg, the lowest among all treatments. The maximum vigour index I was obtained with treatment T4 (3659.73), followed by T3 (3588.57). Both were significantly superior to the control group T1 (2406.74), which had the lowest vigour index I. Seed vigour index II, followed a similar trend. The highest value was recorded with T4 (2629.80), followed closely by T3 (2553.93). Both were significantly higher than the control treatment (1530.93), which had the lowest vigour index II. These results conform to the findings of Moniruzzaman and Quamruzzaman (2009), Sajid et al. (2012) and Kumar et al. (2016).
IV. Soil available NPK:
Treatments significantly influenced post-harvest soil nitrogen levels (P= 0.05) (table 4). The highest available soil nitrogen was observed in T2 (100% RDF) at 195.17 kg/ha, statistically at par with T3 (100% RDF + single NU application: 193 kg/ha) and T4 (100% RDF + two NU applications: 192.87 kg/ha). Reducing RDF to 75% with NU (T5–T6: 189.5–186.8 kg/ha) or 50% RDF with NU (T7–T8: 181.27–179.33 kg/ha) resulted in progressive nitrogen depletion. Nanourea alone (T9–T10: 165.67–165.3 kg/ha) performed comparably to the control (T1: 166.3 kg/ha), indicating minimal standalone contribution to soil N. Phosphorus availability followed a similar trend, with T2 (23.8 kg/ha) and T3–T4 (23.6–23.4 kg/ha) forming the top statistical group. Reducing RDF to 75% (T5–T6: 23.13–22.9 kg/ha) or 50% (T7–T8: 22.5–22.23 kg/ha) led to incremental declines. NU-only treatments (T9–T10: 20.47–19.6 kg/ha) recorded the lowest phosphorus levels, even below the control (20.8 kg/ha), underscoring the need for inorganic P supplementation. No significant differences (P=0.05) were observed among treatments for potassium (CD = NS). All treatments, including the control (248.37 kg/ha), maintained statistically equivalent potassium levels (248.1–251.9 kg/ha), suggesting a negligible impact of NU or RDF variations on soil K dynamics.	
Table 4: Impact of different fertilizer doses and nanourea on available soil NPK (kg/ha) of okra 
	No.
	Treatments
	Available N in soil
 (kg/ha)
	Available phosphorus (kg/ha)
	Available Kin soil (kg/ha)

	T1
	Control
	166.3d
	20.8d
	248.37a

	T2
	100% RDF
	195.17a
	23.8a
	250.1a

	T3
	100% RDF + nanourea application @ 4ml/l at 25 DAS
	193ab
	23.6a
	250.67a

	T4
	100% RDF + nanourea application @ 4ml/l at 25 and 40 DAS
	192.87ab
	23.4ab
	251.9a

	T5
	75% RDF + nanourea application @ 4ml/l at 25 DAS
	189.5ab
	23.13abc
	249.03a

	T6
	75% RDF + nanourea application @ 4ml/l at 25 and 40 DAS
	186.8bc
	22.9abc
	248.1a

	T7
	50% RDF + nanourea application @ 4ml/l at 25 DAS
	181.27c
	22.5bc
	249.5a

	T8
	50% RDF + nanourea application @ 4ml/l at 25 and 40 DAS
	179.33c
	22.23c
	249.3a

	T9
	Single nanourea application @ 4ml/l at 25 DAS
	165.67d
	20.47de
	248.9a

	T10
	Two nanourea application @ 4ml/l at 25 and 40 DAS
	165.3d
	19.6e
	248.3a

	
	S.E.(m)±
	2.43
	0.979
	03.48

	
	C.D. (P = 0.05)
	7.26
	0.327
	NS


Means denoted by the same letter(s) within each column, are not significantly different (DMRT, P = 0.05)
Subramani et al. (2023) also reported that the application of inorganic fertilizers (100% NPK) increased soil nitrogen content more effectively than foliar application combined with basal NPK application. Mandal et al. (2023) observed that the highest level of soil available nitrogen was found in the treatment T2 (100% RDF), demonstrating the efficiency of the conventional fertilizer application. In contrast, treatments using nano-urea (T3 to T5) resulted in lower soil nitrogen levels compared to RDF, with T5 (the full nano-urea treatment) showing the largest decline.
The results indicate that the application of nanourea, especially in combination with the recommended fertilization, has a positive impact on plant growth, seed productivity and quality characters in okra. This could be attributed to the enhanced nutrient uptake and utilization efficiency facilitated by nanourea. The increased availability of nitrogen within the plant due to nanourea application supports better vegetative growth and reproductive development, resulting in higher seed quantity and overall yield (Subramani et al.,2023). Similar studies have also reported that nanourea application at critical developmental stages improves nutrient utilization and minimizes nutrient losses. The increased seed quality characters suggests improved seed filling, maturity and enhanced seed viability, leading to robust, vigorous seeds and the potential for better growth and establishment in field conditions. These improvements in seed quality parameters could be attributed to the role of nitrogen in promoting photosynthesis, protein synthesis and other metabolic processes, which are vital for energy production. Nanourea, with its enhanced delivery and utilization of nitrogen, appears to be particularly effective in improving seed quality. However, it is worth mentioning that reducing the RDF to 75% or 50% along with nanourea application (T5, T6, T7 and T8) resulted in intermediate seed yield and quality values, suggesting that while nanourea can improve nutrient use efficiency, it may not fully compensate for the reduction in the primary fertilizer dose under the experimental conditions. The reduced performance of treatments with lower RDF levels highlights the importance of balanced nutrition for seed development.
CONCLUSION
This experiment demonstrates that nanourea helps in enhancing seed productivity and quality when used as a supplement rather than a substitute to the recommended fertilizer doses. Treatment T4, which included 100% recommended fertilizer dose (100 kg Nitrogen per hectare and 60 kg P2O5 per hectare) alongside two applications of nanourea at 4 ml/l at 25 and 40 DAS, is most effective to enhance the growth, seed productivity and quality of okra cv. 'Hisar Unnat' under spring-summer conditions. 
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