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Abstract
A field experiment was conducted during the Kharif season of 2022 at the Crop Research Farm, Sahaspur, Dehradun to evaluate the impact of plant growth regulators (PGRs) and organic manures on the growth and yield performance of baby corn (Zea mays L.). The study comprised ten treatment combinations, including three PGRs (Seaweed extract, GA₃, and NAA) and three organic manures (FYM, goat manure, and vermicompost), with a recommended dose of fertilizer (RDF) serving as the control. The treatments were arranged in a randomized block design (RBD) with three replications. Among all treatments, the foliar application of NAA at 30 ppm combined with the basal application of vermicompost at 4.46 t/ha recorded the highest plant height (189.57 cm), dry matter accumulation (97.47 g/plant), enhanced cob traits, maximum green cob yield (6.82 t/ha), and a harvest index of 33.07%, significantly outperforming the RDF control. These findings suggest a strong synergistic effect between NAA and vermicompost in promoting the overall growth and yield of baby corn.
Keywords: Baby corn, NAA, Organic manure, Vermicompost, Plant growth regulators, Yield,
Economics
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1. Introduction
             Maize (Zea mays L.), a belongs to Poaceae family, is one of the most versatile and productive cereal crops cultivated globally. According to botany, it is an annual monoecious plant that has separate male (tassel) and female (ear) inflorescences on the same plant. It may flourish in a variety of agroclimatic settings thanks to its robust root structure, C4 photosynthetic pathway, and genetic flexibility. Although maize has historically been planted for grain and fodder, it can also be used for a variety of purposes, such as producing baby corn, which is the term for the immature ears that are harvested two to four days after silk emergence, before to fertilization.
After rice and wheat, maize is the third most produced cereal in India. According to the most recent data from the Ministry of Agriculture and Farmers' Welfare, maize is grown on over 9.5 million hectares of land, yielding about 32 million tonnes of production annually and an average productivity of 3.4 tonnes per hectare. Significant contributions to the national output are made by states like Karnataka, Madhya Pradesh, Maharashtra, Rajasthan, and Uttar Pradesh. Notably, because of its short growing season, high market value, potential for export, and adaptability to various cropping systems, baby corn is becoming more and more popular, particularly in peri-urban regions.
Despite its potential, unbalanced nutrition management and inadequate plant growth regulation frequently limit baby corn yield. In order to increase physiological efficiency and production, organic sources of nutrients and plant growth regulators (PGRs) must be integrated, as the demand for sustainable and environmentally friendly agriculture grows. It is well recognized that organic manures, especially farmyard manure (FYM), improve soil fertility, microbial activity, and water retention. At the same time, plant growth regulators such as GA₃ (gigberellic acid) and NAA (naphthaleneacetic acid) are essential for photosynthesis, cell elongation, and reproductive development.
It has been demonstrated that the combined application of plant growth regulators and organic manures greatly increases crop productivity and growth. The physical, chemical, and biological qualities of soil are enhanced by organic manures, particularly farmyard manure (FYM), and these qualities are essential for maintaining plant growth. FYM provides a consistent release of macro- and micronutrients, which increases soil fertility. Additionally, it increases enzymatic activity and soil microbial biomass, which help the maize plant access and mineralize nutrients. Furthermore, FYM increases the soil's aeration and water-holding capacity, which fosters the growth of roots. The vigor and sustainability of maize growth are directly impacted by these soil health changes, particularly in situations when resources are limited or rainfed.
In addition, the use of plant growth regulators such gibberellic acid (GA₃) and naphthaleneacetic acid (NAA) is essential for regulating the physiological and developmental processes of plants. Better nutrition and water uptake is supported by NAA, a synthetic auxin, which also delays leaf senescence, increases cell division, and encourages root initiation and elongation. To maximize photosynthetic efficiency and biomass accumulation in maize, NAA administration can result in better root architecture and canopy development.
Conversely, gibberellic acid (GA₃) is known to promote blooming, seed germination, and stem elongation. Taller plants with larger leaf areas that can absorb more light for photosynthesis are the outcome of GA₃'s enhancement of internodal elongation and leaf expansion in maize. Furthermore, by encouraging tassel emergence and enhancing pollen viability, GA₃ affects reproductive development and eventually improves fertilization and grain set. PGRs and organic manure together can therefore have a synergistic effect on maize physiology, allowing the crop to reach its genetic yield potential in both stress-free and normal environments.
Thus, this study was conducted to examine the combined effects of organic manure and growth regulators on the productivity, yield characteristics, and growth of baby corn in field settings. It is anticipated that the results will aid in the development of integrated nutrition and hormone management strategies for enhancing baby corn production in a sustainable manner.
2. Materials and Methods
Present study was carried out during the kharif season of 2022 at Sahaspur, Dehradun, located at an elevation of 410 meters above mean sea level. The soil of the experimental site was sandy loam in texture, characterized by low organic carbon and nitrogen content, medium phosphorus levels, and low potassium availability, reflecting a typical nutrient-deficient profile suitable for testing organic and growth-promoting inputs.
A randomized block design (RBD) was employed for the experiment, consisting of ten treatment combinations replicated thrice. The treatments involved various combinations of plant growth regulators (PGRs) and organic manures. The PGRs included seaweed extract at 5%, gibberellic acid (GA₃) at 15.47 ppm, and naphthaleneacetic acid (NAA) at 30 ppm. These were each combined individually with farmyard manure (FYM) at 10 tonnes per hectare, goat manure at 15 tonnes per hectare, and vermicompost at 4.46 tonnes per hectare. An additional treatment with recommended dose of fertilizers (RDF) comprising 120:60:40 kg N:P:K per hectare served as the control for comparison.
 The baby corn hybrid G-5414 was selected for the study and sown on July 22, 2022, with a spacing of 60 cm between rows and 15 cm between plants. All recommended agronomic practices, including timely irrigation, weed control, and pest management, were uniformly applied across the plots to ensure the validity of treatment effects.
Observations were recorded at 15-day intervals up to 60 days after sowing (DAS) for various growth parameters, including plant height and dry matter accumulation. Yield-related parameters such as number of cobs per plant, cob length and girth, and fresh cob weight (with and without husk) were measured at harvest. Final yield was assessed in terms of green cob yield (t/ha), stover yield, and harvest index. In addition to agronomic observations, an economic analysis was conducted to evaluate the cost-effectiveness of different treatment combinations.
The data collected during the research study were analyzed using the Analysis of Variance (ANOVA) method as outlined by Gomez and Gomez (1984). The significance of treatment effects was assessed using the F-test (variance ratio). When significant differences were observed, treatment means were further compared using the Critical Difference (CD) at a 5% level of probability. The standard ANOVA table was employed for hypothesis testing and interpretation of results.
Table 1. Skeleton of Anova table
	Source of variation
	D.f.
	S.S.
	M.S.S.
	F.Cal
	F Tab at 5%

	Due to replications
	(r-1)
	RSS
	RSS (r-1)
	MSS(r)EMS
	

	Due to treatments
	(t-1)
	TrSS
	TrSS (t-1)
	MSS(t)EMS
	

	Due to error
	(r-1)(t-1)
	ESS
	ESS (r-1)(t-1)
	
	

	Total
	(rt-1)
	TSS
	
	
	



3. Results and Discussion
3.1 Growth Parameters
The application of plant growth regulators (PGRs) in conjunction with organic manures had a significant influence on the growth parameters of baby corn. At 60 days after sowing (DAS), the maximum plant height (189.57 cm) and plant dry weight (97.47 g/plant) were observed under the treatment comprising foliar application of NAA at 30 ppm combined with basal application of vermicompost at 4.46 t/ha. This enhancement in growth can be attributed to improved nutrient uptake and more efficient physiological functioning of the plants. NAA, a synthetic auxin, is known to stimulate endogenous auxin activity, promoting cell division and elongation, thereby contributing to increased plant height and biomass accumulation (Otie et al., 2013).
The beneficial role of vermicompost in enhancing dry matter accumulation in maize is well established. Vermicompost is rich in essential nutrients, humic substances, and beneficial microorganisms, all of which contribute to improved soil structure, enhanced aeration, and increased microbial activity. These improvements facilitate better nutrient mineralization and availability, ensuring a consistent supply of nutrients throughout the crop’s growth period. Rajesh et al. (2023) and Tejaswi et al., (2021) also reported that the application of organic amendments like vermicompost enhances microbial biomass and enzymatic activities in the soil, which are vital for sustainable crop nutrition. When vermicompost is combined with plant growth regulators such as Naphthaleneacetic acid (NAA), the synergistic effect significantly improves plant growth. NAA, a synthetic auxin, promotes root initiation, cell division, and elongation. Its application stimulates the development of an extensive root system capable of absorbing more nutrients and water from the soil. The nutrient-rich environment provided by vermicompost further amplifies this effect by supporting healthy root architecture and rhizospheric activity (Vishal and Singh 2023).
The interaction between NAA and vermicompost leads to improved nutrient uptake efficiency and physiological performance. Enhanced root development increases the surface area for absorption, while microbial activity in the vermicompost aids in breaking down organic matter, releasing nutrients in plant-available forms. This dynamic nutrient cycling and hormonal stimulation result in vigorous vegetative growth, characterized by greater plant height, increased leaf area, and higher biomass accumulation (Vishal et al., 2023). 
Additionally, the improved soil environment reduces plant stress and supports better photosynthetic activity due to increased chlorophyll content and metabolic efficiency. Together, these factors contribute to a substantial increase in dry matter accumulation. The combined application of NAA and vermicompost, therefore, creates a biologically active and nutrient enriched growing condition, promoting robust early growth in maize and laying the foundation for improved yield potential (Banti and Debbarma et al., 2023).
3.2 Yield and Yield Attributes
The data showed that the number of cobs per plant, cob length, cob girth, and cob weight (with and without husk) were all significantly improved with the application of NAA (30 ppm) + vermicompost. The maximum number of cobs per plant (3.90), cob length (21.95 cm), cob girth (10.03 cm), cob weight with husk (45.72 g), and without husk (22.60 g) were recorded in this treatment. The findings are in accordance with the reports of Sowmya et al., 2013), who emphasized that gibberellic acid and auxins stimulate reproductive growth and help in achieving better sink development.
Rakesh Kumar and Bohra (2014) also found that NAA improved chlorophyll content and photosynthetic efficiency, which may enhance carbohydrate accumulation and support cob development. Furthermore, the role of vermicompost in improving the physical properties of the soil and its microbial health was highlighted by Lone et al. (2013), which likely contributed to higher cob weights and dimensions.
The highest green cob yield with husk (6.82 t/ha) and without husk (3.37 t/ha) were recorded under the NAA + vermicompost treatment. Similar results were reported by Jakhar et al. (2022), who observed that PGR application led to better assimilate partitioning towards economic yield. Gondaliya et al. (2022) also demonstrated that higher application levels of PGRs enhanced photosynthetic rate and yield components in baby corn.
In terms of harvest index, although the maximum value (38.17%) was noted in the Seaweed sap + Goat manure treatment, the overall economic yield was highest under the NAA + vermicompost treatment. The relatively high harvest index values observed in all organic–PGR combinations suggest better dry matter partitioning to reproductive structures, which aligns with the results of (Gao et al., 2020; Banti and Debbarma et al., 2023; Agussalim et al., 2022).
Table 2. Effect of Various Treatments on plant height of Baby corn at different days
	[bookmark: _Hlk207066937]S.
No.
	Treatment combination
	Plant Height (cm)

	
	
	15 DAS
	30 DAS
	45 DAS
	60 DAS

	1
	Seaweed sap (5%)+FYM(10t/ha)
	7.90
	13.03
	57.90
	163.40

	2
	Seaweed sap (5%)+Goat manure (15t/ha)
	7.23
	14.14
	63.80
	168.60

	3
	Seaweed sap (5%)+Vermicompost (4.46 t/ha)
	8.07
	15.43
	67.77
	170.23

	4
	GA3(15.47 ppm)+FYM (10 t/ha)
	7.57
	16.23
	73.00
	171.17

	5
	GA3(15.47 ppm)+Goat manure(15 t/ha)
	9.50
	17.29
	74.47
	176.23

	6
	GA3 (15.47 ppm)+Vermicompost (4.46 t/ha)
	8.67
	17.50
	75.13
	179.90

	7
	NAA(30 ppm)+FYM(10 t/ha)
	7.53
	17.87
	79.47
	180.53

	8
	NAA(30 ppm)+Goat manure (15 t/ha)
	8.30
	18.67
	80.87
	185.97

	9
	NAA(30 ppm)+Vermicompost (4.46 t/ha)
	7.30
	19.57
	82.47
	189.57

	10
	Control (RDF)(120:60:40)
	7.72
	12.93
	52.87
	162.17

	
	Sem (±)
	0.702
	1.42
	4.72
	5.36

	
	CD(P=0.05)
	-
	4.24
	14.04
	15.94










     Figure 1: Effect of Various Treatments on plant height of Baby corn at different days
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Table 3. Effect of Various Treatments on dry weight(g) of Baby corn at different days
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No.
	Treatment combination
	Plant dry weight (g/plant)

	
	
	15 DAS
	30 DAS
	45 DAS
	60 DAS

	1
	Seaweed sap (5%)+FYM(10t/ha)
	0.57
	6.63
	38.03
	72.90

	2
	Seaweed sap (5%)+Goat manure (15t/ha)
	0.60
	8.50
	39.14
	78.80

	3
	Seaweed sap (5%)+Vermicompost (4.46 t/ha)
	0.55
	7.75
	40.43
	82.77

	4
	GA3(15.47 ppm)+FYM (10 t/ha)
	0.63
	8.64
	41.23
	88.00

	5
	GA3(15.47 ppm)+Goat manure(15 t/ha)
	0.63
	8.89
	42.29
	89.47

	6
	GA3 (15.47 ppm)+Vermicompost (4.46 t/ha)
	0.72
	9.53
	42.50
	90.13

	7
	NAA(30 ppm)+FYM(10 t/ha)
	0.72
	9.70
	42.87
	94.47

	8
	NAA(30 ppm)+Goat manure (15 t/ha)
	0.87
	9.75
	43.67
	95.87

	9
	NAA(30 ppm)+Vermicompost (4.46 t/ha)
	0.71
	12.62
	44.57
	97.47

	10
	Control (RDF)(120:60:40)
	0.69
	5.88
	37.93
	67.87

	
	Sem (±)
	0.0841
	1.42
	1.42
	4.72

	
	CD(P=0.05)
	-
	4.24
	4.24
	14.05



 Figure 2. Effect of Various Treatments on dry weight(g) of Baby corn at different days
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          Table 4. Effect of Various Treatments on yield attributes rate of Baby corn
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	Treatment combination
	Yield attributes

	
	
	Cob/Plant (No)
	Cob Length
(cm)
	Cob girth (cm)
	Cob weight with husk (g)
	Cob weight without husk (g)

	1
	Seaweed sap (5%)+FYM(10t/ha)
	1.50
	15.48
	5.33
	26.88
	16.17

	2
	Seaweed sap (5%)+Goat manure (15t/ha)
	1.65
	16.74
	6.39
	28.18
	17.42

	3
	Seaweed sap (5%)+Vermicompost (4.46 t/ha)
	1.80
	17.92
	6.52
	29.09
	18.60

	4
	GA3(15.47 ppm)+FYM (10 t/ha)
	2.00
	18.15
	6.69
	30.65
	18.83

	5
	GA3(15.47 ppm)+Goat manure(15 t/ha)
	2.43
	18.99
	7.75
	32.99
	19.67

	6
	GA3 (15.47 ppm)+Vermicompost (4.46 t/ha)
	2.50
	19.45
	7.93
	34.04
	20.13

	7
	NAA(30 ppm)+FYM(10 t/ha)
	3.30
	19.69
	8.83
	38.81
	20.38

	8
	NAA(30 ppm)+Goat manure (15 t/ha)
	3.53
	20.25
	9.86
	42.62
	20.93

	9
	NAA(30 ppm)+Vermicompost (4.46 t/ha)
	3.90
	21.95
	10.03
	45.72
	22.60

	10
	Control (RDF)(120:60:40)
	1.45
	13.72
	5.13
	25.36
	14.40

	
	Sem (±)
	0.313
	1.20
	1.02
	4.33
	1.21

	
	CD(P=0.05)
	0.93
	3.59
	3.03
	12.89
	3.60



Fig 3. Effect of Various Treatments on yield attributes rate of Baby corn
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                       Table 5: Effect of Various Treatments on yield of Baby corn
	S.
No.
	Treatment combination
	Yield

	
	
	Cob yield without husk (t/ha)
	Cob yield with husk (t/ha)
	Harvest index
(%)

	1
	Seaweed sap (5%)+FYM(10t/ha)
	2.41
	4.01
	37.53

	2
	Seaweed sap (5%)+Goat manure (15t/ha)
	2.60
	4.21
	38.17

	3
	Seaweed sap (5%)+Vermicompost (4.46 t/ha)
	2.78
	4.34
	39.00

	4
	GA3(15.47 ppm)+FYM (10 t/ha)
	2.81
	4.57
	38.06

	5
	GA3(15.47 ppm)+Goat manure(15 t/ha)
	2.94
	4.92
	37.40

	6
	GA3 (15.47 ppm)+Vermicompost (4.46 t/ha)
	3.00
	4.78
	38.56

	7
	NAA(30 ppm)+FYM(10 t/ha)
	3.04
	5.79
	34.43

	8
	NAA(30 ppm)+Goat manure (15 t/ha)
	3.12
	6.37
	32.87

	9
	NAA(30 ppm)+Vermicompost (4.46 t/ha)
	3.37
	6.82
	33.07

	10
	Control (RDF)(120:60:40)
	2.10
	3.79
	35.58

	
	Sem (±)
	0.17
	0.30
	1.30

	
	CD(P=0.05)
	0.51
	0.91
	4.16
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Conclusion
The study clearly demonstrated that the integration of plant growth regulators (PGRs) with organic manures had a significant positive impact on the growth, yield, and economic returns of baby corn (Zea mays L.). Among all treatment combinations, the foliar application of NAA (30 ppm) combined with basal application of vermicompost (4.46 t/ha) proved to be the most effective. This treatment significantly improved plant height, dry matter accumulation, cob length and girth, cob yield (both with and without husk.
The results highlight the synergistic effects of auxin-based growth regulators and nutrient-rich organic sources in enhancing crop performance. These findings are consistent with previous studies that emphasized the benefits of integrated nutrient and growth regulator management for short-duration crops like baby corn.
Therefore, it can be concluded that the combined use of NAA and vermicompost not only improves the biological efficiency of baby corn but also ensures higher economic profitability under the agro-climatic conditions of Dehradun. This strategy can be recommended for sustainable and eco-friendly   cultivation of baby corn in similar agro-ecological regions.
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35
30
s
2
15
10

s

0

&’a’s‘sx’s‘&“

B Cob yield without usk (/ha)
1 Cob yield with husk (t/ha)
= Harvest index (%)

\‘“o‘"e@«&e“»e
ST A &S s
£ o &S af
f & a’A & f\ & ‘\;\ S
i & o o S
‘.o"f,f & ge‘““ ‘y&'\
o
Conclusion

The study clearly demonstrated that the integration of plant growth regulators (PGRs)

with organic manures had a significant positive impact on the growth, yield, and economic

returns of baby corn (Zea mays L.). Among all treatment combinations, the foliar application of
NAA (30 ppm) combined with basal application of vermicompost (4.46 /ha) proved to be the

most effective. This treatment significantly improved plant height, dry matter accumulation, cob

length and girth, cob yield (both with and without husk.

The results highlight the synergistic effects of auxin-based growth regulators and

nutrient-rich organic sources in enhancing crop performance. These findings are consistent with
previous studies (Meena et al., 2013; Kumar er al., 2018; Dutta et al., 2015) that emphasized the

benefits of integrated nutrient and growth regulator management for short-duration crops like

baby corn.

Therefore, it can be concluded that the combined use of NAA and vermicompost not only

improves the biological efficiency of baby corn but also ensures higher economic profitability

under the agro-climatic conditions of Dehradun. This strategy can be recommended for

sustainable and eco-friendly cultivation of baby corn in similar agro-ecological regions.
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Figure 1 Effect of Various Treatments on plant height of Baby corn at different days
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Table 3. Effect of Various Treatments on dry weight(g) of Baby corn at different days.

S.No. Treatment combination Plant dry weight (g/plant)
ISDAS | 30DAS | 45DAS | G0DAS
1 Seaweed sap (5%) + FYM (10 Uha) 057 663 3803 7290
2 Seawced sap (5%) + Goat manure (15 Uha) | _0.60 850 39.14 7830
3. [Sea weed sap (5%) + Vermicompost (446 Vha)|_0.55 775 4043 8277
1 GA3 (1547 ppm) + FYM (10 tha) 063 864 4123 $8.00
B GA3 (15.47 ppm) + Goat manure (15 Uha) | 063 889 229 89.47
6. | GA3 (1547 ppm) + Vermicompost (4.46 Uha) | 0.72 9.53 4250 90.13
7 NAA (30 ppm) + FYM (10 tha) 072 9.70 42387 9447
3 NAA (30 ppm) + Goat manure (15 Uha) 087 9.75 4367 9587
9. | NAA (30 ppm) + Vermicompost (446 ha) | 071 1262 4457 9747
10 Control (120:60:40) 0.69 5388 3793 6787
Sem(x) 00841 142 142 4
CD(P=0.05) - 424 424 14.05

ZItUPtin  rage 1 o117- ey sbmssion Submisionld smoidz13306388135




image2.png
FlAurnitin e 120117 megrysamsin

Submission D n:0i:<13306588135

Figure 2. Effect of Various Treatments on dry weight(g) of Baby corn at different days.
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Table 4. Effect of Various Treatments on yield attributes rate of Baby corn.

Yield attributes
S.No. Treatment combination Cob/ | Cob | Gab | Cob | Cobiweight
lengthi | girth | weight  withouthusk)
(cm) | Withihusk @
@
1 Seaweed sap (5%) + FYM (10 tha) 150 | 1548533 | 2688 1617
2. | Seaweed sap (5%) + Goatmanure (15 Uha) | 165 | 1674 | 639 | 28.18 1742
3. [Sea weed sap (5%) + Vermicompost (4.46 Vha)| 180 | 17.92 | 652 | 29.09 18.60
4 GA3 (1547 ppm) + FYM (10 tha) 200 [ 1815669 | 3065 1883
5. | GA3(1547 ppm)+ Goat manure (15 Vha) | 243 | 1899 | 775 | 3299 19.67
6. |GA3 (1547 ppm) + Vermicompost (446 Vha) | 250 | 1945 | 7.93 | 3404 2013
7 NAA (30 ppm) + FYM (10 Vha) 330 [1969 883 3881 2038
8 NAA (30 ppm) + Goat manure (15 Vha) 353 2025986 | 4262 2093
9. | NAA (30 ppm) + Vermicompost (446 Uha) | 390 | 2195 [1003| 4572 2260
10 Control (RDF) 145 [1372]513 | 2536 14.40
Sem(x) 0313 | 120 [ 1.02| 433 121
CD(P=0.05) 093 [ 359 [303| 1289 360
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Fig 3. Effect of Various Treatments on yield attributes rate of Baby corn.
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Table 5. Effect of Various Treatments piyieldoRBabycorn

Yield

SN0l Treatment combination Cobyieldiwithout | Cob yieldwith |Harvest index
‘husk (t/ha) husk (¥/ha) (%)
1 Scaweed sap (5%) + FYM (10 Vha) 241 401 3753
2. | Seaweed sap (5%) + Goat manure (15 Uha) 260 421 3817
3. [Sea weed sap (3%) + Vermicompost (4 46 Uha), 278 434 39.00
4 GA3 (1547 ppm) + FYM (10 Vha) 2381 457 38.06
5. | GA3 (1547 ppm) + Goat manure (15 Vha) 294 492 3740
6. | GA3 (1547 ppm) + Vermicompost (4.46 Uha) 3.00 478 3856
7. NAA (30 ppm) + FYM (10 Uha) 3.04 579 3443
8 NAA (30 ppm) + Goat manure (15 Uha) 32 637 3287
9. | NAA (30 ppm) + Vermicompost (4.46 Vha) 337 682 3307
10 Control (RDF) 210 379 3558
Sem(2) 017 030 130
CD(P=0.05) 051 091 416
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