


Effect of sowing windows and seed invigoration treatments on Physiological Traits of soybean (Glycine max L. Merrill) 
 
ABSTRACT
Present study titled "Effect of sowing windows and seed invigoration treatments on Physiological Traits of soybean (Glycine max L. Merrill)" was carried out at the Seed Technology Research Unit, Dr. PDKV, Akola (MS), in late kharif 2021–2022, by using factorial randomized block design with eight (8) treatments, two (2) sowing windows and three (3) replications. The dates for sowing are (i) August 15, 2021 and (ii) September 1, 2021. The treatments with the highest values of plant height, leaf area, leaf area index, dry matter production, RGR, and NAR were (T6) NPK capsule Hydropriming and (T8) KNO3 1% Hydropriming. While days to 50% flowering was lowest in T6-NPK capsule Hydropriming. In comparison to the control, other priming treatments were also found to be significant. The research is helpful to researcher to find right seed invogartion treatment to get better physiological traits.
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1.INTRODUCTION
[bookmark: _GoBack]Soybean (Glycine max L. Merrill) is a widely adapted crop that produces a large amount of oil. Soybeans are a legume that originated in East Asia. Soybean is grown on 127.91 million hectares worldwide with a total yield of 370.8 million tons. Soybean production in India for 2024 is 125.82 lakh tons from an area of 118.32 lakh ha with a productivity of 1063 kg/ha. Madhya Pradesh (52.01 lakh ha), Maharashtra (45.01lakh ha) and Rajasthan (11.13 lakh ha) were the largest soybean producing states with significant prospects for future expansion (Annon. a). Unfortunately there has been no significant increase in productivity of soybean in India (1063 kg ha-1) as compared to the productivity of world (2610 kg h-1). Rapid germination and emergence are an important factor of successful establishment. It is reported that the seed priming is one of the most important developments to help rapid and uniform germination and emergence of seeds and to increase seed tolerance to adverse environmental conditions (Heydecker et al., 1975; Harris et al., 1999). Seed priming has presented promising and even surprising results for many seeds including the legume seeds. Physiological qualities are those that are connected to the molecular level interactions of compounds within plants whereas morphological features are those that define the shape or structure of the plant. Plant morpho-physiological characteristics include plant height, days to 50% flowering, leaf area, leaf area index, dry matter, RGR, NAR, and so forth.

2.MATERIAL AND METHODS
Present study was conducted at experimental and research field of Seed Technology Research Unit, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola (M.S.) during the year 2021.

Table 1. Treatment details:
	Name of crop            
	Soybean

	Variety                       
	AMS-1001

	Year of study           
	2021

	Season                      
	Kharif 2021

	Experimental design
	FRBD (Factorial Randomized Block Design)

	Number of replications 
	3 (Three)

	Gross plot size            
	5 m x 2.7 m

	Net plot size                
	4.8 m x 1.8 m

	Spacing                         
	45cm x 5cm

	Method of sowing          
	Dibbling











 



	FACTOR A (Sowing Windows)

	FACTOR B (Seed Treatments)


	         
i) 15 Aug.(W1) 
ii) 1 Sept. (W2) 

	1) T1- Control

	
	2) T2-Control Hydropriming

	
	3) T3- Trichoderma + Rhizobium + PSB (University recommendation)

	
	4) T4- Trichoderma + Rhizobium + PSB Hydropriming (University recommendation)

	
	5) T5-NPK capsule Seed treatment

	
	6) T6-NPK capsule Hydropriming

	
	7) T7-KNO3 1% Seed treatment

	
	8) T8-KNO3 1% Hydropriming

















3.RESULT 

The present investigation was undertaken to study the effects of seed invigoration on physiological parameters on late kharif sown soybean (Glycine max L. Merrill.) variety AMS-1001.

3.1. Plant Height (cm)
      Plant height was significantly influenced by both sowing windows and seed invigoration treatments. In the 15th August sowing (W1), plant height ranged from 40.27 cm (Control) to 47.22 cm (NPK hydropriming, T6). Treatments such as NPK seed treatment (T5: 43.76 cm) and KNO₃ hydropriming (T8: 45.09 cm) also showed higher plant height compared to the control. In the 1st September sowing (W2), plant height was relatively lower, ranging from 37.82 cm (Control) to 45.39 cm (NPK hydropriming, T6). Here again, NPK hydropriming (45.39 cm) and KNO₃ hydropriming (43.61 cm) recorded maximum values.
3.2. Days to 50% Flowering (DAS)
      Days to 50% flowering were significantly affected by seed invigoration treatments, while the sowing window effect was also notable. In W1 (15th August), minimum days to flowering were recorded under NPK hydropriming (T6: 39.67 DAS), followed by KNO₃ hydropriming (T8: 40.67 DAS), while the maximum was observed in the control (T1: 43.67 DAS). In W2 (1st September), days to 50% flowering ranged from 41.00 DAS (NPK hydropriming, T6) to 44.67 DAS (Control). Again, NPK hydropriming led to earlier flowering compared to other treatments.

3.3. Leaf Area (dm²)
       Leaf area was significantly improved by both sowing windows and seed invigoration treatments. In W1, the lowest leaf area was observed in the control (14.48 dm²), while the highest was obtained in NPK hydropriming (19.61 dm²). Other promising treatments were NPK seed treatment (T5: 17.98 dm²) and KNO₃ hydropriming (T8: 18.39 dm²). In W2, values ranged from 13.11 dm² (Control) to 18.69 dm² (NPK hydropriming, T6).

3.4. Leaf Area Index (LAI)
      The LAI followed the same trend as leaf area. In W1, the LAI ranged from 6.43 (Control) to 9.05 (NPK hydropriming). Other effective treatments included NPK seed treatment (7.99) and KNO₃ hydropriming (8.17). In W2, LAI values ranged from 5.83 (Control) to 8.31 (NPK hydropriming).

3.5. Dry Matter Accumulation (g)
       Dry matter production, a crucial indicator of biomass, varied significantly with treatments. In W1, dry matter ranged from 8.85 g (Control) to 14.13 g (NPK hydropriming). KNO₃ hydropriming (13.57 g) also contributed significantly higher biomass.
In W2, dry matter values ranged from 7.69 g (Control) to 13.09 g (NPK hydropriming).

3.6. Relative Growth Rate (RGR, g/day)
       RGR was significantly influenced by treatments. In W1, RGR values ranged from 0.0035 g/day (Control) to 0.0073 g/day (NPK hydropriming). KNO₃ hydropriming (0.0068 g/day) also registered high RGR. In W2, the highest RGR was obtained in TRP seed treatment (0.0089 g/day), followed by KNO₃ hydropriming (0.0052 g/day), while the control recorded the lowest (0.0028 g/day).

3.7. Net Assimilation Rate (NAR, g dm⁻²/day)
        NAR, an indicator of photosynthetic efficiency, exhibited significant variation across treatments. In W1, NAR values varied between 0.0055 (Control) and 0.0079 (NPK hydropriming). In W2, NAR ranged from 0.0018 (Control) to 0.0187 (KNO₃ hydropriming).

3.8. Interaction Effect (A × B)
       The interaction between sowing windows and seed invigoration treatments was found non-significant for all traits studied, indicating that the treatments acted independently in both sowing windows. This suggests that the beneficial effects of hydropriming, particularly with NPK and KNO₃, are consistent regardless of sowing time.

4. DISCUSSION
        Plant height is an important morphological parameter exhibiting direct relationship with grain yield. It is a visible measure of plant growth and is a function of leaf emergence and internodal elongation. Since leaves and branches are born on stem, leaf area development and biomass production show close relationship with plant height. The effect of seed priming on height showed rapid increase in growth. The results obtained are briefly discussed as treatment (T6) NPK capsule Hydropriming on first sowing window, 15th August showed highest plant height of (47.22 cm) at harvest followed by (T8) KNO3 Hydropriming (45.09 cm) whereas control showed minimum plant height of 40.27 cm. In second sowing window, 1st September, treatment (T6) NPK Capsule Hydropriming showed highest plant height of (45.39 cm) at harvest followed by (T8) KNO3 Hydropriming (43.61 cm) whereas control showed minimum plant height of (37.82 cm). These findings are in close conformity with Bastidas et al. (2008), Ahmed et al. (2010) and Moosavi et al. (2011) who reported that late sowing of soybean resulted in plant height reduction. 
         Seed priming with (T6) NPK capsule Hydropriming on first sowing window, 15th August 39.67 DAS followed by (T8) KNO3 Hydropriming and TRP seed treatment 40.67 DAS whereas Control showed maximum days to 50 % flowering 43.67 DAS In second sowing window, 1st September 50 % flowering was early in the seed priming with (T6) NPK capsule Hydropriming 41.00 DAS followed by (T8) KNO3 Hydropriming 41.33 DAS whereas Control showed maximum days to 50 % flowering 44.62 DAS. The priming results in early flowering and delay in sowing results the delay in flowering units these findings confirm with M. Pallavi (2015) and Deshmukh et al. (2019) revealed that rainy season sowing gives early flowering than winter season sowing.
         In first sowing (15th august) treatment (T6) NPK capsule hydropriming was found superior in leaf area (19.61 dm2), leaf area index (9.05), dry matter production (14.13 g) followed by treatment (T8) KNO3 hydropriming leaf area (18.39 dm2), leaf area index (8.17), dry matter production (13.57 g). The control was recorded minimum in respect of all field observations. In second sowing (1st September) treatment (T6) NPK capsule hydropriming was found superior leaf area (18.69 dm2), leaf area index (8.31 dm2), dry matter production (13.09 g) followed by treatment (T8) KNO3 hydropriming, leaf area (17.29 dm2), leaf area index (7.69 dm2), dry matter production (12.24 g). The control was recorded statistically minimum in respect of all field observations. Priming improves growth parameters these findings confirm with Mujalde et al. (2011) and Ahmadvand et al. (2012) demonstrated that increased number of leaves, branches, leaf area and dry matter of primed seed may be due to earlier emergence and improved growth parameter in the priming treatment that ultimately resulted in superior growth parameter over non primed seed. 
       The significant decrease in growth parameters due to delayed sowing may be associated with lower minimum temperature and huge differences between maximum and minimum temperature that the plants at the seventh and eighth sowing dates were experienced as a result vegetative growth was restricted and leading to early maturity of plants. Thus, the plants did not have adequate opportunity for photosynthesis and translocation of food materials to the sink and as a result their growth was decreased. Among all seed priming treatments, the maximum Morpho-Physiological attributes of soybean were observed in NPK capsule hydropriming and all the treatments found superior than untreated control.
        Interaction effect between different sowing windows and seed invigoration treatments were found nonsignificant in respect of relative growth rate of soybean. Highest RGR observed in treatment NPK capsule (T6) (0.0073 g/day) and lowest observed in control (0.0035 g/day) for first sowing window. In second sowing window shows maximum RGR and minimum RGR in (T3) TRP seed treatment (0.0089 g/day) and (T6) NPK hydropriming (0.0052 g/day). Among this highest RGR observed in second sowing window similar were conform by K. Lokesh et al. (2020).
        Interaction effect between different sowing windows and seed invigoration treatments were found nonsignificant in respect net assimilation rate of soybean. It is observed highest in (T8) KNO3 hydropriming (0.0086 g/dm2/day) and lowest in (T5) NPK seed treatment (0.0041 g/dm2/day) on first sowing window, 15 th August. In second sowing window, 1 st September, treatment (T8) KNO3 hydropriming (0.0187 g/dm2/day)
observed highest NAR and treatment (T3) TRP seed treatment (0.0033 g/dm2/day) observed lowest NAR.

Table No. 2. Effect of sowing windows and seed invigoration treatments on Morpho-Physiological Traits
	Factor A
Sowing Windows 
	Factor B
Seed Invigoration Treatments 
	Plant Height (cm)
	Days To 50% Flowering (DAS)
	LEAF AREA (dm2)
	LAI 
	DRY MATTER (g) 
	RGR (g/day)
	NAR
(g/dm2/day)

	 W1 
(15th August) 
	T1- Control 
	40.27 
	43.67 
	14.48 
	6.43 
	8.85 
	0.0035 
	0.0055 

	
	T2- Hydropriming 
	41.27 
	42.00 
	17.34 
	7.71 
	11.81 
	0.0043 
	0.0065 

	
	T3- TRP seed treatment 
	40.74 
	42.33 
	15.89 
	7.06 
	9.17 
	0.0039 
	0.0043 

	
	T4-TRP Hydropriming 
	40.88 
	42.29 
	15.95 
	7.09 
	10.95 
	0.0051 
	0.0052 

	
	T5- NPK seed treatment 
	43.76 
	41.67 
	17.98 
	7.99 
	11.97 
	0.0045 
	0.0041 

	
	T6- NPK 
Hydropriming 
	47.22 
	39.67 
	19.61 
	9.05 
	14.13 
	0.0073 
	0.0079 

	
	T7- KNO3 seed treatment 
	41.06 
	41.33 
	15.98 
	7.10 
	11.24 
	0.0044 
	0.0055 

	
	T8- KNO3 
Hydropriming 
	45.09 
	40.67 
	18.39 
	8.17 
	13.57 
	0.0068 
	0.0086 

	F Test 
	 
	sig 
	sig 
	sig 
	sig 
	sig 
	sig 
	sig 

	SE(m)+- 
	 
	0.581736 
	0.198227 
	0.4291 
	0.2027 
	0.2323 
	0.0006 
	0.0008 

	CD at 5% 
	 
	1.679922 
	0.572435 
	1.2391 
	0.58524 
	0.6707 
	0.00167 
	0.00232 

	 W2 
(1st Sept) 
	T1- Control 
	37.82 
	44.67 
	13.11 
	5.83 
	8.99 
	0.0088 
	0.0118 

	
	T2- Hydropriming 
	41.09 
	42.67 
	15.96 
	7.09 
	11.09 
	0.0063 
	0.0063 

	
	T3- TRP seed treatment 
	38.02 
	43.00 
	14.25 
	6.33 
	8.01 
	0.0089 
	0.0033 

	
	T4- TRP 
Hydropriming 
	38.21 
	41.33 
	14.55 
	6.47 
	9.87 
	0.0061 
	0.0054 

	
	T5- NPK seed treatment 
	41.94 
	42.33 
	17.16 
	7.63 
	11.32 
	0.0065 
	0.0059 

	
	T6- NPK 
Hydropriming 
	45.39 
	41.00 
	18.69 
	8.31 
	13.09 
	0.0046 
	0.0063 

	
	T7- KNO3 seed treatment 
	39.74 
	41.67 
	14.57 
	6.48 
	10.88 
	0.0053 
	0.0067 

	
	T8- KNO3 
Hydropriming 
	43.61 
	41.33 
	17.29 
	7.69 
	12.24 
	0.0052 
	0.0187 

	F Test 
	 
	sig 
	sig 
	sig 
	sig 
	sig 
	sig 
	sig 

	SE(m)+- 
	 
	1.163472 
	0.396454 
	0.8582 
	0.4053 
	0.4645 
	0.0012 
	0.0016 

	CD at 5% 
	 
	3.359843 
	1.14487 
	2.4783 
	1.17047 
	1.3415 
	0.00334 
	0.00463 

	Interaction(A*B) 
	
	
	
	
	
	
	
	

	F Test 
	 
	NS 
	NS 
	NS 
	NS 
	NS 
	NS 
	NS 

	SE(m)+- 
	 
	1.645398 
	0.560671 
	1.2137 
	0.5732 
	0.6570 
	0.0016 
	0.0023 

	CD at 5% 
	 
	4.751536 
	1.61909 
	3.5048 
	1.65530 
	1.8971 
	0.00473 
	0.00655 




5.CONCLUSION
The finding of the present investigation may serve as a useful reference for researcher in selecting effective seed invigoration treatments to improve Morpho-Physiological traits, while future studies may focus on optimizing these treatments for enhanced efficiency and wider adaptability.
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