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ABSTRACT 

	Soybean (Glycine max) is a globally significant crop, valued for its high protein and oil content. Under acid soils, amending with lime and split phosphorus fertilizer application can improve the yield of soybean due to an increase in soil phosphorus availability. This study aimed to evaluate the effect of lime rates and split phosphorus (P) application on phosphorus availability and soybean yield, to determine the optimal lime and P levels for soybean cultivation in the study area. Two-season field experiments (monsoon and post-monsoon 2024) were conducted at the Department of Soil and Water Science, Yezin Agricultural University (YAU), using a 4 × 3 factorial RCBD design with three replications. Treatments included four lime levels (0, 1.5, 3.0, 4.5 ton ha⁻¹) and three split phosphorus application timings (100% basal, 50% basal + 50% V2, and 50% basal + 25% V2 + 25% R1) at a constant rate of 20 kg P ha⁻¹. The soybean variety, Yezin-15 was used. Results indicated that both the independent and combined applications of lime and split phosphorus significantly improved the yield attributes and overall yield of soybean, as well as the availability of phosphorus in the selected soil. After two seasons, the individual application of lime, L2 (3.0 ton ha⁻¹) rate showed better performance for all parameters. In split P application, P2 (50% basal + 50% V2) outperformed with the number of pods plan-1, the number of seeds per pod-1 and seed yield. Also, L2P2 (3.0 ton lime ha⁻¹ and 50% basal + 50% V2) treatment provided the maximum P availability and seed yield, the maximum number of pods plant-1, the greatest number of seeds pod-1 in both seasons. This study suggested that further investigations with lime and split-P applications for the long term were necessary.
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1. INTRODUCTION 
Soybean (Glycine max) is a major grain legume cultivated across tropical, subtropical, and temperate regions worldwide (Masuda & Goldsmith, 2009). Globally, soybeans are cultivated on approximately 120.30 million hectares, with an annual production of 333.67 million tons (FAO, 2021). Soybean seed contains approximately 20–22% oil, 42–45% protein, 30–35% carbohydrates, and 10–12% total sugars. They are also rich in essential amino acids, thiamine, vitamins, niacin, riboflavin, phosphorus, calcium, and iron (Das et al., 2022). It contributes approximately 25% to the global production of edible oils (Barman et al.,2023). However, soil acidity has long been recognized as one of the major constraints to global agricultural production (Sumner & Noble, 2003).  Under acidic soil condition, poor growth and low productivity of soybeans are already documented (Maddox & Soileux, 1991).	Comment by Tuğba Hasibe UYSAL: References?
In Myanmar, soybean cultivation has been steadily expanding, particularly in regions such as the Naypyitaw Union Territory, where favorable climatic conditions support both monsoon and post-monsoon cropping systems (Thein, 2019). However, soybean productivity in this region is frequently limited by low soil fertility, especially in low pH soils that are prevalent in upland farming systems. Soil acidity presents a major constraint to crop production, primarily due to the reduced availability of essential nutrients, particularly phosphorus (P), and the increased solubility of toxic elements such as aluminum (Al) and manganese (Mn) (Fageria et al., 2010).
Soil acidity is one of the most critical soil-related factors affecting plant growth, ultimately limiting crop production and profitability (Fageria, 2016). Acidic soils contain toxic levels of Al³⁺, Fe³⁺, and Mn²⁺, along with phosphorus deficiency and reduced base cation availability, ultimately leading to decreased crop yields (Sultana et al., 2019). To address the challenges posed by soil acidity, liming has emerged as a widely adopted soil management strategy. Liming not only neutralizes soil pH but also enhances the availability of essential nutrients while reducing the toxicity of Al and Mn (Brady & Weil, 2008). Application of lime (CaCO3) to acid soil neutralizes the toxicity effects of H+, Al3+, and Mn2+, supplies Ca2+, and unlocks other available plant nutrients such as phosphorus, potassium, boron, and molybdenum, which are essential to soybean growth (Athanase et al., 2013). Extensive research has demonstrated that lime application enhances soybean yield and nutrient uptake in acidic soils (Margenot et al., 2016). Simultaneously, optimizing phosphorus fertilizer application methods has gained increasing attention as a means to enhance nutrient use efficiency. Traditional practices involving full basal application of phosphorus often result in inefficient nutrient utilization due to rapid fixation in the soil and poor synchronization with plant demand (Buresh et al., 1997). Recent evidence suggests that split applications of phosphorus, particularly during key growth stages such as the vegetative (V2) and reproductive (R1) phases, can improve nutrient uptake efficiency, reduce losses from fixation or leaching, and ultimately increase yield (Zhang et al., 2021).
While liming and P fertilization are well-studied independently, integrated strategies addressing soil-specific pH with P sorption dynamics are lacking, particularly in variable charge soils (Sanchez, 2019). The interactive effects of lime and phosphorus under different application regimes, particularly in tropical monsoon climates like that of central Myanmar, are poorly understood. Moreover, most existing studies have focused on individual treatments rather than exploring potential synergistic interactions between lime and phosphorus management strategies. The appropriate combination of lime and P fertilizer application is therefore an important strategy for improving crop growth and yield. There is, however, a scarcity of information on the interactive effects of lime and P fertilizer application on soybean growth and yield attributes. Therefore, this study was conducted with two objectives: to investigate the effect of lime and split phosphorus application on soil available phosphorus and yield performance of soybean, and to determine the optimum level of lime and phosphorus for soybean for the selected area under two seasons.
2. Materials and methods 
2.1 Experimental Site
The field experiments were conducted during the monsoon season and post-monsoon season from June to October and October to January 2024 at the Department of Soil and Water Science, Yezin Agricultural University, Zeyarthiri Township, Naypyitaw Union Territory, Myanmar. Metereologically, the monthly rainfall and maximum and minimum mean temperature during the experimental period in the Yezin area are shown in Figure 1.

Figure 1. Monthly rainfall, maximum and minimum temperature during the experimental period in Yezin area
2.2 Experimental Design and Procedure
Factorial experiment was laid out in randomized complete block design (RCBD) with four levels of lime (L0:0 ton ha-1, L1: 1.5 ton ha-1, L2:3 ton ha-1, L3: 4.5 ton ha-1) and three levels of P split  (P1: 100% basal, P2: 50% basal + 50% at vegetative (V2) growth stage, P3: 50% basal + 25% at vegetative (V2) stage + 25% at reproductive (R1) stage) applications replicated three times. The soybean cultivar Yezin-15 (110-115 days) was sown at a rate of 40 kg ha⁻¹ in rows. The sowing was done at an inter and intra-row spacing of 45 cm and 15 cm.  The total experimental area was 726 m² (66 m × 11 m), with individual plots measuring 12 m² (4 m × 3 m). A spacing of 1 meter was maintained between plots and blocks to minimize the inter-plot interference.
Before the initiation of the experiments, soil samples were collected to analyze some physico-chemical properties. The results are presented in Table 1. Calcium carbonate (CaCO₃) (40.52% Ca) was used as the source of lime to amend the soil pH. The entire dose of lime for the respective treatment was added to the plot before planting, one month prior. Triple-superphosphate (46% P₂O₅) was used as the source of phosphorus fertilizer. The recommended P rate (20 kg P ha⁻¹) was applied to each plot based on treatment application. A blanket dose of 15 kg N and 35 kg K ha⁻¹ in the form of urea and muriate of potash (MOP) was applied in all the plots. Half of the dose of N and the full dose of K were applied before sowing of soybean, while the rest of the N was applied at the V2 stage. Cultural practices, including irrigation, weed control, and pest and disease management, were conducted throughout the growing season.	Comment by Tuğba Hasibe UYSAL: It appears that the experiment was a fixed-plot experiment. Why weren't plots with similar soil properties selected and a rotated-plot experiment used? This necessitates determining which lime determination analysis method to use.
2.3 Data Collection
2.3.1 Yield Parameters
The observations were recorded on five randomly selected samples. After harvest, the number of pods per plant was recorded from five randomly selected plants in each plot and recorded as the number of pods per plant-1. The number of seeds was recorded from 10 randomly selected pods, which were collected from 5 randomly selected plants in each plot at the harvested time, and the mean number was expressed on a per-pod basis. One hundred seeds and seed yield were calculated in kilograms per hectare (kg ha⁻¹) based on the total yield from each experimental plot. 
2.3.2 Soil Sampling and Analysis
Composite surface soil samples (0–20 cm depth) were collected from each experimental plot during the initial year and every alternate year thereafter to assess chemical soil properties. A 5 cm diameter auger was used to collect soil from five randomly selected points within each plot. The sub-samples were thoroughly mixed to form a composite sample, which was then air-dried in the shade, ground, and sieved through a 2 mm mesh. The processed samples were analyzed for available phosphorus (P) following standard procedures described by using standard procedures with 0.5 M NaHCO₃ (pH 8.5), the Olsen method, at the laboratory of the Department of Soil and Water Science, Yezin Agricultural University (YAU).
2.4 Statistical Analysis
                All the collected data were statistically analyzed by using ANOVA statistix software version 8.0. The differences among treatment means were compared by least significant difference (LSD) at 5% probability level by Gomez and Gomez 1984. 

Table 1. Physicochemical properties of experimental soil	Comment by Tuğba Hasibe UYSAL: Of course, in a country with predominantly monsoon rains, lime content is expected to be low. However, the table should still provide the lime content. Even if the content is trace, it should be stated in the text.
	Characteristics
	Values
	Rating
	Analytical method

	% sand
	76.92
	
	Pipette method

	% silt 
	14.32
	
	

	% clay 
	8.76
	
	

	Texture class
	Sandy loam
	
	

	Bulk density (g cm-3)
	1.25
	Low
	Core sampler

	pH
	5.93
	Moderately acid
	1:5(soil: water)

	EC (dS m-1)
	0.04
	Non-saline
	1:5(soil: water)

	Organic carbon (%)
	0.68
	Very low
	Walkley & Black

	Total N (%)
	0.12
	Low
	Kjeldahl digestion and distillation

	Available P (mg kg-1)
	7.86
	Low
	Olsen-P Method

	Available K (mg kg-1)
	0.79
	Low
	1N-Ammonium acetate



[bookmark: _Hlk200626822]3. RESULTS AND DISCUSSION
3.1 Yield Components and Seed Yield 
3.1.1 Number of Pods Plant-1
Both lime and phosphorus applications significantly influenced the number of pods per plant at P <0.01 (Tables 2 and 3). In the monsoon season, L3 (4.5 ton ha⁻¹) resulted in the highest pod number (75.67) which was statistically similar to L2 (71.21). Similar results L2 and L3 were recorded in post monsoon again.  Among split P applications, P2 (50% at the basal stage and 50% at the V2 stage) yielded the maximum in both seasons (69.36 and 32.71 pods) (in Tables 2 and 3). Notably, the significant interactions between lime and phosphorus application (L×P) treatments were observed at P<0.5 (Figures 3 and 4). There were no effects between no liming and no split-P. However, the positive effects were occurred at limning and split – P applications.  The best result was recorded at L3P2 which was also statistically similar with L2P2. Liming (L2 and L3) and splitting P 2 improved P availability (Figures 8 and 9) which likely to be stimulated key physiological processes such as photosynthesis, nitrogen fixation, root development, flowering, seed formation, and fruiting. Dabesa & Tana (2021) reported that the combined application of lime and phosphorus significantly increased the number of pods per soybean plant. They also discussed that balanced lime and phosphorus applications enhanced pod formation in soybean. 



3.1.2 Number of Seeds Pod-1
The contributions of lime and phosphorus to the number of seeds per pod were notably influenced by seasonal conditions. During the monsoon season, there were no statistically significant effects (ns) associated with lime, phosphorus, or their interaction (Table 2). However, in the post-monsoon season, all main effects and their interaction (L×P) were statistically significant at P<0.01 and P< 0.05 (Table 3). After two seasons, L3 (4.5 ton ha⁻¹) produced the maximum number of seeds (2.25) which was statistically similar with L2 (3 ton ha⁻¹). Among split-P applications, P2 (50% at the basal stage and 50% at the V2 stage) also enhanced this parameter, resulting in 2.24 seeds per pod (Table 3). The main reason was P availability (Figure 9). This outcome was consistent with observation by Vance (2011),who discussed that phosphorus availability during reproductive stages critically influenced seed set in soybean. A notable interaction between lime and split phosphorus showed a synergistic effect on the number of seeds per pod in the post-monsoon season. The treatments combining L3P2 numerically showed the best outcomes but it was statistically similar to L2P2. It was concerned with P-availability of post monsoon. Numerically, P availability after two seasons due to L2P2 was higher than that of L3P2 (Figure 10). Likewise, Margenot et al. (2016) and Simonsson et al. (2018) were demonstrated that integrated management of lime and split P application improved seed development. 

3.1.3 Hundred Seed Weight (g)
[bookmark: _Hlk200857942]In Tables 2 and 3, analyses of variance indicated no significant effects (ns) of lime, splitting phosphorus, and their interaction on hundred seed weight during the monsoon and post-monsoon season. However, seed weight reached its highest values with the application of L3 (4.5 ton ha⁻¹), recording 13.23 g in the monsoon season and 13.24 g in the post-monsoon season. However, it was statistically similar with L2 (3 ton ha⁻¹). Similarly, the P2(50% at the basal stage and 50% at the V2 stage) treatment also resulted in increased seed weight, with values of 13.23 g in the monsoon season and 13.22 g in the post-monsoon (Tables 2 and 3). No significant interaction indicated that lime alone was sufficient to enhance seed size and quality. In our study, L3 promoted the maximum P availability in the monsoon. Then, L2 provided the maximum P availability after two seasons. This suggested that lime-induced improvements in the rhizosphere conditions were the dominant factor influencing seed development (Syers et al., 2008; Paradelo et al., 2015). 
3.1.4 Seed Yield (kg ha-1)
Analysis of variance showed that there were highly significant effects of lime and phosphorus application at P<0.01 (Tables 2 and 3), and some interaction effects of lime x phosphorus on seed yield of soybean at P<0.01(Figures 6 and 7). As both season-results, L2 (3 ton ha-1) and L3 (4.5 ton ha-1) gave the best yields of soybean, statistically.  Among split P applications, the maximum yields were recorded from P2 (50% at the basal stage and 50% at the V2 stage) treatment with the value of 2556.80 kg ha-1in the monsoon and 2467.60 kg ha-1 in the post-monsoon season (Tables 2 and 3). In combined treatments, lower rate of liming L2 with P2 produced similar yields as L3 with P2. It was more pronounced in post monsoon. The reason was concerned with P availability (Figure 10). This demonstrated that integrated management of lime and split P application improved conservation and synchronization of nutrient release, and crop demand, leading to higher yields (Bationo, Waswa, Kihara & Kimetuet al,, 2007). In addition, high rate of liming L3 with P2 after two seasons resulted in lower P availability. It indicated that there was some P-fixation with Ca in lime at that application rate.

3.2 Phosphorus Availability
3.2.1 Effect of Different Rates of Lime on Available Phosphorus 
In Figure 8, there were significant differences in the available P contents among different lime application rates at P <0.01. During the monsoon season, L3 had the highest available P content (15.87mg kg−1), followed by L2 (13.77 mg kg−1), L1 (10.57 mg kg−1), and L0 (9.53 mg kg−1), respectively. However, it gave lower P availability in the next season than L2 (3 ton ha-1). In the post-monsoon season, L2 produced the maximum P availability content (14.38 mg kg−1), followed by L2 (13.06 mg kg−1), L1 (10.83 mg kg−1) and L0 (10.86 mg kg−1), respectively. Lime, when applied in the soil reacts with water, leading to the production of OH- ions and Ca2+ ions, which displace H+ and Al3+ ions from soil adsorption sites, increasing soil pH (Kisinyo et al., 2012). This is in agreement with Omogbohu Anetor,& Akinkunmi Akinrinde,(2007) who indicated that lime increased pH. The overall beneficial effect of liming on available phosphorus appears to be associated with the reduction of exchangeable aluminum content (Singh & Singh, 2022). The soil available P at sites was lower in the control treatment when compared to all levels of lime additions
3.2.2 Effect of Split Phosphorus Application on Available Phosphorus 
According to split P application practices, there was no significant difference in available P content in the monsoon season. During the post-monsoon season, split P application P2 (50% at the basal stage and 50% at the V2 stage) treatment is highly significant different in available P concentration than other applications (Fig.10).  The highest available P was obtained from P2(50% at the basal stage and 50% at the V2 stage) treatment highly statistically significant different from other treatments. Numerically, P2 showed the maximum P availability content (13.29,12.93 mg kg−1), followed by P1(12.09,12.51 mg kg−1) and P3 (11.91,11.39 mg kg−1) in both seasons, respectively. The result of available P in that soil was related to low available P levels related to soil pH. The possible reason for the high available P rate was that the soil in the study area was observed to split applications can improve phosphorus use by synchronizing P availability with crop demand, thus reducing loss and improving uptake (Rose et al.,Liu & Wissuwa, 2013).
 3.2.3 Effect of Combined Application of Lime and Split Phosphorus Application on     Available Phosphorus 
The combined application of lime and split P application increased the soil available P. In the monsoon season, the highest available P concentration was recorded from L3P2, which was followed by L2P2. During the post-monsoon season, these higher rates of combination point out reduced the P availability. In the combination of L2P2 produced the highest available P concentration was recorded from which was followed by L3P2. The observed increment in available P was probably related to the decrease in reactive Al+3 and also to an increase in surface negative charge resulting from the increased soil pH (Johan et al., Ahmed, Omar & Hasbullah, 2021). The increase in soil available P is perhaps due to the combined effect of the active component of lime in releasing fixed and precipitated P by correcting the pH (Kisinyo et al., 2014). 





						















Table 2. Effects of lime and phosphorus split-application rates on number of pods plant1, number of seeds pod-1, 100 seed weight, and seed yield during monsoon seasson, 2024
	Treatment 
	No. of pods  plant-1 
	No. of seeds  
pod-1 
	100 seed 
weigh(g)
	Seed yield 
(kg ha-1)

	Lime (kg ha-1)
	
	
	
	
	
	
	

	L0
	54.72
	c
	1.96
	b
	13.03
	b
	1963.9
	b

	L1
	64.63
	b
	2.00
	ab
	13.07
	ab
	2119.4
	b

	L2
	71.21
	ab
	2.03
	ab
	13.17
	ab
	2473.9
	a

	L3
	75.67
	a
	2.06
	a
	13.23
	a
	2621.0
	a

	LSD
	        2.62
	
	    0.08
	
	0.2
	
	  164.99
	 

	Phosphorus 
(Split application)

	P1
	65.47
	b
	2.01
	a
	13.08
	a
	2196.0
	b

	P2
	69.36
	a
	2.05
	a
	13.23
	a
	2556.8
	a

	P3
	64.85
	b
	1.99
	a
	13.07
	a
	2130.9
	b

	LSD
	       2.27
	
	    0.07
	
	0.17
	 
	    142.89
	 

	Pr>F
	
	
	
	
	
	
	
	

	L
	    **
	
	    ns
	
	ns
	
	**
	

	P
	   **
	
	   ns
	
	ns
	
	**
	

	L×P
	  *
	
	   ns
	
	ns
	
	**
	

	CV (%)
	 4.03
	
	    3.95
	
	1.57
	
	7.36
	 


 
In a column, means having the same letters are not significantly different at 5% level. 
* = Significant difference at 5% level, ** = Significant difference at 1% level, ns = non-significant

[bookmark: _Hlk199964184]Table 3. Effects of lime and phosphorus split-application rates on number of pods plant1, number of seeds pod-1, 100 seed weight, and seed yield during post-monsoon season, 2024
	Treatment
	No. of pods  plant-1

	No. of seeds         pod-1

	100 seed
 weigh(g)

	Seed yield
(kg ha-1)

	Lime (kg ha-1)
	
	
	
	
	
	
	

	L0
	25.83
	c
	1.84
	b
	13.17
	b
	1995.4
	b

	L1
	28.31
	b
	1.92
	b
	13.19
	ab
	2135.6
	b

	L2
	32.57
	a
	2.19
	a
	13.23
	a
	2376.3
	a

	L3
	34.12
	a
	2.25
	a
	13.24
	a
	2446.1
	a

	LSD
	1.79
	 
	0.18
	 
	0.06
	 
	177.21
	 

	Phosphorus 
(split application) 
	
	
	
	
	
	
	

	P1
	29.45
	b
	1.97
	b
	13.21
	a
	2170.5
	b

	P2
	32.71
	a
	2.24
	a
	13.22
	a
	2467.6
	a

	P3
	28.47
	b
	1.93
	b
	13.19
	a
	2076.9
	b

	LSD
	1.55
	 
	0.15
	 
	0.05
	 
	153.47
	 

	Pr>F
	
	
	
	
	
	
	
	

	L
	**
	
	**
	
	ns
	
	**
	

	P
	**
	
	**
	
	ns
	
	**
	

	L×P
	*
	
	*
	
	ns
	
	**
	

	CV (%)
	6.06
	 
	8.86
	 
	0.46
	 
	8.1
	 


In a column, means having the same letters are not significantly different at 5% level. 
* = Significant difference at 5% level, ** = Significant difference at 1% level, ns = non-significant








*=Significant difference at 5% level
Figure 3. Mean values of number of pods per plant as affected by combined lime and phosphorus split application during monsoon season, 2024 









* = Significant difference at 5% level
Figure 4. Mean values of number of pods per plant as affected by combined lime and phosphorus split application during post-monsoon season, 2024















* = Significant difference at 5% level
Figure 5. Mean values of number of seeds per pod as affected by combined lime and phosphorus split application during the post-monsoon season, 2024






 ** = Significant difference at 1% level
Figure 6. Mean values of seed yield (kg ha-1) as affected by combined lime and   phosphorus split application during monsoon season, 2024 



* = Significant difference at 5% level
Figure 7. Mean values of seed yield (kg ha-1) as affected by combined lime and phosphorus split application during the post-monsoon season, 2024














Monsoon 
Pr> F     =  **
LSD0.05   =  1.43
CV(%)   =  5.75
Post-Monsoon 
Pr> F     =  **
LSD0.05   =  306.93
CV(%)   =  1.12

** = Significant difference at 1% level

Figure 8. Changes in available P as affected by different rates of lime application under two seasons


Post-Monsoon 
Pr> F     =  **
LSD0.05   =  0.96
CV(%)   =  4.55                                                                                                                                                                                                            
Monsoon 
Pr> F     =  ns
LSD0.05   =  1.24
CV(%)   =  5.75 




** = Significant difference at 1% level, ns = non-significant

Figure 9. Changes in available P as affected by split P application under two seasons




Figure 10. Changes in available P as affected by the combined application of different rates 
                  of lime and split P application under two seasons

4. Conclusion
This study demonstrated that the lime application with L2 (3 ton ha⁻¹) showed better performance, which was statistically similar to L3 (4.5 ton ha⁻¹) in improved soybean pod development, and yield in both monsoon and post-monsoon seasons. Among split P application, P2 (50% basal + 50% at V2 stage) outperformed with number of pod plan-1, number of seed pod-1 and seed yield. According to iInteraction effects of lime and split P under two season results, L2P2 (3 ton ha⁻¹ and 50% basal + 50% V2 stage) showed the better performance of soybean yield and yield component characters. 
The availability of P concentration due to the effect of lime L3 (4.5 ton ha⁻¹) in the monsoon season and L2 (3.0 ton ha⁻¹) in the post-monsoon season produced the maximum, respectively. Application of a lower rate of lime support balanced nutrition for the next season. Among sSplit P applications, P2 (50% basal + 50% V2 stage) promoted the maximum P availability in both seasons. As two season results, L2P2 (3.0 ton ha⁻¹ and 50% basal + 50% V2 stage) was the most viable option, offering similar agronomic benefits to L3P2 (4.5 ton ha⁻¹ and 50% basal + 50% V2 stage) with reduced lime input. The combined application of lime and split P fertilization significantly enhanced soybean yield, and available P compared to single applications. Therefore, L2P2 (3.0 ton ha⁻¹ and 50% basal + 50% V2 stage) treatment could serve as a reference practice for enhancing soybean production in the study area and areas with similar agro-climatic conditions having moderately acid soil. This study suggested that further investigations with lime and split-P applications for long term were necessary. 
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Rainfall	May	June	July	Aug.	Sept	Oct	Nov	Dec	Jan	156.4	118	304	553	336	189	44	0	0	Min	May	June	July	Aug.	Sept	Oct	Nov	Dec	Jan	22	22.7	24	24	23.7	23.4	18.399999999999999	17	16.8	Max	May	June	July	Aug.	Sept	Oct	Nov	Dec	Jan	41.3	35.6	36.5	35.5	36	36	35.6	34	32.700000000000003	
Rainfall(mm)


Temperature(℃)




Pod	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

1.8000000000000007	5.3575491909392046	1.4394906506585339	3.9038442591886287	1.7009801096230759	3.5205160606555017	2.003330560175562	2.305927145423289	2.3692474191889112	0.91651513899117321	2.1258488500675004	2.865402822175847	1.8000000000000007	5.3575491909392046	1.4394906506585339	3.9038442591886287	1.7009801096230759	3.5205160606555017	2.003330560175562	2.305927145423289	2.3692474191889112	0.91651513899117321	2.1258488500675004	2.865402822175847	L0P1	L0P2	L0P3	L1P1	L1P2	L1P3	L2P1	L2P2	L2P3	L3P1	L3P2	L3P3	54.4	52.2	55.4	68.400000000000006	65.2	61.36	66.400000000000006	79.87	64.400000000000006	75.400000000000006	79.239999999999995	73	e	e	e	cd	cd	d	c	ab	cd	b	a	b	Treatments


No. of pod plant-1



Pod	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

1.5524174696260029	0.40000000000000036	1.2165525060596438	1.1999999999999993	1.8083141320025131	2.8219378684395822	1.2000000000000011	1.5044378795195663	1.6653327995729061	1.6093476939431077	2.4378952670968701	2.487971060924945	1.5524174696260029	0.40000000000000036	1.2165525060596438	1.1999999999999993	1.8083141320025131	2.8219378684395822	1.2000000000000011	1.5044378795195663	1.6653327995729061	1.6093476939431077	2.4378952670968701	2.487971060924945	L0P1	L0P2	L0P3	L1P1	L1P2	L1P3	L2P1	L2P2	L2P3	L3P1	L3P2	L3P3	26.3	26.799999999999997	24.400000000000002	28.2	28.900000000000002	27.833333333333332	30.600000000000005	37.166666666666664	29.933333333333334	32.699999999999996	37.966666666666661	31.7	ef	ef	f	de	cde	de	bcd	a	bcd	b	a	bc	Treatments


No. of pods plant-1



Seed	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

0.14011899704655803	0.22501851775650236	0.17691806012954125	0.27622454633866395	0.14730919862656236	0.18475208614068028	6.4291005073286417E-2	0.10408329997330651	0.12583057392117916	0.12055427546683427	0.10408329997330676	0.28448784391135973	0.14011899704655803	0.22501851775650236	0.17691806012954125	0.27622454633866395	0.14730919862656236	0.18475208614068028	6.4291005073286417E-2	0.10408329997330651	0.12583057392117916	0.12055427546683427	0.10408329997330676	0.28448784391135973	L0P1	L0P2	L0P3	L1P1	L1P2	L1P3	L2P1	L2P2	L2P3	L3P1	L3P2	L3P3	1.843333333333333	1.8766666666666667	1.79	1.9100000000000001	1.9300000000000004	1.9066666666666665	2.0266666666666668	2.5666666666666669	1.9666666666666668	2.0866666666666669	2.5833333333333335	2.0733333333333333	b	b	b	b	b	b	b	a	b	b	a	b	Treatments


No. of seeds pod-1



yield	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

102.02554859648492	101.32499624921617	32.237228012547156	44.704324026360666	52.186763504235508	54.313041395372231	28.047654685077262	24.388752016403757	54.738799349266344	92.056313829249788	60.188550550928632	39.754776401207856	102.02554859648492	101.32499624921617	32.237228012547156	44.704324026360666	52.186763504235508	54.313041395372231	28.047654685077262	24.388752016403757	54.738799349266344	92.056313829249788	60.188550550928632	39.754776401207856	L0P1	L0P2	L0P3	L1P1	L1P2	L1P3	L2P1	L2P2	L2P3	L3P1	L3P2	L3P3	2018.8159144322983	2113.7407316038507	1940.8498415909792	2411.6028240242199	2293.7746352676713	2205.559205090553	2631.1466666666665	2876.6950075596892	2398.6097925708382	2806.1242402422008	2960.4559093562489	2634.2601907869689	fg	f	g	e	de	e	c	ab	d	b	a	c	Treatments


Seed yield (kg ha-1)



Seed Y(kgha-1)	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

77.995159495381984	22.616268449222297	96.395966246893863	89.531790613671035	45.788289116828047	79.705566062774949	64.020249234567345	255.71866116243314	149.59491462209016	114.60496443358467	159.8126137791327	135.35107363366794	77.995159495381984	22.616268449222297	96.395966246893863	89.531790613671035	45.788289116828047	79.705566062774949	64.020249234567345	255.71866116243314	149.59491462209016	114.60496443358467	159.8126137791327	135.35107363366794	L0P1	L0P2	L0P3	L1P1	L1P2	L1P3	L2P1	L2P2	L2P3	L3P1	L3P2	L3P3	2146.4204132629943	2142.7087442859188	2047.8610162977468	2238.8696164318994	2365.0155528725008	2222.013365675024	2395.9134231794205	2889.9087944018429	2388.691568318196	2500.9062629031382	2918.9775486303733	2456.9286358115337	d	d	d	cd	bc	cd	bc	a	bc	b	a	b	STDEV	
L0P1	L0P2	L0P3	L1P1	L1P2	L1P3	L2P1	L2P2	L2P3	L3P1	L3P2	L3P3	77.995159495381984	22.616268449222297	96.395966246893863	89.531790613671035	45.788289116828047	79.705566062774949	64.020249234567345	255.71866116243314	149.59491462209016	114.60496443358467	159.8126137791327	135.35107363366794	Treatments


Seed yield (kgha-1)



L0	c
c

monsoon	post monsoon	9.5299999999999994	10.86	L1	c
c

monsoon	post monsoon	10.57	10.833333333333334	L2	b
a

monsoon	post monsoon	13.770000000000001	14.376666666666665	L3	a
b

monsoon	post monsoon	15.87	13.06	Seasons


Available P (ppm)




P1	ab
a

monsoon	post monsoon	12.094999999999999	12.517499999999998	P2	a
a

monsoon	post monsoon	13.297499999999999	12.932500000000001	P3	b
b

monsoon	post monsoon	11.9125	11.397500000000001	Seasons


Available P (ppm)




L0P1	monsoon	post-monsoon	9.16	11.11	L0P2	monsoon	post-monsoon	9.81	11.31	L0P3	monsoon	post-monsoon	9.6199999999999992	10.16	L1P1	monsoon	post-monsoon	10.57	11	L1P2	monsoon	post-monsoon	10.68	11.36	L1P3	monsoon	post-monsoon	10.46	10.14	L2P1	monsoon	post-monsoon	13.31	15.02	L2P2	monsoon	post-monsoon	15.37	15.56	L2P3	monsoon	post-monsoon	12.63	12.55	L3P1	monsoon	post-monsoon	15.34	12.94	L3P2	monsoon	post-monsoon	17.329999999999998	13.5	L3P3	monsoon	post-monsoon	14.94	12.74	Seasons


Available P (ppm)




