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ABSTRACT
Rice is cultivated in more countries than any other grain crop and belongs to the subfamily Oryzoideae of the Poaceae family. It is the most nutrient-dense grain after wheat, and epidemiological studies have shown that consuming whole grains can reduce the risk of metabolic disorders. A field experiment was carried out on sandy loam soil at the Agricultural College farm in Naira, Srikakulam. The aim was to evaluate the yield attributes and nutrient uptake of various rice varieties influenced by different agronomic management techniques under late-sown and over-aged seedling conditions. The experiment used a split-plot design with three rice varieties: MTU 1210 (M1), MTU 1224 (M2), and BPT 2411 (M3), transplanted at 45 days old as the main plot treatments. The subplot treatments included seven agronomic techniques Planting 33 hills per m² with 6 seedlings per hill + 100% RDN (120 kg N in 2 splits, 70:30) (S1), Planting 44 hills per m² with 3 seedlings per hill + 100% RDN (S2), Planting 44 hills per m² with 6 seedlings per hill + 100% RDN (S3), Planting 33 hills per m² with 6 seedlings per hill + 125% RDN (150 kg N in 2 splits, 70:30) (S4), Planting 44 hills per m² with 3 seedlings per hill + 125% RDN (S5), Planting 44 hills per m² with 6 seedlings per hill + 125% RDN (S6), Planting 33 hills per m² with 3 seedlings per hill + 100% RDN (S7). Results indicated that higher plant densities and increased nitrogen levels significantly improved both growth and yield. Additionally, the interaction effect between rice varieties and agronomic management techniques on days to 50% flowering and days to maturity was not statistically significant. This suggests that the combined effects of different varieties and agronomic practices did not result in notable differences in the timing of these growth stages. The optimal results were observed with the treatment of 44 hills per m², 6 seedlings per hill, and 125% recommended nitrogen dose (RDN). These findings offer valuable insights for enhancing rice cultivation practices using over-aged seedlings, leading to higher productivity and better resource use efficiency in similar agro-climatic regions.
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Introduction

Rice (Oryza sativa L.) is a crucial staple food globally, especially in Asia, where it is a primary source of calories for millions of people (Mohidem et al., 2022). In regions like North Coastal Andhra Pradesh, rice farming is vital for the economy and food security. Traditional practices, such as using overaged seedlings for transplanting, often result in suboptimal growth and yield due to poor establishment and reduced vigour (Wang et al., 2024). Nevertheless, yield reduction in the case of transplanting of overaged rice seedlings is a common phenomenon which can be addressed to a high extent through transplanting rice seedlings from primary to secondary nursery (Biswas & Das, 2023). This study aims to address these challenges by exploring the effects of different plant densities and nitrogen fertility levels on the performance of overaged rice seedlings. The goal is to identify the most effective agronomic practices and provide actionable recommendations for farmers in North Coastal Andhra Pradesh and similar regions.

Rice is cultivated in more countries than any other grain crop and belongs to the subfamily Oryzoideae of the Poaceae family. It is the most nutrient-dense grain after wheat, and epidemiological studies have shown that consuming whole grains can reduce the risk of metabolic disorders (Carcea et al., 2020). In India, rice is the most commonly consumed grain, and it is 23% more efficient in calorie production compared to wheat and maize. About 35% of human calorie intake comes from these crops (Soto-Gómez et al., 2022). Rice cultivation is particularly labour-intensive, offering millions of individuals vital employment and livelihood opportunities. Moreover, as the largest rice exporter globally, India commands over 40 per cent of the international market share, playing a pivotal role in ensuring food security around the world (Sindhuja et al., 2025). For the marketing year 2022-23, India’s harvested rice fields are projected to cover 47.0 million hectares, yielding 4.21 tonnes per hectare (USDA 2023). To feed its growing population, India must increase its annual grain output from the current 108.32 million tonnes to 120 million tonnes by 2025 (Ministry of Agriculture and Farmers Welfare, Second advance estimates 2022-23). It has been estimated that the world will have to produce 60 per cent more rice by 2030 than it produced in 1995 (Gayathri & Padmalatha, 2023). 

In Andhra Pradesh, rice is the most significant primary food crop, cultivated from the high altitude and tribal zones in the south to the lowland and coastal zones in the north. As of 2020-21, the majority of rice in Andhra Pradesh is produced in irrigated ecosystems: canals (46.60%), tube wells (40.0%), tanks (8.43%), other wells (1.46%), and other sources (3.52%). The average yield is 5130 kilograms per hectare per year (Directorate of Economics and Statistics, 2021), higher than both the national average of 2566 kilograms and the global average of 4610 kilograms per hectare per year (USDA, 2023). Factors contributing to lower yields in India include delayed monsoon onset, inconsistent rainfall patterns, and delays in water release into canals, leading to the use of additional and older seedlings. To ensure healthy plant stands, it is essential to use well-managed seedbeds with optimal nutrition and appropriately aged seedlings. Water scarcity and increasing competition for water resources are major threats to the long-term viability of rice farming (Mallareddy et al., 2023).In the coastal regions of India and Andhra Pradesh, rice is a critical food crop. During Kharif, about 4.25 lakh hectares are dedicated to rice production in north coastal Andhra Pradesh, with an annual yield of 4.2 tonnes per hectare (Directorate of Economics and Statistics, 2021). The development of new rice varieties is crucial for ensuring India’s food security and supporting regional economic development. Varieties play a key role in maximizing yield by enhancing input use efficiency. The adverse effects of late transplanting can be minimized by selecting suitable cultivars, as the extent of yield reduction varies with different rice cultivars. The genetic potential of a variety determines its performance under various environmental conditions, thereby influencing overall productivity.

Key management strategies for overaged seedling rice production include maintaining effective plant densities (number of seedlings per hill), optimal sowing dates (Liu et al., 2023), and appropriate nitrogen application rates (Zhu et al., 2020). Plant densities affect sunlight interception, photosynthetic rate, tiller production, nutrient absorption, and other physiological processes, ultimately impacting rice growth and development. High plant densities can lead to shading and lodging, resulting in increased straw production and reduced grain yield. To optimize yield, it is crucial to determine the ideal seedling density per hill and nitrogen application rate (Chen et al., 2022).
The present study proposed to study the growth parameters of different rice varieties as influenced by agronomic management techniques under overaged seedling conditions.

Methodology:
The field experiment took place during the kharif season of 2022 at the Agricultural College Farm in Naira. The experimental site is characterized by sandy loam soil with a pH of 7.2, an electrical conductivity (EC) of 0.05 dS m-1, an organic carbon content of 0.45%, available nitrogen at 221 kg ha-1, phosphorus at 16.7 kg ha-1, and potassium at 245 kg ha-1. The study employed a split-plot design with three replications. The main plot treatments consisted of three rice varieties: MTU 1210 (M1), MTU 1224 (M2), and BPT 2411 (M3). Subplot treatments included seven combinations of planting densities and nitrogen levels: S1 (33 hills m-2, 6 seedlings/hill, 100% RDN), S2 (44 hills m-2, 3 seedlings/hill, 100% RDN), S3 (44 hills m-2, 6 seedlings/hill, 100% RDN), S4 (33 hills m-2, 6 seedlings/hill, 125% RDN), S5 (44 hills m-2, 3 seedlings/hill, 125% RDN), S6 (44 hills m-2, 6 seedlings/hill, 125% RDN), and S7 (33 hills m-2, 3 seedlings/hill, 100% RDN). Throughout the growing season, standard agronomic practices were maintained, including proper irrigation, weed management, and pest control.

Experimental Design and Treatment :

A split-plot design with three replications was selected to ensure robust statistical analysis and minimize experimental error. The main plot treatments featured three widely cultivated rice varieties: MTU 1210 (M1), MTU 1224 (M2), and BPT 2411 (M3). These varieties were chosen due to their popularity and adaptability to local agro-climatic conditions. The subplot treatments consisted of seven combinations of planting densities and nitrogen levels, designed to assess the interaction between these factors on the growth and yield of overaged seedlings. Each subplot received one of the following treatments: Planting 33 hills per m² with 6 seedlings per hill + 100% RDN (120 kg N in 2 splits, 70:30) (S1), Planting 44 hills per m² with 3 seedlings per hill + 100% RDN (S2), Planting 44 hills per m² with 6 seedlings per hill + 100% RDN (S3), Planting 33 hills per m² with 6 seedlings per hill + 125% RDN (150 kg N in 2 splits, 70:30) (S4), Planting 44 hills per m² with 3 seedlings per hill + 125% RDN (S5), Planting 44 hills per m² with 6 seedlings per hill + 125% RDN (S6), Planting 33 hills per m² with 3 seedlings per hill + 100% RDN (S7).

This setup allowed for a comprehensive evaluation of how varying plant densities and nitrogen levels influence key growth parameters.

Data Collection :

Plant height was recorded at the active tillering, panicle initiation, and harvest stages. The total number of tillers per hill was counted at the maximum tillering stage, panicle initiation, and flowering stages. Leaf area index (LAI) was measured Length-width method for the estimation of leaf area for Rice at different stages Palaniswamy et al. (1974). Dry matter production, determined as the total above-ground biomass, was recorded at the active tillering, panicle initiation, and harvest stages. Additionally, the days to 50% flowering were noted when half of the plants in each plot had flowered, and the days to harvest were calculated from the transplanting date to the physiological maturity date. Data were collected using standardized methods to ensure accuracy and reliability.

Data Analysis :

The collected data were subjected to statistical analysis using Analysis of Variance (ANOVA), suitable for the split-plot design (Fisher, 1925). This analysis aimed to determine the significance of the effects of variety, plant density, and nitrogen levels, as well as their interactions, on the measured parameters. Means were compared using the Least Significant Difference (LSD) test at a 5% significance level. All data analyses were performed using the SAS (Statistical Analysis System) software package. Graphical representations, including bar charts and line graphs, were created to visually interpret the data, helping to clearly illustrate the effects of different treatments on growth parameters and yield components.

Results and Discussion :

Plant Height

The plant height of rice varieties increased as the crop matured. BPT 2411 consistently recorded the tallest plants at the active tillering, panicle initiation, and harvesting stages, outperforming MTU 1224 and MTU 1210. MTU 1224 height was comparable to BPT 2411 and superior to MTU 1210, which had the shortest plants throughout the growth stages. These variations in height are attributed to genetic differences among the varieties.
In terms of agronomic management, the highest plant height was observed with planting 44 hills m² with 6 seedlings per hill and 125% of the recommended nitrogen dose (RDN), similar to planting 44 hills m² with 3 seedlings per hill and 125% RDN, and planting 33 hills m² with 6 seedlings per hill and 125% RDN. No significant height difference was found among other treatments, but the lowest height was noted with planting 44 hills m² with 6 seedlings per hill and 100% RDN. Higher nitrogen application generally resulted in taller plants, highlighting the impact of nutrient availability on growth. These findings align with previous research by Ju et al. (2021) and Jahan et al. (2022), demonstrating that increased nitrogen fertilization enhances plant height by stimulating meristematic growth.

Leaf Area Index (LAI) 
Variety BPT 2411 consistently exhibited the highest LAI across all growth stages, indicating superior performance. MTU 1224 had an intermediate LAI, while MTU 1210 recorded the lowest values, reflecting its relatively poorer performance. These differences in LAI are likely due to genetic variations, photosynthetic activity, chlorophyll content, and photosynthetic enzyme activity among the varieties. The trend of increasing LAI with crop growth, peaking at heading or flowering, aligns with findings by Yang et al. (2023) and Poojitha and Denesh (2022).
Table 1. Plant Height (m), Leaf Area Index and No. of tillers m-2 of rice varieties as influenced by Agronomic management of overaged seedlings during Kharif 2022-23
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Among the agronomic treatments, the highest LAI values were observed with planting 44 hills per square meter with 6 seedlings per hill and 125% of the recommended nitrogen dose (RDN). This treatment performed best, followed by planting 44 hills per square meter with 6 seedlings per hill and 100% RDN and planting 44 hills per square meter with 3 seedlings per hill and 125% RDN. At the panicle initiation stage, 44 hills per square meter with 6 seedlings per hill and 100% RDN performed on par with the top-performing treatment. Intermediate LAI values were noted for treatments with planting densities of 44 hills per square meter with 3 seedlings per hill and 100% RDN, and 33 hills per square meter with 6 seedlings per hill and 100% RDN. The lowest LAI values were recorded for planting 33 hills per square meter with 3 seedlings per hill and 100% RDN.
Plant density and nitrogen levels significantly influenced LAI values from active tillering to flowering, with LAI steadily increasing to a maximum at flowering. This increase is attributed to higher chlorophyll content, more leaves, and better leaf growth under adequate fertility levels. Conversely, a decrease in LAI towards maturity might be due to reduced leaf turgidity and succulence. The positive correlation between higher nitrogen doses and increased LAI, as noted by Zhu et al. (2020), supports these findings. Higher LAI in closer plant geometry is likely due to a greater number of leaves per unit area and higher green leaf area at the heading stage, enhancing photosynthetic capacity. Similar results were reported by Poojitha and Denesh (2022), who found lower LAI in wider planting densities compared to closer ones.
Number of tillers m-2 :
Among the rice varieties studied, BPT 2411 consistently showed a significantly higher number of tillers per square meter at active tillering, panicle initiation, and flowering stages compared to MTU 1224 and MTU 1210. The difference was most notable at the active tillering and panicle initiation stages, though by flowering, BPT 2411 and MTU 1224 had similar tiller counts, both being markedly higher than MTU 1210. This variation in tiller number can be attributed to the genetic potential for tillering in BPT 2411, as supported by findings from Alipour and Mobasser (2021) and Yun (2023).
Tiller numbers generally increased up to the panicle initiation stage but declined thereafter. The maximum tiller count was observed with planting 44 hills per square meter with 6 seedlings per hill and 125% of the recommended nitrogen dose (RDN), while the lowest was with planting 33 hills per square meter with 3 seedlings per hill and 100% RDN. At the active tillering stage, the highest tiller count was achieved by planting 44 hills per square meter with 6 seedlings per hill and 125% RDN, followed by similar treatments with different densities or nitrogen levels, with no significant difference among these treatments. At panicle initiation and flowering stages, the top-performing treatment remained the same, with significant differences noted when compared to other nitrogen and density treatments. However, treatments involving lower nitrogen levels and fewer hills generally produced fewer tillers.
The decline in tiller number at flowering is likely due to the mortality of tillers produced later in crop growth. Despite higher tiller counts associated with increased planting density, these did not fully offset the reduction in plant population per unit area. Consequently, a higher number of hills per square meter resulted in a greater total number of tillers per unit area due to more efficient resource utilization. Increased nitrogen availability, which plays a crucial role in cell division, was associated with higher tiller numbers, as noted by Jahan et al. (2022). The average number of tillers increased linearly up to panicle initiation but slightly declined at flowering, potentially due to self-thinning, resource constraints, or intra-plant competition, as discussed by Zhu et al. (2023).
The interaction between rice varieties and agronomic management techniques did not show significant effects on the number of tillers per square meter. This suggests that while individual factors like variety and management practices significantly impact tiller numbers, their combined effects do not interact in a manner that alters the overall tillering pattern significantly. 
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Dry Matter Production (DMP) :
The data on dry matter production (kg ha^-1) are summarized in Table 2, illustrating a progressive increase from active tillering to harvesting stages. Dry matter accumulation was significantly influenced by both agronomic management techniques and rice varieties, although the interaction effects between these factors were not significant at any growth stage. Throughout all stages—active tillering, panicle initiation, flowering, and harvest—BPT 2411 exhibited significantly higher dry matter production compared to MTU 1210 and was comparable to MTU 1224. Specifically, BPT 2411 showed a percentage increase in dry matter of 2.01% over MTU 1224 and 7.23% over MTU 1210 at active tillering, 28.82% over MTU 1224 and 40.23% over MTU 1210 at panicle initiation, 5.32% over MTU 1224 and 19.10% over MTU 1210 at flowering, and 6.70% over MTU 1224 and 17.90% over MTU 1210 at harvest. The higher dry matter production in BPT 2411 can be attributed to its taller plants, increased tillers, and larger leaf area, consistent with findings by Kaur and Dhillon (2020).
Among agronomic management techniques, the highest dry matter production was recorded with planting 44 hills per square meter with 6 seedlings per hill and 125% of the recommended nitrogen dose (RDN). Conversely, the lowest dry matter production was observed with planting 33 hills per square meter with 3 seedlings per hill and 100% RDN. The differences in dry matter production were less pronounced between other treatments, such as planting 44 hills per square meter with 6 seedlings per hill and 125% RDN versus planting 33 hills per square meter with 6 seedlings per hill and 125% RDN or planting 44 hills per square meter with 3 seedlings per hill and 125% RDN. There were also no significant differences between planting 33 hills per square meter with 6 seedlings per hill and 100% RDN and planting 44 hills per square meter with 3 seedlings per hill and 100% RDN. 
The increased dry matter production in higher-density planting is attributed to more tillers and a larger leaf area. The greater vertical growth in closer spacing, compared to the horizontal tillering in wider spacing, contributed to this enhanced dry matter production, as noted by Jahan et al. (2022). Additionally, variations in dry matter production might stem from differences in the absorption of photosynthetically active radiation (PAR) due to plant population and leaf area index (LAI), or efficiency in converting PAR into dry matter, as discussed by Hussain et al. (2022).
Wider planting densities showed reduced dry matter production, likely due to fewer hills per unit area, which led to lower total phytomass despite extensive tillering per hill. This lack of a compensatory mechanism for the reduced number of hills in wider spacing resulted in lower total dry matter. These findings align with Zhu et al. (2023a), which attribute higher dry matter production to differences in seedlings per hill, enhanced nitrate reductase activity at the booting stage, and glutamine synthase activity at the heading stage. Balancing source-sink relationships and improving dry matter conversion efficiency across various plant organs at different growth stages were crucial for achieving optimal dry matter accumulation.
Days to 50% flowering and Days to maturity:
The analysis of days to 50% flowering and days to maturity reveals significant variations among the rice varieties studied. BPT 2411 exhibited a longer duration to reach both 50% flowering and maturity compared to MTU 1224, indicating that BPT 2411 takes more time for these phenological processes. Specifically, BPT 2411 days to 50% flowering and maturity were comparable to those of MTU 1224, suggesting that while BPT 2411 is slower than MTU 1224, the difference is not as pronounced between these two varieties. In contrast, MTU 1210 reached 50% flowering and maturity significantly earlier than both BPT 2411 and MTU 1224. This observation highlights a notable difference in the growth cycles of MTU 1210 compared to the other two varieties, as detailed in Table 2.
Regarding agronomic management techniques, statistical analysis indicates that there were minimal differences in days to 50% flowering and days to maturity across various treatments. Treatments ranged from planting 33 hills per square meter with 6 seedlings per hill and 100% RDN (S1) to planting 33 hills per square meter with 3 seedlings per hill and 100% RDN (S7). Among these, planting 44 hills per square meter with 6 seedlings per hill and 125% RDN (S6) resulted in the longest duration for both flowering and maturity, while planting 33 hills per square meter with 3 seedlings per hill and 100% RDN (S7) resulted in the shortest duration. However, the differences in these timings among the agronomic management techniques were not statistically significant, indicating that variations in planting density and nitrogen levels did not have a discernible impact on the timing of flowering and maturity. These findings are consistent with the results reported by Jehangir et al. (2022).
Additionally, the interaction effect between rice varieties and agronomic management techniques on days to 50% flowering and days to maturity was not statistically significant. This suggests that the combined effects of different varieties and agronomic practices did not result in notable differences in the timing of these growth stages. Overall, while variety-specific differences in phenological timing were evident, the impact of varying agronomic management practices on the timing of flowering and maturity was minimal.

Conclusion

The significance of the growth, productivity, and nitrogen uptake with the varieties BPT 2411, MTU 1224 and MTU 1210 in combination with the agronomic management (planting density along with N fertility). An increase in plant density, seedling density and Nitrogen indicated an increased performance of yield and yield attributes among the various treatments, S6 (44 hills per square meter with 6 seedlings per hill and 125% recommended nitrogen dose) consistently showed superior performance across all parameters, indicating that increased nitrogen levels and higher planting density can significantly enhance both growth and yield. These findings offer practical guidance for farmers and agronomists, suggesting that adopting higher nitrogen levels and denser planting can be an effective strategy for maximizing rice production in similar agro-climatic conditions.
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Active 

Tilleri

ng

Panicle 

initiatio

n

Flower

ing

Active 

Tilleri

ng

Panicl

e 

Initiati

on

Flower

ing

Main treatments (Varieties)

(M

1

) MTU 1210

59.21 75.67 101.07

1.01 3.2 3.66 361 377 307

(M

2

) MTU 1224

62.49 85.32 109.71

1.12 3.55 4.21 411 431 375

(M

3

) BPT 2411

66.22 90.63 114.33

1.19 3.74 4.61 442 515 390

SEm (±)

1.3 2.17 1.91

0.02 0.05 0.07 6.69 5.03 6.29

CD (P=0.05)

5.1 8.53 7.5

0.06 0.19 0.28 26.28 19.76 24.68

CV (%)

9.56 11.87 8.08

6.26 6.2 7.72 7.58 5.23 8.05

Sub Plot treatments (Agronomic 

Management techniques)

(S

1

) Planting 33 hills m

-2

 with 6 seedlings per 

hill+ 100% RDN

60.19 80.41 104.83

1.05 3.32 4.01 396 420 353

(S

2

) Planting 44 hills m

-2

 with 3 seedlings per 

hill + 100% RDN

59.8 81.17 101.76

1.08 3.41 4.02 370 402 335

(S

3

) Planting 44 hills m

-2

 with 6 seedlings per 

hill+ 100% RDN

59.65 80.4 105.59

1.15 3.63 4.37 420 454 362

(S

4

) Planting 33 hills m

-2

 with 6 seedlings per 

hill+125% of RDN

65.5 87.79 114.32

1.11 3.52 4.21 434 476 380

(S

5

) Planting 44 hills m

-2

 with 3 seedlings per 

hill+125% of RDN

64.64 87.33 114.29

1.12 3.54 4.26 428 468 372

(S

6

) Planting 44 hills m

-2

 with 6 seedlings per 

hill +125% of RDN

65.74 88.01 115.04

1.22 3.85 4.5 449 481 391

(S

7

) Planting 33 hills m

-2

 with 3 seedlings per 

hill+100% RDN

60.63 82 102.78

1.02 3.21 3.76 337 384 309

SEm (±)

1.78 1.97 2.45

0.03 0.09 0.1 12.14 8.71 7.89

CD (P=0.05)

5.1 5.65 7.02

0.08 0.26 0.3 34.81 24.99 22.64

CV (%)

8.57 7.05 6.78

7.77 7.82 7.49 8.99 5.93 6.62

Interaction

SEm±

3.08 3.41 4.24

0.05 0.16 0.18 21.02 15.09 13.67

CD (P=0.05)

NS NS NS

NS NS NS NS NS NS

Treatments

No of tillers m

-2 

Plant Heights LAI


image2.emf



Active 
Tillering



Panicl
e 
Initiat
ion



Flowerin
g



Harves
ting



Main treatments (Varieties)
(M1) MTU 1210 1131 2607 4984 10995 97 127
(M2) MTU 1224 1195 3138 5636 12149 110 141
(M3) BPT 2411 1216 3356 5936 12963 113 145



SEm (±) 15.2 63.42 108.52 254.05 1.71 1.7
CD (P=0.05) 59.67 249 426.1 997.5 6.71 6.69



CV (%) 5.9 9.58 9.01 9.67 7.34 5.68
Sub Plot treatments (Agronomic 



Management techniques)



(S1) Planting 33 hills m-2 with 6 seedlings per 
hill+ 100% RDN



1145 2968 5387 11770 105 136



(S2) Planting 44 hills m-2 with 3 seedlings per 
hill + 100% RDN



1130 2757 5085 11296 106 136



(S3) Planting 44 hills m-2 with 6 seedlings per 
hill+ 100% RDN



1201 3214 5868 12947 107 140



(S4) Planting 33 hills m-2 with 6 seedlings per 
hill+125% of RDN



1222 3311 5833 12561 108 139



(S5) Planting 44 hills m-2 with 3 seedlings per 
hill+125% of RDN



1203 3136 5768 12288 108 138



(S6) Planting 44 hills m-2 with 6 seedlings per 
hill +125% of RDN



1271 3477 6134 13323 109 141



(S7) Planting 33 hills m-2 with 3 seedlings per 
hill+100% RDN



1092 2371 4556 10065 104 134



SEm (±) 37.9 104.1 181.35 339.16 2.05 2.13
CD (P=0.05) 108.7 298.6 520.1 972.8 NS NS



CV (%) 9.63 10.3 9.86 8.45 5.76 4.65
Interaction



SEm± 65.65 180.3 314.11 587.44 3.55 3.69
CD (P=0.05) NS NS NS NS NS NS



Treatments



Days to 
50% 



Floweri
ng



Days 
to 



maturi
ty



Dry Matter Production (kg ha-1)










Active 

Tillering

Panicl

e 

Initiat

ion

Flowerin

g

Harves

ting

Main treatments (Varieties)

(M

1

) MTU 1210 1131 2607 4984 10995 97 127

(M

2

) MTU 1224 1195 3138 5636 12149 110 141

(M

3

) BPT 2411 1216 3356 5936 12963 113 145

SEm (±) 15.2 63.42 108.52 254.05 1.71 1.7

CD (P=0.05) 59.67 249 426.1 997.5 6.71 6.69

CV (%) 5.9 9.58 9.01 9.67 7.34 5.68

Sub Plot treatments (Agronomic 

Management techniques)

(S

1

) Planting 33 hills m

-2

 with 6 seedlings per 

hill+ 100% RDN

1145 2968 5387 11770 105 136

(S

2

) Planting 44 hills m

-2

 with 3 seedlings per 

hill + 100% RDN

1130 2757 5085 11296 106 136

(S

3

) Planting 44 hills m

-2

 with 6 seedlings per 

hill+ 100% RDN

1201 3214 5868 12947 107 140

(S

4

) Planting 33 hills m

-2

 with 6 seedlings per 

hill+125% of RDN

1222 3311 5833 12561 108 139

(S

5

) Planting 44 hills m

-2

 with 3 seedlings per 

hill+125% of RDN

1203 3136 5768 12288 108 138

(S

6

) Planting 44 hills m

-2

 with 6 seedlings per 

hill +125% of RDN

1271 3477 6134 13323 109 141

(S

7

) Planting 33 hills m

-2

 with 3 seedlings per 

hill+100% RDN

1092 2371 4556 10065 104 134

SEm (±) 37.9 104.1 181.35 339.16 2.05 2.13

CD (P=0.05) 108.7 298.6 520.1 972.8 NS NS

CV (%) 9.63 10.3 9.86 8.45 5.76 4.65

Interaction

SEm± 65.65 180.3 314.11 587.44 3.55 3.69

CD (P=0.05) NS NS NS NS NS NS

Treatments

Days to 

50% 

Floweri

ng

Days 

to 

maturi

ty

Dry Matter Production (kg ha-1)


