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Effect of seed rate on growth and productivity of rapeseed (Brassica campestris var. toria) in Assam, India

ABSTRACT: A field experiment was carried out at Jorhat, Assam to study the effect of seed rate on growth, yield and oil content in rapeseed. The experiment was laid out in randomized block design with three replications. The treatments comprised of three different seed rates i.e. 7, 8.5 and 10 kg ha-1. Results of the study revealed that all the growth and yield parameters viz. plant height (cm), number of primary branches plant-1, number of siliquae plant-1, number of seeds siliqua-1 and 1000-seed weight (g), yields of both seed (10.07 q ha-1) and stover (38.34 q ha-1) as well as total nutrient uptake by the crop were highest under 7 kg seeds ha-1, while plant population, seed oil content and availability of nutrients in soil increased with increase in seed rate. Among all the parameters studied, significant (p=0.05) influences were observed in density of plant population, plant height, number of primary branches plant-1, number of seeds siliqua-1, available phosphorus and potassium content in soil. The highest net monetary return (13237.41) and benefit-cost ratio (2.29) was also recorded in 7 kg seeds ha-1. 
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INTRODUCTION:
“Rapeseed and mustard belong to the genus Brassica of the family Brassicaceae. India is one of the largest rapeseed and mustard growing countries in the world occupying the first position in area and third position in production after Canada and China. India accounts for 19.8 % of the total acreage and 9.8 % of the total production of the world” (USDA, 2022). “In India, rapeseed and mustard account for 23.2 per cent of total oilseeds area and 26.2 per cent of total oilseed production” (GOI, 2022). “The production is increasing at a rapid phase due to continuing increase in demand for edible oil and its products. Rapeseed and mustard are the second most important edible oilseed crop in India after groundnut. The yield of rapeseed and mustard during that year was 1499 kg ha-1 as compared to 1265 kg ha-1 of total oilseeds” (Anon., 2021).
Rapeseed and mustard are the only oilseed crops of Assam grown on commercial basis occupying an area of 4.82 per cent with production of 2.46 per cent of total rapeseed and mustard in India (Sharma et al., 2021). Rapeseed and mustard have caught the fascination of farmers in Assam & this is more particularly in areas where the rice crop transplanted in July-August is subjected to damage by floods. The areas where the early maturing rice varieties are being grown also rapeseed become a popular succeeding crop. However, the productivity of the crop is less and it varies from year to year. This low productivity is accounted for various factors. Rapeseed is grown entirely as a rainfed crop, because of non-availability of irrigation facilities and lack of rainfall during crop growth period. Farmers either do not have enough resources or otherwise hesitate to put costly inputs under unassured conditions. Moreover, about 90% of the crop is cultivated by the farmers in marginal and sub-marginal lands. Along with climatic and edaphic factors optimum seed rate also plays a key role in the development of the crop and finally to the yield. Production of rapeseed is also limited owing to non-adoption of recommended agronomic practices like timely sowing, optimum fertilizer application, seed rate etc. which also reduce the yield to a greater extent. Optimization of plant population is one of the modern strategies for maximization of crop production and this can be done by changing seed rate per unit area to exploit space, sunlight, soil moisture and plant nutrients available in soil adequately. Seed rate had significant effect on all yield contributing characters. The highest plant height, no. of branches plant-1, no. of filled siliquae plant-1, no. of seeds siliqua-1, 1000-seed weight, yield plot-1 and yield ha-1 were obtained from 7 kg seed ha-1 and consequently it produced the highest seed yield (Alam et al., 2015). Sharma (2009) reported that under rainfed condition of Assam, increasing seed rate has no favourable effect on seed yield of rapeseed. The seed and stover yield under the seed rate of 10 kg/ha was found to be 3.70 and 1.72 per cent respectively which were higher than that of seed rate of 15 kg ha-1. The growth and yield attributing characters of these two seed rates also followed a similar trend to that of yield. From a field experiment, Thakuria and Thakuria (2014) reported that “increasing the seed rate from 4 to 10 kg ha-1 increased the growth, yield attributes and yield of yellow sarson, however, the differences among the seed rates 6, 8 and 10 kg/ha were not significant”. Considering the importance of optimum seed rate for optimum yield, the experiment was undertaken.
MATERIALS AND METHODS
In order to study the effect of growth, development, yield and economics of rapeseed under different seed rates, field experiment was conducted at Assam Agricultural University, Jorhat, Assam, India (latitude: 26°47'N, longitude: 94°12'E, elevation: 86.6 m above mean sea level) using randomized block design (RBD) with three replications and three seed rates i.e. 7 kg ha-1, 8.5 kg ha-1 and 10 kg ha-1. All the agronomic practices were followed as per recommendations. Need based plant protection measures were done. The soil of the experimental site was sandy loam in texture with pH 5.13, low in available N (231.47 kg ha-1) and P (8.67 kg ha-1), while medium in K (139.43 kg ha-1). All plots received 40 kg N ha-1, 35 kg P2O5 ha-1 and 15 kg K2O ha-1 in the form of urea, single super phosphate and muriate of potash as per recommendation. Borax was applied @ 10 kg ha-1 in each plot along with other fertilizers. The rapeseed variety “TS-36” was taken in the study. The rainfall received during the crop season was only 37.4 mm distributed in 5 days. All the biometric parameters were recorded at harvest. From each net plot harvested one thousand healthy seeds were carefully counted and the weights were recorded in grams. After threshing, clearing and proper drying, weight of both seed and stover per plot was recorded in gram and was converted in quintal/ha. Seed oil content was estimated using the Soxhlet apparatus as per method described by AOAC (1980). Uptake and availability of nutrients were analysed and calculated as per standard procedures. Data pertaining to the parameters wherever needed was statistically analysed as per the method described by Panse and Sukhatme (1985). 
RESULTS AND DISCUSSION
Plant population 
The different seed rates included in the present experiment were 7, 8.5 and 10 kg ha-1. Data presented in Table 1 showed that the plant population increased significantly with increase in seed rate while the earlier two did not differ significantly from each other. Higher plant population due to higher seed rate was also reported by Thakuria and Thakuria (2014) and Rajyalakshmi et al. (2019).
Growth and yield attributing characters
Influence of different seed rates was significant in case of growth and yield attributing characters like plant height, number of primary branches plant-1, number of siliquae plant-1, number of seeds siliqua-1 and a decreasing trend was observed with increase in seed rate which ultimately reflected in seed and stover yield (Table 1). The highest values were recorded for 7 kg seeds ha-1 for all the parameters mentioned.
Significant effect on plant height was observed due to different seed rates at harvest. Lower seed rate (7 kg ha-1) produced taller plant than higher seed rates and it was statistically at par with 8.5 kg seeds ha-1. This result was in conformity with the findings of Afroz et al. (2011) and Alam et al. (2015).
Effect of seed rate was statistically significant in respect of number of primary branches per plant. The highest value was recorded under 7 kg seeds ha-1 which was significantly higher than 8.5 kg seeds ha-1 and 10 kg seeds ha-1 while the latter two did not differ significantly from each other in this respect. Decreased in number of branches per plant with increase in level of seed rate indicates that at higher population density there was reduction in total number of branches per plant. This might be attributed to inadequate space and limited availability of resources like essential plant nutrients, water and solar radiation per plant for the growth and development of the crop in case of higher seed rate. Afroz et al. (2011) and Alam et al. (2015) also found similar results in mustard.
A perusal of data presented in Table 1 indicated that the number of siliquae per plant and 1000-seed weight were not significantly influenced by the variation in seed rate. However, a marginal increase was observed at lower seed rate. Lower seed rate produced comparatively more number of siliquae per plant and 1000-seed weight. Alam et al. (2015) found “the highest number of siliquae per plant and 1000-seed weight under 7 kg seeds ha-1”. “A decrease in number of siliquae per plant of Brassica napus L. under higher seed rate” was obtained by Shahin and Valiollah (2005). The highest number of siliquae plant-1 was obtained by applying 4 kg ha-1 seeding rate as compared to 6 kg ha-1. 
Seed rate produced significant effect on number of seeds per siliqua and it was found to decrease sharply with the increase in seed rate. The highest value was recorded by 7.0 kg seeds ha-1 which was statistically at par with that of 8.5 kg seeds ha-1. Afroz et al. (2011) and Alam et al. (2015) reported that “the production of seeds per siliqua was found to be more at lower plant density in Indian mustard”. 
Table 1. Plant population, growth and yield attributing characters of rapeseed as influenced by different seed rates 
	Treatment
	Density of plant 
(No./running meter)
	Plant height (cm)
	No.  of primary branches per plant
	No. of siliquae per plant
	No. of seeds per siliqua
	1000-seed weight (g)

	7 kg ha-1
	22.31
	108.12
	7.37
	55.88
	17.95
	3.62

	8.5 kg ha-1
	22.34
	107.16
	6.93
	54.84
	17.28
	3.51

	10 kg ha-1
	23.77
	102.56
	6.82
	53.72
	15.07
	3.47

	CD (P = 0.05)
	1.10
	1.49
	0.19
	NS
	1.17
	NS


NS = Non-significant
Seed and stover yields                                                                                                                                                                                                  
Differences in seed and stover yield of rapeseed were observed due to variation in seed rate though they were not statistically significant (Table 2). Results of this experiment indicated that seed yield decreased with increase in level of seed rate from 7 to 10 kg ha-1. Maximum seed yield of 10.07 q/ha was recorded under 7 kg seeds ha-1 as against 8.5 kg seeds ha-1 and 10 kg ha-1. This might be attributable to optimum plant population due to optimum seed rate and more number of seeds per siliqua under lower seed rate. Similar results in Brassica spp. were also reported by Karamzadeh et al. (2010), Afroz et al. (2011) and Alam et al. (2015). The stover yield of rapeseed also followed similar trend to that of seed yield and the highest value (38.34 q ha-1) was observed under 7 kg seeds ha-1 which might be due to better development of individual plant, more number of primary branches and higher dry matter accumulation in the vegetative parts of the crop under lower seed rate. In the present experiment, the seed yield reductions were found to be 0.30 % and 6.65 % under the seed rate of 8.5 kg seeds ha-1 and 10 kg seeds ha-1, respectively over 7 kg seeds ha-1. Similarly, in case of stover, the yield reductions were 8.82% and 16.17% under 8.5 kg seeds ha-1 and 10 kg seeds ha-1, respectively. 
Table 2. Yield and economics of rapeseed as influenced by different seed rates 
	Treatment
	Seed yield 
(q ha-1)
	Stover yield 
(q ha-1)
	Seed oil content (%)
	[bookmark: _GoBack]Net monetary return ( ha-1)
	Benefit-cost ratio

	7 kg ha-1
	10.07
	38.34
	38.62
	13237.41
	2.29

	8.5 kg ha-1
	10.04
	34.96
	38.64
	12775.01
	2.22

	10 kg ha-1
	9.40
	32.14
	39.14
	11157.21
	2.08

	CD (P = 0.05)
	NS
	NS
	NS
	-
	-


NS = Non-significant
Oil content (%)
Three different seed rates could not bring about significant differences in respect of seed oil content. However, per cent seed oil content increased slightly with the increase in seed rate (Table 2) and the maximum value (39.14 %) was recorded under 10 kg seeds ha-1. This might be due to smaller seed size resulted under higher seed rate. Thakuria and Thakuria (2014) also reported that “the seed oil content of yellow sarson was not affected significantly due to different seed rates and row spacings”.
Nutrient uptake (kg/ha)
Effect of seed rate was found to be non-significant in respect of uptake of total nitrogen, phosphorus and potassium by the crop (Table 3). The N, P and K content in seed and stover as well as their uptake by the crop were found to decrease with increase in seed rate. The total reduction of uptake of N, P and K by the crop under 10 kg seeds ha-1 than that of 7 kg seeds ha-1 were 14.22%, 11.57% and 16.62% respectively, though they were not statistically significant.
Available of N, P and K (kg/ha) content in soil at crop harvest
A perusal of the data presented in Table 3 showed that the availability of N, P and K in soil recorded at crop harvest was an increasing trend with increase in seed rate and it was not statistically significant only in case of nitrogen. However, significant effect in this respect was observed for available phosphorus and potassium. The highest value of phosphorus was recorded under 10 kg ha-1 which was statistically similar with 8.5 kg ha-1. The significantly highest and the lowest values of available potassium content in soil were recorded under seed rate of 10 kg ha-1 and 7 kg ha-1 respectively. Availability of N, P and K was the highest under the seed rate of 10 kg ha-1 due to poor plant growth and lesser amount of nutrient uptake by the crop.  
Table 3. Uptake of nutrients and soil fertility status as influenced by different seed rates of rapeseed
	Treatment
	Total N, P and K uptake by toria 
(kg ha-1)
	Available N, P, K status after harvest (kg ha-1)

	
	N 
	P 
	K 
	N 
	P 
	K 

	7 kg ha-1
	43.46
	7.43
	28.64
	260.45
	11.30
	129.22

	8.5 kg ha-1
	40.61
	7.08
	25.71
	260.96
	11.76
	131.21

	10 kg ha-1
	37.28
	6.57
	23.88
	262.90
	12.19
	133.72

	CD (P= 0.05)
	NS
	NS
	NS
	NS
	0.56
	1.10


NS = Non-significant
Economic evaluation
The highest net monetary return (13237.41) and benefit-cost ratio (2.29) was recorded with treatment receiving 7 kg seeds ha-1 (Table 2). This might be due to lower seeds rate and lower cost of seed as well as high yield under seed rate of 7 kg ha-1 over other two seed rates. In groundnut (Ravisankara et al., 2001) recorded higher net income and benefit: cost ratio under lower seed rate of 37.5 kg ha-1 than those of 45 kg seed ha-1 and 50 kg seeds ha-1. In the same crop, higher net return and benefit-cost ratio under medium plant densities (2,22,222 plants ha-1) than 2,00,000 plants ha-1 and 2,50,000 plants ha-1 were reported by Konlan et al. (2014).
CONCLUSION
From the above findings, it can be concluded that seed rate of 7 kg rapeseed ha-1 is the best in respect of seed yield, stover yield, seed oil content and net monetary return. 
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