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Productivity of Indian mustard (Brassica juncea L.) influenced by land configuration and seed rate under semi-arid environment
ABSTRACT
An investigation was undertaken to evaluate the effect of land configuration and seed rate in Indian mustard and their effect on yield, quality and economics for two consecutive years (2022-23 to 2023-24) at CCS Haryana Agricultural University, Regional Research Station, Bawal under semi-arid environment. Pooled data of two years reveal that significantly higher seed yield (19.71 q ha-1) was recorded in Broad bed (60 cm) as compare to other methods of sowing except Broad bed (75 cm) which was remained at par (18.60 q ha-1). Among seed rate, significantly higher seed yield 18.80 q ha-1 was observed by the application of seed rate 3.750 kg ha-1 over 5.00 kg ha-1 (17.03 q ha-1) and 3.125 kg ha-1 (17.73 q ha-1). Oil yield of mustard was computed significantly higher in Broad bed (60 cm) over rest of the treatments. Highest net returns (Rs. 80465 ha-1), B: C ratio (3.59) and rain water use efficiency (19.66 kg ha-1-mm) was recorded in Broad bed (60 cm) among land configuration treatments. Among seed rate highest net returns (Rs. 75768 ha-1), B: C ratio (3.46) and rain water use efficiency (18.92 kg ha-1-mm) was recorded with application of seed rate at the rate of (@) 3.750 kg ha-1. Significantly higher production efficiency (kg ha-1day-1) and economic efficiency (₹ha-1day-1) was obtained under Broad bed (60 cm) and seed rate @ 3.750 kg ha-1 among land configuration and different seed rate, respectively. Lowest input energy (MJ ha-1) and highest input-output energy ratio was recorded under conventional sowing. Application of seed rate @ 3.750 kg ha-1 recorded highest gross output energy (MJ ha-1) and highest input-output energy ratio.
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1. INTRODUCTION
Mustard (Brassica spp.) is one of the most important oil crops of the world. Rapeseed-Mustard has been cultivated in many parts of Eurasia for centuries and is suitable for subtropical and temperate climate cultivars. Indian mustard (Brassica juncea L.) is commonly known as rai, raya and laha belonging to family Cruciferae is the most important Rabi oilseed crops of India and third leading source of vegetables oil in the world [1]. Indian mustard has important role in providing mineral nutrition as oil to human being and feed to animals. Rapeseed and mustard have numerous industrial uses and their oilcake can also serve as manure. It serves as an important raw material for industrial uses such as in soap, paints, varnishes, hair oils, lubricants, textile auxiliaries and pharmaceuticals. The seed contains 40-45 per cent (%) oil and 20-25% protein [2]. The major constraint limiting the productivity of oilseeds is that they are predominantly raised under energy-starved conditions (on poor fertile lands). Dryland areas constitute nearly 64% of the total cultivated area and account 42% of total food production in the scene of Indian agriculture. To conserve soil moisture, the mulches play an important role. Mulches prevent soil from blowing and being washed away reduces evaporation, increase infiltration, keeps down weeds, improves soil structure and eventually increases crop yields. Studies on mulching carried out in India under rainfed agriculture have concentrated on the measurement of crop responses rather than in the manner in which crop responses are influenced. Again the ridge-furrow and broad bed-furrow system of planting help in soil moisture conservation, soil aeration and synergistic effect on the availability of nitrogen and phosphorus. Thus, conservation of moisture is most important for boosting agriculture productivity and enhancing the recovery of applied nutrients.

    Sowing time, seed rate and method of sowing are the most important nonmonetary inputs, which influence the productivity of seed and oil to a great extent [3]. A poor yield of mustard in the country is mainly due to cultivation of mustard by adopting improper management practices. Plant density is an important cultural practice that determines yield attributes and consequently the yield. Yield obtained from mustard is low due to adoption of poor agronomic practices, of which planting methods is one of the most important [4]. Therefore, a judicious management of soil moisture by in-situ conservation through proper land configurations can play an important role for easy and uniform germination as well as for better growth and development of mustard. The productivity of the existing land can be improved by adopting management practices such as choice of suitable land configuration and nutrient management which in turn increase the use of efficiency of applied inputs [5]. Land configuration includes land modification technique such as flat bed, ridges and furrows and broad bed furrow, which alter the shape of seedbed and surface of land. Land configuration helps to improve the water use efficiency by facilitating the infiltration of water received through rainfall as well as irrigation. It minimizes the erosion/ runoff of soil and also allows the drainage of excess water from root zone [6]. Leeching of salt, reduced evaporation, better aeration, increased nutrient availability and enhanced root zone depth are the other benefits of land configuration [7]. But, the adoption and success of land configuration is mainly depended on the type of soil and rainfall received during the cropping period [8]. Soil tillage is one of the highest energy and labour consumer in arable farming and no-till had the lowest energy consumption. Conventional soil tillage had the highest and no-till has the lowest fuel consumption. The energy consumption in conventional soil tillage was more than conservation tillage [9]. Keeping the above facts in view, the present investigation was conducted with land configuration practices and different seed rate to evaluate their effect on yield and economics of mustard under rainfed condition.

2. MATERIALS AND METHODS
A field experiment was carried out at CCS Haryana Agricultural University, Regional Research Station, Bawal during Rabi 2022-23 and 2023-24 consisting of 15 treatment combinations laid out in factorial randomized block design with three replications, comprised five land configuration viz. T1: Broad Bed (60 cm) and sowing was done in furrow); T2: Broad Bed (75 cm) and sowing was done in furrow); T3: Broad Bed (90 cm) and sowing was done in furrow); T4: Ridge and furrow (Broad bed (90 cm) and sowing was done in furrow as well as on ridge): T5: Conventional sowing in main-plots and three seed rates viz. S1: Seed rate @ 5.0 kg ha-1, S2: Seed rate @ 3.750 kg ha-1, S3: Seed rate @ 3.125 kg ha-1 in sub-plots. The experiment site, located in Haryana’s central plains within India’s Trans-Gangetic plains agro-climatic zone, has a tropical steppe and semi-arid climate. Geographically, Bawal is located at 28.07o N and 76.59o E in western Haryana. It is situated in agro-climatic zone II (semi-arid region) of Haryana. The experimental field was kept fallow during Kharif season and after the withdrawal monsoon rains, the experimental field was ploughed using a tractor-drawn disc harrow. Two rounds of harrowing were carried out for preparation of beds and for conventional sowing. This was followed by cultivating the field to incorporate chipped crop residues and weeds, which helped break up clods and achieve good soil tilth, creating a finely pulverized seedbed ready for sowing during the 37th standard meteorological week. Mustard (variety RH 725) was grown as per recommended package of practices under rainfed condition. Recommended dose of fertilizer (40 kg N+20 kg P2O5 ha-1) was applied at the time of sowing. The soil of experimental field was low in organic matter (0.21%) and available nitrogen (113.6 kg ha-1) and medium in available phosphorus (11.8 kg ha-1) and available potassium (174.2 kg ha-1) with slightly alkaline in reaction (pH 8.1) at the initiation of the experiment. The total rainfall received during the crop season of 2022-23 and 2023-24 (October-March) was 192.5 and 31.5 mm with 18 and 11 numbers of days, respectively (Table 1). The data recorded on growth, yield attributes and yields were subjected to statistical analysis and the mean differences were evaluated by critical difference (C.D.) test at 5% level of significance. The ‘OPSTAT’ software of CCS Haryana Agricultural University, Hisar, India was used for statistical analysis [10]. Straw yield was calculated by subtracting the seed yield from biological yield (kg/ha). Energy equivalent values for field operation and other inputs/outputs were worked out as per [11], [12] and [13]. The production efficiency was calculated by taking total economic yield of mustard divided by duration of crop. Profitability was worked out by taking total net return in divided by 365. Harvest index was computed using following formula:

Table 1. Actual rainfall (mm) and rainy days during crop growth period

	Month
	2022-23
	2023-24

	
	Rainfall (mm)
	Rainy days
	Rainfall (mm)
	Rainy days

	October
	84
	4
	7.5
	1

	November
	0
	0
	3.5
	4

	December
	0
	0
	1
	1

	January
	0
	2
	0
	1

	February
	44
	0
	15.5
	3

	March
	64.5
	12
	4
	1

	Total
	192.5
	18
	31.5
	11


3. RESULTS AND DISCUSSION
3.1 Effect on yield attributes
The perusal of pooled data (2022-23 and 2023-24) in Table 2 depicted that significant difference was observed among different land configuration and seed rate regarding yield attributes at maturity. The number of primary branches per plant were significantly higher in treatments T1 to T3 (Broad bed treatments where sowing was done in furrow) and conventional sowing over T4; Broad bed (90 cm) and sowing on ridge and furrow). Significantly higher number of siliquae/plant were recorded under T1; Broad bed (60 cm) over T4 (Ridge and furrow) and T5 (Conventional sowing) but remained statistically at par with T2; Broad bed (75 cm) and T3; Broad bed (90 cm). The numbers of siliquae/plant were higher to the tune of 18.8 and 10.1 percent under T1; Broad bed (60 cm) over T4 (Ridge and furrow) and T5 (Conventional sowing), respectively. However, siliqua lengths and 1000-seed weight were not significantly influenced by different land configuration. Number of seeds per siliqua was significantly higher in T1; Broad bed (60 cm) over rest of the treatments and found statistically at par with T2; Broad bed (75 cm), treatment. The free circulation of oxygen and water in the soil resulting from pulverization (due to tillage) results in increased biological activities in the soil, including that of organism that fixes atmospheric nitrogen. Thus, a biological environment of the soil that is able to turn over soil nitrogen at the rates commensurate with crop requirement and efficient physiological processes inside the plant, so obtained by different tillage practices, ultimately reflected in the increased plant growth [14] and [15]. Cumulative effect of improved growth parameter (number of primary branches per plant and no. of leaves per plant) through efficient metabolic activity, increased photosynthetic rate and supply of photosynthates from source to sink had accommodated more number of siliquae/plant under land configuration. Corroborative findings were also been reported by [4] and [16].
Table: 2. Effect of land configuration and seed rate on yield attributes of Indian mustard.

	Treatments
	Number of

primary branches plant-1
	Number of siliquae plant-1
	Siliqua length (cm)
	Number of seeds siliqua-1
	1000- seed wt. (g)

	Land configuration

	T1: Broad bed (60 cm) 
	4.55
	284
	4.15
	10.84
	4.78

	T2: Broad bed (75 cm) 
	4.56
	273
	4.14
	10.81
	4.76

	T3: Broad bed (90 cm) 
	4.55
	281
	4.19
	10.21
	4.80

	T4: Ridge and furrow 
	4.28
	239
	4.11
	10.16
	4.61

	T5: Conventional sowing 
	4.41
	258
	4.13
	10.48
	4.77

	CD (p=0.05)
	0.15
	16
	NS
	0.15
	NS

	Seed rate

	S1: Seed rate @ 5.000 kg ha-1
	4.52
	269
	4.14
	10.81
	4.77

	S2: Seed rate @ 3.750 kg ha-1
	4.49
	281
	4.15
	10.87
	4.79

	S3: Seed rate @ 3.125 kg ha-1
	4.40
	251
	4.14
	10.41
	4.68

	CD (p=0.05)
	NS
	12
	NS
	0.12
	NS


Among seed rate, application of S2 (Seed rate @ 3.750 kg ha-1) recorded significantly higher number of number of siliquae/plant and no. of seeds per siliqua over rest of the treatments but remained statistically at par with S1 (Seed rate @ 5.0 kg ha-1). The numbers of siliquae/plant were higher to the tune of 4.5 and 11.9 percent under S2 over S1 and S3, respectively. No significant difference was found among various nutrient treatments in respect of number of primary branches per plant, siliqua length and 1000-seed weight (Table 2). Seeds grown at higher seeding rates gave the higher number of plants m-2 and higher silique surface area, with longest period for seed formation. However, seeds grown at low seeding rates, the period from sowing to flowering and flowering period were the longest [17].The results are in close conformity with those of [18].
3.2 Grain and stover yields 

A thorough understanding of the pooled data (2022-23 and 2023-24) in Table 3 reveal that among the land configuration the grain and stover yield of mustard (19.71 and 43.20 q ha-1) was significantly higher under T1; Broad bed (60 cm) over rest of the treatments, which was statistically at par with T2; Broad bed (75 cm), treatment. The grain and stover yield were 23.1 and 10.1 % higher in T1; Broad bed (60 cm) over T4 (Ridge and furrow), respectively. Biological yield was significantly higher in T1; Broad bed (60 cm) over rest of the treatments. Harvest Index was not significantly influenced by different land configuration as well as seed rates. The increased yield might be due to in-situ moisture conservation, improved root growth; nutrient access to the crop and thus increasing yield attributes and yield. Yield is expressed as the cumulative function of the factors which contributes to it. Economic yield of the crop plants depends on the source-sink relationship and on the different components of the sink itself viz. number of siliquae per plant, length of the siliqua, siliquae plant-1 and 1000-seed weight. Beneficial effects of tillage in terms of mineralization of nutrients and suppressing weed growth may also have positively impacted on stover yield. The superiority of ridge and furrow sowing over flat sowing could be ascribed to conservation of moisture that led to better development of yield attributes, which in turn increased the yield of mustard. Similar findings were also reported by [19] and [20]. 

Table: 3. Effect of land configuration and seed rate on yields and water use efficiency of Indian mustard

	Treatments
	Seed Yield (qha-1)
	Stover Yield

(qha-1)
	Biological yield (qha-1)
	Harvest Index
(%)
	RWUE

(kg ha-1- mm)

	Land configuration

	T1: Broad bed (60 cm) 
	19.71
	43.20
	62.90
	31.41
	19.66

	T2: Broad bed (75 cm) 
	18.60
	42.30
	60.91
	30.53
	18.43

	T3: Broad bed (90 cm) 
	17.35
	40.39
	57.74
	30.05
	17.34

	T4: Ridge and furrow 
	16.01
	39.22
	55.22
	28.99
	15.94

	T5: Conventional sowing 
	16.61
	39.82
	56.43
	29.40
	16.49

	CD (p=0.05)
	1.73
	1.87
	0.94
	NS
	--

	Seed rate

	S1: Seed rate @ 5.000 kg ha-1
	17.03
	39.62
	56.65
	30.03
	17.02

	S2: Seed rate @ 3.750 kg ha-1
	18.80
	43.87
	62.67
	29.95
	18.92

	S3: Seed rate @ 3.125 kg ha-1
	17.13
	39.47
	56.60
	30.25
	16.77

	CD (p=0.05)
	1.34
	1.44
	1.90
	NS
	--


Among seed rate, application of S2 (Seed rate @ 3.750 kg ha-1) recorded significantly higher seed yield (18.80 q ha-1), stover yield (43.87 q ha-1) and biological yield of mustard over rest of the treatments. The seed yield was higher to the tune of 9.2 and 10.4 percent under S2 (Seed rate @ 3.750 kg ha-1) over S3 (Seed rate @ 3.125 kg ha-1) and S1 (Seed rate @ 5.0 kg ha-1), respectively. These results are in agreement with [21] and [22].
Rain water use efficiency (RWUE) (19.66 kg ha-1day-1) was recorded highest under T1; Broad bed (60 cm), which was higher over other treatments (Table 3). The water-use efficiency was lowest under T4 (Ridge and furrow) (15.94 kg ha-1day-1). It might be attributed to improved shoot and root growth of plants and significant increased grain yield. Among seed rate highest RWUE (18.92 kg ha-1day-1) was recorded under application of S2 (Seed rate @ 3.750 kg ha-1) as compare to other treatments. It was found mainly attributed to higher seed yield of mustard under these treatments, which might be due to the provision of furrow holding good amount of rainfall events received during crop growth period. Compartmental bunding and ridges and furrows conserved more rainwater in profile, thus producing greater sunflower seed yields varying from 22% to 28% compared to farmers' practice of flat-bed sowing [23]. Similar results have been reported by [24].

3.3 Quality parameters 

After careful glance of the data, it was observed that nitrogen content and protein content (%) in grain was significantly higher under T1 to T3 over T4 and T5, treatments (Table 4). Protein yield (kg ha-1) was significantly higher (446.60 kg ha-1) in T1 treatment and significantly lower in T4 (318.53 kg ha-1) which was statistically at par with T2 (426.73 kg ha-1), which could be attributed to higher seed yield of mustard. Similar trend was found in case of oil content. Oil yield of mustard was computed significantly higher in T1 over rest of the treatments. Different seed rate did not differ significantly among themselves in respect of nitrogen content, protein content and oil content (%) in grain at harvest. However, oil yield was significantly higher with S2 over other treatments. Oil yield of mustard is increased due to synergetic effect of seed yield. These results are in line with those of [25] and [26].
Table: 4. Effect of land configuration and seed rate on quality of Indian mustard
	Treatments
	N content in grain (%)
	Protein content (%)
	Protein yield (kg ha-1)
	Oil content (%)
	Oil yield (kg ha-1)

	Land configuration

	T1: Broad bed (60 cm) 
	3.62
	22.61
	446.60
	40.03
	788.26

	T2: Broad bed (75 cm) 
	3.66
	22.87
	426.73
	39.41
	732.34

	T3: Broad bed (90 cm) 
	3.62
	22.63
	393.76
	38.45
	666.34

	T4: Ridge and furrow 
	3.18
	19.87
	318.53
	36.59
	585.64

	T5: Conventional sowing 
	3.31
	20.67
	344.88
	38.06
	630.90

	CD (p=0.05)
	0.13
	0.81
	38.13
	0.70
	47.31

	Seed rate

	S1: Seed rate @ 5.000 kg ha-1
	3.39
	21.24
	363.57
	37.93
	647.01

	S2: Seed rate @ 3.750 kg ha-1
	3.51
	21.94
	415.27
	38.70
	728.39

	S3: Seed rate @ 3.125 kg ha-1
	3.52
	22.01
	379.45
	38.89
	666.69

	CD (p=0.05)
	NS
	NS
	NS
	NS
	48.02


3.4 Economics 
A quick view of data presented in Table 5 indicates that gross return (₹ 11484 ha-1) and net return (₹ 65766 ha-1) was obtained highest in T1, whereas lowest net return (₹ 59725 ha-1) was incurred with T4. Net return in T1 was higher to the tune of 34.7 and 25.1 % over T4 and conventional sowing, respectively. The B: C ratio was highest in T1 (3.59) over other treatments. This is attributed to higher grain yield of mustard under this treatment. It is in conformity with the results reported by [27] and [24].
Table: 5. Economics of Indian mustard as influenced by land configuration and seed rate 

	Treatments
	Gross returns 
(₹ ha-1)
	Net returns
 (₹ ha-1)
	B:C

ratio
	Production efficiency

(kg ha-1 day-1)
	Economic efficiency (kg ha-1 day-1)

	Land configuration
	
	
	
	
	

	T1: Broad bed (60 cm) 
	111484
	80465
	3.59
	14.28
	220.45

	T2: Broad bed (75 cm) 
	105259
	74240
	3.39
	13.48
	203.40

	T3: Broad bed (90 cm) 
	98259
	67241
	3.17
	12.57
	184.22

	T4: Ridge and furrow 
	90744
	59725
	2.93
	11.77
	163.63

	T5: Conventional sowing 
	94124
	64335
	3.16
	12.22
	176.26

	CD (p=0.05)
	--
	--
	--
	0.97
	20.30

	SEm+
	
	
	
	
	

	Seed rate
	96473
	65664
	3.13
	12.41
	179.90

	S1: Seed rate @ 5.000 kg ha-1
	106533
	75768
	3.46
	13.70
	207.58

	S2: Seed rate @ 3.750 kg ha-1
	96916
	66172
	3.15
	12.48
	181.29

	S3: Seed rate @ 3.125 kg ha-1
	--
	--
	--
	1.10
	22.77


Among seed rate higher gross return of ₹ 106533 ha-1 was incurred with S2 over rest of the treatments. Similar trend was found in case of net return (₹ 75768 ha-1) and B: C ratio (3.46). Gross return values are attributed to seed and stover yields while net return values are affected by both gross return and total cost of crop cultivation with different seed rates. Critical examination of the data indicates that significantly higher production efficiency (14.28 kg ha-1 day-1) and economic efficiency (220.45 ₹ ha-1 day-1) was obtained in T1 over rest of the treatments and remained on par in T2. Application of seed @ 3.750 kg ha-1 recorded significantly higher production efficiency (13.70 kg ha-1 day-1) and economic efficiency (207.58 ₹ ha-1 day-1) over other seed rates. These results are supported by the earlier work of [28] and [4].
3.5 Energy input-output analysis
The development of agricultural production demands more energy to operate equipment and machinery, support the production process and produce chemicals and fertilizers. Perusal of data on energy viz. input energy, output energy and input-output energy ratio for cultivation of mustard crop given in Fig. 1. After careful analysis of the data indicate that among land configuration T5 (Conventional sowing) had markedly lower value of input energy (7.47 MJ ha-1) than rest of treatments; whereas, input-output energy ratio was computed highest (10.33) under conventional sowing. Various seed rate resulted in marked variation in gross output energy (MJ ha-1) and input-output energy ratio highest being with S2 (Seed rate @ 3.750 kg ha-1) followed by S1 (Seed rate @ 5.0 kg ha-1) and S3 (Seed rate @ 3.125 kg ha-1) respectively. It may be noted that for energy inputs, the value of seed, fertilizers, harvesting, manual sowing and threshing were common to all combination of treatments and only variable factor was tillage plus intercultural operations. More and less similar results due to tillage practices have amply been documented by [13]. A major part of energy input was constant and it was 89-93 per cent of the total energy inputs. It meant that by variation in less than 10 per cent of the total energy input for rainfed pearl millet, the gain in energy output were 30-40 per cent over no tillage treatment has also been documented by [29].
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Fig.1. Energy indices as influenced by different land configuration and seed rate
4. CONCLUSION
Based on two years of study it is concluded that among land configuration significantly higher seed yield was recorded in Broad bed (60 cm) and sowing in furrow as compare to other methods of sowing except Broad bed (75 cm) which was remained at par; and fetched highest net return and benefit: cost ratio over other methods of sowing. Among the seed rates, application of seed rate @ 3.750 kg ha-1 was found the best in terms of yield and economics.
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