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Land configuration and nitrogen management for 

enhancing the crop productivity: A review 

 
T Ramesh, S Rathika, G Nagarajan and P Shanmugapriya 

 
Abstract 
Land configuration techniques such as ridges and furrows and broad bed and furrow can play a vital role 

to overcome soil related problems by providing easy and uniform germination as well as good growth 

and development of plants. The recommended land configuration for finger millet is flat bed which 

produces lesser yield mainly because of poor soil hydro regimes. It is highly essential to investigate the 

benefits of improved land configuration techniques like ridges and furrows and broad bed and furrow on 

the productivity of various crops. Land configuration plays a major role in minimizing soil erosion and 

improving water and nutrient use efficiency of field crops. Most of the crops normally grow on poor, 

marginal soils with imbalanced nutrient application. Among various nutrients, nitrogen is an inevitable 

nutrient for any crop. Nitrogen (N) management is also one of the most important factor required for 

improving crop productivity and profitability under semi-arid climates. 
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Introduction 

Our agricultural systems are more diverse in nature due to the vagaries in climatic factors such 

as temperature, rainfall and CO2 and poor physical soil condition plays a major role in 

determining the productivity of crops. Beside these phenomenon’s, most of the soils in the 

semi-arid tropics are deficient in major and micronutrients, mainly due to continuous cropping, 

low use of mineral fertilizer, poor recycling of crop residues, and low rates of organic matter 

application which can limit yield potential. Increasing the use of inorganic fertilizers and other 

agricultural chemical inputs is not a viable strategy for improving the yield and productivity of 

crops. Sustainable agricultural practices are to be followed for effective utilization of inputs 

and in turn it conserves the agro-ecosystems by maintaining its stability. Land configuration 

and appropriate nutrient management plays a major role for improving the input use efficiency 

and crop production.  

Land configuration helps for maximizing rainfall infiltration, minimizing erosion, total runoff, 

facilitates drainage and ultimately improves water use efficiency. Modification of land through 

broad bed and furrow and ridges and furrows would reduce the soil related problems and 

improve the crop growth and yield. The raised bed zone of broad bed and furrow system is 

better aerated with lower penetration resistance and favourable for deeper seed placement and 

better crop emergence (Jayapaul et al., 1996) [31]. Parihar et al. (2009) [52] reported that ridges 

and furrows sowing method improved the grain as well as stover yield of pearl millet and 

succeeding mustard over the flat bed method of sowing. Under rainfed conditions, ridges may 

help with conservation and availability of moisture for a relatively longer time. With high 

rainfall, the furrows between the ridges may help drained out of excess water from the crop 

root zone, improved soil temperature, aeration and nutrient availability and also enhanced the 

depth of crop root zone (Parihar et al., 2012) [53].  

Among the other factors, nutrient management is considered as the most crucial one for 

improving the growth and productivity of crops. Low productivity of crop as well as poor 

quality was mainly due to adoption of improper nutrient management techniques. In concerned 

with this, Indian soils are mostly deficient in terms of nitrogen. Nitrogen is the most yield-

restraining nutrient in crop production at global level (Guo et al., 2016) [21]. It is well known 

that, most of the crops require nitrogen for its healthy vegetative growth during the initial 

phase of the crop. nitrogen management is one of the most important factors required for 

improving crop productivity and profitability under semiarid climates (Amanullah, 2016) [2].  
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Hence, it is important to review the effect of land 

configuration techniques viz., ridges and furrows and broad 

bed and furrow and nitrogen management on growth and 

productivity of different crops. 

 

Different land configurations 

Land configuration techniques are used to maintain required 

soil moisture in the root zone of the crop. Land configuration 

is the technique by which the rain water has to be trapped on 

the soil surface when rainfall exceeds infiltration rate. The 

purpose of this technique is to improve the water storage in 

the soil profile during the crop growing season (Ramesh and 

Rathika, 2009) [63].  

In broad bed and furrow technique, field is divided into 

narrow strips of broad beds separated by furrows. The seed is 

sown on the broad bed surface. Whenever there is a rain or 

irrigated, the water get collected in the furrows and the lateral 

water movement fulfills the crop water requirement. 

Whenever there is excess rain, the water flows through the 

furrows and the stagnation of water avoided. It is highly 

essential to investigate the benefits of improved land 

configuration techniques like ridges and furrows and broad 

bed furrows on the productivity of different crops. 

Land configuration techniques such as ridges and furrows and 

broad bed furrows can play a vital role to overcome soil 

related problems in sodic soil by providing easy and uniform 

germination as well as good growth and development of 

plants. Ridges and furrows is a method of land preparation 

whereby the top soil is scraped and concentrated in a defined 

region to deliberately raise the seedbed above the natural 

terrain. In other words, it could be explained as formation of 

bunds parallel to each other in the field at appropriate 

intervals for sowing/planting wide spaced crops like cotton, 

sugarcane etc. Bunds are referred as ridges and the depression 

in between bunds are referred as furrows (Ramesh and 

Rathika, 2009) [63]. Sharma et al. (2018) [75] reported that the 

crop growth characteristics i.e. plant height, dry matter 

accumulation and grain yield were significantly affected by 

different land configuration methods. 

 

Effect of land configurations on soil moisture availability 

Different land configurations viz., broad bed and furrow, 

ridges and furrow, contour cultivation and open furrow in 

between crop rows plays a major role in reducing the surface 

runoff and increasing the soil moisture content. 

In Vertisols, broad bed and furrow with 120-150 cm wide was 

quite essential for performing cultural operations and 

minimizing runoff of excess water (ICRISAT, 1978) [25]. 

Alleviation of problems of water logging, planting on 

modified land configurations such as broad bed and furrow 

was found to be advantageous (Desai et al., 2000) [12]. Broad 

bed and furrow recorded 11.4 per cent higher soil moisture 

over traditional flat bed (Selvaraju and Balasubramanian, 

2001) [73]. Similarly, land configuration like broad bed and 

furrow increased infiltration of rain water and it helped to 

improve moisture storage in soil profile (Vaghasia et al., 

2007) [84]. Broad bed and furrow conserved higher soil 

moisture (33.5 per cent) followed by ridges and furrows (34.3 

per cent) (Devaranavadgi and Bosu, 2014) [14]. Chouhan et al. 

(2015) [9] found that in summer pearl millet normal drilling 

recorded higher moisture availability for crop owing to better 

moisture conservation, due to more vegetative growth 

resulting from efficient utilization of nutrients, water, 

radiation and increased metabolic activities. Gnanasoundari 

and Balusamy (2015) [20] stated that broad bed furrow system 

recorded the maximum soil moisture percent both at 20 cm 

and 40 cm depth on 30, 60, 90 and 120 DAS. This might be 

due to broad bed furrow system helps in the safe disposal of 

excess water through furrows when there is high intensity 

rainfall with minimal soil erosion, at the same time it serves 

as land surface treatment for in-situ moisture conservation. 

Hanamant and Angadi (2019) [22] found that in cowpea broad 

bed furrow system resulted in higher soil moisture content 

(32.09% at 40 DAS). 

Ridges and furrows stored appreciable quantity of moisture 

but were not as effective as the broad bed and furrow and 

compartmental bunding land configurations in black soil areas 

(Selvaraju and Balasubramanian, 2001) [73]. Menon et al. 

(2007) [42] found that soil moisture content was higher in ridge 

sowing method as compared to broadcasting methods of 

sowing. Reddy et al. (2009) [69] opined that ridges and furrow 

made using tractor drawn furrower at 0.9m spacing 

consistently recorded higher amount of soil moisture from 

sowing to harvest at top 0.4m soil depth. This might be due to 

the furrows might increased the time to run off initiation so 

there is more opportunity time for infiltration and better soil 

moisture conservation. Li et al. (2010) [41] stated that better 

conditions for plant growth are provided in-furrow planting 

due to higher soil moisture, higher salt leaching and reduction 

in evaporation from the soil surface. Thakur et al. (2011) [81] 

observed that ridge and furrow system recorded 16.7 per cent 

and 28.6 per cent higher maize grain yield than flat system in 

the 2007 and 2008 respectively, due to proper drainage of 

excess rain water and increased availability of moisture to the 

plants. Ambika et al. (2017) [3] observed that ridges and 

furrows recorded significantly higher soil moisture at the 

depths of 0-15, 15-30, 30-45 and 45-60 cm of soil depth 

(28.44, 28.46, 29.27 and 29.61%, respectively) at the time of 

sowing in comparison to conventional flat bed (25.42, 25.92, 

26.42 and 26.84, respectively). Ridges and furrows retained 

higher soil moisture content at the root zone depth (0-10 and 

10-20 cm) at all the stages of crop growth over broad bed 

furrows and flat bed (Nagarajan et al., 2018) [48]. Kumar et al. 

(2018) [38] reported that higher plant dry matter accumulation, 

number of tillers per plant, and ear length were recorded 

higher under furrow sowing method. This might be due to 

maintenance of proper air moisture regimes under furrow 

sowing which might have improved the drainage resulting in 

good supply of required moisture, available nutrients, soil 

aeration, soil environment and better growth and 

development.  

 

Effect of land configuration on growth attributes 

Broad bed and furrow system in groundnut showed 

significantly higher leaf area index due to its favorable effects 

on soil properties and optimum soil moisture regimes even 

after heavy and low rainfall (Ashok and Rana, 2004) [4]. 

Rathore et al. (2010) [67] stated that significantly higher plant 

height (37.65 cm), number of branches (8.28 plant-1), number 

of leaves (20.03 plant-1), dry weight of plant (8.18 g) and 

number of root nodules (35.50 plant-1) under broad bed and 

furrow in black gram. In black cotton soil, Elamathi (2014) [18] 

reported that the broad bed and furrow recorded taller plants 

than flat bed in sorghum. Similarly, Paslawar and Deotalu 

(2015) [54] stated that broad bed and furrow exhibited higher 

plant height, sympodial branches and dry matter production 

over the other treatments in cotton. Growth parameters viz., 

plant height (68.9 cm), branches per plant, dry matter 
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production (14.7 g plant-1) were significantly higher under 

broad bed and furrow in urd bean (Tomar et al., 2016) [82]. 

Similarly, the highest plant height (43.1, 45.4 cm), dry matter 

accumulation per plant (25.2, 36.3 g) and number of nodules 

per plant (53.6, 47.6) at 60 DAS and at harvest were recorded 

under raised bed method of sowing than flat bed method of 

sowing in cowpea (Joshi et al., 2018) [32]. 

The positive effects of ridges and furrows on enhancing the 

plant height of sorghum, cowpea, bengal gram and sunflower 

have been reported by Somasundaram et al. (2000) [78]. Ridges 

and furrows planting produced significantly taller plants, 

more branches/plant and leaf area index than flat bed planting 

on pigeon pea at IARI, New Delhi (Jat and Ahlawat, 2001) 

[29]. Ridges and furrows registered higher growth attributes 

viz., plant height and dry matter production in soybean 

(Lakpale and Tripathi, 2012) [39]. Dhakad et al. (2014) [15] 

stated that ridges and furrows registered significantly higher 

plant population (44.8 and 46.2 m-2 at 2009 and 2010, 

respectively), plant height (67.4 and 69.4 cm at 2009 and 

2010, respectively) than flat bed in soy bean. In sweet corn, 

significantly higher plant height (170.0 cm) and number of 

leaves (14.0 per plant) were reported under ridges and furrows 

than flat bed (Nagdeote et al., 2016) [49]. Singh et al. (2017) [77] 

stated that furrow sowing was significantly superior over 

other land configuration methods in terms of growth 

parameter (Plant height, functional leaves plant-1, LAI, total 

branches plant-1, dry matter accumulation) in mustard 

cultivation. Nagarajan et al. (2018) [48] reported that ridges and 

furrows registered significantly taller plants (98.2 cm), more 

number of tillers (210 m-2), dry matter production (9932 kg 

ha-1) at harvest stage and higher leaf area index (4.75) and 

SPAD reading (39.8) at flowering stages in finger millet. 

Kumar et al. (2018) [38] reported that in pearl millet maximum 

plant height (197.43 cm) was recorded in ridge sowing, while 

the lowest plant height (176.73 cm) was recorded in broadcast 

method. This might be due to ridge bed patterns provided 

favorable environment, where water was used more 

efficiently, and resulted in better vegetative growth. Sharma et 

al. (2018) [75] found that in pearl millet maximum plant wet 

biomass of 155.98 and 253.27 g plant-1, higher number of 

tillers was recorded 3.47 and 4.04 plant-1 at booting and 

physiological maturity stages, respectively, was obtained with 

ridge method of planting.  

 

Effect of land configurations on root growth  

The highest yield of sorghum and pearl millet under broad 

bed and furrow resulted increased root density, which 

facilitated extraction of more available nutrients (Nicou et al. 

1993) [50]. Broad bed and furrow induced good root 

development, good nodulation, better crop growth, better pod 

filling and early maturity in groundnut, besides considerable 

saving of time and cost of cultivation compared to flat bed 

(Ingole et al., 1998) [26]. 

Patil and Sheelavantar (2004) [60] opined that compartmental 

bunding and ridges and furrows recorded appreciable increase 

in root depth (48.1 and 51.9 cm, respectively) over flat bed 

(39.4 cm) in sorghum. Ridges and furrows recorded 

significantly higher root length, root volume, root dry weight 

of 19.3 cm, 1.68 cc and 0.63 g respectively, over flat bed in 

cowpea (Ramesh and Devasenapathy, 2006) [62]. Root 

parameters viz., root length, root volume and root dry weight 

were (27.2, 16.8 and 40.6 per cent, respectively) higher with 

ridges and furrows followed by raised bed (19.3, 10.0 and

24.7 per cent, respectively) over zero tillage in maize 

(Choudhary et al., 2013) [8]. Ridges and furrows observed 

significantly higher root length of 24.77 and 26.22 cm at 2009 

and 2010, respectively than flat bed in soybean (Dhakad et 

al., 2014) [15]. Nagarajan et al. (2018) [48] found that ridges and 

furrows increased root growth activity due to higher soil 

moisture content and nitrogen availability, which ultimately 

increased the N uptake by the crops.  

 

Effect of land configurations on yield attributes  

The yield parameters viz., number of clusters (11.88 plant-1), 

number of pods (36.29 plant-1), pod length (3.89 cm) and 

number of seeds (6.20 pod-1) under broad bed and furrow in 

black gram (Rathore et al., 2010) [67]. Similarly, the yield 

parameters viz., 100 seed weight, number of pods per plant-1 

found under broad bed and furrow in soy bean (Jadhav et al., 

2012). Yield attributing characters of maize crop viz., number 

of grain row per cob (31.23), number of grains per cob 

(410.15) and grain yield (6097 kg ha-1) were higher under 

broad bed and furrow system (NICRA, 2014). Gnanasoundari 

and Balusamy (2015) [20] reported that cotton crop grown in 

broad bed and furrow system registered higher yield 

parameters viz., no. of sympodial branches/plant (21.7), 

number of bolls per plant (43.2) and boll weight (3.96 g) and 

significantly higher seed cotton yield of 2658 kg/ha. In urd 

bean, yield parameters viz., pods per plant (20.1), seeds per 

pod (5.1), test weight (42.6 g) were higher under broad bed 

and furrow (Tomar et al., 2016) [82]. Similarly, number of pods 

per plant was significantly higher under raised bed method of 

sowing as compared to flat bed method of sowing in cowpea 

(Joshi et al., 2018) [32]. Yadav et al. (2019) [87] found that in 

maize maximum number of cobs (1.40), cob length (21.9 cm), 

cob width (13.3 cm), grain rows per cob (15.0), number of 

grains per row (40.4) and 100 seed weight (27.0 g) were 

recorded under broad bed and furrow sowing method. 

Lal et al. (2007) [40] registered higher yield attributes viz., 

effective tillers (9.1 m-2), earhead length (18.1 cm) and test 

weight (7.96 g) under ridges and furrows than farmers 

practice of flat bed in pearl millet. In cluster bean, ridges and 

furrows registered the highest pod length (8.35 cm), pod 

weight (7.50 g) and pod girth (78.0 cm) than flat bed (Allolli 

et al., 2008) [1]. Ridges and furrows registered significantly 

higher cob length (21.02 cm) and girth (16.66 cm) and 

number of kernels (487.16) in sweet corn than other land 

configurations (Nagdeote et al., 2016) [49]. Similarly, Saha et 

al. (2017) [71] reported that significantly higher number of 

pods (14.56 plant-1), number of seeds (7.26 pod-1) and number 

of cluster (4.66 plant-1) under ridges and furrows than flat bed 

in guar gum. Singh et al. (2017) [77] found that furrow sowing 

resulted in higher yield attributes (no. of siliqua plant-1, siliqua 

length, seeds siliqua-1 and test weight) in mustard cultivation. 

Sharma et al. (2018) [75] opined that in the ridge method, ear 

diameter of pearl millet was respectively 8.5, 16.7 and 23.3 

per cent higher than bed, seed drill and broadcast methods. 

The higher ear diameter was largely due to better growth of 

plant in terms of biomass production under ridge and furrow 

sowing which might have adequately supplied more 

photosynthates for development of sink. Nagarajan et al. 

(2018) [48] found that ridges and furrows produced 

significantly more number of productive tillers (196 m-2), 

length of finger (6.1 cm), number of grains per earhead (1789) 

and earhead weight (6.4 g) as compared to broad bed furrows 

and flat bed. 
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Effect of land configurations on yield  

Broad bed and furrow practice increased the grain yield of 

sorghum and pearl millet by 34 and 33 per cent respectively, 

with optimum water storage and safe disposal of excess rain 

water over the flat bed in high rainfall year (Selvaraju et al., 

1999) [74]. Grain yield of finger millet was 13.45 per cent 

higher in broad bed and furrow system over the flat bed 

method of sowing (Muthamilselvan et al., 2006) [46]. Patel et 

al. (2009) [57] reported that higher seed cotton yield of 2390 kg 

ha-1 was obtained under raised bed than other configurations 

in cotton. Rathore et al. (2010) [67] stated that significantly 

higher seed yield (1254 kg ha-1) and straw yield (8997 kg ha-1) 

were noticed under broad bed and furrow than flat bed in 

black gram. The stover yield of maize (101.26 q ha-1) and 

haulm yield of chickpea (10.00 q ha-1) were also significantly 

higher with broad bed and furrow (Chavan, 2011) [7]. Patil et 

al. (2011) reported that significantly higher seed yield (11.42 

q ha-1) and straw yield (16.77 q ha-1) under broad bed and 

furrow in linseed. Broad bed and furrow increased the maize 

yield by 23.38 per cent (5431 kg ha-1) over flat bed due to 

enhanced soil moisture availability in deep clay soils. Broad 

bed and furrow and ridges and furrows recorded higher grain 

yield of sorghum than flat bed (Elamathi, 2014) [18]. 

Significantly higher pod (932 kg ha-1) and haulm (3234 kg ha-

1) yields were obtained under the broad bed (90 cm width) and 

furrow (45 cm) as compared to flat bed technique in 

groundnut (Vekariya et al., 2015) [85]. Hanamant and Angadi 

(2019) [22] found that in cowpea higher grain yield (13.4 q ha-

1), haulm yield (25.6 q ha-1) and harvest index (34.4%) were 

recorded with broad bed and furrow method of planting.  

Singh et al. (1996) [77] reported that 17 per cent increase in 

mean grain yield of pearl millet under ridges and furrows 

sowing than flat bed sowing. Tumbare and Bhoite (2003) [83] 

revealed that ridges and furrows method of sowing recorded 

higher grain yield of pearl millet and chickpea which was 

38.15 and 23.78 per cent higher than flat bed method of 

sowing, respectively. Ridges and furrows were found 

beneficial in conserving higher soil moisture and resulted in 

higher grain yield (15.78 q ha-1) of rabi sorghum compared to 

flat bed method of sowing (11.74 q ha-1) (Kiran and 

Lingaraju, 2005). Ridges and furrows produced a higher grain 

yield (662.8 kg ha-1) compared to flat bed (572.2 kg ha-1) in 

cowpea (Ramesh and Devasenapathy, 2006) [62]. Grain yield 

of 1130 kg ha-1 and fodder yield of 1589 kg ha-1 in pearl 

millet under ridges and furrows than farmers practice in 

Jodhpur (flat bed) (Lal et al., 2007) [40]. Parihar et al. (2009) 

[52] reported that ridges and furrows method of sowing 

improved grain as well as stover yield of pearl millet and 

succeeding mustard over the flat bed method of sowing. 

Ridges and furrows sowing of pearl millet showed that 

increase in grain and stover yield under ridges and furrows 

were 20.0 and 17.7 per cent over flat bed sowing, respectively 

(Deshmukh et al., 2013) [13]. Ridges and furrows recorded 

significantly higher seed yield (1456 and 1568 kg ha-1 at 2009 

and 2010, respectively) than flat bed (Dhakad et al., 2014) [15]. 

Ambika et al. (2017) [3] stated that seed cotton yield was 

higher with ridges and furrows (2403 kg ha-1) over broad bed 

and furrow (2222 kg ha-1) and flat bed (conventional method) 

(1743 kg ha-1). The higher length of panicle (23.60 cm), girth 

of panicle (9.34 cm), no. of grains panicle-1 (1786.13), test 

weight (11.41 g), grain yield (17.73 q ha-1) and straw yield 

(51.10 q ha-1) were noticed under furrow sowing method in 

pearl millet (Kumar et al., 2018) [38]. Sharma et al. (2018) [75] 

found that ridge planting had significantly maximum grain 

yield (18.43 q ha-1), while, broadcast planting had the lowest 

grain yield (16.52 q ha-1) in pearl millet. Nagarajan et al. 

(2018) [48] reported that higher grain and straw yields (3428 

and 6589 kg ha-1) were registered under ridges and furrows 

over broad bed furrows and flat bed in finger millet crop 

under sodic soil condition. This was due to the fact ridges and 

furrows land configuration reduced the soil compaction, salt 

accumulation at the root zone and increased the root activity 

and microbial population in the rhizosphere of sodic soil 

ecosystem.  

 

Effect of land configurations on nutrient uptake 

Broad bed and furrow and ridges and furrows systems 

significantly increased N, P, K and S uptake than flat bed 

system in sorghum (Patil and Sheelavantar, 2000) [59]. 

Similarly, Muralidaran and Solaimalai (2005) [45] reported that 

broad bed and furrow system of sowing registered 

significantly higher nitrogen uptake of 53.8, 96.1 and 103.0 

kg ha-1 at squaring, flowering and maturity stage, respectively 

than flat bed system of sowing in cotton. Broad bed and 

furrow system of planting recorded higher N and P uptake in 

pigeon pea over flat bed planting (Kantwa et al., 2006) [36]. 

Chavan (2011) [7] also stated that at harvest total nitrogen 

uptake in maize was higher with broad bed and furrow (312 

kg ha-1) and compartmental bunding (265 kg ha-1) over 

farmer’s practice (207 kg ha-1). The uptake of nitrogen by 

green gram was significantly higher under raised bed method 

of sowing than flat bed method (Jat et al., 2012) [30]. Whereas, 

Patel et al. (2013) [56] recorded that the uptake of N was 

numerically higher with broad bed and furrow system, 

whereas P and K were higher under ridges and furrows 

technique. 

Ridges and furrows sowing proved superior to flat sowing 

method and increased mean protein production and nitrogen 

uptake in pearl millet by 24.4 and 23.1 per cent, respectively 

(Singh et al., 1996) [77]. In cowpea, ridges and furrows 

recorded significantly higher N uptake (36.7 kg ha-1) than flat 

bed (30.1 kg ha-1) (Ramesh and Devasenapathy, 2007). The N 

uptake (131.31 kg ha-1) and P uptake (29.35 kg ha-1) were 

recorded higher under normal drilling in summer pearl millet 

crop (Chouhan et al., 2015) [9]. Ridges and furrows noticed 

higher nitrogen uptake of 152.64 and 149.21 kg ha-1 at 2011 

and 2012, respectively in sweet corn than flat bed (Nagdeote 

et al., 2016) [49]. This might be attributed to better root growth 

due to better aeration and good drainage might have also 

increased microbial activity with optimum moisture and 

nutrient availability for its growth. Sharma et al. (2018) [75] 

observed that in pearl millet ridge method recorded 

significantly higher nitrogen content in grains and stover than 

other methods. The increases in percentage of N from ridge 

planting method over broadcast, seed drill and bed were 

respectively 6.91, 5.63 and 4.2% in grain. 

 

Effect of land configurations on economics  

Ridges and furrows planting recorded higher net return (Rs 

15426 ha-1) and return per rupee invested (Rs 1.54) over flat 

planting (Rs 13751 ha-1 and 1.43) on pigeon pea at IARI, New 

Delhi (Jat, 1999) [28]. The ridges and furrows system may help 

to increase the income to the farmer besides preventing land 

degradation due to runoff erosion (Patil and Sheelavantar, 

2004) [60]. Similarly, ridges and furrows sowing with 

recommended fertilizer in 3 equal splits gave significantly 

higher net income of Rs. 19829 ha-1 and BC ratio of 2.55 in 

pearl millet. Ridge sowing of maize recorded higher net 
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returns of Rs. 18042 ha-1 and BC ratio of 2.02 compared to 

flat sowing (CRIDA, 2010). The ridges and furrows system 

gave an additional income of Rs. 6262 ha-1 compared to the 

flat system in Kharif sorghum (Thakur et al., 2011) [81]. 

Deshmukh et al. (2013) [13] reported that ridges and furrows 

along with early sowing during summer season was beneficial 

to obtain higher net returns from pearl millet and ridge and 

furrow sowing gave a net returns of Rs.14081 ha-1 and BC 

ratio of 1.88 while, in flat bed treatment those were Rs.10181 

ha-1 and 1.67, respectively. The highest net return (Rs.77190 

ha-1) was obtained in compartmental bunding followed by 

ridges and furrows (Kalhapure and Shete, 2013) [35]. Dhakad 

et al. (2014) [15] reported that the highest net return (Rs. 31676 

ha-1) and BC ratio (2.71) under ridges and furrows in soybean. 

The lowest net return (Rs. 18790 ha-1) and BC ratio (2.04) 

was recorded under flat bed condition. Ridges and furrows 

registered higher gross returns of Rs. 181839 ha-1, net returns 

of Rs. 114759 ha-1 and BC ratio of 2.79 in sweet corn than flat 

bed (Nagdeote et al., 2016) [49]. The land configuration 

practices, furrow sowing recorded maximum gross income 

(Rs. 78923.50 ha-1), net return (Rs. 58968.9 ha-1) and BC ratio 

(2.96 ha-1) followed by ridge bed sowing and BBF sowing 

recorded higher gross income (Rs. 77292.50 ha-1, Rs. 

76630.50 ha-1), net income (Rs. 57337.9 ha-1, Rs. 56675.9 ha-

1) and BC ratio (2.87, 2.84) respectively, minimum gross 

return (Rs. 75301.50 ha-1), net return (Rs. 55546.9 ha-1) and 

BC ratio (2.81) were recorded with flatbed broadcasting 

(Kumar et al., 2018) [38]. Sharma et al. (2018) [75] opined that 

higher BC ratio 2.20:1 was recorded for ridge planting in 

pearl millet.  

 

Nitrogen management 

In most of the arid and semi arid regions of the world, the 

major constraints in the productivity of crops are due to poor 

soil fertility and erratic rains. Soil fertility management plays 

a vital role in increasing the production and productivity of 

crops. Nitrogen is one of the most essential and yield limiting 

nutrients for crop production in different agro-ecosystems. 

Worldwide over 80 million metric tons of nitrogen fertilizers 

per year has been applied (Epstein and Bloom, 2005) [29]. It is 

the nutrient element applied in the largest quantity for most 

annual crops (Huber and Thompson, 2007) [24]. Nitrogen plays 

a major role in the early establishment of leaf area and 

promotes leaf and stem growth rapidly which consequently 

increase the yield and its quality.  

 

Effect of nitrogen levels on growth parameters  

Increasing levels of nitrogen in finger millet significantly 

increased the plant height upto 60 kg N ha-1 in all the three 

years and though there was further increase upto 90 kg N ha-1, 

the difference was significant only during 1969 (Mishra et al., 

1973) [43]. Similarly, Rao et al. (1984) [65] observed that 120 

kg ha-1 of nitrogen application in irrigated finger millet 

significantly influenced the dry matter production at all the 

stages of crop growth. Application of nitrogen at 60 kg ha-1 

for finger millet showed significant increase in plant height, 

number of productive tillers m-2 (234) on sandy loam soils at 

Regional Research Station, Tirupathi (Babu et al., 2003) [5]. 

Application of 60 kg ha-1 nitrogen recorded significantly 

higher plant height (110.3 cm) which was on par with 40 kg 

ha-1 nitrogen application in finger millet (Yadav et al., 2010) 
[87]. Mudalagiriyappa et al. (2015) [44] reported that application 

of 150% customized fertilizer dose (100.41 g/hill) recorded 

significantly higher total dry matter accumulation in finger 

millet. Sandhya Rani et al. (2017) [72] reported that growth 

parameters like plant height (120.3 cm), leaf length (29.1 cm) 

were higher under 150 per cent recommended dose of 

fertilizers than recommended dose of fertilizers in finger 

millet. Ramesh and Rathika (2017) [64] reported that growth 

parameters of rice at flowering stage revealed that the green 

manure + 100% N produced significantly taller plants (128.2 

cm), tillers per hill (23), leaves per plant (61), LAI (5.4), 

shoot dry weight (49 g/plant), root length (26 cm), root dry 

weight (21.3 g/plant) over green manure alone and control. 

However, this was comparable with green manure + 75% N 

and 100% N without green manure. Yadav et al. (2019) [86] 

reported that application of nutrients through basal + N 

through LCC recorded significantly the highest plant height 

(218.3 cm) over all the remaining methods of nutrient 

application. 

 

Effect of nitrogen levels on yield attributes  

Application of 80 kg ha-1 of nitrogen increased the productive 

tillers hill-1 in finger millet (Reddy et al., 1986) [68]. Maximum 

number of productive tillers m-2 and number of finger 

earhead-1 were obtained with 90 kg ha-1 and it was on par with 

60 kg ha-1 and was significantly superior over lower levels of 

nitrogen in finger millet on sandy soils at Agricultural College 

Farm, Bapatla (Mutyalu et al., 1992) [47]. Application of 50 kg 

N ha-1 increased number of productive tillers plant-1 and 

number of fingers ear head-1 of finger millet at Bijapur 

(Kalaghatagi et al., 1998) [34]. Field experiment conducted on 

a Vijayapura soil series confirmed that application of nitrogen 

at 75 kg ha-1 resulted in significantly higher productive tillers 

plant-1 (4.95) as compared with the respective doses of 

nitrogen in finger millet (Somasundra et al., 2004) [79]. 

Application of 60 kg ha-1 nitrogen recorded significantly 

higher productive tillers (3.7 plant-1), number of earheads (6.7 

plant-1) and test weight (4.5 g) which was on par with 40 kg 

ha-1 nitrogen application in finger millet (Yadav et al., 2010) 
[86]. Significantly higher number of productive tillers (3.0 

plant-1), earhead length (9.0 cm) and number of fingers (8.7 

earhead-1) under 150 per cent recommended dose of fertilizers 

than recommended dose of fertilizers in finger millet 

(Sandhya Rani et al., 2017) [72]. Nagarajan et al. (2018) [48] 

found that application of 150 per cent RDN registered 

significantly more number of productive tillers (194 m-2), 

length of finger (6.4 cm), number of grains per earhead 

(1806), earhead weight (6.6) and test weight (3.7 g) in finger 

millet. Yadav et al. (2019) [87] noted that nitrogen 

management through basal dose + N through LCC recorded 

significantly higher number of cobs plant-1 (1.36), cob length 

(21.5 cm), cob width (12.9 cm), grain rows cob-1 (14.67), 

number of grains row-1 (39.4) and 100 seed weight (26.7 g). 

 

Effect of nitrogen levels on yield  

The grain (4102 kg ha-1) and straw yields (6988 kg ha-1) were 

significantly increased with 60 kg N ha-1 and it was on par 

with 90 kg N ha-1 in finger millet on sandy soils at 

Agricultural College Farm, Bapatla (Mutyalu et al., 1992) [47]. 

The grain and straw yields were increased significantly with 

an increase in nitrogen levels and 120 kg N ha-1 produced 

significantly higher grain and straw yields compared to all 

other lower levels including the control treatment (Chavan et 

al., 1995) [6]. Application of 50 kg N ha-1 significantly 

increased grain (748 kg ha-1) and straw yields (1769 kg ha-1) 

in finger millet on shallow black soils at Regional Research 

Station, Bijapur (Kalaghatagi et al., 1998) [34]. Similarly, 
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higher grain (1183 kg ha-1) and straw yields (2035 kg ha-1) of 

finger millet were recorded with the application of nitrogen at 

60 kg ha-1 compared to other treatments at Birbhum, West 

Bengal on clay loam soils (Roy et al., 2002) [70]. Ramesh et al. 

(2002) [61] reported that the combined application of 

phosphobacteria at pre-planting along with recommended 

level of phosphorus (62.5 kg/ha) as rock phosphate and 

incorporation of intercropped daincha at 45 days after sowing 

in combination with recommended N and K (275 and 112.5 

kg/ha) resulted in higher cane and sugar yields of 122.96 t/ha 

and 17.31 t/ha, respectively. Significantly higher mean yield 

of finger millet was recorded under application of 60 kg ha-1 

nitrogen, which was on par with 40 kg nitrogen application in 

finger millet (Yadav et al., 2010) [86].  

Similarly, application of 150 per cent recommended dose of 

fertilizers recorded significantly higher grain yield of 3.21 t 

ha-1 and straw yield of 6.65 t ha-1 over recommended dose of 

fertilizers in finger millet (Sandhya Rani et al., 2017) [72]. 

Significantly higher grain yield (22.25 q ha-1) and straw yield 

(94.45 q ha-1), were observed under application of 125% RDN 

(Recommended dose nitrogen). This might be due to the fact 

that nitrogen led to higher availability of nutrient that 

promoted growth and development and ultimately resulting in 

increasing yield attributes. Application of nitrogen fertilizer 

provides greater and prolonged availability of nutrients to the 

crop (Chouhan et al., 2015) [9]. Ambika et al. (2017) [3] opined 

that application of 90:45:45 NPK kg ha-1 (50% inorganic and 

50% organics) recorded significantly higher seed cotton yield 

(2834 kg ha-1). Ramesh and Rathika (2017) [64] reported that 

the highest grain yield of rice recorded under GM + 100% N 

and it was statistically on par with GM + 75% N, 25% of 

nitrogen could be saved through green manuring. Nagarajan 

et al. (2018) [48] found that in nitrogen management, 

significantly higher grain and straw yields (3604 and 6740 kg 

ha-1) were recorded under application of 50 per cent RDN 

than lower doses of nitrogen. This was due to due to higher 

level of nitrogen application would have improved the plant 

height, number of tillers and leaf chlorophyll content which 

resulted in more photosynthates accumulation and more yield 

attributes and ultimately higher grain and straw yields. Yadav 

et al. (2019) [87] opined that maximum biological (193.5 q ha-

1), grain (67.4 q ha-1) and stover yield (126.1 q ha-1) was 

recorded with nutrient application through basal+ N through 

LCC. 

 

Effect of nitrogen levels on nutrient uptake  

In irrigated finger millet, the uptake of N increased linearly 

from tillering and was highest at maturity. Among the levels 

of N, uptake of N, P and K was highest at 80 kg ha-1 and 120 

kg ha-1 in Rabi and Kharif seasons, respectively (Rao et al., 

1991) [66]. Significantly higher N uptake was observed with 90 

kg N ha-1 on sandy soils at Hisar during Kharif season 

(Harbirsingh et al., 2006) [23]. Similarly, Kadalli et al. (2006) 

[33] reported that application of 100 per cent N, P and K 

integration with FYM recorded significantly higher nitrogen 

uptake (117.85 kg ha-1) in Kharif season on sandy clay loam 

soils at GKVK, Bangalore. Similar results were also obtained 

by Duryodhana et al. (2004) [17] at GKVK, Bangalore on 

sandy loam soils. Sweeney et al. (2018) [80] stated that 

nitrogen uptake was determined as the product of dry matter 

and total N concentration. Pasley et al. (2019) [53] stated that 

nitrogen fertilizer increased plant uptake of P, S, Cu, and Zn 

by up to 280, 320, 420, and 210 per cent. 

 

Effect of nitrogen levels on economics  

Application of nitrogen at 60 kg ha-1 markedly improved net 

returns (Rs. 3295 ha-1) in finger millet (Dubey and Shrivas, 

1999). Increasing nitrogen levels, 40 kg nitrogen recorded 

higher BC ratio of 1.85 followed by 60 kg (1.67) nitrogen 

application in finger millet (Yadav et al., 2010) [86]. Ramesh 

and Rathika (2017) [64] reported that green manure + 100% N 

gave higher gross returns (Rs.1,07,970/ha), net returns 

(Rs.60,324/ha) and BC ratio (2.3) followed by green manure 

+ 75% N which gave gross returns of Rs.1,05,682/ha, net 

returns of Rs.58,651/ha and BC ratio (2.2) in rice. Application 

of 150 per cent recommended dose of fertilizers recorded 

higher BC ratio of 2.64 than other doses in finger millet 

(Sandhya Rani et al., 2017) [72]. 
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