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Abstract 

Wheat (Triticum aestivum L.) was planted for two consecutive seasons (2017-18 and 2018-19) at 

Agronomical research farm, Narendra Deva University of Agriculture and Technology, Kumarganj, 

Ayodhya, India situated at middle Gangetic plain region to determine the experiment obtained in split 

plot design and comprised of four sowing methods (A1) Broadcasting method, (A2) Line sowing method, 

(A3) Furrow Irrigation Ridge Bed (FIRB) and (A4) Criss cross sowing (20× 20 cm) and five nitrogen 

managements treatments (B1) Control, (B2) 50% N as basal + 25% N after first irrigation + 25% N after 

second irrigation, (B3) 50% N as basal + 50% N after first irrigation, (B4) 25% N as basal + 25% N after 

second irrigation + 50% through FYM as basal, (B5) 25% N as basal + 75% through FYM as basal was 

laid out with three replication on crop growth, seed yield, yield components. Statistical analysis of the 

obtained data presented that the (A3) Furrow Irrigation Ridge Bed (FIRB) sowing method and application 

of nitrogen (B2) 50% N as basal + 25% N after first irrigation + 25% N after second irrigation dominated 

other treatments for plant growth and economics. Current results suggested that (A3) Furrow Irrigation 

Ridge Bed (FIRB) sowing method and (B2) 50% N as basal + 25% N after first irrigation + 25% N after 

second irrigation can be adopted as best treatments for wheat cultivation under semi-arid land conditions 

of India. 
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Introduction 

Wheat (Triticum aestivum L.) is the most important crop that excels all other cereals both in 

area and production and also known as king of cereals (Costa et al., 2012) [3]. Wheat (Triticum 

aestivum L.) is the second most important cereal crop in India. It’s one of the most nutritious 

cereals with higher protein and its contribution to human diet puts it in the first rank of plants 

that feed the world. Appropriate sowing method is one of important agronomic approaches 

that can be used to enhance wheat yield by optimizing tillering capacity and the efficient 

utilization of other available resources (Mehmood et al., 2012) [10]. Sowing of wheat under 

FIRBS with 2 and 3 rows per bed was found to produce more yield compared to flat sowing 

and other methods (Kumar et al., 2010) [7]. Row planting has many advantages over 

broadcasting, as it need less seed and facilitate field inspection and more yield (Pirzada et al., 

2018) [11]. Criss cross methods was observed maximum plant height and dry matter 

accumulation at successive growth over the line sowing but remained at par with FIRB system 

(Chouhan et al., 2017) [2]. 

Nitrogen (N) is an essential elements for wheat production. Soils can supply a considerable 

amount of nitrogen to a wheat crop as a result of mineralization of nitrogen from the soil 

organic matter, a process that takes place both previous to and during the crop growth period 

(Sylvester-Bradley et al., 2001) [12]. Optimum amount and time of fertilizer application is 

considered a key to the bumper crop of wheat. Time of fertilizer application can affect the N-

utilization efficiency by wheat (Jan et al., 2007) [4]. Nitrogen application at proper time is 

important to make sure profitable wheat production (Howard et al., 2002) [5]. Several studies 

have shown that split application of nitrogen fertilizer results in higher nitrogen use efficiency 

and higher grain yield than under single applications (Khan et al., 2011; López-Bellido et al., 

2012) [6, 9]. The present study was conducted to investigate the impact of sowing method and 

nitrogen management on growth of wheat (Triticum aestivum L.) 
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Materials and Methods 

Materials (Experimental site, Materials)  

Field experiments were carried out during rabi seasons of 

2017-18 and 2018-19 at at the Agronomical research farm of 

the Narendra Deva University of Agriculture and Technology, 

Kumarganj, Ayodhya (U.P.), India, lies between latitude 

26.470 North and at a longitude 82.120 East with an elevation 

of about 113 meters from sea level and is subjected to 

extremes of weather conditions., in Eastern Uttar Pradesh, 

India. In a semi-arid zone with maximum and mean 

temperature of 45 0C and 30 ͦ0C during summer, 25 0C and 

less than 5 0C during winter, the annual rainfall ranges from 

750 mm to 1150 mm, with relative humidity ranging from 40 

to 90 percent. The soil is a mixture of sand ≥ 25%, silt ≤ 50% 

and clay ≤ 25%. Materials used in the study were four sowing 

method, namely, (A1) Broadcasting method, (A2) Line sowing 

method, (A3) Furrow Irrigation Ridge Bed (FIRB) and (A4) 

Criss cross sowing (20× 20 cm) and five nitrogen 

managements treatments (B1) Control, (B2) 50% N as basal + 

25% N after first irrigation + 25% N after second irrigation, 

(B3) 50% N as basal + 50% N after first irrigation, (B4) 25% 

N as basal + 25% N after second irrigation + 50% through 

FYM as basal, (B5) 25% N as basal + 75% through FYM as 

basal as sub plot treatment.  

 

Methods  

The land was properly cleaned, ploughed, harrowed, leveled, 

ridged and divided into three blocks running perpendicular to 

the gradient. Each block contained 4 plots randomized with 

four sowing method and each plot was further divided into 

five subplots randomized with nitrogen management 

treatments. The design used was split plot design with three 

replicates. Sowing was done 7th and 5th December during 

2017-18 and 2018-19, respectively. Nitrogen fertilizer in form 

of urea at rate of 120 Kg/ha was applied as per the treatments. 

Phosphorus and potassium were applied at the rate of 60 and 

40 kg/ha as basal application, uniformly to all plots and 

gravitational 6 irrigation was applied according to the 

temperature, and all other agronomic practices. Planting 

depth, weeding and harvesting etc. were kept constant for all 

treatments. The observations were recorded for germination 

percentage, plant height, leaf area index, number of tillers. All 

the data were processed by using EXCEL and further 

analyzed with the Date Processing System (DPS).  

 

Result and Discussion 

Plant height 

The data presented in Table. 1 showed that in general plant 

height (cm) increased with the age and was maximum at 90 

DAS. The plant height significantly varied due to different 

planting methods and nitrogen management. The results 

revealed that the maximum plant height of wheat was 

recorded under (A3) FIRB (furrow irrigation and ridge bed) as 

compared to (A2) line sowing method and (A4) Criss cross 

sowing (20× 20 cm) of planting at all the growth stages at 60 

DAS and 90 DAS. Significantly the smallest plants were 

observed under (A1) broadcasting method of planting 

irrespective of growth stages and years of experimentation. 

Same finding suggest by Chauhdary et al. (2016) [1] who 

concluded that wheat sowing under bed planting showed 

better results with highest plant height, numbers of tillers, 

while lower plant height was observed as the lowest under 

broadcasting among all treatments.  

Nitrogen management significantly influenced the plant 

height of wheat and the tallest plants were recorded under 

(B2) 50% N as basal + 25% N after first irrigation + 25% N 

after second irrigation treatment at 60 and 90 DAS during 

both the years. However, at 60 and 90 DAS, it was found to 

be at par with (B4) 25% N as basal + 25% N after second 

irrigation + 50% through FYM as basal treatment during both 

the years of experimentation. (B1) Control treatment that was 

0 kg N produced significantly the smallest plants of wheat in 

both the years and at all the stages of crop growth. Same work 

suggest by Jan et al. (2007) [4] who observed that nitrogen 

application in 3 splits displayed greater height and no. of 

tillers in wheat plants it may be due to split application during 

early growth phase improves growth pattern. Another reason 

may be split doses provided the chance to plants to uptake 

more N during whole plant period. Concerning a splitting of 

the same N rate in three amendments, the late N application 

was totally assimilated by plants, increasing the biomass of 

leaf, root, and ear. This indicates that a late N application may 

accumulation the growth and grain yield. (Zahedi et al., 2004) 
[13].  

 

Number of tillers per running meter 

The data presented in Table.1 revealed that the number of 

tillers per running meter of increased sharply from 30 DAS to 

60 DAS in comparison to 60 DAS to 90 DAS and at harvest. 

The number of tillers per running meter significantly highest 

under (A3) FIRB (furrow irrigation and ridge bed) of planting 

at 60 and 90 DAS and that was found at par with (A2) line 

sowing method for both years 2017-18 and 2018-19. 

Significantly the least number of tillers were observed under 

(A1) broadcasting method of planting irrespective of growth 

stages and years of experimentation. Same finding suggest by 

Chauhdary et al. (2016) [1] who reported that wheat sowing 

under bed planting showed better results with highest 

numbers of tillers, while lower plant height was observed as 

the lowest under broadcasting among all treatments.  

Nitrogen management significantly influenced number of 

tillers of wheat and the maximum number of tillers per 

running meter was recorded under treatment (B2) 50% N as 

basal + 25% N after first irrigation + 25% N after second 

irrigation than other treatments at 60 and 90 DAS followed by 

(B4) 25% N as basal + 25% N after second irrigation + 50% 

through FYM as basal during both the years 2017-18 and 

2018-19. However, (B2) 50% N as basal + 25% N after first 

irrigation + 25% N after second irrigation significantly 

influenced at 60 and 90 DAS and it was at par with (B4) 25% 

N as basal + 25% N after second irrigation + 50% through 

FYM as basal during both the years 2017-18 and 2018-19. 

Significantly the least number of tillers were observed under 

(B1) control treatment of nitrogen management irrespective of 

all growth stages and years of experimentation. 

 

Dry matter accumulation (DMA), g running per meter 

The significant result was found at 60 and 90 DAS for both 

the years. The significantly maximum dry matter 

accumulation at 60 and 90 DAS was found under FIRB 

(furrow irrigation and ridge bed) planting method. However, 

it was at par with line sowing method in both year2017-18 

and 2018-19. Same finding suggest by Chouhan et al. (2017) 
[2] who reported that the different sowing methods maximum 

plant height and dry matter accumulation at successive growth 

stages was recorded with criss-cross method which ultimately 

increase the yield of wheat over line sowing but remained at 

par with FIRB system. 

Under nitrogen management treatments, the maximum dry 

matter accumulation was found with (B2) 50% N as basal + 
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25% N after first irrigation + 25% N after second irrigation 

during both the years and at all the stages of growth. At 60 

and 90 DAS the maximum DMA significantly found with 

(B2) 50% N as basal + 25% N after first irrigation + 25% N 

after second irrigation and it was at par with (B4) 25% N as 

basal + 25% N after second irrigation + 50% through FYM as 

basal for both year 2017-18 and 2018-19.  

 

Leaf area index (LAI) 

Leaf area index was estimated at 30, 60 and 90 DAS in (Table 

2). The data clearly show that the LAI increased during crop 

growth period and recorded maximum at 60 DAS. The rate of 

increase in LAI was recorded maximum between the stages of 

30 to 60 days indicating the grand growth period of the crop. 

The highest leaf area index was found in FIRB (furrow 

irrigation and ridge bed) planting method at 30 and 60 DAS in 

the both years 2017-18 and 2018-19 and it was at par with 

(A2) Line sowing method at 30 DAS of sowing followed by 

(A4) Criss cross sowing (20× 20 cm). Where lowest LAI 

recorded with (A1) broadcasting method of planting at all 

stage for both year 2017-18 and 2018-19. Researcher reported 

sowing of wheat under FIRBS with 2 and 3 rows per bed was 

found to produce more yield compared to flat sowing and 

other methods (Kumar et al., 2010) [7]. 

Under nitrogen management, significantly maximum LAI was 

recorded under (B2) 50% N as basal + 25% N after first 

irrigation + 25% N after second irrigation at 60 DAS. 

However, it was at par with (B4) 25% N as basal + 25% N 

after second irrigation + 50% through FYM as basal followed 

by (B3) 50% N as basal + 50% N after first irrigation. Where 

lowest LAI recorded with without nitrogen application plot 

for both year of experiment. At 30 DAS, the highest LAI 

significantly recorded with (B2) 50% N as basal + 25% N 

after first irrigation + 25% N after second irrigation followed 

by (B3) 50% N as basal + 50% N after first irrigation during 

both the years.  

 

Leaf area duration 

The leaf area duration (LAD) was calculated for the period 

between 30-60 DAS and 60-90 DAS. The values at 30-60 

DAS was showed slightly higher value with (A3) FIRB 

(furrow irrigation and ridge bed) planting method in 

comparison to other three methods during both the years. 

The different nitrogen management treatment influenced LAD 

during both the years. The LAD between 30-60 DAS was 

maximum under (B2) 50% N as basal + 25% N after first 

irrigation + 25% N after second irrigation in both the years. 

The lowest leaf area duration was recorded under without 

nitrogen application (control) irrespective of years and stages 

of observation. 

 

Number of leaves 

In this chapter we also records the number of green leaves per 

running meter at 30, 60 and 90 DAS. Leaves is the main 

accumulation part of plant and it play a vital role in terms of 

growth, more leaf absorbed more sun light and produce more 

food for plant and it enhance the plant growth in terms of 

plant height, tillers, Dry matter accumulation etc. The highest 

number of leaves per running meter at 60 DAS found with 

(A3) FIRB (furrow irrigation and ridge bed) planting method 

followed by (A2) line sowing method than (A4) Criss cross 

sowing (20× 20 cm). The lowest number of leaves found with 

(A1) broadcasting method at whole growth period and during 

both of the years. At 30 DAS, number of tillers did not 

statistically effected due to treatments during the both of year 

experiments. Significantly the lover number of leaves were 

observed under (A1) broadcasting method of planting 

irrespective of growth stages and years of experimentation. 

In both the years of study, the number of leaves per running 

meter in wheat was greatly influenced by all nitrogen 

management treatments. They influenced the number of 

leaves significantly as compared to control (B1). The highest 

values of number of leaves were noticed in treatment (B2) 

50% N as basal + 25% N after first irrigation + 25% N after 

second irrigation and it was at par with (B4) 25% N as basal + 

25% N after second irrigation + 50% through FYM as basal at 

60 DAS stages of crop growth as compared to all other 

treatments. The next best treatments were found to be (B3) 

50% N as basal + 50% N after first irrigation followed by (B5) 

50%RDN through Urea and 50% through FYM as basal. 

Where lowest number of leaves recorded with without 

nitrogen application plot (control) for both year of 

experiment. At 30 DAS, the no significantly affect found of 

treatments on number of leaves for both the year.  

 

Chlorophyll content (SPAD value) of flag leaf and 3rd leaf 

Chlorophyll content of 3rd leaf at 30 DAS did not vary 

significantly over all planting method for during both year. 

Chlorophyll content at 60 DAS for planting method found 

significantly effected and maximum chlorophyll content at 60 

DAS was found with (A3) FIRB (furrow irrigation and ridge 

bed) planting method of sowing and it was at par with (A2) 

Line sowing method during 2018-19. Whereas the lowest 

chlorophyll content recorded with (A1) broadcasting method 

of planting at all stage for both year 2017-18 and 2018-19. 

Same related work done by Kumar et al. (2017) [8] whose 

results revealed that growth and productivity were recorded 

significantly higher under zero tillage wheat with rice residue 

retention as compared to conventional method of broadcasting 

but it was statistically at par with zero tillage without residue 

and conventional method of line sowing. In both the years of 

study, chlorophyll content (SPAD value) of 3rd leaf in wheat 

was significantly influenced by all nitrogen management 

treatments. The maximum chlorophyll content (SPAD value) 

found with (B2) 50% N as basal + 25% N after first irrigation 

+ 25% N after second irrigation and least found with control 

(B1). The highest values of chlorophyll content (SPAD value) 

were noticed in treatment (B2) 50% N as basal + 25% N after 

first irrigation + 25% N after second irrigation and that was at 

par with (B4) 25% N as basal + 25% N after second irrigation 

+ 50% through FYM as basal at 60 DAS stages of crop 

growth as compared to all other treatments. The next best 

treatments were found to be (B3) 50% N as basal + 50% N 

after first irrigation followed by (B5) 50%RDN through Urea 

and 50% through FYM as basal. Where lowest chlorophyll 

content (SPAD value) recorded with without nitrogen 

application plot (control) for both year of experimentation. At 

30 DAS, the highest chlorophyll content (SPAD value) found 

with (B2) 50% N as basal + 25% N after first irrigation + 25% 

N after second irrigation and that was statistically at par with 

(B3) 50% N as basal + 50% N after first irrigation and (B4) 

25% N as basal + 25% N after second irrigation + 50% 

through FYM as basal and the no significantly affect found of 

treatments on chlorophyll content (SPAD value) for second 

year of experimentation. 

Chlorophyll content of flag leaf at 60 DAS for planting 

method found significantly effected and maximum 

chlorophyll content at 60 DAS was found with (A3) FIRB 

(furrow irrigation and ridge bed) planting method of sowing 

and that was at par with (A2) Line sowing method and (A4) 
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criss cross sowing (20× 20 cm) during both year of 

experimentation. Where lowest chlorophyll content recorded 

with (A1) broadcasting method of planting at all stage for both 

year 2017-18 and 2018-19.  

In both the years of study, chlorophyll content (SPAD value) 

of flag leaf in wheat was significantly influenced by all 

nitrogen management treatments. The maximum chlorophyll 

content (SPAD value) found with (B2) 50% N as basal + 25% 

N after first irrigation + 25% N after second irrigation and 

least found with control (B1). The highest values of 

chlorophyll content (SPAD value) were noticed in treatment 

(B2) 50% N as basal + 25% N after first irrigation + 25% N 

after second irrigation and that was at par with (B4) 25% N as 

basal + 25% N after second irrigation + 50% through FYM as 

basal at 60 DAS stages of crop growth as compared to all 

other treatments. The next best treatments were found to be 

(B3) 50% N as basal + 50% N after first irrigation followed by 

(B5) 50%RDN through Urea and 50% through FYM as basal. 

Where lowest chlorophyll content (SPAD value) recorded 

with without nitrogen application plot (control) for both year 

of experimentation. 

 
Table 1: Effect of sowing methods and nitrogen management on growth parameters of wheat (Triticum astivum L.) during 2017-18 and 2018-19 

 

Treatment 

Plant Height (cm) Number of tillers Dry matter accumulation Number of leaves 

60 DAS 90 DAS 60 DAS 90 DAS 60 DAS 90 DAS 30 DAS 60 DAS 

2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 

Sowing methods 

A1 48.92 52.76 70.69 70.75 70.84 74.49 66.97 77.12 42.32 46.54 83.35 78.81 78.13 77.67 208.35 224.61 

A2 62.23 58.61 101.52 109.41 91.59 87.55 100.35 95.85 52.58 56.61 120.80 114.18 82.40 79.40 268.13 292.15 

A3 69.23 63.91 109.80 114.62 98.74 94.60 104.57 100.50 59.44 63.88 130.60 126.55 85.87 80.80 311.53 322.20 

A4 56.77 56.16 90.69 81.68 75.42 77.05 75.38 80.51 50.12 54.59 98.05 92.40 79.87 78.53 256.20 268.40 

SEm ± 1.23 1.64 3.34 1.72 2.43 2.66 2.35 3.13 2.00 1.74 6.90 4.97 1.85 2.79 9.62 10.69 

LSD 4.26 5.67 11.56 5.96 8.42 9.19 8.14 10.83 6.94 6.03 23.88 17.20 NS NS 33.27 37.00 

Nitrogen managements 

B1 47.45 47.59 72.26 70.16 73.04 72.32 72.27 76.99 35.83 40.14 79.84 77.01 72.17 76.08 185.75 203.92 

B2 68.84 67.78 113.22 110.38 94.46 95.43 101.68 103.31 62.69 68.35 131.55 123.65 88.17 83.17 315.50 335.52 

B3 58.45 57.94 93.87 102.56 83.41 79.91 84.85 83.98 49.99 53.92 106.05 102.71 84.67 79.00 268.67 279.85 

B4 67.43 63.50 105.05 106.41 90.14 92.00 97.87 97.68 59.57 64.08 123.08 115.72 82.75 76.33 300.50 323.67 

B5 54.26 52.48 81.44 81.08 79.70 77.45 77.41 80.50 47.50 50.52 100.47 95.82 80.08 70.92 234.85 241.25 

SEm ± 1.94 1.71 3.22 1.70 2.10 2.13 1.61 2.13 1.73 1.44 4.86 4.71 2.245 2.105 9.06 6.51 

LSD 5.58 4.93 9.29 4.89 6.05 6.15 4.65 6.13 4.99 4.14 13.99 13.57 6.47 NS 26.10 18.75 

(A1) Broadcasting method, (A2) Line sowing method, (A3) Furrow Irrigation Ridge Bed (FIRB) and (A4) Criss cross sowing (20× 20 cm) and 

(B1) Control, (B2) 50% N as basal + 25% N after first irrigation + 25% N after second irrigation, (B3) 50% N as basal + 50% N after first 

irrigation, (B4) 25% N as basal + 25% N after second irrigation + 50% through FYM as basal, (B5) 25% N as basal + 75% through FYM as 

basal 

 
Table 2: Effect of sowing methods and nitrogen management on growth parameters of wheat (Triticum astivum L.) during 2017-18 and 2018-19 

 

Treatment 

LAI Chlorophyll 3rd leaf Chlorophyll flag leaf Leaf area duration Leaf Area Ratio 

60 DAS 90 DAS 60 DAS 90 DAS 60 DAS 30-60 DAS 30 DAS 60 DAS 

2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 

Sowing method 

A1 0.33 0.35 3.13 3.05 29.89 32.23 32.03 32.59 37.815 37.133 51.83 51.06 49.25 54.59 36.70 32.35 

A2 0.34 0.36 4.35 4.19 30.19 32.77 42.44 37.83 44.088 43.505 70.37 68.26 46.63 51.12 41.84 37.31 

A3 0.37 0.39 4.53 4.35 30.93 33.67 43.85 40.28 45.700 44.559 73.48 71.07 45.61 49.63 38.53 34.10 

A4 0.32 0.35 3.78 3.62 30.87 32.79 35.17 35.95 43.052 42.238 61.56 59.61 45.67 50.58 38.30 33.35 

SEm ± 0.01 0.01 0.22 0.17 1.03 1.45 1.10 0.95 1.122 1.506 3.24 2.45 2.81 2.68 1.07 1.25 

LSD 0.03 0.02 0.75 0.57 NS NS 3.81 3.28 3.881 5.212 11.23 8.48 NS NS NS NS 

Nitrogen management 

B1 0.29 0.31 2.60 2.47 28.21 30.56 34.99 29.26 38.067 37.475 43.43 41.66 42.60 46.62 36.95 30.91 

B2 0.37 0.40 4.75 4.60 32.58 34.65 41.98 40.47 46.475 45.617 76.25 74.27 42.48 45.72 38.19 33.75 

B3 0.36 0.39 4.15 4.01 31.80 33.82 38.01 38.44 43.198 42.410 67.72 66.23 52.17 58.76 41.52 37.32 

B4 0.34 0.37 4.65 4.50 30.14 33.26 39.63 39.50 45.049 43.930 75.30 73.31 49.89 53.34 39.09 35.23 

B5 0.33 0.35 3.59 3.43 29.33 32.04 37.24 35.63 40.530 39.863 58.84 57.04 46.81 52.97 38.45 34.17 

SEm ± 0.013 0.013 0.15 0.12 1.016 1.05 1.04 1.00 0.892 1.041 2.17 1.81 2.52 2.49 1.89 1.49 

LSD 0.04 0.04 0.42 0.34 2.926 NS 2.99 2.88 2.569 2.999 6.24 5.20 7.27 7.18 NS NS 

(A1) Broadcasting method, (A2) Line sowing method, (A3) Furrow Irrigation Ridge Bed (FIRB) and (A4) Criss cross sowing (20× 20 cm) and 

(B1) Control, (B2) 50% N as basal + 25% N after first irrigation + 25% N after second irrigation, (B3) 50% N as basal + 50% N after first 

irrigation, (B4) 25% N as basal + 25% N after second irrigation + 50% through FYM as basal, (B5) 25% N as basal + 75% through FYM as 

basal 

 

Conclusion 

On the basis of result of the experiment, it may be concluded 

that (A3) FIRB (furrow irrigation and ridge bed) followed by 

(A2) Line sowing method seems to be suitable for growth of 

late sown wheat and application of and (B2) 50% N as basal + 

25% N after first irrigation + 25% N after second irrigation

followed by (B4) 25% N as basal + 25% N after second 

irrigation + 50% through FYM as basal proved to be more 

remunerative for growth of late sown wheat in middle 

Gangetic Plain. Non-significant difference was detected 

between sowing methods and nitrogen management for all 

growth parameters. 
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