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Introduction 

Wheat (Triticum aestivum L. emend. Fiori & Paol.) is very important and remunerative rabi crop of North India. It is 

the second most important cereal crop after rice, grown under diverse agro-climatic conditions. The irrigation 

efficiency of the border system has been found to be only 30-40% as compared to attainable level of 60-70%. The 

main reasons for its low productivity are poor crop establishment, improper scheduling of irrigation and deficient 

nutrition. Amongst the other agronomic practices proper crop establishment method may considerably increase the 

production of wheat to some extent. Ideal planting geometry is important for better and efficient utilization of plant 

growth resources get the optimum productivity of wheat. It is also well known fact that water management is one of 

the major factors responsible for achieving better harvest in crop production. Resource conservation technologies 

such as ridge and furrow and raised bed planting have been found very effective in saving water in crop production 

[1].Under semi-arid conditions water is the scarcest input which has considerable effects on the efficiency of other 

natural and applied inputs. The share of water to agriculture will further reduce to about 72 to 75% by 2050. About 75 

to 85% water requirement of wheat in the north-western plain zone is met through irrigation. Bed planting system 

reduces herbicide dependence through intercultural tillage, and saves inputs like water and seed [2].Minimizing non-

beneficial ET through efficient technologies and strategies will greatly enhance the water productivity. Both crop 

establishment method and irrigation schedule are major causes of growth and yield reduction in wheat, which also 

affect its soil properties. 

Materials and Methods 

The field experiment was established in 2014 at Sardar Vallabhbhai Patel University of Agriculture & Technology, 

Meerut research farm (29
0
 04', N latitude and77

0
 42' „E longitude a height of 237m above mean sea level) U.P., India. 

The region has a semi-arid sub-tropical climate with an average annual temperature of 16.8
0
C. The highest mean 
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monthly temperature (38.9
0
C) is recorded in May, and the lowest mean monthly temperature (4.5

0
C) is recorded in 

January. The average annual rainfall is about 665 to 726 mm (constituting 44% of pan evaporation) of which about 

80% is received during the monsoon period. The predominant soil at the experimental site is classified as Typic 

Ustochrept. Soil samples for 0–20 cm depth at the site were collected and tested prior to applying treatments and the 

basic properties were non-saline (EC 0.42 dS m
-1

) but mild alkaline in reaction (pH 7.98). The soil initially had 4.1 g 

kg
-1

 of SOC and 1.29 g kg
-1

 of total N (TN), 1.23 g kg
-1

 of total phosphorus, 17.63 g kg
-1

 of total potassium, 224 mg 

kg
-1

 of available N, 4.0 mg kg
-1

 of available phosphorus, and 97 mg kg
-1

 of available potassium.  

Detailed descriptions of crop establishment methods are necessary to compare the influence of land configuration 

practices on environmental performance. The treatments consisted of 6 crop establishment methods, viz sowing of 

wheat 75 cm bed, 2 rows (B75–2); 75 cm bed, 3 rows (B75–3) ; 90 cm bed, 2 rows (B90–2) ; 90 cm bed, 3 rows (B90–3), 90 

cm bed, 4 rows (B90–4); Flat planting, rows 22.5 cm apart as a horizontal factor with 3 irrigation schedule, viz 4 cm 

irrigation at IW/CPE 0.8; 5 cm irrigation at IW/CPE 1.0 ; 6 cm irrigation at IW/CPE 1.2 allotted to sub-plots in a 

split-plot design and replicated thrice. The gross and net plot sizes were 7.0 m×24.5 m and 6.0 m×3.5 m, respectively 

and treatments were superimposed in the same plot every year to study the cumulative effect of treatments.  

Irrigation water was applied using polyvinyl chloride pipes of 15-cm diameter and the amount of water applied to 

each plot was measured using a water meter (Dasmesh Co., India). The quantity of water applied and the depth of 

irrigation was computed using the following equations: 

Quantity of water applied (L) = F × t    (1) 

Depth of water applied (cm) = L /A /1000   (2) 

Where F is flow rate (L/s), t is time (s) taken during each irrigation and A is area of the plot (m
2
). Rainfall data was 

recorded using a rain gauge installed within the meteorological station. The total amount of water (input water) 

applied was computed as the sum of water received through irrigation (I) and rainfall (R).Water productivity (WPI+R) 

(kg/m
3
) was computed as follows [3]. Irrigation through tube-well of discharge 8 litre/second was given to each plot 

and measured with the help of Parshall flume. 

WPI+R = Grain yield/(Irrigation water applied (I) + Rainfall received by the crop (R))    (3) 

Soil moisture content was measure at seeding, and before and after each irrigation on the top of the ridge and furrow 

in furrow irrigated raised bed planting system and between the 2 rows in flat planting by using neutron moisture 

meter. Water saving (WS) was calculated as: 

WS = (QF – QB)/QF × 100, 

Where QF and QB are quantity of water applied in flat planting and furrow irrigated raised bed planting system, 

respectively. The soil moisture data would be utilized to calculate the consumptive use. 

The bulk density of the soil was determined by core method for depths of 0 - 15, 15 –30, 30-60 and 60-90 cm. An 

undisturbed soil cores were taken by hammering into the ground with the stainless steel cutter edge cylinders. 

Samples were oven-dried for 48 h at 105 
0
C, weighed and bulk density calculated according to [4]. 

Results and Discussion  
Bulk density g cm

−3
 

Among different land configuration methods, flat planting have highest bulk density (1.52 and 1.51 g cm
−3

) the bulk 

density of soil in the 0-15 cm depth and least was under B90-4 (B5) treatment (1.43 and 1.41g cm
−3

) during both the 

year of study. In upper layer, higher values of bulk density in flat planting compared to other land configuration were 

due to compaction soil surface as a result of application flood irrigation of crops (Table 1). However each treatment 

was significantly differed in bulk density during experimentation. Whereas at 15-30 cm soil depth flat planted wheat 

was very close to 75 cm bed, 2 rows (B75-2) land configuration during 2014-15 and 2015-16, respectively [5-8]. Also 

reported at lower depth most of the land configuration had similar trend in relation to bulk density and lowest was 

under 90 cm bed, 4 rows (B90-4) treatment during both the year of study.  

Infiltration rate cm h
-1

  
Land configuration 90 cm bed, 4 rows (B90-4) registered significantly the highest infiltration rate was recorded (10.2 

and 11.2 cm hr
-1

) showed that (Table 1) which was  closely followed by 90 cm bed, 3 rows (B90-3), (9.7 and 10.5 cm 
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hr
-1

). Treatment B90-4 was increased infiltration rate 72.9 and 77.8 % over the flat planting (B6) during both the year of 

study [9,10] reported infiltration rate depending on soil texture, percentage of sand, silt and clay and number 

connectivity of surface vented macro-pores, dead root channels and organic matter present in soil.  

Table 1 Effect of land configuration on bulk density and infiltration rate of soil 

Treatment Bulk density (g cm-3) 

0-15 cm 15-30 cm 30-60 cm 60-90 cm Infiltration rate 

(cm hr-1) 

2014-

15 

2015-

16 

2014-

15 

2015-

16 

2014-

15 

2015-

16 

2014-

15 

2015-

16 

2014-

15 

2015-16 

Land configuration 

75 cm bed, 2 

rows 

1.48 1.47 1.60 1.60 1.55 1.53 1.51 1.50 8.5 9.0 

75 cm bed, 3 

rows 

1.46 1.44 1.57 1.55 1.55 1.52 1.51 1.49 8.8 9.3 

90 cm bed, 2 

rows 

1.45 1.44 1.56 1.55 1.52 1.51 1.50 1.48 9.4 10.0 

90 cm bed, 3 

rows 

1.44 1.42 1.54 1.52 1.52 1.50 1.50 1.47 9.7 10.5 

90 cm bed, 4 

rows 

1.43 1.41 1.53 1.52 1.51 1.49 1.49 1.48 10.2 11.2 

Flat planting 1.52 1.51 1.66 1.66 1.60 1.55 1.48 1.45 5.9 6.3 

SEm(±) 0.02 0.02 0.014 0.017 0.004 0.005 0.002 0.002 0.4 0.37 

C.D. (P=0.05) 0.05 0.05 0.043 0.055 0.011 0.017 0.006 0.007 1.11 1.17 

Soil penetration resistance 

The soil penetration resistance increase in depth up to 15-30 cm was observed with 90 cm bed, 4 rows (B90-4) and 90 

cm bed, 3 rows (B90-3) land configuration recorded (2.38 and 2.35 Mpa) and (2.44 and 2.42) significantly least soil 

penetration resistance as compared to 75 cm bed, 3 rows (B75-3) furrow irrigated raised bed and conventional tillage 

during both the years, respectively (Table 2). In upper layer, higher values of penetration. The most likely reason for 

higher values of penetration resistance in conventional tillage treatment was the excessive use of tillage implements 

causing compaction in the plough layer. [7, 11] also justified the result obtained in similar way. 

Table 2 Effect land configuration on soil penetration resistance of soil 

Treatment Soil Penetration Resistance (Mpa) 

0–5 cm 5–15 cm 15–30cm 

Land configuration 2014-15 2015-16 2014-15 2015-16 2014-15 2015-16 

75 cm bed, 2 rows 1.34 1.33 2.29 2.28 2.84 2.84 

75 cm bed, 3 rows 1.28 1.26 2.23 2.21 2.61 2.60 

90 cm bed, 2 rows 1.26 1.25 2.20 2.19 2.57 2.56 

90 cm bed, 3 rows 1.18 1.16 2.07 2.05 2.44 2.42 

90 cm bed, 4 rows 1.14 1.12 1.98 1.96 2.38 2.35 

Flat planting 1.50 1.15 2.78 2.77 3.85 3.85 

SEm(±) 0.02 0.02 0.04 0.03 0.03 0.02 

C.D. (P=0.05) 0.05 0.06 0.08 0.10 0.09 0.08 

 Soil electric conductivity  

After wheat harvest the data in respect to electric conductivity and pH of 0-15 cm soil layer are given in (Table 3). 

The electric conductivity was recorded maximum 0.26 and 0.24 dSm
-1 

under flat planting (B6) treatment and 

minimum values 0.21and 0.22 dSm
-1

 also obtained was under 90 cm bed, 4 rows (B90-4) during 2014-15 and 2015-16, 

respectively [12,13]. 
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Soil pH 

Perusal of data presented in (Table 3) revealed that pH was registered lowest values (7.4 and 7.5) under 75 cm bed, 3 

rows (B75-3) and 90 cm bed, 4 rows (B90-4) land configuration than rest treatments during both the year of study 

[13,14]. 

Table 3 Effect of land configuration on electrical conductivity and pH of soil 

Treatment EC (dSm
-1

) pH 

2014-15 2015-16 2014-15 2015-16 

Land configuration 

75 cm bed, 2 rows 0.22 0.23 7.6 7.7 

75 cm bed, 3 rows 0.22 0.22 7.4 7.4 

90 cm bed, 2 rows 0.23 0.24 7.7 7.8 

90 cm bed, 3 rows 0.23 0.23 7.6 7.6 

90 cm bed, 4 rows 0.22 0.22 7.4 7.5 

Flat planting 0.24 0.26 7.7 7.9 

SEm(±) 0.003 0.003 - - 

C.D. (P=0.05) NS NS - - 

Organic carbon  

In general, the organic carbon was highest under B75-2 treatment (0.54 and0.55%) to all other treatments except 75 cm 

bed, 3 rows (B75-3) treatment during both the year of study. Treatment flat planting (0.50 and 0.51%) had lowest 

values as compared to all the treatments. The organic carbon content in soil was non-significantly difference with 

irrigation schedules during experimentation. The maximum organic carbon content was obtained (0.54 and 0.54%) 

with 4 cm irrigation at 0.8 IW/CPE than followed by other irrigation schedules[15, 16]. during 2014-15 and 2015-16, 

respectively.  

The soil organic carbon content in top soil 0-15 cm was increase due to furrow irrigated raised bed land 

configuration as compared to flat land configuration. It‟s because of localized deposition of more fertile top soil on 

raised beds under altered land configuration than flat planting. 

Available nitrogen 

It is evident from the data (Table 4) that significantly higher available nitrogen was recorded under 90 cm bed, 2 rows 

(B90-2) (248.56 and 249.71 N Kg ha
-1

) and 90 cm bed, 3 rows (B90-3) (247.14 and 248 53N Kg ha
-1

) remained 

statistically at par with it. The reduction in available nitrogen in soil under flat planting was 23.7 and 21.1 % 

compared to 90 cm bed, 2 rows (B90-2), 90 cm bed, 4 rows (B90-3), respectively. However, 90 cm bed, 2 rows (B90-2), 

registered 13.4 and 11.3 % significant available nitrogen in soil status over flat planting during experimentation. The 

higher available nitrogen in soil in relation to irrigation schedule, treatment IW/CPE 0.8 (I1) recorded statistically 

(247.14 and 248.35 N Kg ha
-1

) higher available nitrogen rest of the treatments during experimentation. Treatment 6 

cm irrigation at 1.2 IW/CPE recorded lowest available nitrogen in soil during both the year of study [15-17]. 

Available phosphorus 

Land configuration did show significant difference in respect to available phosphorus in soil. The maximum available 

phosphorus in soil was in 90 cm bed, 2 rows (B90-2) being at par with 90 cm bed, 3 rows (B90-3) and 75 cm bed, 2 rows 

(B75-2). The available phosphorus was higher with irrigation schedules IW/CPE 0.8 (I1) treatment (247.17 and 248.62 

kg ha
-1

). Lowest available potassium was recorded 242.02 and 242.82 kg ha
-1

 with IW/CPE 1.2 (I3) during both the 

years respectively [15-17].  

Available potassium 

Among different land configuration methods, higher available potassium was recorded (247.17 and 248.57 K kg ha
-1

) 

with 90 cm bed, 2 rows (B90-2) and 90 cm bed, 3 rows (B90-3) (246.18 and 247.25 K Kg ha
-1

) remained statistically at 

par with it. Among irrigation schedules 4 cm irrigation at 0.8 IW/CPE was highest (246.77 and 247.52 kg ha
-1

) 

available potassium and lowest available potassium 242.02 and 243.11 kg ha
-1

 with IW/CPE 1.2 (I3) during both the 

years respectively. However, treatment IW/CPE 0.8 of 4 cm irrigation contains higher amount of NPK status of 
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soil due to less leaching loss of available nutrients. It‟s occurs due to less amount of water available and nutrient do 

not solubilized more amount. [15-18] also observed the similar trend and supported the justification. 

 

Table 4 Effect of land configuration and irrigation schedules on organic carbon, available nitrogen, phosphorus and 

potassium in soil 

Treatment Organic carbon  

(%) 

Available N 

(Kg ha
-1

) 

Available P  

(Kg ha
-1

) 

Available K  

(Kg ha
-1

) 

2014-15 2015-16 2014-15 2015-16 2014-15 2015-16 2014-15 2015-16 

Land configuration 

75 cm bed, 2 rows 0.54 0.55 245.42 246.76 14.39 14.53 244.33 245.66 

75 cm bed, 3 rows 0.54 0.54 244.27 245.88 14.21 14.29 243.00 243.91 

90 cm bed, 2 rows 0.52 0.52 248.56 249.71 14.50 14.78 247.17 248.57 

90 cm bed, 3 rows 0.53 0.54 247.14 248.53 14.31 14.54 246.18 247.25 

90 cm bed, 4 rows 0.53 0.53 244.38 245.67 13.62 13.68 244.15 244.62 

Flat planting 0.52 0.52 243.12 243.86 12.58 12.71 242.03 242.83 

SEm(±) 0.01 0.01 0.41 0.34 0.17 0.23 0.39 0.37 

C.D. (P=0.05) NS NS 1.28 1.06 0.52 0.74 1.21 1.17 

Irrigation schedules 

4 cm irrigation at IW/CPE 0.8 0.54 0.54 247.14 248.35 14.79 15.27 246.77 247.52 

5 cm irrigation at IW/CPE 1.0 0.53 0.53 245.32 246.54 13.92 14.07 244.85 245.93 

6 cm irrigation at IW/CPE 1.2 0.52 0.52 244.00 245.31 13.10 13.93 242.02 243.11 

SEm(±) 0.01 0.01 0.26 0.26 0.23 0.26 0.24 0.26 

C.D. (P=0.05) NS NS 0.77 0.76 NS NS NS NS 

Interaction 

Available Interaction effect between irrigation schedules and land configuration in respect of available nitrogen 

was significant (Table 4). Maximum amount of available nitrogen in soil in IW/CPE0.8 (I1) with B90-2(B3) land 

configuration during both years.  

Conclusion 

The land configuration B90-4(B5) recorded minimum bulk density and soil penetration resistance under 0-15 cm soil 

depth. Water intake rate also increased significantly 28% over flat planting. In addition, FIRB encouraged roots to 

penetration deeper in the soils. Keeping in view the above points, a study was conducted to compare furrow irrigated 

raised bed planting system in different bed size configurations and rows planted on the top of the bed with flat 

planting by including suitable irrigation schedules. Different land configurations were assessed for soil physical 

properties and soil fertility. 
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