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Abstract: The study was conducted on raised bed (one pass) tillage system on the effect of fertilizer and irrigation levels
at Wheat Research Centre, Nashipur, Dinajpur (25°38´ N, 88°41´ E and 38.20 m above mean sea level). Treatments were:
T1; recommended fertilizer dose of N100 + P26.5 + K40 + S20 + Z4 + B1 with irrigation up to 75% field capacity, T2;
recommended fertilizer dose with irrigation up to 100% field capacity, T3; recommended fertilizer dose with irrigation up to
125% field capacity, T4; 20% lower fertilizer dose than recommended dose with irrigation up to 75% field capacity, T5;
20% lower fertilizer dose than recommended with irrigation up to 100% field capacity, T6; 20% lower fertilizer dose than
recommended with irrigation up to 125% field capacity. Irrigation water was applied at growth stages of 20, 55 and 75 days
after sowing (DAS). Data on seasonal water use, yield and yield contributing characters of wheat were recorded during
experimentations in raised bed cultivation systems. Results from this study indicated that the effect of fertilizer and
irrigation level did not influence the grain yield and yield attributes of wheat under raised bed system. But, higher grain
yield was found in the plots where recommended fertilizers were applied with irrigation up to 100% field capacity.
Seasonal water was used by 211 – 231 mm and water use efficiency was found 1.53 – 1.78 kg m-3 by the treatments effect
for one pass-tillage raised bed system. The short-term findings of this study raise the further crop physiological, fertilizer
use efficiency and economics return study to confirm the results.
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1. Introduction
Wheat is the second most important cereal crop after rice
in Bangladesh and its area and production has decreased by
0.34 million hectares and 0.47 million tons, respectively,
while unit yield has increased by 0.7 ton per hectare from
2000 to 2014 [1; 2; 3]. Wheat is a strategic crop and it is
highly responsive to irrigation water during the short winter
season between November and March. So, water and
fertilizer plays a vital role in crop production management.
Application of only one irrigation increase the yield of
wheat by more than 40%, whereas two to three irrigations
with proper water and fertilizer management practices
increase wheat yield by 50-100% [4]. Water should be
utilized for optimum and economic yield. Modern High

Yielding crop practices system can be sustained only with
good water control and management at the farm level.
Optimum water availability to plants during their growth is
essential for realizing the full yield production. Every year
crop production is essential to increase due to more and
more efficient utilization of water through better
management practices [5]. Bed planting is practiced in
many parts of the world to reduce the cost of production
and irrigation water [6]. Raised beds were introduced to
Rice-Wheat systems of the Indo-Gangetic Plain (IGP) in
the mid 1990s, initially for wheat, inspired by the success
of irrigated maize-wheat on permanent raised beds (PRB)
in Mexico. Many advantages of growing wheat on beds
have been reported including increased yields,
opportunities for mechanical weeding and improved
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fertilizer placement, irrigation water savings, reduced
lodging, water logging, seed rate and opportunities for
intercropping [7]. Integrated irrigation and fertilizer
management are of great importance for achieving
optimum and sustainable yields of wheat. Fertilizer use
efficiency is closely related to soil moisture content.
Fertilizers are not readily available to plants due to deficit
soil moisture. In Bangladesh conditions, three to four
irrigations are required for optimum wheat yield whereas
farmers provide only one to two irrigations. In general,
farmers apply medium to higher doses of fertilizer with less
irrigation water compared to its requirement. This causes
low yield due to less availability of water as well as
fertilizers to the plants [8]. Soil water status has a direct
relationship with the availability and uptake of nutrients by
plants as water is integral component of soil solution, and is
involved in transportation of nutrient elements. Wheat roots
have positive and significant association with the uptake of
nutrients [9]. Recent studies have shown that wheat can be
successfully grown on raised beds in various parts of the
world, including northwest India, northwest Pakistan and
northwest of Bangladesh. The size of beds for wheat in the
IGP have found 37 to 40 cm bed top, 30 cm wide furrows
and 15 to 20 cm high with two rows (20 cm apart) per bed.
With bed planting, seed rate and irrigation water
requirement can be reduced by about 30% as compared to
conventionally tilled flat layouts [10]. There is no other
study carried out in Bangladesh regarding fertilizer doses
and amount of water for raised bed and furrow in wheat
production. Bed planting with furrow system is becoming
more popular for upland crops cultivating in Bangladesh.
The size of the bed is also important to achieve the
potential yield due to furrow spacing, seepage infiltration
pattern and planting density. The bed planting and furrow
irrigation system has been used in different countries with
varying advantages [11; 12; 13; 14; 15] for some crops such
as wheat, maize, legumes, oilseeds, cotton and sugar cane,
etcetera. Bed planting and furrow system offers many
advantages in water management, effective drainage,
reducing risk of water logging, application of fertilizer and
herbicides without significantly reduces yield. Therefore,
the present study was undertaken to emphasize on soil
conservation and water requirement, improving water use
efficiency in conservation tillage farming systems through
appropriate crop, fertilizers and efficient utilization of
water & other inputs for wheat cultivation. The specific
objectives were to determine the effect of fertilizer levels
and amount of irrigation water on wheat yields and the
seasonal water use for one pass tillage raised bed
cultivation system.

mainly medium high land and moderately well drained
which was fallen under the old Himalayan piedmont plain.
The topsoil was non-calcareous brown flood plain [16].
Soil samples were collected from 0-15, 15-30 and 30-45 cm
depth of the experimental plots randomly to determine soil
moisture, bulk density and field capacity by oven dry
method. The data on other major property of soil, such as,
soil type was collected from the research report of
Bodruzzaman et al. [17]. The field experiment was laid out
in randomized complete block design using strip plot
arrangement with six treatment replicated thrice. The
treatments were T1 = Recommended fertilizer dose (N100 +
P26.5 + K40 + S20 + Z4 + B1) with irrigation up to 75% field
capacity, T2 = Recommended fertilizer dose with irrigation
up to 100% field capacity, T3 = Recommended fertilizer
dose with irrigation up to 125% field capacity, T4 = 20%
lower fertilizer dose than recommended with irrigation up
to 75% field capacity, T5 = 20% lower fertilizer dose than
recommended with irrigation up to 100% field capacity, T6
= 20% lower fertilizer dose than recommended with
irrigation up to 125% field capacity.
The unit plot size was 4 m × 5 m. The performance was
conducted in raised bed planting using BARI bed former
cum seeder. One pass raised bed size was 60 cm (furrow to
furrow centre). Irrigation scheduling was followed to the
experimental plots. Irrigation water was applied based on
field capacity. The rainfall data was measured using rain
gauge. The actual requirement was the depth of water
needed to bring the crop rooting zone to field capacity
uniformly throughout the field. The net irrigation depth was
calculated from the following formula [18]:

d=

Pw As D
100

Where, d = Net depth of irrigation water to be applied
during each irrigation
As = Apparent specific density of soil
D = Rooting depth to be irrigated
Pw = (F.C. - Rsm)
Here, F.C. = Field capacity, %
Rsm = Residual soil moisture level before irrigation, %

Rsm = (

Wms − Wods
)100
Wods

Where, Wms is the weight of soil moisture, Wods is the
weight of oven dry soil.
The seasonal water use was calculated by the following
relationship:
n

2. Materials and Methods
The study was conducted during the rabi season of 20082009 at Wheat Research Centre (WRC), Nashipur, Dinajpur.
The experimental site was situated at 25045' N latitude and
88040' E longitude. The topography of the study area was

SWU = d + Rf + ∑
i =1

M bi − M ei
As Di
100

Where, SWU = Seasonal water use (mm)
d = Net depth of irrigation water (mm)
Rf = Seasonal rainfall (mm)
Mbi = Moisture percentage at the beginning of the season
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in the ith layer of the soil.
Mei = Moisture percentage at the end of the season in the
ith layer of the soil
n = No. of soil layer in the root zone (D) which was
considered three layers, 0-150 mm, 150-300 mm
and 300-450 mm
Di = Depth of the ith layer of soil within the root zone
(mm)
A pre-sowing irrigation was applied for proper seed
germination. A high yielding variety BARI gom-23 (Bijoy)
was sown in the experimental plots on November 30, 2008
using the Bed former at the rate of 100 kg ha-1. Seeding was
done without land preparation by bed former cum seeder.
Bed was consisted two rows depending on the crop on
raised beds. Furrow to furrow distance was maintained by
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55 cm. Bed height was 13 cm. Irrigation water was applied
to the furrows between the beds. Seeds were treated with
provax-200 @ 3 gm kg-1 of seed. Two fertilizers were
applied at sowing and remaining N was top dressed after
first irrigation. Weeding was done at 29 DAS by 2-4-D
amine @ of 1200 ml ha-1 was applied. At maturity stages,
two samples of each plot in 2×1.1 m for bed planting on 30
March 2009 were harvested. After threshed and cleaned,
grain yields were recorded at 12% moisture content. Data
on other plant characteristics during harvesting from each
of the experimental plots were recorded, such as, Spike,
plant height, spike length, spikelet spike-1, grain spike-1,
1000 grain weight, grain yield. Data were subjected to
analysis of variance to sort out significant difference among
treatments.

Figure 1. Schematic view of wheat cultivation under raised bed and furrow using BARI two wheeled tractor bed former cum seeder.

3. Results and Discussion
The yield and yield contributing characters are shown in
Table 1. The effect of fertilizer levels and irrigation water
had no significant difference on grain yield. All other yield
contributing parameters were non-significant in terms of
treatment effects. The variation of fertilizers and the amount
of irrigation water have no significant influence on grain
yields, but the treatment differences were followed same
pattern of grain yields. Grain yield was dependent on spike,

spikelet, grain and thousand grain weight. It was observed
that no significant difference was found among the
treatments but grain yield was found more in treatment T2. It
was also observed that less grain yield was found in
treatment T6 due to 25% excess irrigation water of field
capacity and lower fertilizer levels. The grain yield was quite
satisfying and relatively adequate. The obtained grain yields
of this study were almost similar to that of the present and
previous studies [13; 14; 15].

Table 1. The effect of fertilizer levels and irrigation water on grain yield.
*Treatment
T1
T2
T3
T4
T5
T6
CV (%)
F-test

Spike m-2
313
327
321.3
314.7
312
298
7.69
*NS

Spikelet m-2
16.8
17.3
16.6
15.9
16.96
16.9
1.7
NS

Grain Spike-1
40.2
39.8
38.4
38.4
36.9
36.8
4.85
NS

Thousand grain weight (g)
56.9
58.7
58.1
56.8
59.2
58.6
1.59
NS

Grain yield, (kg ha-1)
3711
3753
3687
3480
3682
3533
3.83
NS

*Treatments: T1 = Recommended fertilizer dose (N100 + P26.5 + K40 + S20 + Z4 + B1) with irrigation up to 75% field capacity, T2 = Recommended fertilizer
dose with irrigation up to 100% field capacity, T3 = Recommended fertilizer dose with irrigation up to 125% field capacity, T4 = 20% lower fertilizer dose
than recommended with irrigation up to 75% field capacity, T5 = 20% lower fertilizer dose than recommended with irrigation up to 100% field capacity, T6
= 20% lower fertilizer dose than recommended with irrigation up to 125% field capacity.
*NS means no significant.

Seasonal crop water use in raised bed system is shown in
Table 2. During sowing, the average bulk density, field
capacity and soil moisture were 1.57 gm cc-1, 24% and
19.5%, respectively. The amount of irrigation water was

applied to the plots according to the treatments as shown in
Table 2. The crop was irrigated three times on the basis of
critical stages of wheat and the recommended irrigation
scheduling for wheat cultivation. Average seasonal water
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use varied from 211 to 231 mm by the treatments effect.
The water use efficiency was varied from 1.53 to 1.78 kg
m-3. The lowest water use efficiency was observed in
treatment T6 and the highest water use efficiency was found
in treatment T2 due to the variation of grain yield and water.
It was observed that seasonal water use was found slightly
different due to variation of water application and soil
water contribution. The results are in agreement with the
findings of Hossain et al. [13] in bed planting system for

wheat cultivation. The water productivity can be improved
up to 1.31–1.99 kg m-3 by applying 20-30% less water.
Water application in furrow method is easier than
traditional systems and water could be saved about to 20%
in bed planting system without drastically yield reduction
[15]. The permanent bed planting system for wheat
cultivation increases the fertilizer use efficiency and
reduces production cost [19].

Table 2. Seasonal water use in raised bed system for raised bed system.
*Treatment
T1
T2
T3
T4
T5
T6

Irrigation water
applied water (mm)
136
145
161
143
152
170

Soil water
contribution (mm)
65
51
49
61
48
46

Effective
rainfall ( mm)
15
15
15
15
15
15

Seasonal water use
(mm)
216
211
225
219
215
231

Grain yield,
(kg ha-1)
3711
3753
3687
3480
3682
3533

Water use efficiency,
(kg m-3)
1.72
1.78
1.64
1.59
1.71
1.53

*Treatments: T1 = Recommended fertilizer dose (N100 + P26.5 + K40 + S20 + Z4 + B1) with irrigation up to 75% field capacity, T2 = Recommended fertilizer
dose with irrigation up to 100% field capacity, T3 = Recommended fertilizer dose with irrigation up to 125% field capacity, T4 = 20% lower fertilizer dose
than recommended with irrigation up to 75% field capacity, T5 = 20% lower fertilizer dose than recommended with irrigation up to 100% field capacity,
T6 = 20% lower fertilizer dose than recommended with irrigation up to 125% field capacity.

4. Conclusion
Based on the short term experiment, it was observed that
seasonal water use was found almost similar. About 20%
fertilizer could be saved for wheat cultivation by raised bed
(one pass tilled) and furrow system without significant
yield reduction. One pass bed planter cum seeder with less
fertilizer might be used for wheat cultivation instead of
conventional fertilizer use. Under the conditions of this
field trial, there was little indication that raised bed and
furrow with reduced fertilizer doses could replace the
traditional fertilizers application without significantly yield
reduction and this system could extend the acreage of
wheat cultivation by 20% saving fertilizers. The outcome of
this trial raises the further crop physiological, fertilizer use
efficiency and economics study to confirm the findings.
However, raised bed and furrow system could replace the
conventional flooding irrigation system with advantages of
environmental friendliness.
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