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Abstract: Wheat cultivation as a broadcast planting method is commonly used for growing wheat in Afghanistan and the crop is
irrigated by flood irrigation but it leads to ineffective use of applied nitrogen owing to poor aeration and leaching and volatilization
losses. These practices lead to lodging, lower water use efficiency and decreased yield. The wheat cultivation in raised bed planting not
only saves water but improved fertilizer use efficiency and grain yield increased. The results of two sites data showed that wheat
planting increase grain yield by 21%, 1000 grain weight 30.5%, stand population percentage 15.7%, net income 20.80%, biological
yield 29%, grain weight per spike 24.1%, the number of spikelet per spike 20.7%, the number of grain per spike 17.6%, spike length
20.8%, the total number of tillers 10.8% and plant height 14.2% under Raised Bed (75cm) planting method increased relative to Flat
Line sowing method with an equal application of fertilizers. The data pertaining to the economic analysis revealed that the maximum
net income of (AFN. 74000) was obtained in case of Raised Bed (75 cm each bed) planting method apart, followed by Raised Bed (200,
cm each bed) planting method (AFN. 61540) and Flat Line sowing method (AFN. 58550) and the lowest net field income was recorded
(AFN. 57500) in Ridge-Line sowing and was also attributed to the lower grain and biological yields.

Keywords: Raised bed, ridges/furrow and flat planting of wheat, Grain yield and yield components of wheat, Economic analysis in raised
bed, ridges and flat planting

if done properly, the growing media where the plant’s roots
are can avoid waterlogging, which can destroy a crop.

1. Introduction
Wheat is one of the most extensively grown crops in the
World. Wheat is a primary staple crop for food security and
self-sufficiency in Afghanistan.It was grown on an area of
2.53 million ha with a total production of 4.89 million tons
in 2019 which shows 49 percent land increasement and 35
percent in production compare to 2018 as per the
Agriculture Annual Report 2019, MAIL- Afghanistan.
Wheat contributes about 70% to the country’s total output of
grain cereals and still suffering inadequate machinery for
timely harvesting, threshing, processing, and storage, in preand post-harvest results in further losses of approximately
15-20%, (N-CAD-NPP2, 2016-2020).Afghanistan still
suffers low wheat yield due to associated factors such as late
sowing, suboptimal plant population, cultivars with lower
yield potential, poor weed control practices, ineffective
water use as well as inappropriate planting methods.

Environmental benefits of raised bed farming include a
reduction in soil salinity, soil and water pollution,
waterlogging, and drainage water. Crops best suited for
raised beds; almost any crop can be produced using a raised
bed system, but some are better suited than others. The
other thing to consider relating to crops is their
susceptibility to mud splash, leaf diseases, and root rot; as
raised beds can help you keep these challenges at a
minimum because you get better air exchange in the bed
than if they’re planted flat with a lot of residue on the
surface of the soil. Some of the crops include; root crops,
greens, fruiting vegetables, and grasses.

2. Materials and methods
2.1 Experimental Sites and Planting Methods

The growth of wheat as a broadcast flat system is commonly
used in Afghanistan and the crop is irrigated by surface
irrigation. Appropriate planting method plays a vital role in
seed placement for better emergence, improved crop stands
and balancing plant competition. The overall goal of the
research study was to evaluate the performance of most
appropriate and cost-effective planting to wheat in different
planting methods in Kabul climatic conditions.
The results of the study showed that raised-bed planting of
wheat not only increase yield productivity as well as
improve water productivity, saving water, decrease and
leads nitrogen use efficiency compare to flat planting or
other conventional methods. One of the biggest reasons to
consider raised bed agriculture is water management. In
areas that receive excessive moisture at key points in the
season raised beds may be a good fit. Since they are above
the surface of the land, they can shed water more easily, and

The research was conducted in two areas with the same fall
season year (2018-2019) at the 1) Agriculture Research
Farm of Kabul University and 2) Botanical Garden of
Agriculture Faculty, Kabul University, Kabul Afghanistan.
The climate of the experimental areas is characterized in the
fall (May-October), it is good weather with pleasant average
temperature, in summer (June-September) hot season, again
from (May-December) Kabul face with dry periods and the
warmest month is August and coolest is January. The mean
maximum and minimum temperatures show a wide range of
fluctuation. The wheat variety “Solh 02” was sown at two
different sites in 2018/2019 replicated four different
planting methods include 1 and 2) raised-bed (200 cm width
of each bed) and (75 cm width of each bed), 3) ridge or
furrow sowing and 4) flat sowing methods in Randomized
Complete Block Design (RCBD) with three replications and
four treatments. Seedbeds were well leveled and prepared;
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the space between rows were same (25 cm), the distance
between plants were 6 cm and sown in depth of 3 cm in all
planting methods.
2.2 Selection of Variety, fertilizer, irrigation methods
The variety “Solh 02” was selected in consultation with
Afghanistan Research Institute of Agriculture (ARIA),
which shows a big different in yield performance in winter
and fall cultivated areas across the country. Solh 02 is also
good to resist pests and diseases as well as to abiotic
stresses such frost, cold, heat, salt and drought.All
treatments were applied fertilizer in three times. At the
beginning land preparation before wheat planting, tillering
and heading stages, respectively. The application of
fertilizer comprised of N, phosphorus (P), and potassium
(K) were applied at XX, XX, and XX kg/ha in the forms of
urea and di-ammonium phosphate (DAP). The surface
irrigation has been applied in four intervals at the crown
root initiation, the jointing, the heading and the milk dough
stages. The irrigation was light with approx. 5 cm of water
just to moisture the surface of the soil.

2.3 Description of treatments, swathing and harvesting
The research study was comprised of four different
treatments included 1) raised-bed planting method (200 cm
each bed); 2) raised-bed planting method (75 cm each bed);
3) ridges planting method and flat planting method in in
Randomized Complete Block Design (RCBD) with three
replications and four treatmentsequal to 12 plots per
experimental area, each plot sized 3x3 m, 108 m2 for the
first experimental site and both sites 216 m2. Twelve lines
of wheat were cultivated in 25 cm distance for each planting
method, and the distance between two plants was four cm
with the depth of planting 15 cm. All the recommended
agronomical packages and practices were followed for good
crop stand. The wheat plants were observed in each
replication in both experimental areas and data were
recorded at different stages of plant growth according to the
prepared datasheet.
Harvesting crops on raised beds differ from harvesting on
normal seedbeds only in terms of the constraints imposed by
tracking the harvesting equipment in furrows. Ensure all
mobile machinery has wheel tracks that fit the furrows;
otherwise they need to operate on specially constructed
access tracks, cross-drains, or at the end of the field on the
headland or catch drain. Swathing is possible with some
adaptions.

Figure 1: Depicting the data record in experimental plots and figure 2 depicting the view of wheat plots in heading stage
Table 1: Physical and chemical properties of soil of the
experimental field

2.4 Soil Analysis
The fertility of the experiment site was uniform. A
composite sample of soil from 0 to 30 cm of soil depth was
taken randomly from ten places of the field before preparing
the layout of the experiment. The soil samples were mixed
thoroughly, dried and subjected to mechanical and chemical
analysis. The perusal of soil analysis data revealed that the
soil of the experimental field is sandy loam in texture, nonsaline, medium in organic carbon, low in available nitrogen,
high in available phosphorus and rich in available potassium
(Table 1).

SN
1.
2.
3.
4.
5.
6.
7.

Parameters
Soil texture
Ph
EC (dS/m)
Organic carbon (%)
Available nitrogen (kg/ha)
Available phosphorus (kg/ha)
Available potassium (kg/ha)

Values observed
Sandy clay loam
8.10
0.38
0.46
140.50
32.00
554.00

2.5 Statistical and Benefit-Cost Ratio Analysis
The mean value of observations recorded on different
parameters was subjected to statistical analysis. The
factorial RCBD for field parameters and factorial CRD for
laboratory parameters were used for the analysis of variance
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as per procedure given by opstate
http://14.139.232.166/opstat/default.asp

software.

Cost of labor, seedbed preparation, inputs and irrigation
were recorded for simple economic analysis including total
variable cost (TVC), net field benefit and cost-benefit ratio

(CBC) were determined for each planting method. Net field
benefit was calculated by using: NI= GI – CP (where NI is
net income (AFS. ha-1), GI is Gross income and CP is Cost
of production). The benefit-cost ratio calculated for different
planting methods (Table 2).

Table 2: Economic analysis of different planting methods in the wheat-growing season in Kabul Climatic conditions
Planting Method
Flat Sowing
Raised Bed (75 cm)
Raised Bed (200 cm)
Ridge Sowing

Total Variable
Cost (AFN. ha-1)
2450
2650
2560
2600

Total Expenditure
(AFN. ha-1)
10200
14500
14300
14100

Gross Income
(AFN. ha-1)
71200
91150
78400
74200

Net Income
(AFN. ha-1)
58550
74000
61540
57500

Benefit-Cost
(AFN. ha-1)
6.98
6.29
5.48
5.26

effective planting to wheat in different planting methods in
Kabul climatic conditions.

3. Results and Analysis
3.1 Plant Yield and Yield Components Analysis
Wheat cultivation as a broadcast planting method is
commonly used for growing wheat in Afghanistan and the
crop is irrigated by flood irrigation but it leads to ineffective
use of applied nitrogen owing to poor aeration and leaching
and volatilization losses. This practice was compared in
term of grain yield and yield components with other
planting methods including raised beds and ridges using the
same fertilizer application rate 120 kg/ha with the aim of to
evaluate the performance of most appropriate and cost-

The two sites polled data concerning grain yield and yield
components were showed that grain yields increased 21%,
1000 grain weight 30.5%, stand population percentage
15.7%, net income 20.8%, biological yield 29%, grain
weight per spike 24.1%, number of spikelet per spike
20.7%, number of grain per spike 17.6%, spike length
20.8%, number of total productive tillers 7.8% and plant
height 14.2% under raised bed method increased relative to
flat planting with an equal application of fertilizers (Table
3.1 and 3.2).

Table 3.1.1: Plant Yield and Yield Components Analysis
Treatments

Plant Height
No of effective Length of spike No of grains per No of spikelet per
(cm)
tillers (m2)
(cm)
spike
spike
Raised Bed (200 cm)
78.4±3.29b
387.6±3.3a
8.1±0.1b
41.7±0.8b
14.3±03b
Raised Bed (75 cm)
85.4±0.8a
410.1±4.a
8.4.2±0.2a
44.3±0.2a
16.4±0.2a
Ridge Line Sowing
75.9±3.2bc
359.3±2.1b
7.9±0.0c
39.16±2.6c
13.6±0.07c
Flat Line Sowing
73.2±4.3c
323.6±4.2c
7.7±0.1d
36.5±1.4d
13.01±0.02d
C.D (0.5%)
4.08
23.8
0.17
1.76
0.35
P ≤ 0.05
0.0002
0.0000
0.0000
0.0000
0.0000
4.15
5.11
1.03
3.47
1.92
C.V (%)
*Significant at P ≤0.05, ** Significant at P ≤0.01
Indicates plant height (cm), No. of effective tillers (m2), Length of the spike (cm), No. of grains per spike, No. of
spikelet/spike

Table 3.1.2: Plant Yield and Yield Components Analysis
Treatments
Grain weight per spike (gr) 1000 grain weight (gr) Biological yield (kg/m2) grain yield (kg/m2)
Raised Bed (200 cm)
1.21±0.00b
32.9±1.6b
1.96±0.02b
0.76±0.01b
Raised Bed (75 cm)
1.34±0.06a
39.2±1.3a
2.35±0.04a
0.84±0.02a
Ridge Line Sowing
1.11±0.08bc
303±1.4c
1.79±0.10bc
0.71±0.01c
Flat Line Sowing
1.01±0.14c
27.2±0.6d
166±0.16c
0.66±0.02d
C.D (0.5%)
0.11
1.42
0.20
0.03
P ≤ 0.05
0.0005**
0.0000**
0.0001**
0.0000**
CV (%)
8.15
2.46
8.38
4.17
*Significant at P ≤0.05, ** Significant at P ≤0.01
Indicates grain weight per spike (gr), 1000 grain weight (gr), biological yield (kg/m2), and grain yield (kg/m2)

3.2 Economic Analysis (Benefit-Cost Ratio)
The cost and benefit of both experimental sites were
recorded such as cost for labor, seedbed preparation, inputs
and irrigation as well as the grain yield and straw produced
for economic analysis including total variable cost (TVC),
net field benefit and cost-benefit ratio (CBR). The analysis
showed that maximum benefit-cost ration of 6.29 was
observed in the case of raised bed (200 cm each bed),

followed by a raised bed (75 cm) with a benefit-cost ratio of
6.98. The lowest benefit-cost ratio of 5.26 was obtained in
the case of ridges planting method. The lower benefit-cost
ratio in ridges planting method was associated with the
higher cost of labor and machinery involved (Table 3.2.1).
The benefit-cost ratios (BCR) were determined by using:
BCR= GI/TE (where BCR is the benefit-cost ratio, GI is
gross income and TE is total expenditure).
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Table 3.2.1: Economic analysis of different planting methods in the wheat-growing season in Kabul Climatic conditions
Planting Method
Flat Line Sowing
Raised Bed (75 cm)
Raised Bed (200 cm)
Ridge Line Sowing

Total Variable
Cost (AFN. ha-1)
2450
2650
2560
2600

Total Expenditure
(AFN. ha-1)
10200
14500
14300
14100

3.3. Comparative Increase in different parameters under
raised-bed (200 cm) and flat sowing methods with an
application of 120 kg N ha−1
The comparative increase in different parameters under
raised bed relative to flat line sowing with the application of
125 kg N ha−1 is observed. It concluded that Grain yield (t
ha−1) increased by 21%, 1000-grain weight increased by
30.5%, stand population increased by 15.7%, Net income

Gross Income Net Income Benefit-Cost
(AFN. ha-1) (AFN. ha-1) (AFN. ha-1)
71200
58550
6.98
91150
74000
6.29
78400
61540
5.48
74200
57500
5.26

increased 20.80%, Biological yield increased 29.2%, Grain
weight per spike increased 24.1%, a number of spikelet per
spike increased 20.7%, a number of grains per spike 17.6%,
Spike length (cm) increased 20.8, a total number of tillers
increased 10.8, the number of effective tillers increased by
7.8, and plant height increased by 14.2%, respectively
(figure 1).

Figure 1: (1) Grain yield (t ha−1); (2) 1000- grain weight (g); (3) stand population (%); (4) net income (%); (5) biological
yield (%); (6) grain weight per spike (%); (7) No. spikelet per spike (%); (8) No. of grain per spike (%); (9) spike length
(cm); (10) total No. tillers (%); (11) No. effective tillers (%); (12) plant height (cm)
with the previous reports on wheat that narrow row spacing
produced lower grains weight per spike (Rafique et al.,
1997; Ali etal., 2010).

4. Discussion
4.1 Quantitative Traits
The number of grains per spike produced is generally
influenced by the planting conditions. The results showed
that there were highly significant differences between
different planting methods of wheat. The maximum number
of grains per spike was recorded in a raised bed (75 cm)
planting (44.3 g), followed by raised bed (200 cm) planting
method (41.7 g), however, the minimum number of grains
per spike (36.5 g) were recorded in flat sowing method,
followed by ridge/furrow sowing method apart. The results
of a higher number of grains might be attributed to
relatively healthy spikes in raised bed (75 cm) planting and
followed by a raised bed (200 cm) planting method.
The grains' weight per spike (g) has a direct bearing on the
final grain yield of wheat. The data regarding grains weight
per spike showed a non-significant difference among
different planting methods. The heaviest grain weight of 1.3
g was recorded for a raised bed (75 cm) planting method,
followed by the raised bed (200 cm) planting method and
the minimum grain weight per spike of 1.0 g was recorded
in flat sowing method apart and followed by ridge sowing
method. The results of lower grain weight per spike agreed

The biological yield consisting of grain yield and straw is
the main objective for farmers to utilize grain for family
consumption and straw for animal feed. The biological yield
represents the overall performance and growth evidence and
is an indispensable tool concerning crop production.
Biological yield is also an important yield parameter. The
research study had some significant results in terms of
biological yield. The maximum biological yields were
obtained from raised bed (75 cm) planting method, followed
by ridges and the minimum biological yield was recorded in
the flat sowing method. The biological yield under the
raised bed (75 cm) planting method has a significantly
higher (21.1 t/h-1) biological yield as compared to other
planting methods. It seems that lowest biological yield was
recorded in the flat sowing method (17.0 t h-1, respectively
was correlates with the plant height and planting density.
4.2 Physiological Traits
Quality of seed is determined by test seed of weight (1000
seed weight), stand population percentage and standard
germination, speed of germination, seedling length, seedling
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dry weight, and seedling vigor. The planting method has a
significant role in seed quality. 1000-grain weight plays an
essential role in determining the yield components and
makes a major contribution towards the final grain yield of
wheat. The results showed that the heaviest 1000-grain
weight (39.2 g) was recorded in a raised bed (75 cm)
planting method, followed by a raised bed (200 cm) planting
method (32.9 g). The However, the lower 1000-grain weight
(27.2 g) was recorded in the case of a flat sowing method.
The higher grain weight for 1000 seeds was attributed to a
healthy plant stand, which resulted in bold grains.
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