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Abstract
An experiment was conducted in the soil bin laboratory of Cranfield University, England, to evaluate the performance of a
concrete conical press wheel used to compact ridge sides for concentration of rainfall in the furrow bottom. The evaluation
included compaction of the ridge side in terms of soil bulk density and rolling resistance of the press wheel under different
weights. The soil of the bin is sand loam (67% sand, 20% silt, 13% clay). The test was carried out at two soil moisture contents:
7.55% and 9.66%. For each added weight the test was replicated three times. In each run 18 soil samples were taken for the
measurement of soil bulk density and moisture content. The weight of the wheel was 37 kg. The tested weights were 128 kg,
200 kg and 400 kg. It was observed that the bulk density of the ridge sides increased due to the increase in the added weight
and increase in soil moisture content. It increased from approximately 1.25 to 1.35 g/cm3 at 7.55% soil moisture content and
from 1.40 to 1.55 g/cm3 at 9.66% soil moisture content. Press wheel under the weight of 128 kg had the least rolling resistance
ratio at both soil moisture contents. However, observation during the experiment revealed that compaction of the ridges by the
press wheel under the load of 400 kg resulted in cracking of the top of the ridges while under the weight 200 kg it produced a
good finish of the ridges top and sides.
Keywords
Compact Ridge, Resistant Ratio, Dry-Land Farming
Received: June 15, 2015 / Accepted: June 17, 2015 / Published online: July 8, 2015
@ 2015 The Authors. Published by American Institute of Science. This Open Access article is under the CC BY-NC license.
http://creativecommons.org/licenses/by-nc/4.0/

1. Introduction
Soil and water conservation are important for dryland crop
production in semiarid regions [1]. In many arid and semiarid regions, rainfall is the primary or only source of water
and each increment must be utilized to the fullest extent to
increase food production [2].
Willcocks [3] mentioned that in rain-fed agriculture
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(especially in semi arid areas) water is often the most critical
factor in determining potential crop yield. The constraints to
increasing plant productivity in rainfed agriculture were
discussed by Arar [4]; he concluded that moisture available
to the growing plant is the most significant single factor
limiting yield. It is usually necessary to have stored soil
water available to supplement the limited amount of growing
season rainfall as concluded by Papendick [5] who stated that
seldom in dryland farming is precipitation sufficient or
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adequately distributed during the growing season for
production of economical crop yields. Cropping practices for
dryland agriculture have been developed on the basis that
water is generally the factor limiting production [6], and
sustainability of rain-fed agriculture in semi-arid regions, as
concluded by Willcocks [7], is directly dependent upon the
availability of sufficient soil moisture to the crop. The basic
principle of efficient utilization of precipitation for dryland
plant production as proposed by Bennie and Hensley [8] lies
in maximizing the gains and minimizing the losses of water
from the soil. Rainfall is, in most parts of the world, for at
least part of the year, insufficient to grow crops and rain-fed
food production is heavily affected by the annual variations
in precipitation [9]. Although inadequate amounts and
unfavourable distribution of precipitation are cited as primary
limitations to good crop yield, Willis [10] stated that our
inability to properly manage the limited precipitation may be
as much of the problem as is the limited resource. Unger [11]
argued that the average annual precipitation in dryland
farming areas would be adequate for favourable yields if all
of it were effectively used for crop production. In recent
decades a great deal has been learned about moisture
conservation in dryland farming regions around the world,
but only partial application of this modern technology has
been made in a majority of the areas where moisture supply
is the dominant factor in agricultural productivity. ICRISAT
[12] concluded that further research is needed for developing
dryland farming in environments with low and undependable
rainfall. FAO [13] reported that in rainfed systems the
constraint is not only the erratic rainfall distribution but the
amount of rainfall that can be stored in the root zone and its
effective utilization. Zadeh [14] investigated into the
development of wetting front in flat surfaces and
ridge/furrow profile from low rainfall events. He changed the
soil profile into ridge/furrow in untilled land and compacted
the ridge sides to create local run off into the furrow bottoms
and concentrate the water to a greater depth. Following a
series of experiment, he found that furrows with compacted
sides and loosened bottoms have the potential to “harvest”
and “conserve” sufficient water for wheat establishment and
its subsequent survival in low rainfall conditions. Li and
gong [15] conducted an experiment on the incorporation of
ridge and furrow method of rainfall harvesting with mulching
for crop production under semi-arid conditions. The
experiment consisted of plastic-covered ridge furrow rainfall
harvesting (PRFRH) system combined with mulches to
increase water availability to crops for improving and
stabilizing agricultural production in the semi-arid Loess
region of northwest China. They built the system by shaping
the soil surface with alternate ridges and furrows along the
contour. The plastic-covered ridges served as a rainfall
harvesting zone and furrows as a planting zone. They found
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that corn grain yield in the PRFRH system with mulches
were significantly higher than in uncovered ridges and
concluded that by creating on-field ridge micro-catchments,
more rainwater could be collected in the furrows through
covering the ridges with plastic films which can significantly
improve crop yields in the regions dominated by light rainfall.
The objective of the present study is the evaluation of the
performance of a concrete conical press wheel used to
compact ridge sides to create local water runoff from ridge
sides into furrow bottoms as a measure of rainfall
concentration in regions of rainfed agriculture.

2. Materials and Methods
The experiment was carried out in the soil bin of Silsoe,
Natural Soil Resource Institute Laboratory, Cranfield
University, England. The soil bin is a tank of soil 20 m long
by 1.7 m wide and 1 m deep (Figure 1). The soil processor
which contains a grab bucket, scraper blades, roller and
rotating scorer, is used as slow speed tool carriage. The tool
carriage moves along the bin on rails to facilitate the
preparation of soil to the required specifications. An
overhead crane of 2 ton capacity is used to move and lift
equipments. An extended octagonal ring transducer [15] is
mounted on the tool carriage. It records horizontal force,
vertical force and moment and the output can be printed or
shown on the PC in the control room. The soil of the bin is
sand loam (67% sand, 20% silt, 13% clay). For each added
weight the test was replicate three times. In each run 18 soil
samples were taken for the measurement of bulk density and
moisture content.

Fig. 1. Soil bin of Silsoe, Natural Soil Resource Institute Laboratory,
Cranfield University, England.

3. Results and Discussion
The result of compaction of the ridge sides and rolling
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resistance of the press wheel under different weights is
shown in Figures 2-5. Tables 1 and 2 below show summary
of the statistical analysis of the compaction process at 7.55%
and 9.66% soil moisture content respectively. It is evident
that the bulk density of the ridge sides increased due to the
increase in the added weight and increase in soil moisture
content (Figures 2- 5). It increased from approximately 1.25
to 1.35 g/cm3 at 7.55% soil moisture content and from 1.40 to
1.55 g/cm3 at 9.66% soil moisture content. This increase in
bulk density may be attributed to the fact that compaction of
soil is a function of two parameters: load applied and soil
conditions of which soil moisture is considered to be very
important. Choi and Erbach [16] investigated into farm
equipment and soil compaction, he stated that compaction of
agricultural soils depends upon soil conditions at time of
loading, the load applied, the manner of loading, and the
number of loadings. He claimed that the soil condition most
commonly related to compactability is moisture content. He
conducted experiments on bulk density and concluded that
tests showed that bulk density resulting from a compactive
force increase, with moisture content, to a maximum when
the moisture content is near field capacity, and decreases as
the soil becomes saturated.

observation during the experiment revealed that compaction
of the ridges by the press wheel under the load of 400 kg
resulted in cracking of the top of the ridges while under the
weight 200 kg it produced a good finish of the ridges top and
sides.

(a)

(b)
Fig. 2. Change in bulk density of ridge sides due to added weight at 7.55%
soil moisture content.

Fig. 3. Change in bulk density of ridge sides due to added weight at 9.66%
soil moisture content.

Rolling resistance ratio of the press wheel at 7.55% and
9.66% soil moisture content is shown in Figures 6. Press
wheel under the weight of 128 kg had the least rolling
resistance ratio at both moisture contents. However,

(c)
Fig. 4. Change in dry bulk density of ridge sides due to different weight soil
moisture content, (a) Change in dry bulk density of ridge sides due to added
weight (00 kg) at 7.55% soil moisture content, (b) Change in dry bulk
density of ridge sides due to added weight (200 kg) at 7.55% soil moisture
content, (c) Change in dry bulk density of ridge sides due to added weight
(400 kg) at 7.55% soil moisture content.
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Table 2. Summary of the statistical analysis of bulk density at 9.66% soil
moisture content.
Source of
variation

d. f.

s. s.

m. s.

F

P-value

Fcrit

Treatment

2

0.472

0.236

33.62**

4.19E-10

5.047

Error

51

0.358

0.007

Total

53

0.830

** Significant at P = 0.01

R o llin g res is tan c e

0.40

(a)

0.30

0.20

0.10

0.00
1.26

3.22

5.18

Weight (kN)
(a) 7.55% soil moisture content.

Rolling res is tanc e

0.40

(b)

0.30

0.20

0.10

0.00
1.26

3.22

5.18

Weight (kN)

(b) 9.66% soil moisture content.
Fig. 6. Rolling resistance ratio at different soil moisture contents.
(c)
Fig. 5. Change in dry bulk density of ridge sides due to different weight and
soil moisture content, (a) Change in dry bulk density of ridge sides due to
added weight (00 kg) at 7.55% soil moisture content, (b) Change in dry bulk
density of ridge sides due to added weight (200 kg) at 7.55% soil moisture
content, (c) Change in dry bulk density of ridge sides due to added weight
(400 kg) at 9.66% soil moisture content.
Table 1. Summary of the statistical analysis of bulk density at 7.55% soil
moisture content.
Source of
variation
Treatment
Error
Total

d. f.

s. s.

m. s.

F

P-value

Fcrit

2
51
53

0.078
0.077
0.155

0.039
0.002

26.07**

1.47E-08

5.047

** Significant at P = 0.01

4. Conclusions
From the results obtained the bulk density of the ridge sides
increased due to the increase in the added weight and
increase in soil moisture content. The Press wheel under the
weight of 128 kg had the least rolling resistance ratio at both
soil moisture contents. The compaction of the ridges by the
press wheel under the load of 200 kg produced a good finish
of the ridges top and sides
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