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Abstract

Wind erosion is a major contributor to desertification in the Sahel. Although three effective countermeasures
for wind erosion (i.e. ridging, mulching with post-harvest crop residue, and windbreaks) have been proposed,
they are not practical for Sahelian farmers. Therefore, we designed a new land management practice, termed
the “Fallow Band System,” which can be used for both controlling wind erosion and improving soil fertility
and crop production. This method does not impose additional expense and labor requirements on Sahelian
farmers who are economically challenged and have limited manpower. The objective of this study was to
evaluate the effects of this system on wind-erosion control and soil-fertility improvement. We conducted field
experiments at the International Crops Research Institute for the Semi-Arid Tropics West and Central Africa
and showed that (i) a fallow band can capture 74% of wind-blown soil particles and 58% of wind-blown
coarse organic matter, which suggests that it can effectively control wind erosion, (ii) the amount of soil
nutrients available for crops in a former fallow band was increased by the decomposition of trapped soil
materials containing considerable amounts of nutrients, and (iii) the amount of soil water available for crops
in a former fallow band was increased by the trapped wind-blown soil materials through improvement of
rainwater infiltration into surface soil. These results lead to the conclusion that the “Fallow Band System”
can be useful for preventing desertification and improving soil fertility in the Sahel, West Africa.

Key words: countermeasure against desertification, “do-nothing” practice, practicality for farmer, soil

conservation, wind erosion control.

INTRODUCTION

Wind erosion is a major contributor to desertification

(United Nations Environment Program  1997),
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particularly in the Sahel region of West Africa
(Lal 1993). Topsoil, which typically contains more
nutrients than subsoil, is detached and removed from
arable land by wind. Thus, wind erosion affects the soil
nutrient level (Daniel and Langham 1936; Zobeck and
Fryrear 1986; Sterk et al. 1996; Larney et al. 1998;
Bielders et al. 2002) and soil productivity (Lyles 1975;
Larney et al. 1998). Moreover, abrasion and burial by
the wind-blown sand can damage pearl millet stands
(Pennisetum glaucum (L.) R. Br.) (Michels et al. 1993,
1995a), a staple cereal crop in the Sahel.
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Wind erosion can be effectively controlled by reducing
wind velocity at the soil surface or by creating sufficient
resistance to wind forces on the soil surface. The
available methods include roughening of the soil surface,
maintaining soil cover, or establishing wind barriers
(Tibke 1988). In the Sahel, effects of the three primary
methods [i.e. ridging, mulching with post-harvest crop
residue, and windbreaks (including wind barrier and
shelterbelt)] against wind erosion have been tested
mainly at experimental research stations (Sterk 2003).
Bielders et al. (2000) reported that the 0.2-m-high ridges
perpendicular to the prevailing erosive wind direction
reduced soil loss in a pearl millet field by 57% compared
with the control plots (no ridges), but the efficiency was
declined to less than 15% after 100 mm of cumulative
rainfall because the ridges were rapidly destroyed by rain
on a sandy soil with low structural stability. Although
ridging is effective for wind erosion control, most
Sahelian farmers do not possess sufficient labor
(Matlon 1987; Nagy et al. 1988; Ruthven and David
1995) and animal traction (Nagy et al. 1988;
Baidu-Forson and Renard 1996; International
Livestock Research Institute 2004) to employ this
method; thus, ridging is not practical for farmers under
the current conditions.

The effect of mulching with post-harvest millet residue
on wind erosion control has been demonstrated by
Geiger et al. (1992), Michels et al. (1995b), Lamers et al.
(1995), Sterk and Spaan (1997), Buerkert and Lamers
(1999), and Bielders et al. (2000) in the Sahel. In
summary, application of 1500 to 2000 kgha™! of millet
residue reduced soil flux by 46—64% compared with
the control plots. However, 500—1000kgha™" of
post-harvest millet was not always effective in reducing
soil flux. Although mulching with a large quantity of
post-harvest millet residue is effective, application of
1500 to 2000 kg ha™" is not realistic in the Sahel because
the productivity of very sandy soils is too low and millet
residue is extensively used as animal feed, fuel, and
constructing material (Lamers and Feil 1993; Michels
et al. 1995b; Schlecht and Buerkert 2004).

The effect of windbreaks on controlling wind erosion
in the Sahel has been investigated by several groups.
Banzhaf et al. (1992) reported that a windbreak of
0.6-m-high and 5-m-wide fallow vegetation reduced soil
mass transport by 70%. Mohammed et al. (1995)
showed that a windbreak of 6.7-m-high and
300-500-m-wide  Eucalyptus  microtheca  growth
reduced soil mass transport by 42%. Michels et al.
(1998) revealed that a windbreak of Andropogon
gayanus and Baubinia rufescens growth reduced annual
soil flux by 6-55% and 47-77%, respectively.
However, windbreaks have not been adopted by
Sahelian farmers (Bielders et al. 2001). Bielders et al.

(2001) considered the reasons for this non-adoption to
be lack of plant material, lack of training and develop-
ment project support, reduction in cropping area, land
tenure problems (ownership of trees), and the need for
protection against grazing livestock.

Effective measures for wind erosion control have been
proposed and their effects have been demonstrated.
However, none of these measures have been adopted by
Sahelian farmers (Rinaudo 1996). This does not mean
that farmers are ignorant of wind-erosion problems.
Studies in Niger showed that most farmers recognize the
severe damage caused by wind erosion, are aware of
wind erosion control techniques, and many have even
tried to apply one or several of these techniques
(Taylor-Powell 1991; Sterk and Haigis 1998; Bielders
et al. 2001; Schlecht and Buerkert 2004). The main
reason for non-adoption may be that developers and/or
extension workers of these techniques did not give
sufficient attention to their practicality for farmers.

According to our previous wind erosion studies in the
Sahel (Ikazaki et al. 2011b,c) using the Aeolian Materials
Sampler (AMS; Ikazaki et al. 2009, 2010, 2011a),
(1) significant amounts of soil and associated nutrients
were transported from cultivated fields during the wind
erosion events, and (2) most wind-blown soil materials
were trapped by the 5-m-wide herbaceous fallow vege-
tation located leeward of the field. On the basis of these
results, we propose a new land management practice,
called the “Fallow Band System,” which will be useful
for both wind erosion control and improvement of soil
fertility and crop production in the Sahel. In designing
the “Fallow Band System,” we carefully considered its
practicality for Sahelian farmers. The objective of this
study was to verify the effectiveness of this system in
controlling wind erosion and improving soil fertility.

Outline of the “Fallow Band System”

Although wind is the driving force of wind erosion, in the
presence of a proper windbreak, it can be the agent that
gathers soil particles and soil nutrients sparsely distrib-
uted across a field. The “Fallow Band System” may be
considered as a shifting herbaceous windbreak. Figure 1
shows this system in a temporal sequence of land use.
(A) In this system, 5-m-wide herbaceous fallow bands are
arranged at a right angle to the erosive wind direction
(east) in a cultivated field during the rainy season. Fallow
bands can be easily created by skipping the usual seeding
and weeding (by doing nothing); thus, this system does
not impose any additional expenses and labor require-
ments on Sahelian farmers who are economically chal-
lenged and have limited manpower (Matlon 1987; Nagy
et al. 1988; Ruthven and David 1995). This character-
istic is crucial for the practicality of this system for
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Figure 1 Outline of the “Fallow Band System”. A, B, and C refer to the steps explained in the main text.

Sahelian farmers. Crops are cultivated in the remainder
of the field by using a conventional method (“cultivated
band,” as shown in Fig. 1). Fallow bands are maintained
during the subsequent dry season so that they will trap
wind-blown soil materials and control wind erosion in
the field. (B) During the next rainy season, new fallow
bands are established windward of the former fallow
bands, where in turn crops are cultivated as well as in the
cultivated bands. (C) Step (B) is repeated each year.
Sahelian farmers have groundwork for accepting this
system. According to Sterk and Haigis (1998), most
Sahelian farmers believe that soil loss results in reduced
fertility and lower production, whereas deposition of
wind-blown soil materials improves soil fertility and
productivity. Bielders et al. (2001) also reported that
some farmers in the Sahel omit second weeding in
unproductive areas because weeds will increase soil cover
during the subsequent dry season and help reduce
erosion and trap sediment from adjacent unprotected
areas. Therefore, Sahelian farmers will recognize that the
“Fallow Band System” has great potential for wind
erosion control and improvement of soil fertility and
crop production.

Potential effects on improvement of soil
fertility

The “Fallow Band System” can improve soil chemical
and physical properties. Because the trapped wind-blown
soil materials by fallow bands contain considerable
amounts of nutrients, soil chemical properties will be
improved, resulting in better crop production in the
former fallow bands. According to Buerkert and Lamers
(1999), wind-blown soil materials trapped by polyethyl-
ene plastic tubes in cultivated fields improved soil
chemical characteristics (e.g. slight, but not significant,
increase in organic carbon and total nitrogen content,
and significant increase in available phosphorus, base

cations, and pH) of the topsoil of 0 to 0.1m and
promoted early-season growth of pearl millet.

Soil physical properties can be improved by covering
the crust layer or “hardpan” layer of the soil surface with
trapped coarse soil particles. Soil crusts, mainly struc-
tural crusts, are often found in sandy Sahelian soils
(Hoogmoed and Stroosnijder 1984; Valentin 1991;
Tanaka 1996; Graef and Stahr 2000). Thus far, many
studies (MclIntyre 1958; Hoogmoed and Stroosnijder
1984; Valentin 1991; Casenave and Valentin 1992) have
described that soil crust inhibits rainwater infiltration
into the soil. According to Valentin and Bresson (1992)
and Bielders and Baveye (1995a,b), a thin and dense
plasmic (fine particle) layer or clay band is formed at a
depth of a few millimeters by the clay and silt particles
that existed in the top layer as coatings around sand
grains and were washed out by raindrops. We hypoth-
esized that covering the soil crust with trapped coarse soil
particles that have high hydraulic conductivity would
increase the hydraulic conductivity of the surface soil and
improve the infiltration of rainwater; this hypothesis was
based on our previous field observations as well as
studies by Buerkert and Lamers (1999) and Ribolzi et al.
(2006), who observed increased soil water content or soil
permeability in surface soil where wind-blown soil
materials had settled.

MATERIALS AND METHODS

Study site

Field experiments were conducted from 2006 to 2008 at
the International Crops Research Institute for the
Semi-Arid Tropics West and Central Africa (IWCA) in
Niger [13°14'N, 2°17'E, 235 m above sea level (a.s.l.)].
The climate in the IWCA is typical of the Sahelian zone
with high temperature, one rainy season from May to
September, and one dry Mean

season. annual
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Figure 2 Experimental settings in 2007 and 2008.

temperature is 29°C (mean value from 1983 to 2010),
and mean annual rainfall is 550 & 115 mm (mean = stan-
dard deviation for the values from 1983 to 2010) in the
IWCA. Soil at the experimental site was classified as
sandy, siliceous, and isohyperthermic Psammentic
Paleustalf of the Labucheri soil series (West et al. 1984;
“labu cheri” means red soil in local language) and topsoil
of 0 to 0.05 m contained 95% (w/w) sand, 2% (w/w) silt,
3% (wiw) clay, 3gkg™" total carbon, and 0.3gkg™"
total nitrogen; the pH (H,O) was 6.3.

Layout of the experimental plot

Figure 2 shows the layout of the experimental plot in
2007 and 2008. Before the experiment, the plot was
fallow for nine years up to 2006. Pearl millet was planted
at the center of the plot (1.2ha, 160m x 75m) from
2006 and was grown using the farming methods
employed by farmers near the IWCA. This cultivated
section was surrounded by 20-m-wide herbaceous fallow
land to prevent the entry of wind-blown soil materials
from outside the plot. Similar to other regions in the
Sahel, farming practices were limited to hand-hoe sowing
in untilled and unfertilized land and two manual push-
hoe weedings per cropping season. The plot was flat (less
than 1° grade) and smooth (not undulated). In 2007,
a fallow band (160m x 5m) was established in the
cultivated section during the rainy season at a right angle
to the major direction of erosive storms (east wind), and
the width of the windward cultivated band was set to
58 m. In 2008, a new fallow band was created 8 m east of
the former band. To retain the width of windward

cultivated band (58 m), both the cultivated section and
the surrounding fallow land were extended 8m to
the east.

Effectiveness in wind erosion control

The effect of the “Fallow Band System” on wind erosion
control was assessed on the basis of the fallow band’s
capacity to trap incoming wind-blown soil materials.
This was calculated by subtracting mass transport at the
leeward boundary of the fallow band from that at the
windward boundary. Mass transport was measured for
every erosion event in 2008 by using the AMS and Big
Spring Number Eight (BSNE) sampler (Fryrear 1986) as
the same method in ITkazaki et al. (2011b,c). The BSNE
sampler is the most-used sediment catcher in field
conditions. Owing to its near-isokinetic characteristic
(Fryrear 1986; Shao et al. 1993; Goossens et al. 2000),
the BSNE sampler can measure mass flux of wind-blown
soil materials at the height of >0.05m with high
accuracy. The AMS was designed to measure that at
the height of 0 to 0.05 m. Five sets of three AMSs and
one BSNE sampler were installed in November 2007
windward and leeward of the fallow band at approxi-
mately 10 -m intervals where the samplers were unlikely
to be seriously affected by water erosion (Fig. 2). Of the
three AMSs, one was directed northeast, another to the
east, and the third to the southeast. After each erosion
event, the trapped materials were collected from samplers
and separated into coarse organic matter [COM; con-
ceptually similar to the free light fraction defined by Six
et al. (1998)] and soil particles by sieving and dry
panning, since their modes of transport by wind are
different (Ikazaki et al. 2009, 2011a). Separated COM
and soil particles were then air-dried and weighed. The
air-dried weight of COM and soil particles was used in
this study because the difference between the oven-dried
and air-dried weight is normally less than 1%, which can
be attributed to the hot, dry climate and the very sandy
soil in the Sahel. After every collection, the position of
the AMS apron and the trap heights of the BSNE sampler
were checked and adjusted if necessary. One set of wind
velocity/direction ~sensors (034B/014A; Met One
Instruments, Inc., Grants Pass, OR, USA) mounted at
heights of 0.14, 0.30, 0.60, and 2.0 m was installed
windward of the fallow band and another set of wind
sensors mounted at heights of 0.14, 0.30, 0.60, 1.0, and
2.0 m was installed leeward of the fallow band in 2007
(Fig. 2). To collect data from erosive storms under a bare
condition (no vegetation through the year), another set
of wind velocity/direction sensors mounted at heights of
0.14, 0.30, 0.60, and 2.0 m was installed at the center of
the 80 m x 80 m bare plot next to the experimental plot
in 2007. Wind speed and direction were measured every



10s and recorded as a 1-min vector mean with a data
logger (CR10X; Campbell Scientific, Inc., Logan, UT,
USA). The wind data collected at the windward and
leeward boundaries were used to determine the AMS
trapping efficiency for the mass flux of COM and soil
particles by using the relationship derived from the wind
tunnel experiments by Ikazaki e al. (2009). Then, mass
flux data obtained with the AMS were corrected by the
trapping efficiency. The trapping efficiency of the BSNE
sampler was considered to be unity in every storm event,
according to the method by Bielders et al. (2000, 2002)
and Rajot et al. (2003). The biomass (total dry matter) of
the fallow band established in 2007 was 1.5 Mgha™" in
January 2008.

Surface elevation was measured using four line tran-
sects between each set of sediment catchers from 1.3 m
windward to 1.6 m leeward of the fallow band (totally
7.9m) in November 2007 (before wind erosion started)
and at the end of May 2008 (before sowing). Then,
changes in micro-topography were estimated.

Effectiveness in improvement of soil fertility

The effects of the system on soil fertility were evaluated
by determining the changes in soil chemical and physical
properties. These measurements were also conducted in
2008. Improvement of soil chemical properties was
verified by measuring the following values: (1) total
carbon and nitrogen content of the wind-blown soil
materials trapped by the former fallow band (fallow
band made in 2007) by using a CN elemental analyzer
(VarioMAX CN; Elemental Analysensystem GmbH,
Hanau, Germany); (2) the decomposition rate of trapped
COM during the cropping season by using a litter bag
method, and (3) soil respiration during the cropping
season in the former fallow band and cultivated band by
using a closed-chamber method with root respiration
excluded.

In the litter bag experiment, we used COM collected
from the topsoil of cultivated fields at the IWCA in
January 2006 (before the first erosion event). Litter bags
with a mouth of 0.10 m x 0.10 m were constructed from
nylon wire mesh with a mesh size of 0.18 mm to exclude
decomposition by termites. Coarse organic matter is free
organic debris with a mean diameter of 1 to 2mm
(Ikazaki et al. 2009) and is often incorporated into soil,
thereby preventing termite attacks. Thirty litter bags
were filled with 10 g of oven-dried COM (equivalent to
10Mgha™'), and 10 of these bags were installed at
depths of 0.02, 0.05, and 0.1 m in the former fallow
band soon after pearl millet was planted in 2008. All
bags were sampled after harvesting. Undecomposed
COM was carefully separated from the litter bags and
roots and soil particles were removed. The cleaned
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samples were placed in paper bags and oven-dried at
65°C for more than 48h to determine the remaining
COM mass.

The carbon dioxide (CO,) efflux rate as soil respira-
tion was measured during the rainy season in 2008 by
using a closed-chamber system (Funakawa et al. 2006;
Sugihara et al. 2010). Eleven measurements were carried
out in the morning (between 8:15 and 10:00) throughout
the cropping season. Because soil respiration consists of
both plant-root respiration and microbial respiration,
plant-root respiration was excluded using the trenching
method reported by Shinjo et al. (2006). In May 2008
(before sowing), four polyvinylchloride cylinders (diam-
eter, 0.15 m; length, 0.25 m) were inserted into the soil to
a depth of 0.12m in the cultivated band, whereas eight
cylinders (diameter, 0.15 m; length, 0.30 m) were inserted
to a depth of 0.17 m in the former fallow band, because
wind-blown sediments were deposited on the former
band and the surface elevation appeared to increase by
approximately 0.05m. The enclosed soil was later
supported with a fine stainless steel wire mesh at the
bottom of the cylinders. For each measurement, cylinders
with soil were removed and covered with a plastic sheet
at the bottom to exclude root respiration. Gases were
sampled in Tedlar® Bags (Sanplatec Co., Ltd., Osaka,
Japan) at 0 and 60 min after the top of the cylinder was
covered with a plastic sheet. After sampling the gases, the
plastic sheets were removed and the cylinders were
returned to the soil body, allowing free water percola-
tion. The CO, efflux rate was calculated on the basis of
the increase in CO, concentration in the cylinder after
60 min. Gas samples were analyzed with an infrared CO,
controller (ZFP9AA11; Fuji Electric, Tokyo, Japan).
Total CO, emission during the cropping season was
calculated using the relationship between the CO, efflux
rate and the soil volumetric water content reported by
Rey et al. (2011) (soil temperature was statistically
rejected and thus not used). Soil volumetric water content
was automatically recorded with water-content reflec-
tometers (CS 616; Campbell Scientific) at a depth of 0 to
0.1m. For sensor calibration, soil temperature was
measured at a depth of 0.02 to 0.07 m with thermistor
thermometers (108; Campbell Scientific), and 12 actual
measurements of soil volumetric water content at a depth
of 0 to 0.1 m were conducted with 0.1-L metal cores.

Improvement of soil physical properties was evaluated
by measuring (1) the bulk density of trapped wind-blown
soil materials in the former fallow band and topsoil of 0
to 0.05m in the cultivated band by using 0.1 L (height,
0.050m) and 0.05L (height, 0.025m) metal cores
(n=31), (2) the particle-size distribution of trapped
wind-blown soil particles in the former fallow band and
topsoil of 0 to 0.05 m in the cultivated band by using flat
sieves (mesh size of 53, 140, 250, 500, 1000, and
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2000 um) and the pipette method (<2um, <20pm)
(n=35, six of the 30 samples were mixed to create five
composite samples), (3) the field hydraulic conductivity
of surface soil in the former fallow band and cultivated
band by wusing disk infiltrometers (Mini-Disk
Infiltrometer; Decagon Devices, Inc., Pullman, WA,
USA) (n=31), and (4) the volumetric water content in
surface soil of 0 to 0.3 m by using a CS 616 (0—0.1m)
and an Easy-AG 1358 (0.1-0.3m; Sentek Sensor
Technologies, Pty. Ltd., SA, Australia) (=1 for the
cultivated band and n=2 for the former fallow band).
Similarly, soil temperature was measured with thermistor
thermometers, and 12 actual measurements of soil
volumetric water content were conducted to calibrate
the sensors. Both soil water content and temperature
were measured and recorded every 1min using a data
logger. Additionally, the soil surface was visually
observed to determine whether the structural crust was
formed.

Statistical analysis

Statistical analysis was performed using SYSTAT 11.0
(2008; Systat Software, Inc., Chicago, IL, USA). The
distribution normality of each group in each measure-
ment item was assessed using the Kolmogorov—Smirnov
test. When all groups exhibited a normal distribution,
homogeneity of variances between groups was verified
by the F test if the number of the groups was two and by
the Bartlett test if the number was three. Depending on
the distribution of the groups and the homogeneity of the
variances between groups, the Student’s ¢ test, Welch’s ¢
test, or Mann—Whitney’s U test was used to determine
the statistical difference of the mean values between the
two groups. To compare more than two groups, one-way
analysis of variance (ANOVA) or the Kruskal—Wallis
test was first employed; when a significant difference was
detected, a post hoc test was performed using the Tukey
HSD (Honestly Significant Difference) test or Scheffe
test, depending on the distribution of the groups and
homogeneity of the variances among groups. Significance
was defined as P <0.05 for all tests.

RESULTS AND DISCUSSION

Recorded erosion events

Wind data of the recorded erosion events collected from
the bare plot are listed in Table 1. There were 20 erosion
events in 2008. On the basis of the Bagnold expression
(Bagnold 1941), the summation of wind power in the
erosion events was 6048 k] m~2, which was larger than
that in 2005 (4197kJm~2), 2006 (3632kJm~2), and
2007 (4711kJm™2).

Table 1 Data of wind erosion events in 2008

Upnax Wind Duration WPg,

Date (ms~') direction (hour:minute) (kJm %)
22-January 8.4 E 3:54 92
27-January 8.3 E 4:04 80
30-January 8.5 E 3:09 106
14-February 8.7 ESE 3:48 147
18-February 9.4 E 5:16 215
26-March 8.8 NE 4:49 133
10-May 11.9 SE 2:11 322
18-May 10.5 SSE 2:36 460
20-May 16.8 ESE 0:58 1045
25-May 13.8 SE 0:58 372
30-May 10.3 SE 0:34 110
7-June 15.4 NE 0:25 554
9-June 11.9 SE 0:54 170
14-June 9.2 ENE 0:56 39
19-June 11.4 NE 0:17 156
29-June 13.9 E 1:17 792
4-July 14.9 ENE 1:46 549
11-July 12.6 E 1:10 312
31-July 9.5 SSE 0:40 70
3-September 11.2 E 0:16 325

Wind direction: E, east; ESE, east-southeast; NE, northeast; SE, southeast;
SSE, south-southeast; ENE, east-northeast. Up,,x, maximum wind velocity;
WPp,,, summation of wind power based on Bagnold expression.

Effectiveness in wind erosion control

Loss of soil particles and COM from the cultivated band,
which was measured windward of the fallow band, was
estimated to be 213Mgha~! and 600kgha™!, respec-
tively (Fig. 3). Loss of soil particles in 2008 was
approximately three times as much as that in 2005
(58Mgha™'), 2006 (80Mgha™'), and 2007
(79 Mgha™") (Ikazaki et al. 2011b,c). This severe wind
erosion was because of the higher wind power in 2008
and erosive storms that were not accompanied by rain in
May and June. As described in Sterk (2003), erosive
storms in the Sahel are often followed by heavy rain,
which inhibits further wind erosion. In 2008, unlike in
2005, 2006, and 2007, strong wind storms in May and
June were often not followed by rain, and wind erosion
was not reduced by soil wetness. Figure 3 also shows loss
of soil particles and COM from the fallow band, which
was measured leeward of the fallow band (the mass of
soil particles and COM passed through the fallow band).
The amount of soil particles and COM trapped by fallow
vegetation can be calculated by subtracting the loss from
the fallow band from that from the cultivated band
(Fig. 3).

The trapping efficiencies of the fallow band for
incoming wind-blown soil particles and COM for each
erosion event are shown in Figure 4. Both trapping
efficiencies decreased over time and became negative in
September. This was likely due to two reasons: (i) strong
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Figure 3 Cumulative loss of (a) soil particles and (b) coarse organic matter (COM) from the cultivated band and fallow band. Arrows
represent the sowing date (on June 19, 2008). Pearl millet was harvested at the middle of October.
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Figure 4 Trapping efficiency of the fallow band for incoming (a) soil particles and (b) coarse organic matter (COM). Arrows
represent the sowing date (on June 19, 2008). Pearl millet was harvested at the middle of October.

wind and the accompanying wind-blown soil particles
lodged the vegetation of the fallow band in the rainy
season, weakening the trapping capacity of fallow
vegetation, and (ii) the increasing surface elevation
caused by the trapped wind-blown soil materials
(described later) sharply lowered the trapping capacity,
as reported by Hagen ef al. (1972). As a whole, the
fallow band trapped 74% of annual incoming soil
particles and 58% of annual incoming COM, demon-
strating that the “Fallow Band System” is effective in
controlling wind erosion. The former value (74%) is
similar to the efficiency of the 5-m-wide fallow vegeta-
tion windbreak (70%) described by Banzhaf ez al. (1992)
and higher than the efficiency of surface mulching
(46—64%, as mentioned earlier). This higher efficiency,

compared with surface mulching, corresponded to the
results in Chepil and Woodruff (1963), Siddoway et al.
(1965), and Bilbro and Fryrear (1994), which showed
that the wind erosion controlling efficiency of standing
residue was higher than that of flattened one. The
trapping efficiency of the fallow band in this study (74 %
and 58% for annual incoming soil particles and COM,
respectively) was lower than that of the 5-m-wide fallow
land in Ikazaki et al. (2011b,c) (93% and 97%,
respectively). This may be due to the fact that the
biomass of the fallow band (1.5Mgha™') was lower
than that of the 5-m-wide fallow land (2.5 Mgha™").
Figure 5 shows the cumulative amount of trapped soil
particles and COM in a hectare of fallow band (in Fig. 4,
loss was expressed in a hectare of a cultivated band).
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Figure 5 Cumulative amount of trapped (a) soil particles and (b) coarse organic matter (COM) in a hectare of fallow band. Arrows
represent the sowing date (on June 19, 2008). Pearl millet was harvested at the middle of October.
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Figure 6 Change in surface elevation of the fallow band. The zero in the vertical axis is the average elevation value measured before

wind erosion.

The total amount of trapped soil particles and COM was
1830 Mgha ™' and 4.0 Mgha™"', respectively. Reflecting
this enormous deposition, the surface elevation of the
fallow band at the end of May (before sowing) rose by
73 mm on average (Fig. 6). This value was higher than
the values in the mulch plot where 2000kgha™" of
banded millet stover was applied (less than 1 mm year™?)
(Bielders et al. 2000) and where millet stover grown in
the previous rainy season was applied (36 mm year™')
(Geiger et al. 1992), but similar to the value in the mulch
plot where 2000 kgha™" of millet stover was applied by
broadcasting (62mm year™') (Buerkert and Lamers

1999), though the fetch (the unobstructed distance over
which wind passes before reaching a plot or fallow band)
was different in these studies; thus, these results cannot
be directly compared.

Improvement in soil chemical properties

The amount of carbon and nitrogen trapped by the
fallow band was estimated to be 10Mgha™' and
970 kgha™!, respectively (expressed in a hectare of
fallow band). Of the 10Mgha™! of carbon,
8.7Mgha™" (87%) was associated with trapped soil
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Figure 7 Weight loss of coarse organic matter (COM) in litter
bags during cropping season at depths of 0.02, 0.05, and
0.10 m. Error bars indicate standard error. Mean values with
different letters are significantly different at the P<0.05
significance level.

particles and 1.3 Mgha™" (13%) was associated with
trapped COM. Of the 970kgha™ of nitrogen,
910kgha™! (94%) was associated with trapped soil
particles and 60kgha™' (6%) was associated with
trapped COM. The carbon/nitrogen ratio in trapped
soil particles and COM was 9.5 and 21.5, respectively.
The latter value was nearly equivalent to the carbon/
nitrogen ratio of the light fraction (<1.6Mgm™) in
topsoil of a cultivated field at the IWCA (22; Sugihara
2011, personal communication) and was less than or
equal to the critical carbon/nitrogen ratio required for
short-term net nitrogen mineralization (Harmsen and
Van Schreven 1955; Alexander 1977).

Weight losses of COM in litter bags during the
cropping season increased with depth of installation
(Fig. 7). This may be because soil water content increased
sharply with depth of surface soil during the cropping
season. Franzluebbers et al. (1994) and Cuenca et al.
(1997) reported that the soil water content in topsoil of
0.05 to 0.10 m remained at a higher level than that of
0 to 0.05 m during most of the cropping season in sandy
Sahelian soils. Additionally, we often observed a dry
sand layer at the topsoil of 0 to 0.03 m. The weight loss
at 0.02m was 22+ 2% (mean + standard error), which
was similar to the results of Esse et al. (2001) reporting
that only 20% of cattle manure (unknown carbon/
nitrogen ratio) was decomposed during the cropping
season in the soil surface with limited termite activity.
The loss at 0.05m was 35+2% (mean=standard
error), which was corresponded to the results of
Fatondji et al. (2009) who showed 35% of cattle
manure (carbon/nitrogen ratio=21) installed at
a depth of 0.05m was decomposed during the
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Figure 8 Total carbon dioxide (CO,) emission during the
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Figure 9 Bulk density of trapped materials in the former fallow
band and that of the topsoil at a depth of 0 to 0.05m in the
cultivated band. Error bars indicate standard error. Mean
values with different letters are significantly different at the
P <0.05 significance level.

cropping season, when termite activity was controlled
by pesticide application.

Total soil respiration during cropping season, exclud-
ing root respiration, was 0.15+0.01 MgCha™' in the
cultivated band and 0.70 +0.21 Mg Cha™" in the fallow
band (mean + standard error; Fig. 8). Few studies have
measured these values in the Sahel. The former value
(0.15MgCha™"'), measured in the cultivated band
during the third year after fallow, was lower than the
values measured by Kamidohzono et al. (2007)
(0.39MgCha™" in the continuous cultivated plot) and
Shinjo (unpublished data) (0.47MgCha™' during the
third year after fallow), whereas the latter value
(0.70 Mg Cha™!), measured in the fallow band where
4.0Mgha™' of COM was trapped, was similar to the
value measured by Kamidohzono et al. (2007)
(0.71 Mg Cha™! in the plot where 4.3 Mgha™" of pearl
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Figure 10 Particle size distribution of trapped soil particles in the former fallow band and topsoil at a depth of 0 to 0.05m in the

cultivated band. Error bars indicate standard error.

millet residue was applied). Respiration in the fallow
band was significantly higher than that in the cultivated
band due to additional decomposition of trapped soil
particles and COM. If 35% (equal to weight loss at a
depth of 0.05m) of trapped COM carbon decomposes
during the cropping season, 0.47 Mg Cha™" is emitted.
Therefore, this respiration difference of 0.55 Mg Cha™*
may be caused mainly by decomposition of trapped
COM. We conclude that the amount of soil nutrients
available for crops will increase in the fallow band
because of decomposition of trapped soil particles
(carbon/nitrogen ratio =9.5) and COM (carbon/nitrogen
ratio=21.5) containing significant amounts of soil
nutrients.

Improvement of soil physical properties

The bulk density of trapped wind-blown soil materials
(0—0.075 m) was significantly lower than that of topsoil
(0—0.05m) in the cultivated band (Fig. 9) because
trapped materials contained a significant amount of
COM with density as low as 0.3 Mgm ™.

In trapped soil particles, fine sand (140—250 pum)
content was significantly higher, whereas clay, silt, and
coarse sand (500—1000 pm, 1000—2000 pum) contents
were significantly lower than those in the topsoil at a
depth of 0 to 0.05 m in the cultivated band (Fig. 10). This
sorting may be because of the following reasons: (i) soil
particles larger than 840pum in diameter were
non-erodible by wind (Chepil 1950), (ii) clay and silt-
size soil particles exhibit high resistance to movement by
wind (Bagnold 1941; Chepil and Woodruff 1963;
Iversen and White 1982), and (iii) once clay and silt
size soil particles are entrained by wind, they move in
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Figure 11 Field hydraulic conductivity in the former fallow
band and in the cultivated band. Error bars indicate standard
error. Mean values with different letters are significantly
different at the P <0.05 significance level.

suspension (Udden 1894; Pye 1987; Shao 2000) and
therefore cannot be trapped by fallow vegetation. Due to
a decrease in clay and silt contents, crust formation was
not observed in the former fallow band but was observed
in the cultivated band. This agreed with the results of
Ambouta et al. (1996), who stated that soil crust will not
form on soils with clay + silt content less than 5%. The
clay +silt content of topsoil in the cultivated band was
6+0.1% (meanzstandard error), whereas that of
trapped soil particles in the former fallow bands was
3+£0.5%, less than the threshold content proposed by
Ambouta et al. (1996).
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Figure 12 Volumetric water content during the early cropping season in surface soil at a depth of 0 to 0.3 m in the former fallow band
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June 19, 2008.

Reflecting the fact that bulk density was lower and soil
crust did not form, field hydraulic conductivity of surface
soil in the former fallow band was significantly higher
than that in the cultivated band (Fig. 11). As a result,
water content in the surface soil at a depth of 0 to 0.3 m
in the former fallow band (n=2, average is shown in
Fig. 12) was higher than that in the cultivated band
(n=1) during the early cropping season (Fig. 12).
Buerkert and Lamers (1999) also reported that the
coverage of surface soil by trapped wind-blown soil
materials (0.05—0.10m deep) increased soil moisture.
With reference to Mando et al. (1996), they suggested
that the cause of this increase was termite activity. In
contrast, we could not identify termite activity in the
former fallow band possibly because most COM, free
organic debris with a mean diameter of 1 to 2 mm, was
incorporated into soil particles, preventing termite
attack. Therefore, it was concluded that soil physical
properties, particularly infiltration of the rainwater, were
improved and the amount of soil water available for
crops was increased in the former fallow band by the
cover with trapped wind-blown soil materials which
have a high hydraulic conductivity.

Conclusion

We proposed the “Fallow Band System,” which does not
impose any additional expense and labor requirements
on local farmers, for combating desertification and
improving crop production in the Sahel. In this study,
the effectiveness of the ‘Fallow Band System” with
regard to controlling wind erosion and improving soil
fertility was investigated. From experiments conducted at
the IWCA, we demonstrated that (1) a fallow band
trapped 74% of annual incoming soil particles and 58 %

of annual incoming COM and thus, controlled wind
erosion effectively, (2) the amount of soil nutrients
available for crops in the former fallow band was
increased by the decomposition of trapped soil particles
(carbon/nitrogen ratio = 9.5) and COM (carbon/nitrogen
ratio=21.5) containing a significant amount of nutri-
ents, and (3) the amount of soil water available for crops
in the former fallow band was increased by trapped
wind-blown soil materials through improvement of
rainwater infiltration into surface soil. Therefore, it was
concluded that Sahelian farmers can effectively control
wind erosion and improve soil fertility by using the
“Fallow Band System,” a ‘“‘do-nothing” practice. This
improvement of soil fertility may lead to increased crop
production in the former fallow band, which is discussed
in a sequel paper.
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