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Incidence of soil surface crust types in semi-arid Niger
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Abstract

Soil water availability is most essential in the Sahelian agriculture but is hampered by several factors. Surface crusts or

crust-like surfaces, which are characteristic of most Sahelian soils, have been shown to decrease water in®ltrability and

increase runoff. Their type and structure are in¯uenced by soil texture, vegetation cover, erosion and deposition effects of wind

and water. A soil and terrain survey in semi-arid SW-Niger was carried out to explain the patterns of soil surface crusts and the

deterioration of the land. The soil surface crusts were shown to depend also on speci®c terrain factors including land use type

and intensity, and terrain type and position. Chemical and physical soil factors such as organic carbon, soil colour and texture

occurring with speci®c crusts indicate soil degradation, especially in sloping terrain, which increases runoff and soil erosion.

For sandy soils, surface tillage is required to break up the crusts. Higher surface organic matter is recommended to enhance

water in®ltration in soils. # 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

In semi-arid Niger the extensive agriculture, over-

grazing, extension of cropped ®elds, shortening of

fallow periods, and wind and water erosion have been

identi®ed as major reasons for land degradation (Bre-

man and De Ridder, 1991). These land uses, however,

do not explain the speci®c impact on soil, surface

factors or vegetation. An important degradation

process is the crusting of the soil surface. Crusts or

crust-like surfaces are omnipresent characteristics of

Sahelian soils (D'HerbeÁs and Valentin, 1997). Their

type and structure are in¯uenced by (a) soil texture, (b)

erosion and deposition effects by wind and water, and

(c) vegetation cover. Their distribution also depends

on terrain position, microrelief and the impact of wind.

The crusts are usually formed during the 2±4 months

of the rainy season. After formation and especially in

the dry season they are gradually altered by wind,

termite, and human and animal activities. Soil crusting

has been repeatedly identi®ed as a major factor

decreasing water in®ltrability and increasing runoff

in most areas in the Sahel (Hoogmoed and Stroosnij-

der, 1984; D'HerbeÁs and Valentin, 1997), which also

implies a strong impact on crop yield security. They

also form obstacles to plant roots and emerging seed-

lings. Therefore, in the framework of a larger soil and

terrain study (Graef et al., 1998) the distribution of soil

surface crust types was studied and quanti®ed in SW-

Niger.

Soil & Tillage Research 55 (2000) 213±218

* Corresponding author. Tel.: �49-711-459-3656;

fax: �49-711-459-4071.

E-mail address: graef@uni-hohenheim.de (F. Graef)

0167-1987/00/$ ± see front matter # 2000 Elsevier Science B.V. All rights reserved.

PII: S 0 1 6 7 - 1 9 8 7 ( 0 0 ) 0 0 1 1 7 - 3



2. Materials and methods

For management of soil, terrain, land use and

vegetation data the SOTER (Soil and Terrain

digital database) approach (ISRIC, 1993) was used,

which includes analytical attribute data and GIS-based

spatial terrain data. The surveyed area covered

24 000 km2 and was investigated in the rainy seasons

of 1996 and 1997 with a soil transect approach (Fig. 1).

Satellite data (Landsat TM) was used for soil and

terrain inventories and mapping at regional scale

(Graef et al., 1998) and to enable the extrapolation

of the transect results. Transects of several kilometre

length with a total distance of 192 km and over 1000

augerings and soil crusts were studied to obtain (a) an

extensive inventory of the soils, their characteristics

and their distribution in the terrain, (b) semi-quanti-

tative information about soil type occurrence, and (c)

spatial information about terrain features, present land

use and soil surface crusting. Analytical data of 250

pro®les were integrated from external sources. The

transect study enabled to speci®cally complement

missing soil data by collecting soil samples for ana-

lyses, so the total soil inventory comprises 500 pro®le

data sets.

Commonly a set of crust types occurs within a few

metres distance, so cover estimations were restricted

to areas not exceeding 10 m2. The surface crust clas-

si®cation and formation system established by Case-

nave and Valentin (1992) and Valentin and Bresson

(1992) for semi-arid West Africa was applied for this

work after minor modi®cations (Table 1). This classi-

®cation system characterises the whole soil surface

state rather than the crusts in a narrow sense. Crusts

commonly stand for surfaces without cracks, ponds

and loose sand layers with a high water in®ltrability.

3. Results

3.1. Surface crusts related to land use

Overall, 53 different terrain components, 41 soil

types and nearly 500 soil pro®les with the respective

analytical data were integrated with the SOTER data-

base. Soil surface crusts are generally associated with

the type and the intensity of land use (Table 2). The

structural 3 crust (ST3) prevailed on the cultivated

®elds (34±70%) and young fallows (16%) of the cover

sand areas, which are usually cropped with millet

Fig. 1. Map of survey area, transects, soil pro®les and satellite images.
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(Pennisetum glaucum L.) and cowpea (Vigna ungui-

culata L. Walp). The erosion (ERO) crust, an indicator

for degraded land, was usually common (10±23%) and

showed little relation to the presently observed land

use type or intensity. Biological (BIO) and algae

(ALG) crusts were restricted to fallows, bush or tiger

bush. Distinctly higher shares of the structural 1 (ST1)

and the sedimentary (SED) crust were found with

sorghum (Sorghum bicolor L. Moench), which is

cultivated on loamy substrate and in low terrain posi-

tion with water in¯ow. The gravel (G) crust prevailed

on loamy, gravely hard-setting soils in run-on posi-

tions, which are usually used for pasture. Thus, the

crusts appear to be due to combined effects of (a)

Table 1

Surface crust types in semi-arid West Africa (Casenave and Valentin, 1992, mod.)

Crust types Structure Thickness

(mm)

Strength Porosity

Structural 1 (ST1) Rough surface made of coalescing loamy±clayey aggregates >10 Low Moderate

Structural 3 (ST3) Laminated, coarse sandy layer at the top, vesicular fine sandy

layer and a seal of finer particles at the bottom

1±3 Moderate Moderate

Erosion (ERO) Smooth surface made of a single seal of fine cemented particles <1 High Very low

Runoff depos. (RUN) Laminated, interbedding of sandy layers and seals of finer particles 2±50 Moderate Low

Sedimentary (SED) Laminated, finer particles at the top and larger ones at the bottom 2±50 Moderate Low

Gravel (G) Laminated, similar to ST3, including coarse fragments 2±30 High Very low

Biological (BIO) Rough coalescent surface dominated by plant residues and faunal casts 3±20 High High

Algae (ALG) Similar to ERO, with black algae seal 1±2 High Very low

Table 2

Relation between total crust area, present land use and terrain type in SW-Niger

Area (%) Crust types n

ST1 ST3 ERO RUN SED G BIO ALG

Fallow/busha 36.4 4.5 15.6 12.6 5.3 6.2 41.6 5.5 8.5 495

Millet 19.0 0.8 69.7 17.4 6.3 2.4 2.1 0.3 0.8 181

Millet/cowpeab 7.1 0.3 74.1 13.4 3.7 1.4 6.9 0.0 0.0 86

Tiger bush 19.2 0.8 3.8 18.1 3.1 16.8 44.2 3.3 9.8 84

Millet/fallowc 8.8 0.0 48.2 23.3 7.3 2.4 4.9 4.5 10.8 49

Millet/sorghumb 2.2 5.0 33.8 17.6 21.5 12.4 7.4 1.2 0.9 34

Sorghum 0.6 19.0 17.0 9.5 11.0 33.5 2.5 5.5 2.0 20

P2d 7.6 0.0 2.7 28.7 3.3 16.0 44.0 1.3 4.0 15

Hc1 5.3 4.3 22.9 33.9 10.1 3.1 11.7 0.4 13.5 49

Lc3 5.0 0.0 37.2 25.6 8.0 10.2 6.6 3.8 6.8 50

Lb3 1.4 15.6 14.4 11.6 10.0 5.6 31.4 4.3 7.1 63

Cc1 2.4 0.0 80.6 16.3 1.9 0.0 0.0 0.0 1.3 16

Cc2 14.5 0.9 67.0 19.0 2.1 0.3 0.0 2.9 7.9 91

Cc3 3.1 0.0 52.9 15.3 11.8 0.0 1.8 0.0 18.2 17

Da1 2.3 0.0 84.7 7.3 0.0 0.7 7.3 0.0 0.0 30

A4 1.1 8.3 5.8 3.3 20.6 27.8 7.8 20.3 6.1 36

a Fallow (on sandy substrate) or bush (on stony substrate).
b Inter (relay-) cropping.
c Millet and fallow alternating.
d Terrain legend. Continental terminal: P2, gently undulating ironstone plateaux; Hc1, medium-gradient slopes <8%; Lc3, low-gradient

slopes <3% from alluvio-colluvial deposits. Granite: Lb3, low-gradient slopes <3% from alluvio-colluvial deposits. Fluvial and aeolian

systems: Cc1, cover sands on plateaux exceeding 1 m in depth; Cc2, cover sands on low-gradient slopes exceeding 1 m in depth; Cc3 cover

sands on medium-gradient slopes exceeding 1 m in depth; Da1, dallol dunes and aeolian deposits �2 m; A4, valleys with loamy or clayey

deposits.
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different soil degradation stages, (b) differing present

land use, and (c) soil- and terrain-speci®c cultivation

of crops.

3.2. Surface crusts related to terrain types

The relation between crusts and terrain type were

closer than that between crusts and land use (Table 2).

Sloping agricultural terrain, more prone to erosion

(Hc1, Cc3), showed distinctly high proportions of

ERO and ALG crusts. The sandy plains (Cc1, Cc2,

Da1), although traditionally cultivated, showed less

ERO crusts but higher proportions of ST3 crusts. This

is attributed to continuous soil tillage and cultivation

and to ®eld-scale erosion and redeposition of soil

material with a minor impact on soil degradation.

Without soil tillage more ERO and ALG crusts would

immediately follow the ST3 crusts. Terrain types with

heavy-textured soils (P2, Lc3, Lb3, A4), which are

less cultivated but nevertheless grazed, show degrada-

tion crusts (ERO, ALG) together with higher propor-

tions of G and ST1 crusts. Similar relations between

soil crust and terrain were observed by D'HerbeÁs and

Valentin (1997).

3.3. Soil degradation

Some soil parameters indicate a change of soil

properties, i.e., soil degradation related to crust for-

mation (Table 3). As also described by Casenave and

Valentin (1989), most crust types are correlated with

the soil texture, i.e., sandy soils are covered with ST3

and ERO crusts, whereas loamy soils are covered with

ST1, SED and BIO crusts. The soils in downslope

locations, formed under SED crusts (Arenosols,

Anthrosols, Fluvisols), show distinctly higher Corg

and exchangeable K than the crusted soils (Cambisols,

Acrisols, Arenosols) further upslope (ERO, ST3).

All crusts show speci®c Munsell colour ranges of

hue, value and chroma, that are caused by (a) dark

coloured plasmic seals (ST1, ERO, SED), (b) bright

sandy micro-layers (ST3), (c) dark humic admixtures

(BIO, SED), or (d) hue differences of B-material

(ERO), that has come to the surface after topsoil

erosion. The most signi®cant correlation is found

for the colour hue with RUN (r�ÿ0.17), SED (r�
0.19) and G (r�ÿ0.17), the colour value with ST3

(r�0.39) and G (r�ÿ0.39), and for the colour chroma

with ST3 (r�ÿ0.26) and ERO (ÿ0.42). The slope

gradient seems to have only poor in¯uence on crust

patterns, but this is explained by the strong mesorelief

in most terrain types, that mantle the effect of the

overall slope gradient.

4. Discussion

The overall results show that crust patterns depend

on land use type and intensity and on various terrain

and soil parameters. There is always a mixture of

different crusts occurring within distances of a few

metres. The speci®c crust composition of land use

types, terrain and soil differs with only a low signi®-

cance. This can be attributed to the high soil and

terrain variability in SW-Niger (Graef et al., 1998)

and to the duration of fallow or cultivation, which also

Table 3

Correlation of surface crusts with properties of underlying soils and terrain slope in SW-Niger

Crust types n

ST1 ST3 ERO RUN SED G BIO ALG

Sand contenta ÿ0.28* 0.52* 0.33* 0.19* ÿ0.46* ÿ0.15 ÿ0.30* 0.11 143

Corg
a 0.15 ÿ0.31* ÿ0.22* ÿ0.15 0.49* ÿ0.14 0.34* ÿ0.04 143

Exchangeable Ka 0.10 ÿ0.22* ÿ0.31* ÿ0.16 0.51* 0.01 0.05 ÿ0.16 143

Hueb ÿ0.13 0.00 ÿ0.05 ÿ0.17* 0.19* ÿ0.17* 0.10 0.10 280

Valueb ÿ0.15* 0.39* ÿ0.08 0.03 ÿ0.27* ÿ0.39* ÿ0.11* ÿ0.0 280

Chromab 0.03 0.26* ÿ0.42* 0.04 ÿ0.13* ÿ0.05 ÿ0.14* ÿ0.14* 280

Terrain slope 0.01 ÿ0.06 0.19* 0.04 ÿ0.17* 0.03 ÿ0.09* 0.05 699

a Cover sand soils.
b Continental terminal soils.
* Signi®cant at p<0.05.
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controls crust formation and soil rehabilitation

(Ambouta et al., 1996). If soil surface is no longer

in equilibrium with vegetation and soil fauna (i.e., BIO

crust), surface crusting is considered to be a succes-

sion process corresponding to speci®c degradation

stages. According to Casenave and Valentin (1989),

the initial stage comprises crusts (e.g., ST3, RUN,

ERO) that are still reversible by plant and faunal

activity, whereas ®nal degradation stages, most often

in sloping terrain types (Hc1, Cc3), are characterised

by hard ERO and ALG crusts on subsoil B material,

unlikely to be recovered in the short run. The indicated

correlation of surface crusts with soil degradation

properties supports this view of crusting processes.

A strong seasonal dynamics was observed especially

in cultivated ®elds. Crusts in ®elds, depending on their

stability (Table 1), are crushed through sowing, weed-

ing, harvesting and trampling by grazing stock. This

favours, on the one hand, water in®ltration and on the

other, wind erosion with the onset of the rains or

during the dry-season Harmattan period.

Casenave and Valentin (1992) showed that crust

types have a speci®c impact on the in®ltrability of soil

surfaces. Low porosity crusts (e.g., ERO, G, SED)

exhibited mean in®ltrabilities of 0±4 mm hÿ1 as com-

pared to moderate or high porosity crusts (e.g., ST3,

BIO) with mean in®ltrabilities of 5±20 mm hÿ1.

Heavy-textured soils with surface crusts of the ST1

type have in®ltrabilities below 10 mm hÿ1 (Valentin

and Casenave, 1992). On soft dune sands, the in®ltr-

abilities of uncrusted sand surfaces may attain

600 mm hÿ1 (Hammer, 1994). In general, surface

crusts with high in®ltrabilities (BIO, ST3) or

uncrusted surfaces are more favourable. This is only

possible if suf®cient organic matter is available for

decomposition to create stable BIO crusts (Ambouta

et al., 1996). A short-term remedy for sandy soils with

single grain structure would be to intensify surface

tillage to break up the crusts. However, this is not

suitable for loamy±clayey soils, where tillage may

weaken the soil structure and enhance crusting. In this

context, the hourly rainfall intensity is also crucial for

crop water supply. The rainfall intensities exceed

10 mm hÿ1 for 80%, 25 mm hÿ1 for 65%, 50 mm hÿ1

for 35% and 100 mm hÿ1 for 15% of the events

(Hoogmoed and Stroosnijder, 1984), with maximum

intensities of 300 mm hÿ1. High rainfall rates can

scarcely in®ltrate the often crusted soils, so a large

portion of the rain water is lost by runoff, which again

produces soil erosion. Thus, crusts have major impli-

cations for runoff and hence on both soil moisture and

soil material distribution on ®eld-scale and watershed

scale (D'HerbeÁs and Valentin, 1997). This holds espe-

cially for the heavily degraded high- and medium-

gradient slopes and plateaux generating runoff, which

may deposit sediments further downslope.

5. Conclusions

The SOTER inventory was used to explain the

patterns of soil surface crusts and the deterioration

of the land. The extent and types of soil surface crusts

were shown to depend on multiple factors such as soil

properties, land use, terrain type and position, rainfall

intensity and vegetation cover. Crust patterns of both

cultivated and fallow land indicate soil degradation,

especially in sloping terrain. This leads to runoff and

in consequence to an unfavourable soil water distribu-

tion in the watershed, while at the same time it

increases soil erosion. For sandy soils adapted surface

tillage for breaking up crusts is required. Higher sur-

face organic matter content for creating stable porous

crusts is necessary to enhance the water in®ltrability.

Based on the research ®ndings presented, site speci®c

soil management options can be elaborated.
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