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Abstract
Rotation of grass ley with periods of annual crop production can be a means to

increased farming system productivity, sustainability, and profitability. This research

review offers interpretations of rotation research results for future African agricul-

ture. Some rotation studies were with naturally generated and severely over-grazed

fallows consisting primarily of annual plant species but other studies were with

planted and well-managed perennial grass ley. Generally, the rotations increased

annual crop yields with soil improvement. System benefits were similar or greater

for ley compared with fallow with generally higher fodder yields with ley. Surface

crusting of sandy soil in the Sahel is a major concern that may be worsened by fallow

due to the deposition of clay and silt particles. Ley and fallow were terminated in all

studies with inversion plow tillage with more tillage for subsequent crops while the

rotation benefits may be greater with less tillage. Most studies did not have fertilizer

use but annual crop yield response to fertilizer was greatly increased following ley in

one study and with no system by fertilizer interaction effect in three studies. The prof-

itability of ley rotations will vary with fodder demand which is rapidly increasing,

especially near urban areas. Strip cropping, for example, alternate ley with annual

crop strips of 5–20 m width and rotation cycles of 6–10 yr, may often be optimal

Abbreviations: SOC, soil organic carbon.
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for erosion control and sediment trapping, protection from uncontrolled grazing, and

nearby supply of vegetative planting material for ley re-establishment. Rotation man-

agement can be improved through experiential learning and experimentation.

1 INTRODUCTION

1.1 Ley/fallow rotation globally

The rotation of managed perennial grass or grass–legume

mixtures (ley) with annual crops has been practiced and

studied as a means to improve soil and farming system

productivity, profitability, and sustainability. Recent research

reviews have been written for temperate North America

(Allen et al., 2007; Franzluebbers, 2007; Russelle et al.,

2007; Sulc & Tracy, 2007), Australia (Hochman et al.,

2013), subtropical South America (Carvalho et al., 2010;

Franzluebbers et al., 2014), and Europe. Studies of rotations

with leguminous woody and herbaceous fallows, and annual

cover or fodder crops have been reviewed for tropical Africa

(Eilitta et al., 2014). Information on ley or herbaceous fallow

rotations with annual crops in the tropics has not been well

reviewed and such rotations have been less studied in recent

decades compared with studies in temperate and subtropical

areas. This review focused on fallow and ley rotations for

arable lands in Africa within 15o latitude of the equator with

areas of inference for research sites indicated (Figure 1).

Numerous ecological and crop production benefits of ley

rotations have been identified. Soil organic matter is likely

to increase during the ley stage due to reduced erosion

and increased root biomass production with benefits to soil

chemical, physical, and biological properties with implica-

tions for cropping system productivity and resilience to cli-

mate extremes (Dupont et al., 2014; Franzluebbers, 2012;

Franzluebbers et al., 2014; Monti & Zatta, 2009; Persson

et al., 2008). Trapping of sediment from water and wind ero-

sion can increase soil organic carbon (SOC) and clay con-

tent of the surface soil (Bielders et al., 2002). Old perennial

roots remained 5 yr after the conversion of perennial grassland

to annual wheat (Triticum aestivum L.) production (DuPont

et al., 2014). In Uruguay, following 50 yr of rotating 3 yr of

perennial grass ley with 3 yr of annual crops, with fertilizer

applied, there were increases of 40% for annual crop yield,

20% for SOC, and 34% for exchangeable K with little effect

on soil pH (Grahmann et al., 2020).

The effect of ley rotations on SOC has been simulated

with the Cycles agroecosystem model (Kemanian et al., 2020;

Pravia et al., 2019). The capacity for SOC accumulation dur-

ing the ley stage may be affected by ley duration and the differ-

ence between the initial and saturation level for SOC. Hassink

and Whitmore (1997) found the SOC saturation level to be

related to soil clay content (%clay) and proposed the equation

SOC saturation level = 0.021 + 0.038 × %clay. They found

that clay type and percentage silt effects on the SOC saturation

level to be small and inconsistent. The fractional stabilization

of new organic material into stored SOC, or the humification

rate, approaches zero as soil mineral surfaces become satu-

rated with SOC and the SOC saturation level is approached

(Kemanian et al., 2011; White et al., 2014). Ley rotations

may have greater value on land where SOC is well below the

SOC saturation level, such as due to past erosion, and where

the profitability of annual crop production is low (Wortmann

et al., 2019). Model simulation of ley rotation effects on SOC

was improved by adding a subroutine to account for the effect

of SOC saturation (Pravia et al., 2019).

Major farming system changes are driven by sufficient

profit potential with acceptable risk and manageable financial

investment (Wortmann et al., 2020). The profit potential may

be partly due to improved net returns on investment in annual

crop production or improved fodder production. In much of

tropical Africa, fodder demand has rapidly increased and mar-

ket prices for high-quality fodder can be near those for grain

in crop–livestock farming systems (Samireddypalle et al.,

2017). The crop diversification with the addition of forage

production can contribute to reduced financial risk associated

with climate variation and price fluctuations. Soil improve-

ment often allows for greater and more profitable response

to fertilizer use (Garba et al., 2018; Nalivata et al., 2017;

Stewart et al, 2020).

1.2 Ley/fallow rotation research in the
tropics

Land productivity and gains in yield for tropical Africa have

been disappointing. The mean maize (Zea mays L.) yield is

about 2 Mg ha−1 compared and about one-third of the global

average (FAOSTAT, 2020). Mean maize grain yield increases

due to fertilizer application under good management appear

to average about 1.1 Mg ha−1 for N, 0.4 for Mg ha−1 P, and

0.2 Mg ha−1 for K (Liben et al., 2020; Kaizzi et al., 2012;

Serme et al., 2020; Wortmann et al., 2018) but these gains

indicate low productivity potential. Similar results, although

likely with less yield increase due to fertilizer, could be gen-

erated for other crops. Ley rotations may be a means to sig-

nificantly improve land productivity and response to fertil-

izer use. Much ley rotation research has been done globally
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in recent decades but most research results for tropical Africa

are decades old. Still, those results have value if interpreted

for future agriculture.

Rainfall amount and distribution are likely to affect the

effectiveness and management of ley rotations. At the equa-

tor, rainfall distribution is bi-modal due to the inter-tropical

convergence zone allowing for two cropping seasons per year

and nearly continuous growth of ley where rainfall is adequate

(NOAA, 2020). As the distance from the equator increases,

the rainfall distribution gradually changes from bi-modal to

mono-modal so that >70% of annual rainfall may occur in

8 wk, such as in parts of the Sahel, and ley needs to sur-

vive and recover from long dry seasons. The research infor-

mation is therefore presented beginning near the equator and

progressing to 15o latitude. Soil texture and clay content may

be important to the potential of ley rotations as clay con-

tent is important to water holding capacity, soil aggrega-

tion, and capacity to accumulate SOC. However, variation

in SOC seldom accounted for within-field variation in yield

such as at Samaru Nigeria (Heathcote, 1969), at Saria Burk-

ina Faso (Ouattara, 1994), at Bondoukuy Burkina Faso (Bilgo

et al., 2007; Ouattara, 2009), and Serere Uganda (McWalter

& Wimble, 1976).

Interpretation of information on ley rotations for future

agriculture is challenged as many of the studies were con-

ducted decades ago (Tables 1–3). Some were conducted as

fallow rather than ley rotations. The fallow vegetation was

typically naturally generated, often dominated by herbaceous

annuals with a low density of perennial shrubs, and severely

over-grazed for low aboveground and belowground plant

growth. In contrast, ley may be established from sown seed or

vegetatively and well managed for highly productive grazed or

harvested fodder production. Both are expected to contribute

to the restoration of land productivity while providing live-

stock feed but much more growth and soil improvement is

expected with ley than with fallow. Another factor that reduces

current relevance is that all studies involved much tillage for

termination of the ley/fallow and to prepare land and control

weeds for the annual crops while current management may

occur with no or minimal tillage to prolong the benefits of

ley to soil productivity. Studies in temperate and subtropical

areas have found prolonged benefits of ley with no-till com-

pared with tillage (Carvalho et al., 2010; DuPont et al., 2014;

Ernst & Siri-Prieto, 2009; Garcia-Prechac et al., 2004). Many

of the studies in Africa were conducted with no fertilizer use

while an expected benefit of ley rotations may be a greater and

more efficient response of the annual crops to applied nutri-

ents. The results need to be interpreted in consideration of

these weaknesses and that the potential benefits of ley rota-

tions are likely underestimated.

Demand for fodder will be key to the feasibility of ley rota-

tions. Sagir and Santoro (2018) estimated that 11.3% of the

population in Sub-Saharan Africa resided in urban areas in

Core Ideas
∙ Soil productivity is low and often declining in parts

of tropical Africa.

∙ The demand for animal products and high quality

fodder has increased with urban growth.

∙ Ley rotation with annual crop production can

improve soil productivity while producing fodder.

∙ Past research has been reviewed and interpreted for

smallholder farming system improvement.

2010 with a 2050 projection of 20.2% while the total popu-

lation continues to grow. Population and economic growth in

urban areas are expected to drive demand for livestock prod-

ucts whether produced in urban, peri-urban, or rural areas.

The resulting increased demand for fodder increases oppor-

tunities for profitable ley rotations in areas that can supply the

fodder competitively.

This paper reviews research results of ley or fallow rota-

tions with annual crops in tropical Africa (Figure 1). Many of

the studies were conducted decades ago and results are inter-

preted for current production systems. Recommendations and

information needs are discussed.

2 RESEARCH RESULTS

2.1 Latitude 0–5o

Stephens (1967) reported the results of an elephant

grass/napier grass (Pennisetum purpureum Schumach.)

ley rotation study conducted from 1957 to 1964 at Kawanda

Uganda at 0.4 oN with bimodal rainfall on clay loam soil

(Table 1). The elephant grass was propagated by planting

stem segments. It was cut bi-annually with the biomass either

burned in the field or removed. The ley was terminated by

tillage. No fertilizer was applied to ley or annual crops. The

mean gains in annual crop yield, compared with continuous

annual cropping, for the nine crops following ley were 135%

for the cut and burned ley and 38% for the harvested ley. The

ley benefit to annual crop yield persisted for the cut and burn

ley treatment but declined over time with the harvest of ley

with a mean yield increase for crops 1–6 of 56% but with no

yield gain for crops 7–9. The ley benefit to yield was greatest

for maize, intermediate for cotton (Gossypium hirsutum L.)

and least for bean (Phaseolus vulgaris L.). The effect of

the cut and burn ley was similar to the effect of applying

12.4 Mg ha−1 yr−1 of kraal manure. Following harvest of the

fifth annual crop, soil improvements due to ley rotation for

the cut and burned ley and the harvested ley, respectively,
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F I G U R E 1 Study sites (black dots) for fallow or ley rotation with annual crop research conducted in Sub-Saharan Africa overlain on the

GYGA (2020) technology extrapolation domains determined from climate variables. The colors indicate areas of semi-arid low-potential such as the

Sahel (purple), semi-arid areas of greater potential such as the Sudanian savanna (yellow), low-elevation subhumid tropical savanna (gray),

intermediate elevation subhumid (green) and humid (orange) tropical savanna, subhumid or wetter highlands (red), and no ecological match to the

research sites (light green)

included 31 and 16% higher water infiltration rates, and

22 and 16% higher water percolation rates. Ley resulted in

increased soil pH, SOC, available P, and exchangeable Ca

and Mg. The yields with ley burning vs. harvest, and with

annual manure application, imply that yields were affected by

nutrient availability and that fertilizer application to annual

crops following the harvested ley would have reduced the

yield gap with the cut and burn treatment.

In another study at Kawanda Uganda, 3 yr of perennial

grass, 3 yr of annual cover crops, and 3 yr of cultivated annual

crops were compared for effects on wet soil aggregate stabil-

ity (Pereira et al., 1954) (Table 1). Compared with the contin-

uous annual crops, the percent of soil in water-stable aggre-

gates >0.5 mm following 3 yr of grass was 52% more at plant-

ing of the first crop and 18% more after harvest of the second

crop. The 3 yr of annual cover crops improved soil aggrega-

tion for the crop 1 but the cover crop effect was gone by the

harvest of the second crop.

In a third study of elephant grass ley rotation at Kawanda

Uganda, the average grain yield increase over six annual crops

following ley with no N applied was 72% with either no

harvest or hay harvest of but 94% with grazing of the ley

(Foster, 1971). Grain yield response to fertilizer was 22% for

grazed and 15% for hayed ley. The annual crop yield benefit

decreased over time. Ley resulted in increased available soil

N, but P and K availability were reduced by hay harvest of ley.

The mean hay yield was about 10 Mg ha−1 yr−1.

At Ngetta and Serere Uganda, rotations of ley to annual

crops of 3:2, 3:3, and 2:3 yr appeared optimal as ley longer

than 3 yr did not add much to annual crop productivity and

ley productivity tended to decline after 3 yr (Kerkham, 1947a;

Table 1). Natural regeneration of ley with perennial Cyn-
don sp. was as effective as sown ley. Annual crop yield was

6.5% more following 3 yr of grazed than with non-grazed

ley (Kerkham, 1947b). The leguminous cover crops were not

more beneficial than fallow or perennial grass ley. Annual

crop yields were increased with increased manure rate and

with increased time in rest. Application of 12.5 Mg ha−1 of

manure once in 5 yr was sufficient to maintain productivity.

The increased yields with more rest years did not compensate

for the lack of production during the rest years. Ley yields

were not reported. Soil chemical properties were not much

affected by treatments except for increased P availability with

increased manure rate. Annual crop yields and soil properties
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T A B L E 1 Studies of the effects of fallow or ley rotations on land productivity and soil properties between 0 and 5o latitude in tropical Africa

Sitea Ley/fallowb Annual crop yieldc & soil propertiesd Source
Kawanda,UG,

0.4 oN, 1,190 m,

1,260 mm, 8.5

mo, CL

E1. 3 yr of P.p, P.n, &

C.g vs. continuous

cultivation

E2. P.p; 3-yr duration;

2 cutting yr−1 with

burning or removal.

E3. 3 yr of P.p;

E1. Yield results were not reported. Percentage of soil in water-stable

aggregates >0.5 mm following 3-yr ley was 52% more at planting of

first crop and 18% more after second crop.

E2. Over nine crops, yield was 135% more with ley burning and 38%

more (56% for crops 1–6 and 0% for crops 7–9) with ley harvest. Ley

increased pH 4%, SOC 12%, pore space 4%, percolation 12%, &

infiltration 22%.

E3. P.p hay yield was ∼10 Mg ha−1 yr−1. Over six crops, the average

grain yield increase was 72% with no N applied and with either no or

hay harvest of P.p but 94% with grazing. The yield benefit decreased

over time. Grain yield response to fertilizer was 22% for grazed P.p
and 15% for hayed P.p.

E1. Pereira et al.,

1954;

E2. Stephens, 1967

E3. Foster, 1971

Serere, UG, 1.5 oN,

1,130 m,

1,360 mm, 6 mo,

SaL; 28-yr

experiment

1:4, 2:3, and 3:2 yr

rest: crop; C.p or

C.g vs. green

manure or fallow.

Yield increases with more rest years but these did not compensate for no

annual crop yield during rest periods. Similar yields for ley, fallow,

and green manure rests. Higher crop yields with grazing during rest

periods; see results below from Ngetta. Little rest effect on soil

chemical properties

Kerkham, 1947a,

1947b; Jameson

& Kerkham,

1960;

McWalter &

Wimble, 1976

Ngetta, UG, 2.3 oN,

1,110 m,

1,310 mm, 7.5

mo, SaL

3-yr C.g ley and

natural C.p with no,

light or heavy

grazing

Annual crop yield was 6.5% more with grazed than with non-grazed ley

and 5% more with C.g sown than with natural C.p.

Kerkham, 1947a,

1947b

Kibarani, KE, 3.4
oS, 50 m,

1,050 mm, 5.5 mo

C. d, ungrazed, 3 yr

duration

Increased yield of three sorghum crops by 60% while the mean increase

was 38% following 3 yr of pigeon pea and weedy fallow.

Clark, 1962

Matuga, KE, 4.2 oS,

130 m, 1,020 mm,

4 mo

C. d, grazed, 3-yr

duration

Increase yield of three following sorghum crops by 61 and 8% with 0 and

25 Mg ha−1 manure applied for crop 1, respectively. The 3-yr ley

effect was similar to cassava or pigeon pea followed by weedy fallow.

Clark, 1962

Note. C, clay; L, loam; Sa, sand; E1, Exp. 1; E2, Exp. 2; and E3, Exp. 3; C.p, Cynodon plectostachyum; C.g, Chloris gayana; C.d, Cynodon dactyon; P.n, Paspalum
notatum; P.p, Pennisetum purpureum; SOC, soil organic carbon.
aLocation, latitude (o), elevation (m), rainfall, months to accounting for 70% of rainfall.
bFallow was naturally generated while ley was sown or vegetatively propagated. No fertilizer or manure was applied and termination was by tillage.
cNo fertilizer or manure was applied. Land preparation was always with plowing or ridging.
dInfiltration, rate of water infiltration.

were not affected by interactions of rest vegetation type, the

rest/crop year and manure application rate.

Jameson and Kerkham (1960) and McWalter and Wimble

(1976) reported results of 28 yr of research at Serere Uganda

which compared 5-yr rotations with sown grass ley that was

grazed or harvested as hay with rotations with natural fallow

and with a leguminous green manure crop that was incor-

porated by plowing at the end of the following dry season

(Table 1). The rest/crop duration ratios were 1:4, 2:3 and

3:2 yr. There were three levels of manure application. The rest

vegetation was terminated by plowing and land preparation

for the annual crops involved tillage. No fertilizer was applied.

The vegetation and management during the rest period did not

affect annual crop yield implying that ley could be harvested

for hay or by grazing with no decrease in benefits.

Stephens (1970) summarized the results of other ley rota-

tion research in Uganda. Including legumes in ley did not

improve yields of ley or of the following annual crops at

Serere Uganda. Ley of 2 yr was as effective as ley of 3 or

5 yr for improving annual crop yield if no manure or fertilizer

was applied. The annual crop yield with 2-yr ley was similar

to yield with continuous annual cropping with 25 Mg ha−1

manure applied once every 3 yr. Annual crop yields were

higher with grazed compared with ungrazed ley.

At two locations in coastal Kenya, 3 yr of bermuda-

grass [C. dactylon (L.) Pers.] ley compared with continu-

ous annual crop production resulted in a 60% mean grain

yield increase during the following 3 yr of sorghum [Sorghum
bicolor (L.) Moench] production if no manure was applied

(Clark, 1962) (Table 1). The mean yield increase due to ley

was just 8% with 25 Mg ha−1 manure applied for the first

crop. Grazing did not reduce the effectiveness of ley. How-

ever, 3 yr of ley was only marginally more beneficial to

sorghum yield than 3 yr of either pigeon pea (Cajanus cajan
L. Millsp.) or cassava (Manihot esculenta Crantz) followed by

weedy fallow.
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2.2 Latitude 5–12o

Valentin et al. (2004) reported fallow and ley effects on the

physical properties of a clay loam soil in northwestern Ivory

Coast (Table 2). Farmers often initiated fallow, which was

not grazed or hayed, because of difficulty in perennial weed

management. Soil aggregate stability peaked with about 10 yr

of fallow or with 4 yr of managed perennial grass ley such

as with elephant grass, Panicum maximum Jacq., or Andro-
pogon gayanus Kunth (Andropogon). Soil aggregate stability

declined by 40% during 10 yr of annual cropping. Termites

and earthworms (Lumbricus terrestris) had a great effect on

surface soil properties during the first 10 yr of fallow with a

reduced rate of effect during subsequent fallow years. Erosion

crusts were reduced from about 30% of the surface soil at the

start of fallow to about 10% after 10 yr of fallow for red soil,

and from 70% of the soil surface at the start of fallow with a

linear decrease to about 10% during 40 yr of fallow for yellow

soil. The water infiltration rate was increased from 60 mm h−1

at the start of fallow to about 90 mm h−1 after 10 yr of fallow.

Measured runoff was reduced by about 80% with 10 yr of fal-

low.

Stephens (1960) reported on perennial grass ley rotation

experiments at Kwadaso, Ejura, and Nyankpala in Ghana

(Table 2). Mean ley yields ranged from 9 to 32 Mg ha−1 yr−1.

In all trials, the ley was terminated with tillage and land was

tilled and ridged for annual crops. No effects of ley on water

infiltration were detected at all locations.

The Kwadaso site near Kumasi was in the moist semi-

deciduous forest zone with sandy loam soil and 1,450 mm

mean annual rainfall. The land was in secondary forest before

experimentation and the soil pH was 6.4 and the SOC was

14.5 g kg−1. The elephant grass ley was cut and burned annu-

ally. The average grass yield was 32 Mg ha−1 yr−1. No fer-

tilizer was applied to the ley. The annual crop yields follow-

ing 2 yr of ley compared with continuous annual crops were

65, 88, and 34% more respectively for maize (Zea mays L.) in

Years 1 and 2 and groundnut (Arachis hypogaea L.) in Year 1.

Potassium availability was increased with ley but there was lit-

tle other ley effect and no rotation x fertilizer interaction effect

on soil properties.

The Ejura Ghana site was 100 km North of Kumasi with

sandy soil and 1,470 mm rainfall. The trial site was in grass–

bush fallow for 7 yr before the trial. The soil pH was 5.9

and SOC was 3.6 g kg−1. The ley was of sown Andropogon

and Pennisetum polystachyon (L.) Schult. with the invasion

of P. pedicellatum Trin. No fertilizer was applied to the ley.

The mean grass yield was 9.4 Mg ha−1 yr−1. Annual crop

yield with ley compared with continuous cropping was −14,

16, and 18% more respectively for the maize in Years 1 and

2 and groundnut in Year 1. On average, maize response to

fertilizer N following ley was greater than three times that

with continuous annual cropping. The maize of Year 2 after

ley had more response to fertilizer P compared with contin-

uous annual cropping. The SOC and available P and K were

increased with ley.

The Nyankpala Ghana site was 20 km west of Tamale in

the Guinea savanna at 9.4 oN with 1,090 mm yr−1 mean

rainfall. The soil was sandy and shallow with pH = 6.4 and

SOC = 5.0 g kg−1. The sown ley was of Andropogon and P.
polystachyon (L.) Schult. but P. pedicellatum Trin. invaded.

No fertilizer was applied to the ley. Mean grass yield was

15.8 Mg ha−1 yr−1. Annual crop yield after ley compared with

continuous cropping was not increased. Fertilizer N and P did

not result in increased yields. Ley increased SOC.

At Samaru-Zaria Nigeria, Andropogon ley treatments of

varying duration were included in a long-term trial with sandy

loam soil at 11.2 oN with a mean of 1,110 mm yr−1 rainfall

(Table 2). Wilkinson (1975) reported greatly increased water

infiltration at the end of fallow with 67, 66, 80, and 88% of the

infiltration with a 6-yr ley, respectively, for the 2-, 3-, 4-, and

5-yr ley. The gain in infiltration during ley was attributed pri-

marily due to earthworm casts and less to termite holes. How-

ever, the improvement in the infiltration rate was very fragile

with 50% of the gain lost with the first land preparation which

consisted of two tillage operations for ridged cotton (Gossyp-
ium hirsutum L.) production and no effect detected after har-

vest of the first annual crop. The earthworm casts and termite

channels remained intact in the subsoil that was not disturbed

by tillage. The increase in SOC was 57% more with 6 yr com-

pared with 3-yr ley and declined from 4.5 to 3.3 g kg−1 during

the annual crop phase (Jones, 1971). The SOC was 36% more

with the application of fertilizer N to ley compared to no N

application. The ley rotation effect on annual crop yields was

not reported.

At Farako-Ba and Koure in Burkina Faso at 11–12 oN,

fallow resulted in 66 and 75% more sorghum grain yield

compared with sorghum following sorghum but fallow did

not increase yield compared with having groundnut (Arachis
hypogaea L.) or cowpea (Vigna unguiculata L. Walp) as the

crop preceding sorghum (Bado et al., 2006) (Table 2). Fertil-

izer including N, P, K, and S was applied to the annual crops.

Fallow resulted in increased SOC and exchangeable Ca. Fal-

low increased soil pH and decreased Al saturation at Farako-

Ba but these properties were not affected at Koure. The fallow

was not described.

At Bondoukuy Burkina Faso at 11.5 ˚N with a mean of 800–

900 mm yr−1 rainfall, 5–7 yr of fallow and Andropogon ley

resulted in an increase of SOC, N, microbial biomass, basal

respiration, and β-glucosidase activity of 64, 35, 76, 141, and

86%, respectively (Bilgo et al., 2007; Table 2). There was no

difference between the fallow and Andropogon. The rotation

effect on annual crop yields was not reported. In a related

study at this location, fallow resulted in 20–50% more maize
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yield compared with continuous annual cropping (Ouattara,

2009).

2.3 Latitude 12–15o

2.3.1 This zone includes the Sahel and the
northern part of the Sudanian Savanna

The average rainfall is 400–500 mm yr−1 with a CV of

25–30% for much of the Sahel with >70% falling in July

and August (Le Barbé & Lebel, 1997). It appears that the

frequency of dry periods during the cropping season has

increased with a negative effect on pearl millet (P. glaucum L.)

grain yield (Wildemeersch et al., 2015), especially soil water

deficits that occur within 40 d of sowing and during grain for-

mation. Average national sorghum and pearl millet yields in

Niger from 2014 to 2018 were estimated to be < 0.5 Mg ha–1

while the mean yield gain since 1980 was estimated to be

5 kg ha−1 yr−1 (FAOSTAT, 2020). Application of fertilizer

plus 2.5 Mg ha−1 yr−1 of manure may increase pearl millet

and sorghum yields by an average of 60% (Garba et al., 2018)

but productivity remains low.

2.3.2 The traditional fallow of the Sahel

Fallow durations have been reduced over time with the aban-

donment of shifting cultivation from up to 25 yr duration to

6–10 yr bush fallow to short fallows of 1–2 yr duration with

about two-thirds of the arable land in continuous cropping.

Gandah et al. (2003) found in southwestern Niger that 60–90%

of pearl millet fields did not receive fallow, manure applica-

tion, or fertilizer application, depending on landscape position

and farmer’s distance to the field.

Hiernaux et al. (2009) reported a mean fallow duration

of 4.8 yr in southwestern Niger. Fallow duration increased

as the farmer’s distance to the field increased. The fallows

were naturally generated and 130 plant species were identi-

fied. The three most common fallow species accounted for

an average of 38% of the ground cover. The species account-

ing for most ground cover were annual grasses Ctenium ele-
gans Kunth and Schizachyrium exile (Hochst.) Pilg., and the

leguminous herb Indigofera strobilifera Hochst. ex Baker.

Annual grasses such as Cenchrus biflorus Roxb. and Aris-
tada mutabilis Trin. & Rupr. that can germinate and pro-

duce seed within 5–6 wk are common for fallow land in the

Sahel. Natural vegetative regeneration of fallow land occurred

slowly (Kessler et al., 1998) and the annual grasses Andro-
pogon pseudopricus Stapf. and P. pedicellatum Trin. gave

25% ground cover after 4 yr. There was an absence of peren-

nial grass species and herbaceous legumes. Fallow land is

typically severely over-grazed which may contribute to the

dominance of short-lived annuals and little perennial grass

survival.

The mean biomass yield of fallow was just 1.3 Mg ha−1,

likely reflecting the role of short-lived annual species, the

absence of perennial grasses, and the effect of over-grazing

on productivity (Hiernaux et al., 2009). Turner et al. (2005)

reported an average of 0.75 Mg ha−1 of palatable herba-

ceous biomass in October, at the end of the rains, including

from fallow and rangeland. In Kolda Senegal at 13.3 ˚N with

1,016 mm yr−1 of rainfall, natural fallow fodder yield was

5.9 Mg ha−1 compared with ley yields of 10.9 Mg ha−1 yr−1

for Andropogon and 8.3 Mg ha−1 yr−1 for P. maximum Jacq.

(Diatta et al., 1997).

Shrubs are an important component of the fallow such

as with about one Guiera senegalensis J.F. Gmel shrub per

100 m2 (Bielders et al., 2002). Woody shrubs of 0–0.5 m

height can spread quickly from 0.2 to 16 plants m−2 in 4 yr

(Kessler et al., 1998). The shrubs are often preserved through

the cropping period and into the next fallow as crop growth

is often best in the near vicinity of shrubs (Dossa et al., 2012,

2013) including leguminous Philiostigma reticulatum (DC.)

Hochst. and G. senegalensis with its hydraulic lifting prop-

erties (Bogie et al., 2018). The shrubs are often browsed and

branches are periodically harvested for wood. The shrub com-

pared with the herbaceous component of grazed natural fal-

low on sandy soils in the Sahel may contribute more to sys-

tem productivity. However, Bowden (1963) reported that a 3-

yr Andropogon ley established from rooted-tillers was more

effective in increasing annual crop yields than shrub fallow

at Yandev Nigeria. Tree species such as Faidherbia albida
(Delile) A.Chev. as a legume with reverse phenology are also

important to these systems but are hard to establish with

heavy grazing.

A major challenge to cropping system improvement in the

Sahel through the use of fallow or ley rotations is uncontrolled

grazing including severe over-grazing during the rainy sea-

son and grazing any remaining palatable plant matter remain-

ing during the dry season including the crowns of perennial

grasses (Thëbaud & Batterbury, 2001). Local governments

often have the power to protect land, such as land in ley rota-

tion, from grazing. The benefits of ley rotations will need to

be great enough to overcome the traditional practice of uncon-

trolled grazing of uncultivated lands.

2.3.3 Fallow and land productivity

Hiernaux et al. (2009) reported on the monitoring of 71 fields

in the Fakara area of southwestern Niger for land use and pro-

ductivity from 1994 to 2006 (Table 3). Annual crop yields

were very low and were found to be declining by 5% yr−1

with continuous production. Rotation of several years of

annual crops with several years of fallow declined over time
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with fallow area decreasing by about 1.5% yr−1. The mean

cropping period was 4.6 yr but 9.1 yr for more intensively

managed fields. With no fertilizer applied, crop yield was

about 33% higher for the 3 yr following fallow compared with

the mean for 4–8 yr after fallow. No results were reported for

fallow effects with fertilizer or manure applied or how the crop

response to fertilizer was affected by fallow.

In a survey of 40 fields in Niger, De Rouw and Rajot (2004)

found that with fertilizer or manure applied, grain yields were

highest with fields under continuous cultivation and no recent

history of fallow and lower yield following 3–5 yr compared

with >10 yr fallow (Table 3). However, the study did not

account for factors affecting farmers’ land-use decisions.

2.3.4 Fallow, soil improvement, and
crusting

Total dustfall in the Sahel could average 0.2 mm per year but

much more for lands with vegetative cover (Herrmann, 1996;

Orange & Gac, 1990). Sediment gain with fallow can be great

with even a single windstorm (Table 3; Hiernaux et al., 2009).

Samaké et al. (2006) reported a substantial gain in SOC which

persisted over 4–7 yr of annual cropping. In Senegal, Masse

et al. (2004) in a comparison of naturally regenerated, planted

Andropogon or planted Acacia holosericea A.Cunn ex G.Don

fallows, SOC, and nutrient availabilities during the annual

crop phase were similar. The highest pearl millet yield was

with treatments with the largest amount of biomass burned at

the end of the fallow.

Bielders et al. (2002) reported on wind erosion and sed-

iment trapping by fallow strips in southwestern Niger with

sandy soil (Table 3). The fallow was simply described as bush

fallow with dense herbaceous vegetation and about one G.
senegalensis shrub per 100 m2. No details of the height or

density of the fallow vegetation, or if and how it was grazed,

were provided. In a single windstorm, pearl millet [Pennise-
tum americanum (L.) Leeke] cropland lost 17.5 Mg ha−1 sed-

iment with a linear increase in the erosion rate for up to 75 m

of field width. The adjacent fallow land gained 10.5 Mg ha−1

with 89% of that trapped within the first 20 m and 55% within

the first 10 m. In the fallow area, clay content was 120%

more and SOC was 64% in the 0-to-2-cm soil depth for 10–

40 m compared to 0–5 m into the downwind fallow strip. The

authors suggest that grass fallow strips of 20 m width can be

very effective in reducing the loss of sediment with <0.05 mm

diam., including SOC and nutrients, if perpendicular to the

prevailing wind during a windstorm. However, wind direc-

tions vary and strips of >20 m width may be desired.

Soil crusting of the sandy soils and its effect on water infil-

tration and runoff is of great concern in the Sahel with maybe

13% of rainfall lost as runoff for crop production land of 2–

2.5% slope in Niger (Rockström & Valentin, 1997). The infor-

mation on crusting is, however, fragmented and incomplete

(Valentin et al., 2004). Graef and Stahr (2000) reported that

the percentage land area with crusting averaged 19% for con-

tinuous millet, 7% for the pearl millet–cowpea intercrop, and

9% for pearl millet–fallow rotation. They found the dominant

crust type to be structured as depositional laminated crusts

with coarse sand on top, a vescular fine sandy layer and a seal

of fine particles at the bottom (Valentin, 1994). The next most

common crust type was an erosion layer with a smooth sealed

surface of fine cemented particles resulting from slaking and

disintegration of dry soil aggregates when suddenly wetted.

Both of these crust types increased with increased soil sand

content and decreased with increased SOC.

Valentin et al. (2004) reported on the examination of the

sandy soil surface conditions of 34 plots in southwestern

Niger. Fallowing did not consistently improve soil physical

properties. Erosion crusts covered 2% of the cropland but this

increased to 5% during the first 3 yr of fallowing and then to

about 13% after 7 yr of fallow. The increase in crusting during

fallow was attributed to increased clay and silt content in the

surface soil.

Water runoff and infiltration effects of fallow for sandy

soil in the Sahel were reviewed by Valentin, Rajot and Mitja

(2004). Runoff was 23% of precipitation for fallow compared

to 5% from a cultivated pearl millet field at Banizoumbou,

Niger, and 51% for fallow compared to 33% from a pearl mil-

let field at Oursi, Niger. The fallow effects on the maximum

runoff coefficient measured for a shallow sandy loam soil at

Saria, Burkina Faso, however, were 60% for a sorghum field,

30% for fallows of 1–4 yr and 5% for a fallow of >30 yr. Water

erosion loss was >1,000% more for the sorghum field than for

fallow. The conflicting fallow effects on runoff were attributed

to the clay+silt content at the surface of sandy soil which

increased during fallow due to sediment accumulation. The

crusting for sandy soil was great when the clay plus silt con-

tent was around 10% but much less with <5% or >15% clay

plus silt content. When the soil clay plus silt content is well

above 10% as with the sandy loam at Saria, runoff is much

reduced by fallow. Blue-green algae can colonize soil crusts

when the soil clay plus silt content is >5% which helps to con-

solidate the crusts. Such algae “biocrusts” can protect small

particles from loss to water and wind erosion but also reduces

the water infiltration rate (Malam-Issa, 1999). Algae crusts

of sandy soil were of relatively low importance for cultivated

land but greater importance with fallow (Valentin, 1994).

Moderate, but not high, grazing and trampling decreased

crusting of sandy soil in fallow compared to no grazing (Hier-

naux et al., 1999). When compared to the non-grazed control,

soil pH, organic C and N concentrations, and to a lesser extent

P concentration, decreased after 4 yr of grazing. Soil P and

pH further decreased after 9 yr of very high grazing pressure.

If alternating ley and cropland strips are perpendicular to the

slope, runoff due to reduced infiltration rate in fallow may be



WORTMANN ET AL. 11

harvested in the crop strip to supplement the water received

directly from rainfall (Valentin et al., 2004).

2.4 Ley fodder

Some annual crop yield gain is expected with ley rotations and

often following naturally generated fallow as written above.

This gain, however, did not occur consistently and maybe less

with higher latitudes, less rainfall, and sandy soils. The yield

gain generally was not enough to compensate for the loss of

annual crop production when the land is in fallow. There-

fore, fodder yields and fodder values will be important to the

profitability of ley rotations. The soil productivity gains may

be greater with well-managed perennial grass-based ley than

with natural fallows, but information for ley rotations north of

12o latitude such as in the Sahel is relatively scarce as most

studies were with fallow rotations (Table 3).

The ley rotation studies often did not report grass yields.

Stephens (1960) reported yields as high as 32 Mg ha−1 yr−1

for elephant grass in humid Ghana and 16 Mg ha−1 yr−1

for Andropogon in semi-arid northern Ghana. Elephant grass

yield during a 3-yr ley was about 10 Mg ha−1 yr−1 in Uganda

(Table 1; Foster, 1971). In Benin on sandy soil, P. maxi-
mum Jacq. and Andropogon were established at 50-cm spac-

ing by planting four to five rooted-tillers hole−1, and elephant

grass was established by planting stem cuttings at 1 m spac-

ing (Adjolohoun et al., 2008). No fertilizer was applied. The

3-yr average annual yield was 7.3 Mg ha−1 for P. maximum
Jacq., 5.9 Mg ha−1 for Andropogon, and 4.2 Mg ha−1 for

elephant grass. Hay yields on sandy soil of Andropogon at

Katsina, Nigeria, were 3 Mg ha−1 yr−1 with no fertilizer and

11.4 Mg ha−1 yr−1 with fertilizer applied (Bowden, 1963).

However, the fodder yield potential in the Sahel is expected

to be relatively low and many perennial species may fail to sur-

vive the long dry season with sandy soil. Much of the fodder

marketed in Niamey, other than crop residues, is from annual

grass species (Gomma et al., 2017). Andropogon is a peren-

nial grass exception that is common in the Niamey markets

although it is marketed primarily as reeds for making mats.

Andropogon does provide good quality fodder if cut regularly

(Bowden, 1963). Important to the Sahel is that Andropogon

propagated from rooted tillers planted at 0.5 by 1 m spacing

resulted in the good establishment with rapidly expanding tus-

socks so that it soon provided good ground cover (Bowden,

1963). Andropogon survives long dry seasons, tolerates burn-

ing well, gives growth with the earliest rains, and forms a deep

root system allowing much growth after cessation of the rains.

There is ample evidence of high demand for fodder in urban

and peri-urban areas and along the main roads to urban areas

(Gomma et al., 2017; Samireddypalle et al., 2017). Improved

availability of good quality fodder is needed. About 50% of

the fodder marketed in Niamey was crop residues with the

remaining mostly naturally occurring vegetation that was cut,

dried, and transported from non-cropland including fallow

and rangeland. The stalks of pearl millet and sorghum were of

relatively low nutritional and market value and crop residue

of cowpea and groundnut was of relatively high value with

most other fodder types of intermediate value. The market

price ranged from about 20–150 CFA kg−1, depending on

the fodder type and time of year, with an average price of

99 CFA kg−1 (the mean exchange rate in 2017 was about 560

CFA US$−1 giving an average fodder value in urban areas of

about $177 Mg−1). Increased ley area can contribute to meet-

ing the growing demand for fodder while providing an alterna-

tive source of income for farming households and improving

the sustainability of cropping systems.

In Kenya where >80%f of the milk supply is from small-

holders, confined smallholder dairy production in the Kenya

highlands has continued to grow at about 6% per year demon-

strating high demand for milk (Odero-Waitituh, 2017). These

dairy systems typically integrate ley such as of elephant grass

or Brachiaria spp. in the cropping systems as strips through

fields or in fodder lots with manure applied to the ley or

other cropland.

3 DISCUSSION

3.1 Interpretation of the research findings
for future African agriculture

The results conducted in the 0–5o latitude zone found substan-

tial yield increases following ley or fallow although generally

not enough to fully compensate in terms of grain yield for

the years with no annual crop production. However, returns

to labor was increased. While ley yields were not reported,

the ley was often grazed or hayed implying significant pro-

duction. Results from other work indicate that grass yields

may be >10 Mg ha−1 yr−1 if fertilized (Bowden, 1963; Foster,

1971; Stephens, 1960). Significant persistent soil improve-

ments resulted from ley for clay loam soil (Foster, 1971;

Stephens, 1967). Samaké et al. (2006) reported a persistent

improvement in SOC due to fallow for sandy soil in the Sahel

but others reported less benefit to soil properties for sandy

soils in the 5–12o and 12–15o zones even though ley yields

can be substantial with good response to fertilizer application

(Adjolohoun et al., 2008; Bowden, 1963; Stephens, 1960).

Observations were not made on erosion but the potential

was likely reduced by good vegetative growth during ley and

increased annual crop growth.

The full ecological benefit of ley rotations probably was

not achieved in past research in tropical Africa. Greater and

longer-lasting benefit is expected with less or no tillage which

leaves plant residues on the soil surface as mulch and pro-

tection against erosion and does not bury the surface soil
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with improved soil aggregation (Carvalho et al., 2010; DuPont

et al., 2014; Ernst & Siri-Prieto, 2009; Garcia-Prechac et al.,

2004). Annual crops following ley may be more responsive

to fertilizer use (Stephens, 1960) as well as giving greater

returns to land and labor but there was no cropping sys-

tem x fertilizer interaction in other studies (Foster, 1971;

Stephens, 1960).

In Uganda, a 3:3 yr ley/annual crop rotation in strips across

the field, of maybe 30-m width, was recommended (Stephens,

1970). Ley rotations were recommended for the Kenya high-

lands and 22% of the lands were found to be in ley in the Uasin

Gishu area where 65% of arable land was planted to maize

and dairy was important (Clayton, 1956). Planting perennial

grasses such as elephant grass or a Brachiaria spp. in strips

across arable land or in fodder lots, which may be rotated

with annual crops, is common with smallholder dairy farm-

ers in Kenya (Odero-Waitituh, 2017). Such strip farming may

be a good option for other parts of tropical Africa. The strips

can reduce water and wind erosion from cultivated lands

with trapping of sediment, SOC, and nutrients (Rockström &

Valentin, 1997; Valentin, Rajot & Mitja, 2004). Grass bands

through annual crop fields increased rainwater capture and

reduced soil erosion in Burkina Faso which reduced the nega-

tive effect of drought on crop yield and revenue (Traoré et al.,

2020). The alternating strips of ley can provide easy access

to rooted tillers and stem segments for vegetative propagation

of new ley. Ley rotations conducted as strip cropping may be

easier to protect from grazing livestock due to the tradition of

respecting annual crop fields.

Grazing control will be essential to successful ley rotations.

In many places, fields are opened to uncontrolled grazing

at some time during the dry season. The grazing of grass-

lands is often uncontrolled throughout the year. Such man-

agement or lack of management is incompatible with suc-

cessful ley rotation. Local governments can often impose

restrictions on grazing but opposition may be strong. The

value of ley rotations needs to be demonstrated to overcome

such opposition.

3.2 Research and extension for ley rotation
improvement

Research and extension are first needed to demonstrate the

value of ley rotations in areas with high demand for the

fodder. Given that ley rotation experimentation can require

years and much land, experiential learning may be the main

approach to gaining information for fine-tuning ley rotations.

This may involve establishing the rotations such as through

strip cropping on farmer fields and at research centers which

may not be experiments with replication and randomization

but opportunities for systematically making and interpret-

ing observations. Farmer participation in such research may

be valuable, including for evaluation of socio-economics of

the rotations.

The research is needed to optimize ley rotations including

species and varieties for the ley phase, ley management and

harvesting, duration of the ley, the transition between phases,

annual crop sequence, and use of fertilizer and other inputs

throughout the rotation cycle. Vegetative propagation for ley

establishment, such as with rooted-tillers or stem segments,

is likely to be best for many situations, especially where soil

crusting and unreliable soil water availability during seedling

establishment is a great concern. However, sowing seed may

be most appropriate in other situations, including the possi-

bility of establishing the grass while producing a maize crop

where rainfall amount and distribution is adequate (Edwards,

1941). The duration of ley may partly be subject to the current

demand for fodder compared with the annual crop produced.

Optimized ley duration may be longer in the Sahel than in

more humid areas anticipating slower establishment and the

need to avoid much investment of labor ha−1 for such low pro-

ductivity lands. With strip ley rotations, strips may be gradu-

ally converted to annual crop production so that an 18-m wide

strip in a 3-yr rotation may have 6 m yr−1 converted to crop-

land each year while providing planting material to add 6 m

to the other side of the ley strip.

Generally in past research, the crop that followed ley

or fallow was a non-legume but planting of an N2-fixing

legume may be a better choice to reduce problems asso-

ciated with fertilizer-N immobilization (Wortmann et al.,

2019). Differing with most past fallow and ley studies in

tropical Africa, fertilizer use is likely to be a component

of future ley rotation research and extension promotion.

While crusting is a problem associated with grazed natu-

ral fallows on sandy soils of the Sahel, it is anticipated

that this problem will be reduced and soil improvement

enhanced with well-managed ley such as with the tussocks of

Andropogon.

Avoiding or minimizing tillage is likely to be important to

ley rotation management for enhancing and preserving the

soil benefits gained during the ley phase (Carvalho et al.,

2010; DuPont et al., 2014; Ernst & Siri-Prieto, 2009; Garcia-

Prechac et al., 2004). The low tillage management is likely

to require some herbicide use to terminate ley although shal-

low sweep tillage may be feasible for sandy soil. Research is

needed for better targeting of ley rotations in consideration of

agronomic and economic factors. Ley rotations may be more

valuable for lands that are marginal for annual crop produc-

tion and where runoff and erosion potential are high (Wort-

mann et al., 2019). Soil that was much eroded is likely to have

SOC well below the SOC saturation level with high potential

to sequester SOC during the ley phase with likely benefits to

soil physical, chemical, and biological properties. However,

fodder market demand will be very important to the targeting

of ley rotations.
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F I G U R E 2 Generalized systems assessment of continuous annual cropping compared to annual cropping rotated with ley perennial grass

(Stewart et al., 2018)

3.3 Systems assessment

Using a farming systems approach, it is clear that ley

perennial rotations offer numerous benefits over continuous

annual cropping (Figure 2). In general, ley perennial rotations

improve long-term (i.e., over 3–5 yr) annual grain yield, qual-

ity fodder yield, fertilizer use efficiency, soil fertility/SOC,

erosion reduction, water infiltration, crop diversity, return to

labor, resilience (i.e., ability to bounce-back from shocks such

as climate extremes), and likely profitability and profit stabil-

ity. These synergies can likely be further enhanced with peren-

nial grass leys compared with traditional fallows, when fertil-

izer is applied to the ley crop or annual crops, and reduced or

no tillage used for ley termination and annual crop production.

However, there are two primary tradeoffs that need to be mini-

mized before ley rotations would be readily adopted and begin

to reverse declining productivity of African farming systems.

First, short-term losses in annual grain production are hard to

justify for many smallholder farmers. Substantial profit poten-

tial in fodder markets is needed to diminish this tradeoff. Sec-

ond, loss of ley biomass to open grazing reduces the overall

return to the farmer. Policies or agronomic practices that pre-

vent this loss, such as local policies and with ley – annual

crop strip cropping, will be needed to minimize this tradeoff.

The magnitude of these tradeoffs and synergies across produc-

tivity, economic, environmental, human, and social dimen-

sions will vary by location but in general, ley perennial rota-

tions have many of the required traits required to sustainably

intensify smallholder farming systems in many areas of trop-

ical Africa.

4 CONCLUSIONS

Opportunities for perennial grass ley rotated with annual crop

phases as a means to improve farming systems are abun-

dant in Africa. While land for annual crop production is

often scarce, ley rotations are a means to reverse the com-

mon occurrence of soil degradation, sustainably improve soil,

and increase annual crop yields and often yield response

to fertilizer application. Perennial grasses develop extensive

root systems that sequester C for increased SOC, cycle deep

nutrients and water, and improve soil physical properties.

The aboveground and belowground grass growth protects soil

from wind and water erosion and traps sediment such as har-

mattan dust. Demand for fodder, which in many places is

increasing, offers the opportunity for ley rotations to pro-

vide economic growth, diversification, and stability. Further

research is needed to fine-tune the targeting and management

of ley rotations for diverse cropping systems and environ-

ments, and to better understand the system edaphic, agro-

nomic, social, and economic interactions. Barriers to adop-

tion may be more social and political rather than bio-physical

limitations. A major concern in many places is the practice of
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uncontrolled over-grazing of arable lands during the dry sea-

son which could be very damaging to ley but this can often be

managed by local government policies. Agricultural produc-

tivity and sustainability in Africa can often be improved by the

introduction of ley rotations with reduced erosion and runoff,

sediment trapping, increased SOC and other soil improve-

ment, higher crop yields and responsiveness to fertilizer, fod-

der supply, and enhanced economic growth, diversification,

and stability. Information needed to fine-tune ley rotations

may be most efficiently gained through experiential learning

from the practice of ley – annual crop strip cropping with

farmer participation in the research.
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