Effect of Cover Crop on Soil Physical and Chemical Properties -

of an Alfisal in the Sudan Savannoh of Burkina Faso.
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The effect of several leguminous and graminaceous cover crops on

ABSTRACT

soil physical and chemical proper.fies was studied on a moderately eroded
Alfisol in the Sudan Savannah @f Burkina Faso during the growing seasons
of 1986 and 1987. Cover crops sown in 1986 were Macroptilium

artropurpureum, M. lathyroides, Vigna radiata var. radiate, Cajanus cajan,

Alysicarpus vaginalis, Lablab purpureus, Psophocarpus palustris, Digitaria

ciliaris and Echinochloa colona. Maize (Zea mays), cowpea (V. unguiculata)

and a bare fallow were included in the trial for comparison. After harvest
of maize and cowpeq, following farmer practice, crop residues were removed
from the plots. Cover crop residue, however, .WGS retained as in situ mulch.
Maize was sown on all plots in 1987 following cultivation of a 0.20m wide

strip to a depth of 0.05m within plant rows {strip tillage). No herbicide

was used at any time during the trial.

Soil properties measured were bulk density, water infiltration, particle
size distribution, soil OM, carbon, nitrogen, Bray-1-P, exchangeable Ca, Mg,
Na and K, total CEC, soil water potential and soil water refenfior{ at depths
of 0.30 and 0.60m, ond soil temperature at .c depth of 3@-mm. Apparent
pore size distribution at depths of 0.30m and 0.40m was inferrred from
porosity and soil water retention characteristics. Ground cover of cover crops
was measured in 1984, Root growth of cover crops in 1986 and of maize
in 1987 was measured by sampling with an auger at depths of 0-0.10m,
0.10-0.20m, 0.20-0.30m, 0.30-0.50m and 0.50-0.75m, and 'washing' the
samples over sieves with aperture diameters of 0.2 mm.

Clay content in treatments sown to C. cajan, Z. mays, A. vaginalis

and bare fallow were greatest due to loss of topseil and exposure of the

clay-rich subsoil. sowing of M. artropurpureun and M. lathyroides resulted,
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in general, in greater levels of soil OM, carbon, C/N ratio and exchangeable
K, higher infiltration rates, greater proportion of macropores (pore‘m;(:-‘)ﬂS 14.3}"")
and soil matric potential at depths of 0.30m and 0.60m, and higher subsoil
root growth, grain and dry matter yields 4f maize in 1987. Significant

increases of the above soil properties, root growth and yield of maize

were also obtained by sowing of P. palustris, L. purpureus and E. colona

Soil degradation was greatest where treatments in 1986 were either C. cajan
or bare fallow. Sand and silt contents, exchangeable Ca, Mg, and Ng, total
CEC, soil N, Bray-1-P, and total porosity were not significantly affected

by cover crop. Soil ameliorative ability of cover crop was primarily related
to rapidity of formation of ground cover and subsoil root density. In terms of

soil ameliorative abilities of the cover crops studied, M. lathyroides and

M. artropurpureum were therefore, the most appropriate for the Sudan

savannah of Burkina Faso.



INTRODUCTION

A feature of the upland soils of the West African semi-arid fropics
(WASAT) (primarily Alfisok)is high soil compaction (Perrier, 1984; Jones
and Wild, 1975) Soil bulk density increases from 1.4 Mg m™> {porosity =
)

at a depth of 1.00m (Perrier, 1986).' Available water' (i.e. water storage

47% m° m_3) at the surface to 1.8 Mg m™> (porosity = 32% m> m

capacity) is, therefore, low. The compacted subsoil also results in low or
negligible root densities in the subsoil (Nicou and Charreau, 1985; Hulugalle,
1988). The soil volume from which water extraction can occur is, therefore
small. The effects of the short-term droughts which frequently occur during
the growing season in the WASAT (Jones and Wild, 1975; Roose, 1981;

Muleba, 1986) are, consequently, greatly exacerbated.

Research on ameliorating scil compaction and improving scil water
storage in the WASAT has, in the past, concentrated primarily on intensive
tillage and soil medification systems (Fournier, 1947; Nicou and Charreau,
1985; Matlon and Spencer, 1984; Rodriguez, 1986; Hulugalle, 1988). Adoption
of such systems by farmers in the WASAT has been poor, primarily due to
lack of capital and labour (Matlon and Spencer, 1784; FSU/SAFGRAD, 1987).
Alternative systems of soil amelioration which have been studied include the

use of crop residues as in sifu (Fournier, 1967; Roose 1981; Nicou and

Charreau, 1985; Perrier, 19864). While in situ crop residue mulch in sufficient
quantity is highly effective in reducing water runoff and improving soil .
properties (Fournier, 19467; Roose, 1981; Nicou and Charreau, 1985),

production of insufficient residues by crops in the WASAT and their utilisation
for stock feed and building materials (FSU/SAFGRAD, 1987; Dugue, 1985;
Prudencio, 1987) means that at present use of crop residue as mulch is not

a viable proposition for the WASAT.



The problem of insufficient mulch has been solved in the North
Australian semi-arid tropics and in the more humid regions (1000-1500mm
rainfall) of the West African and .Asion tropics by utilizing no-tillage or
minimum tillage systems alternating with periods of legume or grain leys
(Lal, 1983; Jones and McCowan?\‘1984; Abeyratne; 1958). Such systems of
soil management increase crop yield while concurrently improving soil
properties (Lal, 1983; Wilson et el., 1982). Improvements in soil properties
include increases in soil porosity, water infiltration profile water content,
soil water retentior organic matter, exchcngecb‘le bases, total cation exchange
capacify, pH, nitrogen and available phosphorus, and decreases in soil
temperature (Lal, 1983; Wilson et al., 1982; Hulugalle and Lal, 1986). Such

improvements are related primarily to inclusion of deep-rooted cover crops

in the crop rotation (Wilson et ol ., 1982; Lal, 1983; Hulugalle and Lal, 1984).

The degree of soil amelioration is, however, dependent upon the cover
crop used. In the humid Alfisols of West Africa leguminous cover crops
were superior to grassés. Among leguminous cover crops ameliorative ability

of Psophocarpus palustris was superior to those of Puercria phaseoloides,

Stylosanthes guianensis, Stizolobium deerangium and Centrosema pubescens

(Wilson et dl., 1982). In Northern Australia Stylosanthes hamata cv. verano

has shown promise as a cover crop (Jones and McCowan, 1984). Little
published information exists, however, on suitable cover crops for the Sudan
and Sahel savannahs of the WASAT. The objective of this study, therefore,
was to evaluate several leguminous and graminaceous cover crops in terms of
their soil amelioration abilities for inclusion in rotations with cereal crops

under minimum (strip) tillage in the Sudan savannah of Burkina Faso.



MATERIALS AND METHODS

The experiment was conducted during the growing seasons of 1984 and
1987 at Koamboinse Research Station, 14 km north-east of Ouagadougou, Burkina
Faso (12) 28' N, 1° 33" W, 300m ASL)..Mean annual rainfall is 762mm (Perrier,
1986) with the rainy season extending from June to Sepfember. Annual rainfall
in 1986 and 1987 was 813.46 and 652.3. mm, respectively. The soil at the
ex‘perimenfol site was a kaolinitic, hyperthermic oxic Paleustalf with a sandy
clay loam topsoil and sandy clay subsoil (Smaling, 1985). Particle size analysis
indicated that the surface 0.10m consisted of 32% s;cmd, 45% silt and 23% clay.
CEC (IN Ammonium accetate, pH 7) was to m mol (+) kg_dI with Ca, Mg and K
accounting for 20, 7 and 4 m mol (+) kg_1, respectively. Soil pH (H,0) and

organic matter were 4.0 and 0.6%, respectively. The -experimental site had been

previously under a maize monoculture for a period of 5 years. Few soil conservation

measures has been taken and the site was, therefore, moderately eroded.

The experimental treatments in 1986 were maize (Zea mays cv. Safitta-2),

bare fallow, cowpea (Vigna unguiculata cv. TVx 3236), jungle rice (Echinochloa

colona cv. Kamboinse loccl),/ fonio (Digitaria ciliaris cv. Kamboinse local), wild

winged bean (Psophocarpus p‘dlus‘rris), pigeonpea (Cajanus cajan), tropical alsike

clover (Alysicarpus vaginalis), mung bean (Vigna radiata var. radiata),

siratro (Macroptilium artropurpureum cv. Siratro), M. lathyroides cv. Kamboinse

local, and Lablab orhyacinth bean (Lablab purpureus cv. Highworrh).  The

experimental design was o randomized complete block with 4 replications.

Plot size was 4 x 5 m. All plots were cultivated to a depth of 0.05m with 'daba'
handhoes prior to planting. Fertilizer was broadcast as 200 kg hc:nlI of 13:20:15
NPK at planting. In oddition 100 kg ha™! of urea was applied to all maize plots
as a side-dressing at 30 days after planting (DAP). Plant densities, spacings and

populations are shown in Table 1. Sowing was dore on 13 June 1986. After harvest at 90 DAP,



Table 1. Plant densities and populations of cover crops in 1986.
Cover Crop Spcsilr?gzm) dzrl'g?ffy EE:IC;T ;) pogicllg:ion g::’_nf‘;)
Zea mays 0.75 x 0.25 1 533 x 10*
Vigna unguiculata 0.75 x 0.25 2 1.07 x 10°
Bare fallow - 0" _ 0
Cajanus cajan 0.75 x 0.25 1 533 x 10%
Pigltaria ciliaris 0.75 x 0.01 1 1.33 x 10%
Echincchloa colona 0.75 x 0.01 1 1.33 % 106
Alysicarpus vaginalis 0.75 x 0.01 _ 1 1.33 x 10%
V. radiata var. radiata 0.75 x 0.25 2 1.07 x 10°
Mocroptiliun artropurpureim 0.75 x 0,01 1 1.33 x 10%
M. lathyroides 0.75 x 0.01 1 1.33 x 10%
Psophocarpus palustris  0.75 x 0.25 2 1.07 x 10°

Lablab purpureus 0.75 x 0.25 2 1.07 x 10




following local farmer practice, maize and cowpea residues were removed
from all plots. Plant residues from all other treatments were retained as

in situy mulch.

Maize (Zea mays (L.) cv. Safita 2) was sown in all plots in 1987 at
spacings of 0.25 x 0.75m at a population of 5.33 x 10‘4 plants h0_1. Prior to
planting a 0.20m strip was cultivated to a depth of 0.05m within plant rows
with ‘doba' handhoes. Fertilizer was opplied af the sare time at a rate of 200 kg ha | of

13:20:15 NPK. Ukea was applied as a side-dressing at a rate of 100kg hq_’I at 30 dap. All plotsvere
weeded at 10 and 40 DAP with 'daba' handhoes. An additional weeding

was required at 55 DAP on plots sown to E. colona and D. ciliaris in 1786.

Care was taken to minimize disturbance of the residue mulch during
weeding. At no fime during the trial were weeds controlled by herbicide

application. Maize was harvested af 85 DAP in 1987,

Ground cover was measured following the meter-rule method of Adams
and Arkin (1977), at 47, 64 and 82 DAP in 1986. Root growth was measured
at 46 DAP in 1984 and 37 DAP in 1987 at depths of 0-0.10, 0-10-0.20,
0.20-0.30, 0.30-0.50 and 0.50-0.75 m by sampling within plant rows with an
‘Edelman' or 'Dutch' auger of a diameter of 75 mm. The roots were

separated from the soil by 'washing' over a sieve with apertures of 0.2 mm,
and oven-dried at 80°C over a period of 48h (Bohm, 1979). The results

were analyzed following log transformation (Brown and Scott, 1984).

Soil bulk density was measured on cores of 50 mm diameter and 50 mm
high taken from the 0-0.05m depth within and between plant rows in
August and September 1984, and June 1987; and from the 0.28-0.33m and
0.58-0.63m depths within and between plant rows in October 1987, In addition
bulk density in the 0-0.10m depth between plant rows was measured in
August 1987 on cores of 70 mm diameter and 100 mm high. At each time

of sampling 4 cores were taken from each plots. Total porosity was derived



from the relationship, Total porosity = 1 - (bulk density/particle density)
where particle density was taken to be 2.65 Mg m_3 (Marshall, 1959;
Campbell, 1985). Water infiltration o.ver 2 hours wasmeasured with a double-ring
infiltrometer in January and OctoBer 1987. Diurnal variation in soil temperature
“at @ depth of 30-mm was measured within plant rows with mercury-in-glass
bent-stem soil thermometers at 24, 25, 26, 45, and 70 DAP in 1987. Due to
insufficient thermometers af 24, 25 and 26 DAP ‘the trial was split into 3 groups
and soil temperature measured over 3 days, with that in plots where maize was
planted in 1986 being measured on all 3 days. Dial-type vacum-gauge
tensiometers were installed at depths of 0.30m and 0.60m in all plots during
1987 and observations of soil water potential were made at 0700h every 2-3
days during the growing season. For reasons of _cqui’ry only observations 'mode
at 7, 14, 21, 28, 32, 39, 46, 56, 63, and 70 P have been presented (Figs 6 and 7).
Following maize harvest, sub-plots of 10 m 2 in each plot were saturated fto

.a depth of 0.60m and in situ water retention curves derived following Bonsu

and Lal (1982) for the 0.30m and 0.60m depths. Apparent pore size distribution
was inferred from total porosity and soil water retention characteristics

using the surface tension relationship h = 0.298/d where h is soil water potential

(-cm water) and d is pore diameter (em).

Composite soil samples were obtained from the 0-0.05m depth of all plots
in March 1987 and analyzed for particle size distribution (hydrometer method)
(Klute, 1984), soil organic matter and carbon (Walkley-Black method), pH (1:2.5)
soil: water suspension), exchangeable Ca, Mg, K and Na, and total CEC (IN
ammonium acetate, pH 7), total N (Kjeldahl analysis) and Bray-1-P (Page

et dl.,, 1982).

All data was analyzed following analysis of variance for RCB design. Means
were separated by Duncan's Multiple Range Test (Little and Hills, 1978;

Petersen, 1977).



Table 2. Effect of depth on root weight per unit area of cover crop at 446 DAP in 1984.

Root growth perunit area {kg ha“1)

Cover crop

0-0.10m 0.10-0.20m  0.20-0.30m 0.30-0.50m 0.50-0.75m
Zea mays 620a 510a 580a 260a 0d
Vigna unguiculata 860a - 350a 130bc 100a 0d
Cajanus cajan 390a 450a 180abc 80a 0d
Digitaria ciliaris 860a " 940a 240ab 220a 25c
Echinochloa colona 600a 810a 430c 220a 75bc
Alysicarpus vaginalis 530a 4200 300a 120a /621
V. raodiata var. radiatg 640a - 300« 70c 100a od
Macroptilium artropurpureum 480a 260a 230ab 260a 125a
M. lathyroides 1100a 620a ' 510a ~ 440a 175a
Lablab purpureus 510a 400a 2600‘b 280a 100ab
Phosphocarpus palustris 550a 420a " 330¢ 600a 120a

P < NS NS 0.05 NS 0.01

1. Values within the same column followed by the same letter do not differ significanly at the 5% level of
probability (Duncans Multiple Range Test).
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RESULTS AND DISCUSSION

Growth of cover crops during 1986

Vegetative growth measured as ground cover occurred most rapidly

with Lablab purpureus,, Echinochloa colona and Macroptilium artropurpureum

(Fig. 1). Growth of Digitaria ciliaris and Psophocarpus palustris although initially

slow, increased subsequently such that ground cover at é5 DAP was similar

te L. purpurevs , E. colona and M. artropurpureum. The slowest rate of growth

was shown by Cajanus cajan and Alysicarpus vaginalis.

Root growth measured at 46 DAP showed that subsoil (X 0.30m) root
densities were low in all crops (Table 2). This is due to the high density
subsoil (bulk density  1.65 Mg m—3) which is characteristic of the Alfisols in
the West African Sudan savannah (Jones and Wild, 1975; Perrier, 1984). Among
cover crops root density in the 0.30-0.75 m depth was greatest with

M. artropurpureum, M. lathyroides, L. purpureus and P. palustris. Root density

at this depth was lowest in Vigna unguiculata, V. radiata, C. cajan and A. vaginalis.

Soil properties

particle size distribution

Sand and silt contents in the surface 0.05m were not affected sigrificantly
by the preceding cover crop, whereas clay content was (Table 3). Mean sand
and silt contents were 36.6% and 47.2%, respectively. Clay content was affected
by cover crop such that a low degree of ground cover earlier in the season
resulted in a greater clay content in the surface 0.05m thus:

Clay (%) = 20.50 - 0.10 GC, r = =-0.66***, n = 48;
where GC is ground cover (%) at 47 DAP. In treatments which did not form

a ground cover rapidly (eg. bare fallow, C. cajan, A. vaginalis), therefore, loss

of topsoil occurred such that the clay-rich subsoil (Smaling, 1985) became exposed.



Table 3.

ratioc (C/N), pH and exchangeable potassium. (K) in the 0-0.05 m depth on 10 March 1987.

Effect of preceding cover crop on clay content, soil organic matter (OM) organic carbon (C), carbon/nitrogen

oM

R i %) ) e (ol () kg™
Zea mays 17.6ab 0.39d 0.23d 5.5¢ 5.4c 1.9¢
Vigna unguiculata 14.-1c" 0.60bc 0.35bc 9.4ab 5.6bc 1.7d
Bare fallow 19.5ab 0.34d 0.21d 5.2¢c 5.6bc 2.2bcd
Cajanus cajan 20.1q 0.56bcd 0.32bed 7.9abc 5.6bi:/\)l 2.3bed
Digitaria ciliaris 15.6b 0.79abc 0.4%abe 106 ab 6.0a 2.7abc
Echinochloa colona 14.9¢ 0.46cd 0.27cd 5.6c 5.9ab 3.5a
Alysicarpus vaginalis 17.8abc 0.39d 0.23d 5.0¢c - 5.7abc 2.5bed
V. radiata var. radiata 15.4be 0.6éabcd | 0.38abced 8.0abe 6.0ab 2.3bcd
Macroptilium artropurpureum 15.6bc 0.96a 0.57a 10.7a 6.1a 3.1ab
M. lathyroides 13.7¢c 0.7%abc 0.4%9abc 10.2ab 6.0ab 2.2bcd
Lablab purpureus 13.4¢c 0.82ab 0.47ab 10.2ab 5.9abc 2.5bc
Psophocarpus palustris 17.0abe 0.63abcd 0.37abed 7.1bc 5.7ab 2.3bed
P < 0.05 0.01 0.01 0.01 0.01 0.05

1. Values within the same column followed b
(Duncans Multiple Range Test).

y the same letter do not differ significantly at the 5% level of probability

- LL -
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soil organic matter (OM), carbon (C), nitrogen (N), C/N ratio, pH
and Bray-1-P.

Soil N and Bray-1-P were not affected significantly by the preceding
cover crop. Mean soil N and Bray-1-P, were 0.046% and 260.8 ppm, respectively.
Soil OM, C, C/N and pH were significantly affected by the preceding cover
crop (Table 3). High values of OM, C, C/N and pH were observed in plots which

had been planted to D. ciliaris, M. artropurpureum, M. lathyroides and Lablab

purpurevs. Lowest values of OM, C, C/N and pH were shown where the
preceding treatment was Zea mays, bare fallow, and A. vaginalis. Low values of
OM, C and C/N were also shown by plots planted to E. colona in 1986, and
suggests that a high rate of N mineralization occu;r';ed in these plots (Sanchez,
1974). The high N depletion rates of E. colona casts doubt,. therefore, on its
value as a cover crop under condition of low fertility. Ground cover formation
and mulch production by E. colona was, however, high (Fig. 1). Seil OM, C, and

C/N ratio were related primarily to ground cover at 47 DAP (GC, %), and pH
7

to soil OM (%) thus:

oMV = 0.44 + 528 x 1077 GC, r = 0.54***,

n = 44;
cl 2 0.26 + 281 x 1072 GC, = 0.52**%, n = 44;
/N = 573 + 606 x 1072 GC, t = 0.66**%, n = 44,

pH = 5.44 + 0.57 OM, r = 0.49"**, n = 48,

1. Data from plots planted to E. colona were deleted from these equations.
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exchangeable Ca, Mg, K and Na, and total cation exchange capacity (CEC)

Exchangeable Ca, Mg, Na and total CEC were not significantly affected
by preceding cover crop, whereas K was (Table 3). Mean Ca, Mg, Na and
total CEC in the surface 0.05m were 14.8, 4.8, 1.4 and 31.3 m mol (+) kg-1.
Exchangeable K levels were lowest in plots planted to Z. mays and

V. unguiculata in 1986; i.e, treatments from which, following former practice,

all crop residues were removed after harvest, and. highest where the preceding

cover crops were E. colona and M. artropurpureum. Ca, Mg, Na and total CEC

(m mol (+) (kg_1) were related primarily to clay content (%), and exchangeable

K to OM (%) thus:

exch. Ca = 0.96 Clay - 1.07; r = 0.63***; n = 48; -

exch, Mg = 0.49 Clay - 3.06; r = 0.72***, n =48;.
exch. Na = 0.29 + 7.23 x 1072 Clay; r = 0.52***, n = 48;
. Total CEC = 2,25 Clay - 4.28; r = 0.80***, n = 48,

exch, K = 1.9 + 0.84 OM; r = 0.34*, n = 48,
’

Exposure of the clay - rich subsoil has therefore, resulted in increasing
the availability of exchangedableCa, Mg, Na andtotal CEC to the crops. Exchqngecble
K was, however, dependant upon the soil organic matter formed by the preceding

COVEer Crop.

porosity and water infiltration

Porosity did not differ significantly among treatments in the 0-0.05m
depth during August and September 1984, and June 1987, in the 0-0.10m depth
during August 1987, and in the 0.28-0.33m and 0.58-0.43m depths during
October 1987. Mean porosities (m 3 m—s%) in the 0-0.05m depth during August
and September 1986, and June 1987, in the 0-0.10m depth during August 1987
and in the 0.28-0.33m and 0.58-0.63m depths during October 1987 were 47.17%

r

45.28%, 45.66%, 43.02%, 37.74% and 35.09%, respectively.
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Infilication rate at 2 h ofter commencement of inctiltration (terminal
infiltration rate) in January 1987 was lowest in treatments where either
ground cover was low or crop residue removed after harvest (Table 4).

Infiltration was, however, lowest in plots sown to Z. mays, V. unguiculatq,

bare fallow and C. cajan. Infiltrafion rate at 2 hours (dl/dt, mm h_1) in
" January 1987 was related primarily fo the ratio of clay (%) and OM (%) in

the surface 0.05 m thus:

dl _
I 174.92 e

-2.30 x 107 (Clay/OM), | __gls1ees 1 = 48,

Surface crust formation is determined primarily by clay and OM contents
(Campbell, 1985; Perrier, 1986). Crust formation was, theredore, lower and
infiltration rate greater in treatments which had' low clay and high OM
contents. By October 1987, however, significantly decreases infiltrafion rate

had occurred in most treatments. Relatively high infiltration rates were,

nonetheless, maintained in treatments sown to L. purpureus and M. lathyroides.

Re‘sidues of these cover crops are woody, and hence, breckdown rates of residue
"mulch are slower. Protection of the soil surface from the erosive effects of
hihg intensity rainfall (Lal, 1983, Perrier, 1984) is, consequently, possible for
a longer period than with crop residues which are of a less woody na-fure. Crust
formation was, therefore, lower and infiltration .rates higher during October 1987,

in treatments sown to L. purpureus and M. lathyroides in 1984. -

diurnal variation of soil temperature at a depth of 30-MM

Soil temperatures at a depth of 30-mm were, in general, lowest in

treatments sown to M. artropurpureum, M. lathyroides and L. purpureus, and

greatest in treatments sown in Z. mays, C. cajan and bare fallow in 1986

(Figs. 2 and 3). These differences are likely to be due to differences in crust
formation, which in turn are caused by degree of ground cover and levels
of clay and OM in the soil surface. Surface soil temperatures in the WASAT

are highly correlated to ‘crust formation (Perrier, 1986).
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Table 4. Effect of preceding cover crop on infiltration rate at 2h
after commencement of infiltration and temporal decreases

of the same |

Preceding cover

“Infiltration rate (mm h-1)

Decrease in

crop January 1987  October 1987 mﬁh‘raho rate
(mm h~
Zea mays 76.0bc 46.7cd 29.3cd
Vigna unguiculata 80.0bc - 72.8b 7.2¢cd
Bare fallow 15.2d 15,04 0.2cd
Cajanus cajan 63.9cd ' 54.5¢cd 9.4cd
Digitaria ciliaris $9.9bc r"55.'lcc| : 44 8bc
Echinochloa colona 168.0a 57.6 cd 110.405
Alysicarpus vaginalis 91.9 be 74.5bc 17.4cd
V. radiata var. radiata 91.8 be 55.8cd 36.0cd
Macroptilium arfropurpur;um 156.0a 35.4cd 120.4a
M. lathyroides ' 123.9ab 154.5a -30.6
Lablab purpureus 167.7a 117.7ab 50.0abc
Psophocarpus palustris 112.0abc 57.2cd - 54.8abc
P X 0.01 0.01 0.01

1. Values within the same solumn followed by the same letter do not
differ significantly at the 5% level of probability (Duncan's Multiole

Range Test ).
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apparent pore size distribution and soil matric potential ot depths of 0.30m

and 0.60m
Proportion of macropores (pore radius, r > 14.3‘,'6\"1.) was greatest
(P £ 0.01) and micropores (r (‘-2/(1-"“.) lowest (P < 0.01) at a depth of 0.30m

in freatments sown to M. artropurpureum, M. lathyroides, P. palustris,

V. radiata and L. purpureus (Fig. 4), and at a depth of 0.40m in treatments

sown to M. lathyroides, M. artropurpureum, L. purpureus, E. colona ond

P. .palustris (Fig. 5) in 1986, Proprotion of mesopores (r = 2-14.3/;—-») was
not significantly affected by cover crop. Pore size distributions at depths of
0.30m and 0.60m were relcfed.primcrily to root densities in the 0.20-0.50m
and 0.50-0.75m depths, respectively, thus: |

0.30m : &£m = 31.54 + 2.11 In R, r = 0.53***, n = 48,

0.60m : Em

3245 + 0.72 In Ry, r = 0.64***, n = 48;

where & is proportion of macroporas (%) and R,, is root weight per unit
area (kg h0_1). Root gr?wfh of the preceding cover crop has, therefore,
significantly increased the proportion of macropores at depths of 0.30m and

0.60m,

Soil matric potential in the 0.30m and 0.60 m depths was highest

throughout the growing season in treatments sown to M. artropurpureum,

M. lathyroides, L. purpureus and P. palustris in 1986 (Figs. é and 7). After the

onset of heavy rains at 30 DAR-in 1987, increases inmatric potential in treaiment soan to

E. colona were also dbserved. Amang the chove treatments, hosever, soil matric potential

was, in general, highest in the 0.30m d=pth where M. arfropurpurpureun

and M. lathyroides were sown, and in the 0.60r. depth where M. artropurpureum

was sown in 1986. Soil matric potential was lowest in the 0.30m depth in
treatments which had included C.cajon  and bare fallow. In the 0.40m
depth matric potentials above -60 kPa occurted only in treatrients sown

to M. artropurpureum, M. lathyroides, P. palustris, E. colona, L. purpureus
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and D. ciliaris in 1986. Seasonal soil matric potential at depths of
0.30m and 0.60 was related primarily to pore size distribution and

infiltration rate thus:

0.30 : Pm=22556 212 x 10

0.60 m :Ll’m = 103.54 e‘4'9_? x 10

—_ ~
where l["m is mean seasonal soil matric potential {-kPa), &' is the sum of

et 779 % 107/ g L 070 n

3

= 48;
€. 3.9 x 1072(dl/dt), R = 0.56***, n = 48,

macro and mesopores (i.e. © ZILM) (%) and dl/dt is the mean of terminal

infilfration rates measured during January and October 1987 (mm h-1).

Maize root growth during 1987

Preceding cover crop did not have any significant effect on. maize
root growth during 1987 at depths of 0-0.10m, 0:10-0.20m and 0.20-30m
(Table 5). Root growth in the 0.30-0.50m and 0.50-0.75m depths were, .
however, affected such that greatest values were obse;'ved in treatments

sown to M. artropurpureum, M. lathyroides and P. palustris, and lowest

values in treatments sown to bare fallow, C. cajan, Z. mays and A. vaginalis

in 1984. Root growth (éwf kg hﬂﬂ']) at these depths were related primarily
to proportion of mucropéres.(ﬁ m, %)} thus:
0.30-0.50m 1 : Rw = 1.95 x 1072 O15€M o _ g agaex o - 4g;
0.50-0.75m% :R,, = 1.03 x 107 263M, ¢ = 0.3, n = 4.

Root growth of the preceding cover crop has, therefore, siénifican’rly
affected the proportion of macropores in the subsoil, which in turn has
affected subscil root growth of the following maize crop. Increases in depth
and density of subsoil root growth suggests that the maize crops which

followed cover crops such as M. lathyroides, M. arfropurpureum and P. palustris

had a potentially greater store of soil water and nutrients availdble for consurption

than those which followed C. cajanus, bare fallow or Zea mays.

1. € m in the 0.30m depth 2. € m in the 0.60m depth.



Table 5. Effect %f preceding cover crop on variation of root weight per unit area of maize with depth at 37 DAP

in 1987

Preceding cover Root weight per unit area (kg ha-T)

crop : 0-0.10m 0.10-0.20m 0.20-0.30m 0.30-0.50m 0.50-0.75m
Zea mays 300a 120a 87a 8d 0.3cd
Vigna unguiculata o 3%0a - ' 260a 42a 34abc ?b
Bare Fallow 300a . 130a 81a - 2d 0d
Cajanus cajan 380a 180a 26a 4d 0d
Digitaria ciliaris ‘ 570a 200a. 73a 13bed 3c
Echinochloa col‘ol‘r{; 190a 320a 140a 24abed ébc
Alysicarpus vaginalis 3500 220a 71a 42abc 0.2cd
V. radiata var. radiata 5600 100~ 210 33abe 2c
Macroptilium artropurpureum 460a 210a 350a 122ab 35a
M. lathyroides 1040a 490a 94a 47abc 54a
Lablab purpureus 840a 660a 390a 82abc b
Psophocarpus palusiris 270a 310a 170a 220a 43a
P < . NS NS . NS 0.05 0.01

1. Values within the same column followed by the same letter do not differ significantly at the 5% level of probability

(Duncans Multiple Range Test).
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Grain _and dry matter (DM) yield of maize in 1987

Grain and dry matter (DM) yields of maize in 1987 were greatest in

treatments sown to M. lathyroides, M. artropurpureum, and P. palustris, and

lowest in treatments sown to C. cajan and bare fallow in 1984 {Table §).
Moderately high yields were also ZB'rcined from maize crops which were
"preceded by L. purpureus and E. colona. Grain and DM yields were related
primarily to soil matric potential at depths of 0.30m and 0.40m during

tasselling (39-46 DAP) and late vegetative growth-(20-30 DAP), respectively, thus:

i -0.23 \ -2y
Grain yield: Y = 1.98 e W30 + 8,01 x 10 Y60, R = 0.84***, n - 48;

DM yield: DM = 16.05 - 1.52 ln\})30 - 1.97 lnLPAO’ R = 0.927**, I’:l = 48;
where Y is grain yield (Mg ha” 1) DM is dry matter yield (Mg hu \VBO
cnd'\'péo are mean soil matric potentials (- kPa) of-depfhs of 0.30 and 0.60m,

respectively, during tasselling (grain yield) and late vegetative growth (DM yield).

CONCLUSIONS .

In relation to maize and cowpeq, sowing of M. artropurpureum and

M. lathyroides resulted in reduction of topsoil loss, increases in soil OM, C

and C/N, exchangeable K, infiltration rate, soil matric potential and proportion
of macropores (r > 14.3/Am ), and decreases in soil temperature and proportion
of micropores (r ¢ 2/{'\"\ ). These changes resulted in large incréases in

subsoil root growth, grain ond DM yield of the following maize crop.
Significant improvements in soil properties, and maize root growth and yield

increases also occurred with P. palustris, L. purpureus and E. colona. Where

either a bare fallow or C. cajan preceded a maize crop, soil degradation and,

consequently, large yield decreases occurred. Soil ameliorative ability of cover



Table 6. Effect of preceding cover crop on oven-dry grain and dry matter (DM) yield.of maize in 19871'

Preceding cover Grain yield DM yield
crop (Mg hq_1) (Mg ha—1)
Zea mays 0.2 e 1.1 fg
Vigna unguiculata 0.2 e 1.6 ef
Bare fallow 6.7 x ‘10_6 f 0.2 g \
Cajonus cajan 1.0 x 10—3 f 0.6 fg N .8
Digitaria ciliaris 0.7 de 2.4 cde
Echinochloa colond 1.1 ¢ 3.3 be
Alysicarpus vaginalis 0.4 e 1.7 ef
V. radiata var. radiata 0.5 de 2.0 de
Macroptilium artropurpureum 2.2 a 4.3 ab
M. lathyroides 24 a 5.0 a
Lablab purpureus 0.8 d 3.2 be
Psophocarpus palustris 1.5 b 3.9 b
P < 0,01 0.01

1. Values within the same column followed by the same letter do not differ significantly at the 5% level of probability

(Duncan's Multiple Range Test).
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crop was primarily related to rapidity of formation of ground cover

and subsoil root density. Among the cover crops studied, M. lathyroides

and M. artropurpureum were therefore, the most appropriate for the

Sudan savannah of Burkina Faso.
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FIGURE CAPTIONS

Seasonal variation of cover crop ground cover during 1986.

Zea mays - —&— ; Digitaria ciliaris ----&----; Echinochlea
colona ---A-—-; Lablab purpureus —a— ; Macroptilivm

arfropurpureum ---0--—; M. [athyroides ----@ -——; Psophocarpus
palustris —aO— Cajanus cajan—o— Alysicarpus vaginalis—-.o -~ -

Vigna unguiculata —a— ; V. radiata.~- -e- - - Bare fallow —e—

Effect of preceding cover crop on soil femperature at a depth
of 30-mm at 24, 25, and 26 days after planting (DAP) in 1987.
Symbols as in Fig. 1.

Effect of preceding cover crop on soil temperature at a depth
of 30-mm at 45 and 70 DAP in 1987. Symbols as in Fig. L.

Effect of preceding cover crop on apparent pore size disiribution

ot a depth of 0.30m. r = pore radius; Zm - Zea mays; Dc -

Digitaria cilicris; Ec - Echinolochloa colong; Lp - Lablab purpureus;

"Ma - Macroptilium artropurpurevm; MI - M. Lathyroides;

Av - Alysicarpus vaginalis; Cc - Cajanus cajan; Vu - Vigna yegiiculata
Vr - Vigna radiatg; B - bare fallow. -

Effect of preceding cover crop on apparent pore size distribution
at a depth of 0.40m. Symbols as in Fig. 4.

Effect of preceding cover crop on seasonal variation of soil
matric potential af a depth of 0.30m during 1987. Symbols
as in Fig. 1.

Effect of preceding cover crop on seasonal variation of seil
matric potential at a depth of 0.60m during 1987. Symbols as
in Fig. 1.
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