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ABSTRACT

G eenhouse and field studies were conducted over a two-
year period (1995 - 1996) at Samaru (11°11"N 7°38"E) in the
Nor t hern Gui nea savanna zone of Nigeria to evaluate the effect
of legune incorporation on some soil properties and the
performance of nmize (Zea mays L.). In the greenhouse the
treatnents consisted of six forage |egune species and nmaize

stover applied at two rates (2.5 and 5.0t ha-!) and a control

of no anendnent. The design was random sed conpl ete bl ock
(RCBD) replicated three tines. 1In the field, two experinents
were conducted. In the first one, five legume species and a

fallow control as treatnents were incorporated after two years
of growmh, while in the second experinment, six |egune species
and control were incorporated only after one year of growh.
The Design in the two experinments were split plot with | egune
species and fallow plots as main treatnents and fertilizer

rates (0, 40, 80 and 120kg N ha'') as sub-treatments.

The incorporation of |egunes in the greenhouse generally
i ncreased shoot dry matter yield (DW), plant height, nmaize
shoot nutrient concentration, soil organic carbon and pH At
2 . 5t ha-! Centrosema. pascuorum (CP) and at 5. O ha-! Chaemacrista
rotundifolia (CR generally gave better results than the other
treatnents. \Were |legune was incorporated after one year of
grom h, CR gave nmaize grain yield, 1000-grain weight, plant
and ear heights that were significantly (P<0.05) higher than
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the other treatnents. Increase in grainyield as a result of
| egume incorporation after one year of growth ranged from
0.18 to 0.61t ha-' (38.3 to 129.8% nore than the control.
Wher e incorporation was done after two years of growth, |egune
i ncorporation gave yield increases over the control whi ch
ranged from 0.13 to 1.03t ha'! (15.5 to 122.6% and 0.16 to
1.30t ha'! (11.7 to 51.1% for the first and second seasons
respectively. The pooled data for the two seasons was conpared
with the control, Ilegunmes gave 0.14 to 0.83t ha' (12.6 to
74.8% increased ingrainyield than the control. Interaction
between legune and N fertilizer showed that at 40kg N ha"},
incorporating CP in the first experinent and CR in the second
experinment gave mai ze grain yield that were conparable to the
recormended dose of 120kg N ha-'. This inplies that with | egune
i ncorporation N requirement could be reduce by at |east 80kg

Nha"*

Gain yield and yield related paraneters significantly
responded to N fertilizer in the two experinents. In the
first experinent, strong residual effect was observed. Yield
increases in the second year of cropping ranged from 0.14 to
0.65t ha'' higher than in the first year. Legume incorporation

general ly inproves soil pH, SOV exchangeabl e cations and CEC.



ix

TABLE OF CONTENTS

Title page “ om e oW W e e W R e W & W w

Declaration

Pertificatien : . & % & & % 5 &« @ @ &

Dedication & w B 5 5 B o 3 &€ mE B

Acknowledgement . . . . . . . . . . . . .

Abstract o w § e G € g o W e v o § §

Table of Content o R S K o 0w o s & fe oW

List of Tables . B % 3 FH OB ¥ 4 % 3 R A @

List of figures . . . . . . . . . .

Chapter

1.0. INTRODUCTION 2% ¥ o o8 ¥ @

2.0. LITERATURE REVIEW . . . . . . . . + « « + &

2.1. SOILS OF THE NIGERIAN SAVANNA . . . . . . .

2«11,

2%k 1
2. 1a%:2
2ol alvd
2.1.12.4

2 LR

{0 A

2:2.2

Chemical Properties

Soil pH B B oW B F M W s o @ F
Organic matter . . . . . « . .« .+ . .« .
Nitrogen .« & s & 5 « & 9 % 5 =

Cation exchange capacity (C.E.C.)

Causes of Low Fertility and Productivity
Soil Fertility maintenance in the Savanna
Types of Herbaceous/Forage Legumes used in
tropics e

Legume establishment

Legume Dry Matter Production .

Page

the

ii
iii

iv

vii

13

10

14
15

17



2.2:3 Ground cover . . .

.26 Weed Suppression

2.2.5 The decomposition of legume residues . .

2.2.6 The Effect of legume Incorporation on crop
yield

237 Adoptability of legume incorporation Technology:
Problems/Prospects . . . . . . . .

3.0. MATERIALS AND METHODS . . . . . . .

INTRODUCTION g OB o M owm ol um B om o o o m w o oE
3.1. GREENHOUSE EXPERIMENT
311 Description and History of Site of Collection

Of #0L) BRMBLI® : - 5 v s W s sz e B § oo e B & a

3.1.2 Scil Sample collection and preparation

3.1.3 Regidue collection and preparation .

3.l.4 Pot preparation and sowing

3.1.5 Treatment and Design . . . . .

7% BN Observations taken during experiment

3.1.7 Harvesting . . . . .+« « & « « & & o « « « .
3.1.8 Soil Analysis ‘ B o s o w o K B W F 5§ @
3:.1.9 Plant Analysis . . . . . . . . .

3.:1:10 Statistical Analysis . . . . . . . . . .
3.2 FIELD EXPERIMENTS . . . . + + v v v w o o v o .
3.2:1 Incorporation of legume residue in the field
2.2.1.2 Treatment and Design . . . . . . . . . . . .
3.2.1:8 Cultural practices . . . . . . . . . . . .

3.2.2 Observations and measurements Lo



2 QR B 1R B

x. P 5 e

3:2:4:3

3.2.2.8

2 2D

3. 220

. 1% S0 B0

3.2.2.8

xi
Germination score/Percentage
Plant and earheight ¢ &
Maize grain and stover yield . . . . . .
1000 grain weight, cob length and kernel depth

Scil Sampling and preparation

Soil Analysis S R R e W 8w s
Plant Sampling and analysis T EEE R
Statistical analysis . . . . . . ., . . . .

4.0. RESULTS

4.1 GREENHOUSE EXPERIMENT . . . . . . . . « « « .« .
4.1.% Effect of legume incorporation on
dry matter yield and plant height S @ A § e
4.1.2 Effect of legume incorporation on maize shoot
nutrient concentrations « & o e
&+1:3 Effect of legume incorporation on organic
carbon and pH 6 % % B W 3 E M W A
4.2 FIELD STUDY C e e e e
4.2:1 Effect of legume incorporation after two years
of growth and N fertilizer on maize grain
yield and some yield components
&2 .32 Sraln vield . i v o ¥ ¢ e s o6 e o oa ¥ s W s e
8:2:3:2 Stover yield . . . . . . . . . . . <
4.2.1.3 Plant height . . . .
4.2.1.4 Ear height . . . . .

37
38
38
38
38
39
39

40

41

41

44

47

49

49
49
52
52

54



4.2,1.5
4.2.1.6
N o |
42 alal

4.2.2

4:2.2,1

4.2.2.2

&.2:3:4
8:2:3:5
4.2.3.6

4.2.4

*®ii

1000 grain weight K e B R O oE B R Ko BB P
Cob length . . « = ¢« &« « &

Kernel depth . . . . % o « o« & & o & o & &
Germination percentage . . . . . . . . . . .

Ef fect of legume incorporation after one

year of growth and N fertilizer on maize grain

yield and some yield compcnents s %

Grain yield £ g W oW g b W g

1000 grain weight A E R EEE R
Cob dength . ¢ & @ 4 & @ n o @ @ 5 & & & 5 &
Germination percentage . . ., . . . . . . . .

Kernel depth « . o & o o « 45 5 = « =« « =
Plant height . « = 5 ¢ &« % s & % # s & &4

Ear- belght + 5 ¢ 5 % ¥ & W ¥ & & & & & ® %
Effect of legume incorporation after two years
of growth and N fertilizer on nutrient

content of maize stover R

Nitrogen . i s ¢« & % & @ @ & & 5 » & ¢ i
Phosphorus . . . . . +« « « « « v v « & «
Potassium @ % % o e ® W o

Calcium

Magnesium AR EEE R

/5 1 U
Effect of legume incorporation after two years
of growth and N fertilizer on nutrient content

of maize ear leaf R R

5%
57
59

59

60
60
60
63
63
63
63

64

67
67
67
71
74
74

76

79



xiti

4.1 Nitrogen
.4.2 Phosphorus
4.3 Potassium
Effect of legume incorporation after two years
of growth on some soil chemical properties
5.1 Soil pH
5.2 Soil organic carbon
.5.3 Exchangeable calcium
.5.4 Exchangeakle magnesium . . . . . . . . .
.5.5 Exchangeable potassium
5.6 Effective Cation exchange capacity (E.LC.E.C}
DISCUSSION

GREENHOUSE EXPERIMENT

W1

Effect of legume incorporation on maize shoot
Dry matter vyield

Effect of legume incorporation on plant height
Effect of legume incorporation on nutrient

content of maize shoot

Effect of legumes incorporation and soil organic

carbon and pH e e e e e .

FIELD STUDY EFFECT OF LEGUME INCORPORATION
ON MAIZE PERFCRMANCE AND SOIL IMPROVEMENT
Effect of legume incorporation and N
fertilizer on grain yield and some yield
related parameters

Effect of legume incorporation after two

79
79

79

82
82
82
84
86
88
88
91

21

91

92

93

94

95

9s



xiv
years of growth and N fertilizer on

nutrient concentration of maize stover and

earleaf s WG R WO E e omOE PR % s oEmom s 98
5.2.3 Effect of legume incorporation after two years

of growth on some soil chemical properties . . 99
6.0 SUMMARY AND CONCLUSIONS . . . & . . +« « « « & « 102

REFERENCES o @ VR W d ow @ 3 O @ M % OB ® oW E O B G 107



LIST OF TABLES"

R S s’ s (Y]

ava

Table

-
~

1. Some physico-chemical properties of the soil
- ;523 in the éreenhouse T 3

2. Nutrient content of residues incorporated . . . . . 42
3. Effect of legume incorporation on maize DMY and

plant height in the greenhouse O
4, Effect of leqgume incorporation on nutrient

contents of maize shoot in the greenhouse . . . . . 45
5. Effect of legume incorporation on soil organic

carbon and pH in the greenhouse . . . . . . . . . . 48
6. Effect of legume incorporation after two years

of growth and N fertilizer on maize grain yield

and stover yields . . . . . . . . - . . . . . . . . BO
7. Interaction between legume incorporation after

two years of growth and N fertilizer on maize

grain vield (t hal!) in 1995 season and 1995 and

1996 seasong pooled . . . . . . . . . . . . . ., . . B1
8. Interaction between legume incorporation after

twe years of growth and N fertilizer on maize

plant height {(cm} in 1995 season and pooled data . . 55
9. Effect of legume incorporation after two years

of grewth and N fertilizer on some maize yield

components in 1996 season . . . . . . . . . . ., . . 58
10. Effect of legume incorporation after two years of growth

on malze germination percentage . . . . . . . . . . 59



11.

iz,

13.

14,

15.

15.

i7.

18,

19.

e ! XVvi ' :
Effect of legume incorporation after one year of
growth and Y fertilizer on wmaize grain yield and
some yvield components
Interaction between legume %ncorporation after one
year of growth and N fertili;e¥.onf%éi%e grain
yield (t ha™) |
Effect of legume incorporation after two years of
growth and N fertilizer on N énd P content of
maize stover
Interaction between legume incorporation after
two years of growth and N fertilizer on P content
(g kg') of maize stover in 1995 and 1996 seasons
Effect of legume incorporation after two years
of growth and N fertilizer on K and Ca content
of maize stover
Interaction between legume incorporation after
two vearg of growth and N fertilizer on K content
{g kg!) of maize stover in 1995 season, 1996
season and pocled data
Interaction between legume incorporation after two
years of growth and N fertilizer on Ca content
(g kg!) of maize stover in 1996 season e
Bffect of legume incorporation after two years of
growth and N fertilizer on Mg and Zn content of
maize stover

Interaction between legume inceorporation after

61

62

68

70

72

73

75

76



21.

22.

23.

24,

25,

26,

27.

xvii
two years of growth and N fertilizer on Zn content

(mg kg'} of maize stover }n 1996
G )
season and pocled data
ta v7 0N
Effect of legume incorporaticn after two years of
1 . R

T T T N G

growth dnd N fertilizer on nutrient content of
maize Earleaf in 1396 season

Interaction between legume incorporation after two
vears of growth and N fertilizer on K content

(g kg'}) of maize Earleaf in 1996 season

Effect of legume incorporation after two years

of growth on scil pH in water . . .

Effect of legume incorporation after two years

of growth on scil organic carbon e e e e e
Effect of legume incorporation after two years of
growth on Exchangeakle Ca

Effect of legume incorporation after two years of
growth on soil Exchangeable Mg

Effect of Legume incorporation after two years

of growth on Exchangeable K

Effect of legume incorporation after two years of

growth on Effective Cation Exchange Capacity (ECEC)

78

81

81

83

83

85

87

B9

S0



xviii

LIST OF FIGURES

FIGURE

1.

Effect of legume incorporation after two years of
growth on maize plant height {(em} . ., . . . . . . . 53
Effect of legumes incorporaticon after two years

of growth and N fertilization on maize

plant height (ecm) . . . . . . . . . . . . . . . . . B3
Effect of legumes incorporation after two years

of growth on maize ear height (¢m)} . . . . . . . . . 56
Effect of legumes incorporation after two years

of growth and N fertilization on maize ear height (cm)56
Effect of legumes incorporation after one year

of growth on maize plant height (cm) . . . . . . . . 6%
Effect of legumes incorporation after one vyear

of growth and N fertilization on maize plant

height (ecw} . . . . . . . . . . . . .+ . .- . . . . 65
Effect of legumes incorporation after one vyear

of growth on maize ear height (cm} . . . . . . . . . 66
Effect of legumes incorporation after one vyear

of growth and N fertilization on maize ear

height (em) . . . . . . « . + . « . + v + + « . . . 686



CHAPTER ONE T

1.0 INTRODUCTION

The rapid growth of population in developing countries
and the resulting intensive cultivation of agricultural land
: .

is causing widespread soil degradation.

The Nigeriah savanna goils are predominantly Alfigols,
low in inherent fertility. They are characteristically acid
in-reaction, low in organic métter, cation exchange capacity
(C.E.C). and plant nutrients (Jones and Wild, 1975). Zlay

fraction is dominated by kaolinite, generally poorly buffared

~and structured, hence have major c¢hemical, physical and

biclogical limitations ({(Acgquaye, 1973; Jones and Wild, 1975;

i
Kowal and Kassam, 1978).

The low and declining productivity of many tropical soils
- are the major constraints limiting the realization of the
;" improved genetic potential that is now available in most

important staple food craps. The need to take appropriate

. measures to check this decline in soil productivity is urgent

" as the rate of deterioration is on the increase and if not

checked, will have sericus implications for future £food

- prodiction in the developing countries.

The shortage and high cost of inorganic fertilizers have

" rendered them unaffordable to most resocurce-poocr farmers,

.
I



resulting in low fertilizer consumption generally and also
choice of crops grown by these farmers. There is therefore
increased dependence on the use of organic wastes such as
Farm Yard Manure (FYM), compost and crop residues. These are
highly valued because of their contributions to soil
productivity. This relationship between SOM and scil
productivity is ascribed to the role of SOM in supplying plant
nutrients, enhancing CEC, improving soil aggregﬁtion and hence
water holding capacity, improving soil pH, supporting soil
biclogical activity (Jones and Wild, 1975; Kowal and Kassam,
1978; Bin, 1983; Iwuafor, 1986; Dudal and Deckers, 1393)
consequently giving higher crop yield compared to treatments

from which crop residue had been removed (Kang, 1993).

In the Northern Guinea savanna zone of Nigeria, the
acquisition of enough crop residue for use in the field dces
not appear very feasible. This 1is largely because <crop
residue have other attractive alternative uses such as

livestock feed, fuel wood and fencing materials.

Watson and Goldsworthy (1964), Lal and Okigbo (1990)
suggested that properly managed planted fallows and cover
crops of mainly leguminuous species are more efficient and
require less time in restoring soil fertility/productivity
than natural fallows. According tc Francis et al. (1986);

Prinz (1986); Hullugale (1988); planted fallow of leguminous

2



crops, if properly managed will add substantial amounts 2f N
and other nutrients and OM teo the soil, recycle nutrients
from the subsoil, provide effective cover against erosion,
suppress weeds and pests and improve soil physical conditions.

It is the objectives of this study to:

- study the effect of incorporation of some legume species

and N fertilizer on gome soil properties and maize

performance.



CHAPTER TWO

2.0 LITERATURE REVIEW
2.1 SOILS OF THE NIGERIAN SAVANNA
2.1} Chemical Properties
One of the main functions of scils 1is to provide
adequate reservoir of nutrients for crop growth. The
availability of these nutrients depends ameong other factors,
upon the amount and nature of inorganic and organic colloids

present in the soil  (Kowal and Kassam, 1978).

In most savanna 8coils, inorganic colloids consist of
kaclinitic minerals and armorphous iron and alluminium
hydroxides derived from the parent material during weathering
(Jones and Wild, 1975%; Kowal and Kassam, ,1978) . These
minerals have low CEC. The organic colloids are complex
intermediate products formed during decomposition of organic
matter by soil micro-organisms. Kowal and Kassam (1978);
Lombin and Chude, (1991) explained that the organic colloids
have a high capacity to retain plant nutrients and their

amount in the soil affects the fertility of the savanna scils.

The reaction of soil in the savanna area are reported to
rangé from 5.10 to 6.30 (Lombin and Chude, 1991). Lombin et

al. (1985} reported that soil pH in salt solution ranged from



4.45 to 6.40 in the surface fallow soils Qith a ﬁeén of 5.38,
Kowal and Kassam {1978) also reported that under the natural
savanna vegetation and traditional farming systems, the pH
values measured in 1:1 seil water ratio, ranged between §£.0
and 6.8. This range is favourable for crop production.
Favourable pH 1s maintained througsh the return of crop
residues to the sc0il, burning and proper choice of N

fertilizers. : : o D

Low soil reactioun reduces the availability of phosphates

in soils because of the presence of high amounts of Fe, Mn,

“and Al ions. Decline in the avallability of Me with

decreasing scil pH was observed in savanna scils by Heathcote

11]1(1972) and Heathcote and Fowlex (1977},

2.1.1.2 Organic matter
The organic matter contents of most savanna soils are

-~ low. Values range from 0.098 to 1.518% (0.98 to 15.18g kg') for
surface fallow soils, with an average of 0.441% (4.41g kg
(Lombin et al., 1985}. Contribution from organic matter to

_soil fertility is therefore low in most savanna soils.

The amount of organic matter in a s0il is a product of a

- number of diverse factors acting over a period of time. A few

of the factors include; rainfall, temperature and altitude,

's0ll  parent materials, drainage, burnihg, clearing,

L



cultivation and grazing by animals. According, to Mulongoy et
al. é1993), levels of organic matter in scils depend largely
on the guality and guantity of plant materials and litter
returned to the scil. Nye and Greenland (1960), Ahn (1974},
reported that the corganic matter content bf surface soils in
the savéﬁﬁé is generally low compared with that in the forest
soils of West Africa and in soils of the temperate regions.
Mean values reported by Jones and Wild (1975) for 0-15em soil
'depth are'about 0.5% (5.0g kg'} organic carbon in the Brown and
Reddish soils, 1.2% (129 kg') in ferrugenous;soils-and 2.0%

(20g kg'}! in the vertisols, Eutrophic Brown and Hydromorphic

solls.

Kowal and Kassam (1978) attributed differenceé in organic

matter content bhetween a soll under c¢leosed forest and that

aiu; under open savanna to the greater weight of vegetation in the

Tf{'forest and annual burning of the above ground parts of savanna

.\ grasses. Much of the above ground parts of savanna grasses

““'may also be eaten by grazing animals. The organic matter in

savanna soil 1s, therefore, mainly derived from the roots.

De Ridder and Vankeulen (1990} have indicated that

~ increasing SOM content in cultivated soils in the semi-arid

'ff tropical zone of West Africa is tedious, since huge quantity
. of organic matter are required. Pichot (1971) reported chat

:'ﬂ}3 after 18 years annual application with 60kg N, 45kg P and 25kg

6



K ha', organic C content increased from 2.5 to about 6.6g kg’
(or from 4.5 to 12.0g organic matter kg'). Similar
conclusions followed from the results of an ex?eriment wicth a
rotation of millet and groundnut started in 1972 in the north
of Senegal with annual application of either chemical
fertilizer alone (100 kg NPK at 14-7-7 ratio and 100kg N as
urea) or incombination with 10 t ha' of animal manure. In
1983, the soils in this experiment were analysed, and results
showed that organic C content in the soils that had received
manure was 0.3g kg' higher in the upper 10cm and 0.15g kg' in
the 10-20cm layer compared to the soil that had received

chemical fertilizer alone.

Singh and Lal (1976) reported that the amount of plant
material that can be grown on any soil in a season, then
incorporated is not sufficient to maintain the percentage of
SOM, since micro-organisms in cultivated soils decompose all
this material and more of it before the next application is
made. Thus, incorporating leguminous crops fails to arrest
this down grading process. Vine (1953) found that yields were
generally higher after leguminous green mﬂnure (Mucuna
deeringiana) was incorporated if the soil had been cropped
continously for several vyears, but that there was no
detectable effect on the build-up of organic matter in the
soil. Singh and Lal (1976) cconcluded that SOM accumulates

only if cultivation ceases and the land is put down to leys or

-



forésts, particularly those containing legumes ﬁhat fix N.
However, wany workers had reported the maintenance of 80M in

'thé.savanna by the use of FYM, compost, crop residues and
other organic materials with slightly high C:N ratio {(Bache

and Heathcote, 1969; Jones, 197., 1976; Jones and Wild, 1975;

Lombin and Abdullahi, 1977; Dunham, 1978; Karik@ari and Yayock,

1987} .

2.1.1.3 Nitrogen

Available data indicate very low N levels in the entire
gsavanna soils. According to Lombin and Chude (1991) values
from 0.24 to 0.92g kg', with a mean of 0.49g kg' have been

observed.

'-$_ Kéﬁal and Kassam (1978) reported that abolt 99% of the N
naturally present in the scoil is bound in organic materials.
The N status of a soil 1is therefore cloéely agsgsociated with
the SOM and is a function of relative rates of gain and loss
which, under stable conditions tendsltowards an equilibrium

value., '

Amouﬁt of soil N was.found to decfease in culti?ated
- soils (Lombin and Chude, 1991). This goes to signify the
"imgcrtaﬁcé of organic matter in the N content of the soil.
Two factors that account for the variability ;n scil N are

clay content and rainfall (Jones and Wild, 1978).

8



One important cultural measure that can improve the
present low levels of N in the soil is crop rotation involving

legumes as one cf the rotational crops.

21514 ion apacit

In most of the savanna soils, CEC 1is low (Kowal and
Kassam, 1978). The exceptions are the vertisols, ferrisols
and eutrophic brown soils which occupy ,only a small

proportion of the savanna areas (Kowal and Kassam, 1978).

The low CEC suggests a low ability of the soils to retain
and release plant nutrient elements for normal growth. Kowal
and Kassam (1978) reported that the CEC values of savanna
soils are cleosely related mainly to the SOM. The clay
contents, because they are mainly kaolinitic, contribute to
the CEC only by about 1-2C mol kg' soil. Lombin and Chude
(1991) reported that the CEC values of the gavanna surface
soils range between 1.6 to 11.6 Cmol kg', with an average of
4.3 C mol kg'! soil. Jones (1971) stated that increasing soil
organic C content from 0.1 to 1.0% (1.0 to 10g kg') led to
an increase in CEC from 0.08 to 4.28 C mol kg' soil, giving a

contribution of 38 - 68%.

2l i Causes of low fertility and productivity

The productivity of a soil is a measure of the combined

effects of its fertility and physical properties assuming

9



favourable climatic conditions (Acquaye, 1973). The £ull
realization of the climatic potential of the West African
savanna for crop production depends on the control of

fertility, water and erosion (Kowal and Kassam, 1978).

According to Acquaye (1973), generally the soils of West
Africa are of low inherent fertility. Small amount of
fertility that may be present is delicately dependent on the
organic matter, which is usually low in these soils, and the
small reserves of nutrients in the decomposing minerals is in
the sub-soil. Kowal and Kassam (1978) furcher Explained that,
the soils are chemically and physically very fragile. The
cultivated layer is light, and easily erodible due to high

energy load of rainstorms.

The CEC, organic matter content and buffering capacity
are low (Acquaye, 1973; Kowal and Kassam, 1978; Lombin, 1987).
The store of soil nutrients of native savanna soils can not
match the high climatic potential for crop growth, and must be
supplemented by an application of widespéctéum fertilizers
(including major and minor elements) in amounts sufficient to
meet crop reguirements for higher yields, taking into account

losses in crop removal and leaching (Kowal and Kassam, 1978).

2.1.3 Scoil fertility maintenance in the savanna

Despite the variations in soil types, productivity and

10



potentialities, the problems of soil fertility maintenance are
similar in many parts of Nigeria (Agboola, 1979). He further
explained that the critical factors are the organic matter and
mineral nutrient contents which decline during cropping but
incréase under fallow. An appreciation of this rhythmic
development lies at the root cof the bpush dnd-grass fallow
systems operated in traditional farming as a means cof
maintaining soil fertility (Mulongoy et al., 1993). Dudal and
Deckers (1993) stated that the adoption by local populations
of various forms of shifting and slash-and-burn agriculture
clearly demonstrates that in large areas of the tropics the
low level of plant nutrients is a major constraint to crop
preduction. With increasing pressure on the land, these
farming systems will no longer be able tc meet the growing

demand for food.

In the tropics, scil fertility undergoes a rapid decline
when land is cleared and cultivated to such a critical point
that crop yields are static or decline, and weed invasion
becomes seriocus (Lal and Kang, 1982). Depending on the
quality of scil resources, the system breaks down as soon as
certain critical population densities  are exceeded.
Experience has shown that it can be sustained conly under
conditions of low to moderate population pressure on land
(Agbcola, 1979). It has been suggested that this point is

reached in Sokoto, the sudan savanna zone where population

11



densities are 77 - 96 perscns per km® (Prothero, 1962).

Jones and Wild (1975) pointed out that the gquestion,
whether the fertility of the savanna soil can be permanently
maintained with fertilizers alcne, is an unrealistic one, if
it ignores other management aspects, Looking at the expensive
and unaffordable cost of fertilizers by the.loéal farmerg in

Nigeria today, the issue of maintaining soil fertility by the

use of inorganic fertilizers should be completely ruled out.

The use of bush or grass fallow systems in maintaining
soil fertility has failed in many parts of Nigeria owing to
'fapid population growth in recent decades and the increased
demand for export crop producticn (Herrmann, 1968). This
failure has raised questions about the future of using
fallows for soil fertility maintenance, and éhe alternative

strategies which can be adopted on a long term basis (Agboola,

1979) .

im?rovéd and new technolbgies designed as .alternatives
to the'shifting cultivation and bush fallow system include
mechanisms that c¢an replenish the SOM. Some  farmers
selectlvely retain a few woody species during land clearing,

while others establish treeg and shrubs which have the

potential to maintain soil fertility (Mulongoy’et al., 1993) .

Investigations carried out in the middle belt area have shown

12



M
that'é legﬁme {Cajanus cajan) and a grésé (Aﬁdropogﬁn gayanus)
as planted covers are more efficient at restoring soil
fertility than natural regeneration (Watson and Goldsworthy,
1964). Agboola (1979) reported that such én arrangement makes
possible the continuance of the system.under moderate to high
population densities. He further explained that most of the
length of fallow vet still maintain soil fertility at

reasonable levels. Maximum uses should be made of local

. resources, such as crop residues, green manures and

._leguminous cover crop (FAQ, 1%74; Flaig et al., 1977), bhut it
should be realised that residual organic matter does replace
some of the nutrients removed by harvest and that N supply
needs to be supplemented by the provision of other essential
plant nutrients (Dudal and Deckers, 19%3).
Kéné.}i§93).stéted thét.for éusﬁained créb.producﬁion;
alfernative systems need to be developed to better incorperate
bioclogical nutrient sources, to reduce fertilizer use and to
minimize the decline in soil chemical components. Legume green
manuring is practiced where land is plentifui and animal
manures are scarce. It is emploved as a means of bringing the
poorest soils into profitable cultivation} it can often find
a place in sequence of many cropping é?stems (Garner, 1952).
It is hecessary to explore the pbtential of large number of
.legume species for use in managed fallows to regenerate soil
fertilipy and improve productivity faster. Legume
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incorporation when properiy used, caﬁ slightly increase the
SOM content and also the supply of available N and other
nutrients in the soil, but rarely can it do béth at the same
time. The available N supply i1s increased only when readily
Idecomposible materials, high In N are decomposed {Singh and
.Lél, 1976) . According to Balasubramanian and Nnadi (1980}
crdp regidues of leguminous plants are richer in all nutrients
than the residues of cereal crops. Also, the leaves contain
slightly more nutrients than the stems which contain ' slightly
more nutrients than roots. About 40% cof N, 40% of P, 88% of K
. 92% of Ca, 72% of Mg and 59% of S removed from the soil by

: !
o Qrops are contained in crop residues. :

Many workers have reported the maintenance of soil

':"fertility/productivity in the savanna zone by the application

of FYM, compost and crop residues, either in isolation or in

combination with inorganic fertilizers {Bache and Heathcote,

1969; Jones, 1971, 1976; Jonegs and Wild, 1975; Lombkin and

- Abdullahi, 1978; Dunham, 1978; Karikari and Yayock, 1987).

r . -

”7}  2.2.0° Types of herbaceocus forage legumes used in the

Tropics
Somé of the commonly used forage legumés in the tropics.
Include: Centrosema  pubescens, Peuraria  phaseocloides,
'St}losanthes gracilig, Stylosanthes humilis and Centrosema

' plumaril.[Okigbo, 1977) . Others that have bheen found
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adaptabié .in. the moist savanna of ﬁortherﬁ Nigeria are;
Centrosema pascuorum, Lablab purpureus, Mucuna pruriens,
Chaemacrista rotundifolia. Some of these are good as green
manure ©or ground cover in tree crops.

!

According to Cobbina {1992) the forage legumes are

suitable in managed fallow systems. Some of these include,
Centrosema sSpeciles {12182) Centrosema macrocarpun, C.
pubescens, Calopogonium  mucuncoides, L. purpureus, b,

phaseoloides and Styloganthes guidnensis C.V. Graham.

Okigbo (1977) gave some examples of cover crops used in
.rubber and o©il palm plantations as P. phaseoloides, C.
pubescens, Glycine wightii, 5. gracilis and Indigofera
 spicata. Other leguminous crops such as: §. gracilis, P.
phasecloides, C. pubescens, may be used to proﬁect the soil
~after forest clearing and before the lan& is ready for
:cropping. Sunhemp was rated the best species for early
ground . cover, followed by Desmodium; Mucuna, Pigeon pea,
Sesbania sesban and Tephrosia vogelii Hook (f.). Cover ac 50
days after planting of the various speciles ranged between 14
and 100% (Balasubramanian and Sekayange, 1992).

e

2.2.1 ' Legume establishment
Success or failure in legume establishment is dependent

on chemical, physical and biotic influences which act upon
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thréé different biological'entities; the fhizobia; the host
plant and the symbiotic system itself (Parker and ChatelJ_
1982). They further explained that, it is more difficult to
grow a éymbiotic iegume than say. maize or sorghum or wheat.
This was further supported by Smith (1982} who indicated chat
the mineral nutrition of legumes is some what more compléx
than that of other plant. speciles becausg of the special
symbiotic relationship existing between the iegume host and
the associated rhizobial bacteria. Smith (1982) explained

that, particular nutritional reguirements are necessary for

this extra physiological preocess to operate efficiently. °

Thésé affect gurvival and growth of the rhizobia in the soil,‘
| infeétién and nodulation of the host root, and functioning of
N fixation reactions within the nodule. It is important to
recognise that both the Itypes and the concentrations of
mineral elements required for these additional functions may
not be the same as those required for normai growth of the
host plant itself. | |

o Garner {(1952) _gaﬁe the followiﬁg' criteria for the_f 
seiectiqn cf a green manure érop for good establishment and

‘utilization.

(i) the crop must germinate without an elaborate

- preparation of the seedbed.
!

(ii) The crop choosen must be a quick grower.

16



.Lfiiij. a good bulk of fhe green plant;maﬂérial:must be
ready at the proper time
{iv) the green manure has to make the best use they can
at the begining or end of the growing season, only
in excepticnal circumstancefdo they enjoy the full
growing season.
(v) it shall fit well with the main cropﬁing.sequenceﬂ
Garner (19%52) also added that, a well distributed
féinfall is a favourable féctor for there is ‘little risk of
water shortage either for the germination of the catch crop it

self or for the proper growth of the succeeding main crop.

2.2.2-' Legume Dry Matter Production.
The length of growing period determines the guality and

Qﬁantity of the biomass preoduced (Balasubramanian and

Sekayange, '1992). Legume species 1intended for wuse in

conventional crop rotations and green manuring systems'must
have among other characteristics, the abilitf to produce a
large biomass with high N concentration (Heiche; andlBarnes,
1984) . |

For éégtain speciés such as mucuna, leaving the_élant on
the ground for more than 18 weeks resu}ted in the shedding of
leaves, production of grain and diminished addition cof fixed
N to the goil, especially when the grains were harvested.

However, at 16 weeks mucuna produced the largest amount of

17



biomass (5.27t ha') and N (152.3 kg ha'). For species such as

sunhemp (Crotolaria ochroleucal! and pigeon pea (Cajyanus
cajan), the amount of biomass produced and N fixed in top
growth increased substantially between the 16th and 24th WAP

in Kagasa, Rwanda (Balasubramanian and Sekayange, 1992).

According to Cobbina (1992}, over the long-term growth
pericds (8 wonths and 13 months) wide variations in herbage
dry-matter vield were observed among the'species. For the 13

month growth period in the establishment vyear, the vield

:ﬁ{ranged from 1.1 to 1.60 t ha', while for the 8 month growth
:'fffperiod between 16 and 24 moriths after planting, it ranged from

' 0.47 to 12.5t ha'. A comparison of the dry matter produced

"over the 13-month and 8-month growth periods indicates that,
- for a bout 35% of the species screened, there was a yield

" increase of 20 - 170% in the second year.'

2.2.3 . . g@round cover

Rainstorms and heavy rains in the humid tropics cause

’-ﬂ[*serious ercsion losses on newly cleared land, especially after

‘"fﬂ.préplanting cultivation on steep slopes (Ckigho, 1977). The

o rapid development of ground cover is therefore necessary to

protect the soil against erosion (Derpsch et al. 1986},

Sunhemp was rated the best spécieé for early ground

' 'cover, followed by Desmodium, Mucuna,'Pigeon pea, &. Sesban
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and T. vogelli cover at 50 days after planting in various
species ranged between 14 and 100 % (Balasubramanian and

Sekayange, 1992).

Maintaining ground cover during the dry season and at the
beginning of rains is essential to reduce soil’ erosion in the
semi-arid areas (IITA, 1989). Pigeon pea was found to be the
most suitable species for this purpose because it was more
draught resistant than other species at Kagasa, a semi-arid

region in Rwanda (Balasubramanian and Sekayange, 1992).

2.2.4 Weed Supression

It is a common practice to use leguminous cover crops to

control erosion and weeds in tree crop plantations. Although
o . N .

the legume adds N to the soil it scmetimes competes with the

plantation crop for water (Okigbeo, 1977).

One year growth of S. sesban could effectively shade out
the problematic chromolaena weeds at the minkomeyos site and
the imperata weeds at the Yoke site, all in Cameroon (Ngiumbo
and Balasubramanian, 1992). Similar results on weed
suppression have been obtained elsewhere using M. pruriens
(L.) Dc. and P. phaseoloides (NAS, 1979; IITA, 1985, Anon,

!
1989)..
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2.2.5. The Decomposition of Legume Residues

The rate of decompeosition of organic waste or crop
residue depends primarily on its chemical composition and on
those factors which affect the soll environment (Parr and

Papendick, 1978). The decomposition of legume residues

. depends to a large extent on the proportions cof different

plant parts and their maturity (Henzell and Vallis, 1977).

They explained that the proportion of N released during

- decomposition of the residues is governed by the chemical |

composition of these residues especially the N content, the
"manner in which the residues are returned to the scoil, and the

- environmental conditions.

e

A predictable consequence of the variable N

concentration in different legume residues is that they will .|

contribute varying amounts <f N to the soil and likewise to
the crops following. Most of the differences between residues

can be attributed to their N percentages.

According to Giller and Wilson {1991} legumé residués are
particularly useful as organic manures.due to their large
content of N, and because this N isamore likely to become
_readily available for uptake by other plants than N in many

- other crop residues. Release of N from decomposing organic

. material, or mineralization, result from the activity of micro

" organisms breaking down the material. . If the material



contains a small proportion of N relative to dry weight (i.e
if it has a large C:N ratio)} then the amount ‘of N available
for growth of the micro organisms themselves will be limited
and any mineralized N will tend to be immediately used by the
micro organisms, i.e. immobilized, for growth. Giller and
Wilson (1991) further explained that the release of N intc the
soil (net mineralization) for use by plants is thus a balance
of the processes of mineralization and immobilization. The
C:N ratio is a useful guide to whether net release of N from
organic material is likely to occur during the early stages of
decomposition. The C:N ratic also provideé aﬁ indication of
how rapidly a material is likely to be decomposed. Plant
residues with high C:N ratic (>30:1) are likely to decompose
slowly with initial net immobilization of N, whereas residues
with a smaller C:N ratio are likely to deccmpose more rapidly
with a net mineralizaticn of N occuring right from the
beginning. Legume residues commonly have C:N ratios less
than 30:1 and therefore tend to release N and decompose

rapidly.

Henzell and vallis (1977) reported that a notable feature
of mineralization of N in plant residues is that after a few
weeks the rate 1is quite slow, regardless of the initial
composition of the residues. Apparently, it is not the plant
proteins that are resistant to the decay but the microbially

produced organic N, which becomes stabilized by reactions with
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aromatic polyphenols of microbial or plant origin
(Bartholomey, 1955) or with montmorillonite (Sorenson, 1372,
1975). This has an 1important implication 1in practice.
Nitrogen in crop residues that is not mineraljzed during the
first season becomes available only very slowly to the
crops, usually at less than 5% per year. Althdugh a single
addition of crop residues will have a negligible effect on
the N supply after the vyears may be measurable in two or

three successive crops (Bartholomey, 1965).

The residue moisture content and the mode or method of
application to soil, that is, whether mixed with the soil,
layered or banded in the scil, or remaing at the soil
surface are important factors to residue decomposition Parr
and Papendick, 1978; Giller and Wilson, 1991). Placement of
residues on the soil surface rather than burying or mixing

them in the soil results generally in slower decomposition and

slower mineralization of N (Parker et al., 1957; Moore,
1974). Drying can affect the mineralization of N in plant
residues. Fresh plant material releases N far more readily

than dried material (Vanschreven, 1968).

Environmental conditions have little effect on the final
degree of mineralization or immobilization of N during aerobic
decomposition of residues; it is only the rates of these

processes that are substantially affected (Bartholomey, 1965).
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Some of the environmental factors affecting mineralization
are; moisture, tempsrature, drying, -wetting and freezing
{Cambell, 1978; Parr and Papendick, 1978}. According to parr
.i and Papendick (1378) many of these factors are not

- independent; a change in one may affect a change in the

others. For example, high soil moisture may result in low
: i
’_'soil' temperature and surface residues may affect soil
moisture and temperature simultenecusly. Because of these
strong interactions, it isg often difficult to isclate
:ﬂ effects of specific environmental factors .on residue
}_ deéomposition. |
2.2.6 The Effect of.Léqﬁme“Incofpofation on_Crop Yield.

The usefulness of legﬁme green manures in maintaining or
buiiding-up seil fertility has long been regognised< Legumes i
have been traditionally used for this purpose iﬁ some regions.-é'
Vine {1953} found that vyields were generally higher afterll

green manure (Mucuna deeringiana)if the scil had been cropped

" continously for several years.

I_f”Thefe.ére many reports of increases in the growth and
vield of crops sown after incorporation of green manures. For
example, maize yields were more than doubled by incorporation
of a three-menth-old green manure of mucuna or crotolaria

' !

grown in alluvial soil on the Island of Java, Indonesia

{Hariah and van Noordwijk, 188%). The N uptake of the maize

Y
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grown after the incorporation of leguminous qreen manures
was, infact, increased by more than the total.amount of N
incorporated. This serves to reinforce the point made
:_earlier that the advantages of using_green manures are not
‘ﬂ solely due to the provision of N, but are often due to other
- beneficial effects of organic matter additions and root
penetration on tihe sovil structure and water holding capacity.

Studies in the western highlands of Cameroon reported that

o burying legume regidues gave higher maize yieélds in all the

. years than burning it on the surface of the ridges (IRA,
1988). Ar Yoke in Cameroon, the'highest maize grain yield was

recorded in the §. sesban intercrop treatment where the

foliage was incorporated into the soil, followed by the 5. !

seshan intercrop treatment with leaves surface mulched and
the maize/groundnut rotation  treatment (Ngiumbo  and

e Balasubramanian, 1992).

 In'the Nigerian savanna a major factor in'maize vield is
N availability from the SOM or added to the soil as fertilizer
{Urea or NPKi or manure. Carsky (199%6) reported that, legume

crops can fix N which can substitute for N fertilizer. The

guantity of N contributed will depend on the legume, its

management, and the management of its residues. Carsky (1296)

'3_gave results o©of three legume N contribution in Kaduna state

"7 as follows: Results from ten farmers fields 5 in northern

Kaduna and 5 in soutiern Kaduna shows that a soybean crop in

!



the previous year reducele fertilizer require by maize. The
jreduction was approx.mately 40kg N ha' (90kg u;ea/ha) after a
well managed, late soybean varisty (TGX 1660-19F) and

20kg N ha'! after a w=ll managed sarly variety (TGX 1456-2E).
This contribution occurred inspite of the exportation of the
soybean residues except roots and litter. In Kasuwan Magani
(central Kaduna) an early season  cowpea .{Achishuru)
contyibuted 10 -20kg N ha' to late season maize. This value

may be an under estimate Dbecause the control was natural

“afregrowth (fallow vegetation). The vield of maize following

- mucuna was three to four times higher than yield of maize

L“folldwing maize and the effect appears mostly related te N
| availability, reflected by N content of six week old maize
"~ plants. There was twice as much N in six week o0ld maize

| plants following mucuna.

Haque (1992) reported that waize was planted inside and

adjacent to five stylosanthes fodder banks and the results

’ : showed that, the grain vyield of meize grown in the

"étylosanthes area was significantly higher thap that of maize -
growﬁ. onn  adjacent natural fallow at all levels of N
application in Ethopia. Maize growth without fertilizer
~ingide the fodder banks produced an average grain yield of
1.5t ha', compar=ad with a yield of 750kg'ha4_for maize grown
on adjacént failowed Lland. There;'wéfe. no ‘signifibant
differences in grain vyield between maize grown without
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fertilizer inside the fodder bank and maize grown on fallow
4

land when 60kg Nha' was applied. Therefore, a 2-year

stylosanthes pasture resulted in increases in maize yield

equivalent to applying 60kg Nha' (ILCA, 1987).

2.2.7 abili equme incorporation n :
Pr s
Legume green manuring by ploughing under of succulent
leguminous crop plants has not gained acceptance in Africa
(Keya, 1978). This may simply be because of the following
reasons;
s The logs of a cropping seascn is often mentioned as
a main bottle neck for the general acceptance of the
practice of green manuring, thus a small scale
farmer will not grow a green manure crop if it
interferes with the regular crop which fetches him
money (ICAR, 1964; wade and Sanchez, 1983; Bin,
1983). Karikari and Yayock (1987) observed that,
this system was not accepted because peasant farmers
considered it unprofitable to grow a crop for a
season only to incorporate it into the so0il without
any immediate returns either in terms of cash or
food. 1Infact, the peasant farmer's type of tools
may not cope with such operations.
2. The other reason is the extra investment of labour

often required (Wade and Sanchez, 1983; Agboola,
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1879} . According to Ngiumbo and Balasubramanian

i
(1992}, failow species planted at the end of the
| cropping cycle or the beginnihg of the fallow period

are usually smothered by aggressive weeds and

natural reqgrowth. Some kind of land Preparation

before planting fallow species and at least one
 3eérly weeding are required "to, ensure good
establishment of fallow legumes in the humid
Lropics. Just like other crops, the green manure

- Crop grows up under the conditions of a specific

" kind cf s¢il, a sufficient length of time, and |

:adequate sunshine and tempefature (Bin, 1983) and ;'

'.ébundant meisture (Rerger, 1962} .

‘Berger (1952) reported that, the practice of green |’

manuring in many maize regions of the warmer
countries, particularly in the tropigcs, is governed
almost entirely by the incidence of rainfall. Wwhere
there is rainfall in both winter and éummer, green

manure piants can be grown in both seagons. He

further explained that, in East Africa a green

manure crop is often sown in the lesser rainy
season, fcllowed by maize in the rainy season

broper.

It 1is challenging to design appropriate ;planted fallow

_'f hethods that will be 2asily assimilated into the Ilocal
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cropping systems without using much labour ané}or inputs and
that are attractive to farmers. ICAR (1964) observed that a
scientific pratice to be recommended to the farmers mustc be
based on sound ecconomics. Thus, it 18 necessary to take into
account the effect of green manuring both on the crop

immediately following as well as all crops in the rotation.

Vander Heicer and Hariah (1989) reported that, it is
unusual for greean manures to pe adopted solely for their
beneficial effects on soil fertility but wherefother benefits
are also found, for :nstance, suppression of weeds, reduction

of incidence of pest or control of soil erosion, then farmers

may be persuaded to use them.

A major precblem for adoption is that the green manure
legume most often occupy land at a time when other crops could
be grown. A system known as "cut and carry" has been proposed
in which the gre=n manure is grown on the landlthat cannot be
readily used for agriculture and is subsequeﬁtly brought to
the fields (Wade and Sanchez, 1983). However, this practice
add still further to the other main problem restricting
adoption of green manures, the extra investment of labour
ofﬁen required. Giller and Wilson (1991) suggested that a
possible compromise is the use of grain legumes which can

provide young pods as vegetables and still give sufficient

leafy material to be useful as green manure.
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The cropping patterns should be so planned as to include
guch legumincus -rops which could be raised without disturbing
main crops in the rotations: Some short duration legumes like
cowpéa, may easily ke fitted into the pattern (ICAR, 1964} .
Nnadi and Haque (1988) reported that, like rotation fallow,
the beneficial effects of relay fallow devend on the N-fixing
capacity, plant-N content and biomass yieid of .the
.intercropping lagume, Species selected for the fallow
legume/food crop intercropping system should be less
competitive with focd crops (Balasubramanian and Sekayange,
1992). . e |
N N

A small scaie farmer finde it difficult to produce green
manure crops at the loss of a main Crop.which-supports his
 finances. It is possible to grow green manure c¢rops in the
inber—spaces of the principal row of the crop réised by_the

farmers (ICAR, 1364). Or fallow legumes and food crops have

-+ to be intercropped, either simulteneously or in a relay

 pattern to improve the productivity of land without locsing a
season for focd crop cultivation (Balasubramanian and

| - Sekayange, 1982}. - '_ ' o B

ICAR {1954} observed that, it 1s not correct to base the

avaluation of the practice on the return obtained from the .

ﬁgllowing crop. The vields obtained from all the crops in the;f_

rotation should be taken into account rather than the yield of
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thé Crop immediétely following. .Reséarch dataﬁsupport'the
view that green manur=s has marked effect on the yields oI all
subsequent crops in rotation due tLO residual carry over. That
the residual =ffect of green manure remained in the plot long

enough to penefit the third crop in succession.
- I J
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'Iff_cropped on the field for two years.

' CHAPTER THREE

3.0 MATERIALS AND METHODS
Introduction
The study involvad both greenhouse and field experiments.
The two experiments were carried out at the Institute for.

Agricultural Research (I.A.R.} Ahamadu Bello University

(A.B.U.), Samaru (Latitude 11°11’ N and Longitude 7°38'‘E)

Zaria, in the MNorthsyn Guinea Savanna ecolégical zone of
Nigeriaﬁ
overlaying basemant complex {(Klinkiberg and Higgins, 1968),
and clasgified as Alfiscls (Awujocola, 1979). The area has a
-meén annual rainfall of about 1050mm Strectching'frdm May to
'Séptember and & mean daily temperature of 24"C (Kowal and
Knabe, 1972). The global radiation is evenly distributed

© - throughout the y=ar, ranging from 440 cal cm’ day' in August

. to 550cal em® day' in April and May (Kowal, 1972).
' ST e

3.1 GREENHOUSE EXPERIMENT

13,101 Description and History of Sample Sites.

- The soil sample used for the greenhouse experiment was

collected from I.A.E., A.B.U. Research Farm, Samaru, Zaria.

Prior to the collection of the soil sample, cotton had peen

D
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3.1.2 Soil Sawple Collection and Preparation

“'fSoil samples were collected at 0-15¢m depth., The samples

.were bulked, mixed thoroughly and air dry under & shade before

they were sieved thrcugh a 2 mm stainless sieve. Sub-sample

was taken for characrerization of the soil.

3.1.3 Residue Collection and Preparation

The shoots of s8ixX selected legumes; Centrosema pascuorum

{CP}, Chaemocrista rotundifeclia (CR}, Cajanus cajan {(CC},
Centrosema brasilianum {CBJ, StylosanthesJ hamata (SH),

Leucaena leucocephala (LE) and maize (Mz) stover (Collected
from a production field) were obtained from the field after
One year of growth. They were washed with tap water, oven-
dr;ed, hand crushed and chop with cutlass weighed and stored
-,fin.polythene bags for use in the gréenhouse study. Sub-

I.samples for anslysis were ground. using a stainless steel
: .Thomas Willey mill before storage. |

C3.1.4 Pot Preparation and Sowing
._'Each pot was filled with 3kg of the air dried 2mm sieved
soil. The legume and maize residues were weighed into the

- pots {(as calculated below) and thoroughly mixed with the soil,

. watered and incubated at field capacity with tap water for two

- weeks before maize (var. Obasuper II) was sown. Three seeds

were sown/pot and later thinned to two plants/pot at two weeks

after planting (WAP). S
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Purrow slice = 2.0 x 10%g soil

- 2.5t ha'! ----» 2.0 x 10%g

x
r o

2.0 x 10° ;
for 5.0t ha! = 3.95 x 2 = 7.5g
3.1.5 Treatment and Design

'_ - The treatments consisted of the shoot of the six legume
gspecies (CP, CR, CC, CB, SH and LE), MZ stover and a control
{without residue', Fach of the residues were applied at two
rates of 2.5t ha' ani 5.0 t ha'. This showed that there were
'I15 treatment combinacions. ! | |

The experiment was laidout in a Randomized complete block

. design (RCBD) and replicated three times.

o 3.i.6 ' Ohgservations Taken During Experiment

Observatiocns weve made on weekly basis, starting from

" 2WAP.

(a} Plant neight:~ Plant height was measured from the
soil surface to the whorl using a meter rule.
!
L 31,7 Harvesring:

The plants were harvested after 4 weeks of growth in the

greenhouse. Each pot was harvested by cutting the plants at ﬁ?“

the soil level. The plant shocts harvested were washed-ff"
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'-thqroughly with distilled wacer and dried for 48_hours in an
.'Tgﬁén.set at 65°C and weighed for dry métter yield (DMY) . .The
dry shoots were ground using a scainlesé steel Thomas Willey
mill for chemical analysis. | |
3.1.8 .ggglxgggz _' ' . . |

 The soil samples were analysed for particle size
distribution by the standard hydrometer method {(Day, 1965).

The soil pH was determined in water and 0.01 M CaCl, with a pH

glass electrode using a Soil:Solution ratio of 1:2.5 (MClean, -

1965) ., Qrganic carpon was determined by the wet oxidation

method of Walkley-Black method as described by Juo (1373) ..

3.1.9% "Plant Snalvaisg.

Plant samples ware digested in triple acid mixture of
" perchloric acid {80mls), Nitric acid (360 mls) and Sulphuric

acid (20 mls) pius a catalyst. Potassium in diluted digest

" was determined by flame photometer, while Ca, Mg and Zn were

L determined using pye unicam model sp 192 Atomic Absorprion
' :S§ectophotometer. .fFIPhosphorus was determined by | the
vanadomolybdate yellow colour method (Juo, 1979); while N wasg
- determined by the micro-kjedahl wet-digestion methodloutlined

by Bremner (19%65).

- 3.1.10 - gtatisrtica) Analysig

All data collectazd ware subjected to énalysis of variance
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(ANCOVA) using SAS Package of statistical analysis. The

treatment differences were evaluated by the Duncan’'s New

Multiple Range Test (DNMRT}.

3.2 FILELD EXPERIMENTS

The first experiment was carried out in a field where 10

legume species replicated 3 times in a randomize complete

1

block design were screened for two years in a collaborative
project between IITA and IAR. Five promising legume specias
selected from the study were incorporated manually by hoeing.

This field was cropped for two years to mailze.

The second experiment was carried out in a field where 17

' lequme species replicated 4 times in a randomized complete

~+  block design were sc:eened for one year. Six of the legumes

that were promising were selected after one yvear of growth and

v incorporated as in rhe first experiment. The field was

cropped for one year to maize. The difference between the

o first and second experiments therefore is the length of growth

of the legumes before incorporation. In these two
_"expefiments, the aim was to study the effect of incorporation
of some legume spaecies and N fertilizer on some soil

properties and malize yield.
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3.2.1 Incorporation of Tegume Regidue in the Field

. 3.2.1.1 Treatment and Desidan: : . B !

” 2 In the first experiment, five selected legume species
{Chaemacrista rotundifolia (CR), Centrosema ‘péscuorum (CE)
Cajanus cajan (CC), Centrogsema brasilianum (CB) and Pueraria
phaseoloides (PPH)) and fallow control rep;licated three times

were incorporate:d by hoeing into ridges 75c¢m apart. Within

ecach main plot (l=2gume plot and the fallow control) (60m'), four

N levels (0, 40, 80 and 120kg Nha') {15mw')as sub-plots were
randomly allocated giving a split-plot design. The two centre
rows of each sub-plut madé up the net plot,) while the two
outer rows wersa cdnsidered as discards. The same experimental

design was maintained in the second cropping season,

In the second experiment, six legume species (PPH, CR,

oC,Cp, CB, Aeschynomane histrix [(AHY and a fallow contrsl,.

'replicated three times were incorporated. The method of

o incorporation, plot sizes, N level and the experimental design

“are as described for the first experiment above. However, the

"7 analysis on so0il chemical properties and Mmaize ' nutrient

' content was not carried out in this experiment.

3,2.1.2 Cultursl practices:

. (1) Planting:- Maize (var. DMR-LSR-W) was sown on plots

where the lagumes were grown and incorporated at two -

“seeds/hole, at a spacing of 25cm within the row.
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The seedlings were later thinned down to one
plant,/hhill at twoc WAP.

(ii) Ferctilizer a :- Nitrogen fertilizer as urea
was aprlied in two split doses at three and seven
WAP. At planting there was a blanket.application of
P and K in the forms of single super. phosphate at
the rate of 60kg P,O, ha' and muriate of potash at
the rate of 60kg K,0 ha' respectively which is the
recommendec rate of application in the savanna for
maize.

(iii) Weeding:- This operation was carried out when
necessary curing the period of the experiment.

(iv) vesting:- The net plot was hngfsted when the
crop was fully matured and dried. Ears for each net
plot were dehusked and fresh weight of the cobs were

taken immediately. After sun drying, the cobs were

shelled using the manual sheller.

3.2.2 vati easure

. D T S A Germination score/percentage:

The germination score was carried out at two WAP and

percentage germination caculated thus: The number of seedlings
!

that germinated divided by the number of seeds planted,

multiplied by 100.
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3.2.2.2 Plant and sax height

The height of four maize plants per plot'was measured
with a meter rule from the soil level to the whorl at harvast.

Ear height was similarly measured.

3.2.2.3 Maize orain and stover yield

. - , ]
The dry weight o the grains and stover from the net plot
were used to calculate the grain and stover yields per

hectare{

;T.-B.Z.Z;; ldDQ—grainlwei ﬁt Cob.leﬁ C | nd ke ﬁel.de th
S One thousand grains were counted from each plot and
welghed to get the 1000-grain weight.

Five cobs were randomly sampled and their lengths were
.ﬁéasufed using a string, and a mean of the values taken to
give .the cob length. To determine the kernel depth, the
circumference of the live cobs sampled was measured before and
éfter shelling and a4 mean 1in each case was taken. These
measuremeﬁts were done using a string and a meter rule.
Kernel depth was thug calculated as, the difference between

the cob circumference before and after shelling.

2 3.2.2.5 Soil sampling and preparation

Composite suil samples were augured from each plot at two

e ) :
- depths 0-15cm and 15-30cm before land preparation and at

“harvest, air dried and sieved through a 2mm stainless steel
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sievé. The sieved samples were stored in polythene bags for

routine analysis.

3.2.2.6 Soil analysis

' "..”Thg samples were analysed for particle size distribution,.
pH andlgrgéhic carbon as described for green house experiment.

' Exchangeabla baseg were determined by extraction with
reutral 1N NH,OAC saturation method. Sodium and K were

determined by the flame emission; while Ca, Mg and Zn were

dete?ﬁined by using the Pye unicam model Sp 192 Atowmic  '
Absorption Spectrophotometer, Exchange acidity was determined
by shaking with 1N KCl1 and titrating with 0.5N NaOH.
Effective caticn exchange capacity Qas determined by' 
summation. Detuils of the analytiéél procedures aré as.

" deseribed by Juoc (1979).

3.2.2.7 Blant samp.iing and analysis

The legume rosidues were collected; Just befare
incorporation. ©Details of collection and preparation are as

described for the greenhouse experiment.

Ear leaves at 50% silking and maize stover at harvest
were collected., Detalls of preparation are as described for

green house experiment.

i



These were ana'ysed for N, p, K, Ca, Mg and Zn as

described for the greenhouse experiment.

3.2.2.8 Statistical analysis

The statistical analysis was the same as for the green

house experiment.

1 ]
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CHAPTER FOUR

4.0 RESULTS
4.1 GREENHOUSE EXPERIMENT.
4.1.% Effect of legume incorporation on dry matter yield

The effect of legume incorporation on maize DMY and plant
height at various stages of growth are shown in Table 3. The
incorporaticn of CR, gave a significantly higher DMY than the
control (NL,) and LE;, while in comparison with the other
treatments there were no significant differences. This showed
that NLo gave the lowest DMY, though it was not significantly

different from most other treatments.

The incorporation of legumes tended to increase maize
plant height taken from 2 to 4 WAP, At 2 WAP the
incorporation of CR, gave significantly taller plants than all
other treatments. This was followed by MZ, which was not
significantly different from mecst other treatments, but was
significantly higher than NL,, CC,, LE,, SH,, and CC,. However,
NL, gave the lowest plant height value, which was not

significantly different from CC,, LE,, SH,, LE,, CC,, CR, and SH,.

At 3 WAP, MZ, incorporation gave the highest plant height
value which was not significantly different from CR,, but was

significantly higher than all other treatments. Control
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Table 1: Some physico-chemical properties of scil used in the

Cp

MZ

42

greenhouse
Properties Soil depth {(cm) |
0-15 15 - 30
pH (water) - 5.19 .. 5.32
0.01M {(CaCl,) : 4.81 . 510
Soil organic carbon (gkg'} 5.65 6,10
xcha able base
Ca {Cmol (+) kg'} 2.13 1.83
Mg {(Cmel (+) kg') 0.66 | 0.70
Na (Cmel (+) kg') 0.18 0.19
K (Cmol {+} kgh 0.14 - 0.13
CEC(Cmol (+) kg™} 3.29 3.61
Particle gsize Analyeis .
sand {(gkg") 650 -
silt (gkg!) - 200
Clay (gkg") _ 150
Textural class Sandy loam
Table 2: Nutriern: content of residue incorporated.
;fﬂ;f'Residues Nutrisnt contents '
' ' N P K Ca Mg Zn{mgkg)
Kmmm o mam e g kgl--=----- >
 PPH - 19.88 .50 5.40 3.60 1.7D 15.0
CCRo 24,64 2.00 5.40 2.10 1.70 25.0
' Cﬁﬂ B 15.40 1:50 4.5% 2.60 1.70 20.0
eC . 21.00 0.50D 5.13 2.60 1.18 “15.0
Cce- 26.82 1.50 7.586 5.70 1.98 2%.0
SH 16.58 0.70 6.27 3.26 1.45 15.0
"LE 20.12 1.50 3.87 4.10 1.50 i8.0
. Mz 12.45 1.25 g.49 0.92 1.25 31.0 .
PPH = Pueroria phasecloldes CR = Cheamacrista rotunclfolia
= Centrosems bravilianum CC = Caianug cajan
= Centrosema pascuorum S8H = 8tvlosanthes hamata
= Leucaena lgzucogephala =

Zea mays



Table 3: Effect of legume incorporation on ‘'maize DMY and
plant neight in the Greenhouse

Treatment bDMY (g Plant height {(cm)

Legume SPP. 4WAP 2WAP IWAP 4WAP
NL, ).76¢ 3.13f 6.60d 7.93d
CR,* 0.98abe 4.33b-f 7.83bed 10.40abc
CB, 0.96abc 4.97bec 7.53bed 9.53a-d
SH, 1.03abc 3.00b-£ 6.97cd 8.60bcd
ce, 1.04abc 3.53d-£ 7.67bcd 9,97a-d
cP, 1.13abc 3.87¢-f 7.23cd 9.77a-d
LE, J.80be 3.33ef 6.90cd 8.43cd
MZ, 1.l0abc 4.57b-e 8.03bcd 10.27abc
CR, 1.37a 7.10a 8.77ab ' 11.27a
CB. 0.99abc 4.70bcd 8.03becd 9.90a-¢
SH. 0.93abc 4.30b-f 7.53bed 9.73a-d
cC. 1.27ab 3.40ef B8.17bc 10.07a-4d
CP, 0.9%abc 5.03bc 7.93bed 9.77a-d
LE, 0.97abc 3.97b-£ 7.50bed 9.87a-d
MZ. 1.27abc 5.20b 9.87a 10.87ab
SE+ 0.14 0.38 0.45 0.68

Means followed by the same letter(s) within a treatment group
are not significantly cdifferent at 5% level of significance

using DNMRT.

Ncte NL = No legume
= 5.0tha’ and 0 =

*x] = 2.5tha', 2

43
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treatment still gave the lowest plant height value which was
significantly lower than M2Z,, CR, and CC,, but was not

significantly different from the other treatmqnts._;f

-

.. At 4 WAP, pots that received CR, had plants that were
significantly taller than in NL,, LE,, SH, and CR; but were not

significantly different from the other treatments.

For the same iegume at different rates of application,
the 5.0t ha' terded to give higher values than 2.5t ha’' both
for the DMY and plarnt height ar all stages of measurements,

though most of the differences were not significant.

4.1.2 . Effect of Jlegqume incorporation on maize shoot

nutrient concentrations.

- The effect of legume incorporati&n on maizé shoot
nutrient concentrations are shown iﬁ Table 4. Shoot N
concentration wag highest as a result of.inccrporation of CP,.
The value was however not significantly different from CR.,

.CC,, CB, and CP,, but was significantly higher than all the
L? 0ther treatments. Treatment NL, gave the lowgst value which
ﬁ; QaS_ﬂowever not different from other treatments except CF,, CP,

" and CB, which were significantly higher.

‘Maize shoor P concentration was significantly higher

when CP, and CR, were incorporated into the soil than when SH,,
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LE,, LB,, NL,, €C,, LE,, MZ,, CB,, CR, and SH, were incorporated.
However, the P concentration values obtained in CP, and CR,
incorporations were not significantly different from LE;, NLo,
c¢, LE,, Mz, CB,, CR, and 8H, incorporations. The
incorporation of SH, gave the lowest P concentration value
which was not significantly different from LE,, NL,, CC,, LE,,

MZ,, CB, and SH, incorporations.

Potassium concentration was highest when CP, was
incorporated. It was signifcantly higher than treatments NL,,
LE,, CC,, LE,, CP, and CB, which were not significantly different

from each other.

The concentration of Mg was higher in the shoot where CP,
was incorporated. Values obtained with NL, and LE, were
significantly lower than CP,. However, treatments NL, and LE,
were not significantly different from CC;, SH,, LE,, MZ, and CB,.

For Ca concentration similar results as for Mg were obtained.

When MZ, was incorporated it gave a high 2n concentration
value which was not different from CR,, CB,, LE,, SH,, CR, and
CC,, but was significantly higher than CP,, MZ,, SH;, LE,, CC,,
CP, and NL,. Treatment NL, gave the lowest value which was not

significantly different from CP,, CC,, LE,, SH,, CC,, CP, and MZ,.
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Generally, 5.0t ha' tended to give higher nutrient
ST . L '
" concentration values than 2.5t ha', though the differences

between most of them were not significant.

4.1.3 Effect of legqume incorporation gn organic carbgn and

pH.

The effect of legﬁme incorporation on soil OC and pH are
shown in Tabla 5, The 1ncorporation of Cp. gave a -
significantly higher sdil OC than other treatments, though it.
was not different £rom CR., WM3Z,, CB,, LE,, CC, and 8H,.
Treatments NL
significantly different from CR,, MZ,, CB,, LE;,. CC, and SH];u
~Values wére generally higher than the initial scil OC before

cropping indicating an increase by these amendments.

The results showed that incorporation at 5.0t ha' tended
to give higher CC values than at the lower rate. However, the
differences between most of them were not significant.:gf

S - R

'On soll pH measgured in water, the incorporation of NL, and
LE, gave a higher wvalue which was not different from CR. MZ.,
:,CCI, SH;, and MZ;; but was gignificantly higher than CP,, (CB,,

LE,, CP,, CC.,, SH,, CR, and CB,. The incorporation of (B, gave

... the lowest pH which was not different from SH,, CR1, cC,, CPy,

._LEy CB, and CP,, but was significantly lower than all other

- treatments.
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Table 5: Effect c¢f legume inccrporation on soil organic
carbon and pH in the Greenhouse.

Treatment oc PH

(g kg') (R.0)
Initial value 5.65 5.19
NL, 6.28f 4.87a
CR, 7.03b-f 4.53c-£
CB, 6.89c-f 4.33f
SH, 6.42ef 4.80ab
CC, 6.65daf 4.70a-d
CP, 7.13b-e 4.53¢-f
LE, 6.33f Q.BTa
MZ, 6.71def 4.67a-e
CR, 7.69ab 4.77abc
CB, 7.5%7abc 4.57b-£f
SH, 7.3%a-d 4.43ef
cc, 7.elabc 4.53¢c-£
CP, 7.93a 4.47def
LE, 7.62abc 4.57b-f
MZ, 7.78ab 4.83a

0.23 0.07

SE+

Means followed by the same letter(s) within a treatment group

are not significantly different at 5% level of significance

using DNMRT.
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4.2 FIELD STUDY

4.2.1 pffect of legqume incorporation after two years

of growth and N fertilizer on maize grain vield

and some vield components.

©4.2.1.1 GJrain vield.

Legume invorporarion and N fertilizer significantly
atfected maize grain yield in all seasons {Tabfe §). 1In 1385,
incorporation of (P significantly out yielded all other
treatmenﬁs. The contvrol (natural regrowth) gave significantly
lower value than the other treatments. In.1996, incorporation
of'CR,.CB and CP gavé the highest grain yield which were not
significantly different among each other, however, they gave

significantly ‘higher values than PPH and the  control

. treatments. The grain yield where CC was incorporated was not

‘significantly different from PPH, CR, CB and CP treatments.

: . S :
-+ On the basis of the pooled data analysis, the incorporation of

" CB and CP were not significantly different from each other,

' f but they gave sgignificantly higher grain yield than other

treatments. Grain vyield was significantly increased with

increasing rates of N in all seasons (Table 6).

A significant interaction between the effects of legume -
iﬁcorporation and N fercilizer on grain yield was observed in
1895 and the pooled data (Table 7). In 1995, with CB and CP
incorporations, grain yield was significantiy higher-at 120kyg

N ha' than other treatments; wh;le the pooled data analysis
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Table 6. gffect of Legume incorporation after two years
of growth and N Fertilizer on maize grain and stover

yields.
Treatment Grain yield g stover yield (t
ha') _r a’ -
Legume 1995 1996 Mean 1995 1996 Mean
_SPR:
PPH D.37e 1.53bc 1.25¢C 3.5%a 3.98a 3.78a
CR 1.284d 1.93a 1.60b 4.03a 4.26a 4.15a
CB 1.56b 2.07a 1.86a 4.12a 4.18a 4.15a
cC 1.56C 1.75ab 1.65b 3.55a 4.07a 3.81a
CcP 1.37a 2.01la 1.94a 4.02a 4.02a 4.0
control 0.34f 1.37¢ 1 11¢ 3.60a 2.37b 2.980
SE+ 0.02 0.12 0.06 0.22 N o 0.13
N _rates
0 0.56d 0.80c 0.68d 2.33b 2.48d 2.414

40 1.37¢ 1.65b 1.51c 4.06a 3.79¢ 3.93

80 1.58b 2.22a 1.95b 4,35a 4.,20b 4.27D
120 1.33a 2.44a 2.1l4a 4 .55a 4.78a 4.6
SE+ 0.22 0.10 0.05 0.18 0.12 0.1
Igggggctiong

LXN i NS * ¥ NS NS NS

m—

Means followed DY the same letter (s) within a rreatment group
are not sxgnificantly different at s% level of gignificance
using DNMRT .

Note
L = legume NS = Not significant
«+ = Significant at 1% N = N fertilizer rate
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Table 7.

Inter
years
yield

iction between Legume incorporation after twe
of growth ancd N Fertilizer on maize grain
(t ha').

1395 season '

Ireatment N _xates
Legume spp 0 40 80 120
PPH 0.35p 1.14k1l 1.1673kl 1.241i3k
CR 0.31p 1.29ij 1.51h 2.00de
CB 0.89m 1.332 1.88ef 2.53a
CcC 0.58n 1.78fg 2.09cd 1.78fg
CP 1.20ijk 2.22¢ 1.64gh 2.41ab
Control 0.04g 0.46np 1.85f 1.021m
SE+ 0.04

!
PPH 0.4917 1.2)g 1.57ef 1.74c-f
CR 0.69ni 1.69def 1.75¢c-£f 2.27b
CB 0.85ghi 1.7%5c-£ 2.21b 2.64a
ccC 0.69hi 1.62ef - 2155 2.14b
CP 1.08gh 2.04bcd 2.04bcd 2.11bc
Control 0.273 0.74hi 1.93b-3 1.49f
SE+ 0.32

Means followed by the same letter(s) within a treatment group

using DNMRT.

are not significantly different at 5% level of significance



LTablé 7) éﬁowed that, CB at 120kg N ha' gave sigﬁificémtly
nigher grain vield chan in othey treatwents. The application
of N at lower rates generally wave lower grain yields than at
nhigher yates 1in all legume tyeatments. However, CP at 40kg N
pat in 1995 season did not show much difference, with the 120kg
R had. infact with the pooled data, there was no significant

difference between CP incorporation at 40, 80 and 120kg Nha',

4.2.1.2 stover vield. ,i | ' ..; !

stover vyield was not significantly' .afféCted. Ly |
treatments in 1398 season \Table 6). In 1996 and the pooled
'{f fﬁf'data analysis, Aincorporation treatments significaﬁtly gave
'f i_5tg§er vields that were significantly higher than the control

treatment (Table 6). o R

The_aﬁﬁlication of N at 40, 80 and 120kg N ha'! treaments

: gave stover yields which were not significantly different from
each other, but were significantly highef than the 0kg N ha'
in 199% season. - 1n 1996 and the @ooled. data analysis,

increasing N rates significantly ilncreased stover yield (Table

4.2.1.3 DPlant neight : C
During all seasons, incorporation and N fervilizer
significantly affected waize plant helght (Figuré 1nd 2). In

1995, with CB incorporation, taller plants were recorded which
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I”@_were not significantly aifferent from - CR, CC- and CP

.'treatmentéf In 1996, among the legume incorporation
treatments, plant height did not differ significantly. They
all gave plants that were significantly taller than the
control . The pooled data analysis showed that CB and CR
treatments gave significantly taller ﬁlants than PPH and CC

treatments, but they were not significantly different from CP

. treatment. The contrel gave significantly shorter plants than

all incorporation treatments. In all seasons maize plants

o tended to be taller with iﬁcreasing rates of N,

Interactions between incorperation and N rates on plant
hejght in 1995 and pooied data were significant (Table 8).
With the interaction effects, incorporation of CR at 120kg N

ha' gave taller plants.

4.2.1.4 gZar height -

In all seasons, =ar height. was significantly affected by

.fi; both incorporation and N rates (Figures 3 fand 4). The

'"fffincorporation of CR and CB, gave significantly greater ear

height values than the other treatments in 1995 season. Ear
'height values ware gignificantly shorter in control treatment
than where legumes were incorporated. In 1996 season, similarx

results were obtained but among the legume treatments there

h“?h were no significant differences. With respect to pooled data

‘analysis, ear height was higher with CR treatment, which was
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- SEs+

" Table 8. Interaction ketween Leguﬁe incorporation after two
years of growth and N Fertilizer on maize plant
height (cm). : -

1995 season. :
Treatment N_rates !
Legqume spp 0 40 80 : 120
PPH 172.37hi 240.37b~-g 252.43a-d 239.53b~qg
CR 188.97h 244 .70a-f 247.87a-e 260.03a
CB 222.87g 229 .43efg 252.50a-d 245.83a-f
cc 191.20h 229.77efg . 258.00ab 240.20b-g
CP 191.77h 1 241.83b-g 254.27abc 235.43¢c-g
Control 153.101 229.90efg 225.80fg 1 233.13d-g
SEs+ 6.23 -
o o Pooled data
PPH 143.207 204.37c~g  218.93ab  210.57a-e
CR 168.001 - 205.06¢~f 213.45;~d 220.50a .
.?} ch5' 178.48hi 202.32d-g 216.05a-d 213.18a-d
_{;cc“' 165.481 194 .35¢-g 219.55a 205.43b-f
e 167.02i 205.38b-f  217.93a-c 206.28b-f
o Contral 136.32Kk 189.33gh 197.37e-g 193.32f-h
4.56

Means followed by the same letter(s) within

are not significantly dif

using DNMRT.

a treatment group
ferert at 5% level of significance



120
.
100

80

80 -

Ear height (cm)

40 —

20 —

CcB cC CP CONTROL
Legume species

Fig.3: Effect of legumes incorporation after two years of growth on maize ear height

[ 1995

120 — 1996

Ear height (cm)

Nitrogen rates (Kg ha )

Fig.4: Effect of legumes incorporation after two years of growth and N fertilization on maize ear height

56



not significantly different from CB and CP treatments. The
 control gave a significantly lower ear height than all other

. freatments.

Ear heilght at 80 and 129 kg N hé* treatments in all
:”éeasons weré significantly not different from each other but
gave significantly higher ear height values than 0 and 40kg N
 ha treatments. The control (0kg N ha') gave significant lower

ear height than all other treatments in all seasons.

4.2.1.5 1000-grain weight

f_The result of 1000-grain weight meésured qnly in 1996
season, showed that values were significantly higher witﬁ all
legume treatments than the control, except for CR treatment
(Takle 9). Increasing rates of N generally incréased the

1000-grain weight.

4216 Cob_length

The incorporation treatments gave signifiéantly longer
cobs than the contrel in the 1996 season (Table 9). The
incorporation of CR, 'CB and CP gave significantly_longer cobs
than all other treatments. whefé FPPH and CC were
incorporated, the cobs were longer than that of the control.
Cob length increased with i1ncreasing rates of N. The

differences were significant.
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4.,2.1.7 Kernel depth

This parameter was alsc taken at the 1996 season only.
., Deeper kernels were observed in CR and CC treatments, though

they were not significantly different from CB and CP

- treatments {Table 9), but were significantly g%eatef thar PPH

and control treatments. Kernel depth increased with

increasing N rates.

4.2.1.8 Germipation Parcentage

Maize germination was not significantly affected by

legume incorporation at both seascons (Table 10). However, CP .

gave higher germinaticn percentage than other treatments in
1995 geason. In 1996 seasons, CR had a higher value than
cther treatments. When the two years were booied together CP
again géve higher germination percentage than other

treatments.

Table 10: Effect of legume incorporation after two years of
growth on maize germination percentage.

Germinat.on percentage (%)

- Treatment 1995 1996 Mean
Legume Spp : B
v PPH . e 87.00a ; 98.00a 97.50a :
' CR S ... 96.00a . 99.00a 97.50a
CB . 95.00&a . 98.00a ., 96.50a
cc .- 98.00a - 98.00a - 96.50a
cPp R $9.00a 98.0Ca 58.50a
Control. . 97.00a ' 97.00a . 97.00a
SE+ : : 3.10 2.30 ' 2.45

Means followed by the same letrer(s) within a treatment group

are not significantly different at 5% level of sgignificance -

o using DNMRT.
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Table 12. Interaction between Legume incorporation after one
year of growth and N Fertilizer on maize grain yield

(& Bal).
Treatment N rates
Legume spp 0 4 80 120
PPH 0.167 0.58gh 0.88c-f 1.04bc
CR 0.50hi 1.06bc 1.42a 1.33a
CB Q.%673 0.69f-h 0.75d-h 0.99cde
o0 0.29ij 0.54hi 0.97cde 1.00¢cd
CP 0.2813 0.73e-h 0.89¢c-f 0.76d-h
AH 0.167 0.58gh 0.88¢c-f 1.04bc
Control D.127 0.29i73 0.54hi 0.92¢c-£f
SE+ 0.08

Means followed by the same letter({s) within a treatment group

are not significantly different at 5% level of significance
using DNMRT.
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4.2.2 Effect of legume incorporation after one veay

of growth and N fertilizer on maize grain vield:

and some vield components.

4.2.2.1 Grain_vield

The effecr of legume incorporation aftef one year of
growth and N fertilizer on maize grain yield is shown in Table
11. Grain yield was significantly higher- iy CR than other
treaﬁments. In generai, all legume treatments gave
significantly highey grain yield than the control. Between
PPH, CB, CC and CP differences were not significant.
Increasing rates of N application_signifiéantly increased the

grain yield,

The iﬁteractioﬁ becwean legume incorporaﬁion after one
year of growth and N fertilizer and grain vield is shown in
Table_lz.' The results showed that, CR incorporation at N
application of 80 and 120kg Nha' gave significantly 'higher“

grain yield than all other rtreatments. With all legume

'= treatments and the contrcl, increasing N rates gave higher

‘grain yields.

4.2.2.2 1000~grain weight .
| The 1000-grain welght was significantly higher with CR
'ﬁﬁjénd BH incorpovation than all other treatments (Table 11).
j.Values observed from PPH, CC and CP treatments were
'Significantly higher than that of the cdntrol; The wvalues

observed from CB incorporation were not significantly
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different from the PPH, CC, CP and the control treatments.
The 1000-grain weight was significantly increased with

increasing rates of N.

L. 8253 o e h

The incorporation of CR and AH gave longer cobs, which
however were significantly longer than those cbserved from CC
and CB incorporation treatments (Table 11). Significantly
shorter cobs than all other treatments were cbserved with the
control treatment. Higher N rates, gave significantly longer

cobs.

4.2.2.4 Kernel t

The depth of maize kernels was higher with CR
incorporation though not significantly different f£rom PPH, CB
and CP treatments (Table 11). The depth of the kernels

generally increased with increasing N rates.

4.2.2.5 Germination percentage

The germination percentage of maize was not significantly
affected by legumes incorporation. The values of CR and CP

were however slightly higher than that of other treatments

(Table 11).

4.2.2.6 Plant Height

The control treatment gave shorter plants than all other
treatments (Figure 5). The incorporation of CR and AH which

were not significantly different from each other, gave
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significantly taller plants than other treatments. The
application of N at 120kg N ha' did not give significantly
taller plants than the B80kg N ha' treatment, however both gave
significantly taller plants than 0 and 40kg N ha’ treatments
(Figure 6). The zero N level gave signficantly shorter plants

than the 40kg N ha'.

- T r Hei
Ear height was significantly higher with CR and AH
incorporation than other treatments (Figure 7). Higher

application of N gave higher ear height values (Figure 8).
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4.2.3 ffe f L i A of

Growth and N Fertilizer on Nutrient Content of Maize

Stover

£.2.3.1 itrogen

The effect of legume incorporation and N fertilizer on
N concentration of stover is shown in Table 13. Nitrogen
concentration wasg significantly affected by legume
incorporation in 1995 and the pooled data, while in 1996 N
content did not differ significantly among treatments. In
1995, N concentration was significantly higher in CC than in
CR, CB and contreol treatments. The control gave the lowest
value which was not significantly different from CR and CB
incorporation treatments. With the pooled data analysis, N
concentration in CC and the control treatments were highest,
though they were not significantly different from PPH, CB and
CP incorporation treatments. The incorporation of CR
treatment gave the lowest stover N content, which was not
significantly different from PPH, CB and CP incorporation

treatments.

Generally, increagsing N rates increased the N

concentration of stover in all the seasons.

4.2.3.2 Phosphorus

Phosphorus concentration of stover was significantly
affected by legume incorporation. The incorporation of PPH
and CR gave significantly higher P concentrations,than other

treatments in 1995 not significantly higher than CP
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Table 13. Effect of Legume incorperation after two years of growth and
N Fertilizer on N and P contents of Maize Stover.

Treatment Nutrient Content (g kg')
N P
Legume spp. 1995 1996 Mean 1995 1996 Mean
PPH 5.12ab 5.38a 5.25ab 1.88a 0.83bc 1.36a
CR 4.72bc 4.69a 4,70b 1.19a 0.65cd 0.92abc
CB 4.81bc 5.07a 4.94ab 0.86c 1.13a 1.00ab
3% 5.80a 4.81a 5.30a 1.88c 0.76bcd 0.82bc
CP 5.37ab 5,20a 4. 76ab 1.09%9ab 0.48d 0.94abc
Control 4.49c 5.03a 5.2%9a 0.91bc 0.97ab 0.79¢c
SE+ 0.24 0.28 0.18 a.07 0.10 0.06
N rates
0 4.23b 4.01c 4.124d 1.13a 1.1%a 1.16a

40 4.38b 4,75b 4.5%c 1.00ab 0.65bc 0.82b

80 5.73a 5.24b 5.49kb 1.09a 0.55¢ 0.82b
120 5.86a 6.12a 5.99a 0.86b 0.82b 0.84b
SE+ 0.20 0.23 0.15 0.086 0.08 0.05
Interactions

LXN NS NS NS » o NS

Means followed by the same letter(s) within a treatment group are not
significantly different at 5% level of gignificance using DNMRT.
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incorporation treatment in 1995 (Table 13). The CB and CC
incorporation treatments gave significantly lower P
concentration, though they were not significantly different
from the control. 1In 1996, the incorporation of CB gave the
highest P concentration which was not significantly different
from the control but was significantly different from all
other treatments. Incorporation of CP gave the lowest value
which was not significantly different from CC and CR
incorporation treatments. The pooled data results showed that
PPH incorporation gave the highest P concentration though it
was not significantly different from CR, CB and CP
incorporation treatments, but was significantly higher than CC
and control treatments., The control treatment gave the lowest
value which was not significantly different from CP, CC and CR
incorporation treatments. Increasing N fertilizer rates

tended to decrease stover P content in both sgeasong.

A significant interaction between legume incorporation
and N fertilizer on P concentration of stover was observed in
1995 and 1996 seasons (Table 14). In 1995 season the
incorporation of PPH treatment at 40 and B0kg N ha' and CR
incorporation at Okg N ha'! gave highest stover P concentration.

In 1996 seasons, CB at 120kg N ha'! gave the highest stover P.
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Table 14. Interaction between Legume incorporation after two

years of growth and N Fertilizer on P content (g kg
} of maize stover.
1995 season.
Treatment N_rates
Legume spp 0 4 g0 120
FFH 1.08a-f 1.42a 1.423 0.83d-g
CR 1.42a 1.17a-e 0.92c-g 1.25a-d
CB 1.17a-e 0.75e-g 0.87c-g 0.67fg
cc 1.00b-g 0.67f-g 0.92c-g ¢.92¢c~g
P 1.25a-d 0.83d-g 1.338bc 0.96c-g
Contrel 0.83d-g l1.17a-e 1.08a-f 0.54g
SE+ 0.14
1996 geagon

PPH 0.33g 0.33g 0.83de 0.83de
CR 0.92cd 0.58eft 0.50fg 0.92cd
CB 0.44fg 1.17bc 1.25b 1.67a
cc 0.40fg 0.72def 0.67def 1.25b
cp 0.58efqg 0.50fg 0.92cd 1.17bc
Control 0.40fg 0.50fqg 0.55efg 0.92cd
SE+ 0.27

Means followed by the same letter(s) within a treatment group
are not significantly different at 5% level of significance
using DNMRT.
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4.2.3.3 Potassium

Potasium content of maize stover was affected by legume
treatments in both seascns. In 19%5, incorporation of CR gave
the highest K concentration, though it was not signficantly
different from the control, but it was significantly higher
than PPH, CB, CC and CP incorporation treatmente (Table 15).
The incorporation of PPH, CB, CC, CP and the control treatment
were not significantly different from each other. 1In 1996, K
concentration was significantly higher in CR than in all other
treatments except CC. Potassium concentration was lowest
where PPH was incorporated. The result of the pooled data
showed that K in plante that received CR wasg still
significantly higher than in other treatments. The lowest K
concentration was observed in PPH incorporation treatment,
which was not significantly different from CB and control
treatments. Potassium concentration generally increased with

increasing rates of N in both seasons and the pooled data.

There was significant interaction between legume
incorporation and N rates on X concentration in the two
seasons and the pooled data analysis. In 1985, the
interaction results showed that, the contreol treatment at
80kgNha'! gave significantly higher K concentration than all
other treatments (Table 16). Differences among legume
treatments at 40, 80 and 120kgNha! were not significant.
Generally, with all legume treatments increasing N fertilizer

rateg tended to increagse stover K content (Table 16).
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Table 15.

Effect of Legume incorporation after two years of growth and
N Fertilizer on K and Ca contents of Maize Stover.

Ireatment Nutrient Content
K

Legume spp. 1995 1956 Mean 19585 1596 Mean
FPH .37 4.8%9¢C 5.63c 0.68b 0.56a 0.82a
CR 7.47%7a 7.15a 7.31la .87b 0.5ca 0.62a
CB 6.36b 5.67bc 6.02bc 0.88ab g.53a 0.71a
ce 6.25b 6.86a £.56b 0.91a 0.48a 0.70a
CcP 6.25b 5.93b 6.42b 0.78ab 0.62a 0.65a
Contrel 7.04ab 5.75k 6.09bc 0.78ab 0.52a 0.70a
SE+ 0.27 0.28 0.19 0.07 0.04 0.05
N rates

a 6.08b 5.68bh 5.89 0.53¢ 0.52a 0.53¢

40 6.45ab 5.73b & _09be 0.70b d.5%a 0.64h

80 7.06a 5.88b 8.47ab 0.94a 0.54a 0.74a
120 6.8%a 6.5%la 6.90a 0.55a 0.55a 0.75a
SE+ 0.22 0.23 0.16 0.06 0.03 0.04
Interactions
LXN * * % * NS * % Ng

Means followed by the same lettexr(s)
gignificantly different at 5% level of significance using DNMRT.

within a treatment group are not



Table 16, Interaction between Legume incorporation after two years
of growth and N Fertilizer on K content (gkg'} of maize

Stover.
1885 geason,
Treatment N_rates
Legume spp 0 40 80 120
PPH 6.77b-e 6.04cde 6.18b-e 6.49b-e
CR 7.02becd 7.55bo 7.80h 7.53bc
CB 5.1Be 6.28b-e 6.85bh-e 7.14bcd
cc 5.58de 6.22b-e 6.09cde 7.12becd
cP 6.03cde 4.49b-e 6.03cde €.47b-e
Control 6.01lcde 6.1l5cde 9.36a 6.61b-e
EE+ .53
1596 season
PPH 4.56ghi 4.18hi . 5.11e-i 5.70d-1
CR 6.91b-e 8.26ab 6.49Cc-g 6€.94b-e
CB 4.63ghi 3.93i 6.58b-f 7 .54abe
cC 6.04c-h 5.97¢-h 6.77hb-g B.68a
cp 5.50d-1 6.24c-g 4.81f-1 7.1%a-d
Control €.43c-g 5.82¢-1 5.50d-1 5.424-1
SEx 0.57
pooled data.
PPH 5.67h-k 5.113k 5.65h-k 6.0%-k
CR 6.97a-g 7.90ab 7.1l4a-f 7.24a-¢e
CB 4.91k 5.10ik 6.71b-h 7.34a-d
ac 5.81g-h £.0%e-k 6.43c-1 7.90a
cr 6.224-1i 5.99fF-k 7.44a-C 6.01f-k
Control 5.77g-h 6.36a-1 5.421i-k 6.83b-h
SE+ 0.38

Means followed by the same letter(s) within a treatment group are not
significantly different at 5% level of significance using DNMRT.
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4.2.3.4 Calcium

The Ca concentration of stover was significantly affected
only in the 1995 season by legume treatments, while in 1998
and the pocled data analysis showed no significant effect
(Table 15). In 1995, the incorporation of CC treatment gave
the highest Ca concentration which was not significantly
different from CB, CP and centrol treatments. Peuroria
phaseoloides and CR incorporation treatments which were
gsignificantly not different from each other gave the lowest Ca
concentraticn and they were significantly not different from
CB, CP and the control treatments. Increasing N rates gave

increasing Ca concentrations.

A significant interaction between incorporation and N
rates on Ca c¢oncentration was observed in the 1996 season.
The result in Table 17 showed that, with the incorporatio of
CB with 120kg N ha' significantly higher Ca concentration was
obtained. Higher N rates at all legume treatments tended to

increase Ca concentration.

4.2.3.5 Magnesium

The incorporation of legume and N rates had a significant
effect on Mg concentration in gtover in all seasons (Table
18). In 1995, CB, CR, CP and the control treatments gave the
highest wvalues which were not significantly different from

each other, while PPH and CC incorporaticn treatments gave the
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lowest values which were not significantly different from CP
incorporation treatment. In 1996, the incorporation of Cp
gave significantly higher Mg value though it was not
significantly different from PPH and the control treatments.
The incorporation of CB, CR and CC gave lower Mg concentration
which was not significantly different from each other. On the
pooled data analysis, the control treatment gave the highest
value though it wag not significantly different from CP, CB
and CR incorporation treatments, but it was significantly
higher than PPH and CC incorporation treatments. The
incorporation of CC treatment (gave the lowest Mg
concentration, but it was not gignificantly different from CB,
CR and PPH incorporation treatments. The N fertilizer tended
to give higher Mg concentration at higher than at lower rates

in all seasons.

Table 17. Interaction between Legume incorporation after two years
of growth and N Fertilizer on Ca content {gkg') of maize
Stover in 1996 season, '

Treatment N _rates

Legume Spp 0 40 80 120

PPH 0.401i7 0.47hij 1.03bcd 0.80d-g
CR 0.377 0.53g9-3 0.87¢-f 0.90b-£f
CB 0.67e-1 0.67e-1 0.80d-g 1.40a
ce ¢.50hij 1.13b 0.93b-e 1.07bc
cp 0.63F-4 0.73e-h 0.93b-e 0.80d4-g
Control 0.63£-7 0.67e-1 1.07bc 0.73e-h
8B4+ 0.08

Means followed by the same letter(s} within a treatment group are not
significantly different at 5% level of significance using DNMRT.
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4.2.3.6

Zinc

Zinc concentration of stover was not significantly affected in 1985

but was significantly affected in 1996 and the pooled data analysis (Tahle

18} . In 19886,
which was not

treatments. Peuroria phasecicides and CB incorporation

significantly different from <CC,

CP and the

the incorporation of CR gave the highest Zn concentration

control

Table 18, Effect of Legume incorporation after two years
of arowth and N Fertilizer on Mg and Zn contents of Maize
Stover.
Treatment Nutrient -Content
Mg Zn
Legume spp. 1995 1996 Mean 1995 1996 Mean
PPH 1.07b 1.23ab 1.15bc 18.75a 20.00b 19.38b
CR l.21a 1.13b 1.17abc 22.33a 26.42a 24 .38a
CB 1.25a 1.14b 1.15%abc 18.75a 20.42b 19.58b
cc 1.06b 1.10b l.08c¢ 20.83a 24.58ab 22.71ab
P 1.14ab 1.42a 1.22ab 17.50a 23 .42ab 20.75b
Cantrol 1.25a 1.2lab 1.23a 18.00a 23 .50ab 20.46b
SE+ 0.04 0.07 0.04 1.57 1.81 1.17
N rates
0 1.06b 1.32a l.1%ab 21.78a 25.06a 23.42a

40 1.11b 1.12b 1.11b 17.28b 25.56a 21.42a
ga 1.26a 1.11b 1.18ab 19.50ab 22.00ab 20.75b
120 l.22a 1.28ab 1.24a 18.8%ab 12.61b 19.25b
SE+ 0.03 0.08 0.03 1.28 1.48 0.395
Interactions
LXN * N.8. * NE o+ *

Means followed by the same letter(s} within a treatment group are not

significantly different at 5% level of sgignificance using DNMRT.
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treatments gave the lowest values which were not signficantly
different from each other and P, CC and the control
treatments. The pooled data result showed that, CR
incorporation treatment gave the highest Zn concentration,
though it was not significantly different from cC
incorporaticn treatment, but was gignificantly higher than all
cther treatments. Increasing N fertilizer rates tended to

decrease the Zn concentration in all seasons (Table 18).

There was a significant interaction between incorporation
and N rates in 1996 and the pooled data analysis. The result
showed that, with C€C incorporation at 40kg N ha', 2Zn
concentration of stover was highest in 1996 and the pooled
data analysis (Table 19}). Generally decreasing N rates tended
te increase Zn concentration in stover in all legume

treatments in the two interactions.

~J
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Table 19. Interaction between Legume incorporation after two years
of growth and N Fertilizer on Zn content (mgkg') of maize

Stover.
1996 season.

Treatment N rates
Legume Spp 0 40 80 120
PPH 26.67a-e 25.00a-f 15.00efqg 13.33fg
CR 26.67a-e 31.67abc 23.67b-g 23.67b-g
CB 11.67g 26.67a-e 28.33a-d 15.00efg
e 26.67a-e 35.00a 20.00d-g 16 .87efg
cp 33.33bc 13.33fg 21.67c-qg 25.33a-£f
Control 25.33a-f 21.67c-g 23.33b-g 23.67b-g
SE+ 3.62

Pooled data
PPH 22.50b-f 18.33d4-f 18.33d-f 18.33d-£
CR 26.83a-b 26.00a-c 23.67a-d 21.00b-£
CB 15,83ef 20.83b-f 23.33a-d 18.33d4-f
cc 23.33a-d 29.1%a 20.00c-£ 18.334-f
cp 25.33a~-c 19.17e-E 18.17c-£ 15.33¢-£
Control 26.67ab 15.00f 20.00c-f£ 20.17b-£f
SE+ 2.33

Means followed by the same letter(s) within a treatment group are
significantly different at 5% level of significance using DNMRT.
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4.2.4 Effect of legume incorporation after two years of

growth and N fertilizer on nutrient content of maize

car leaf.

4.2.4.1 Nitrogen

The ear leaf N concentration was significantly affected
by both incorporatien and N rates (Table 20). The
incorporation of CC and CR gave the highest ear leaf N, which
wag gignificantly higher than all other treatments. Where PPH
and CP were incorporated, N valueg were the lowest.

Increasing N rates significantly increased ear leaf N.

4.2.4.2 Phogphorus

The incorporation of CR and the control treatments gave
the highest ear 1leaf P concentration which was not
significantly different from CB and CC treatments, but was
significantly higher than PPH and CP treatment (Table 20).
The PPH and CP treatments which were not significantly
different from each other, gave sgignificantly lower P
concentration. Increasing N rates significantly increased ear

leaf P.

4,2.4.3 Potassium
Ear leaf K concentration was significantly higher in PPH
than in other treatments except CR and the control treatments,

but was significantly higher than all other treatments (Table
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20). The incorporation of CB, CC and CP gave the lowest K
values, which were not significantly different from each
other. The application of N at higher rates, increased ear
leaf K.

The interaction between legume incorporation and N rates
on K concentration of ear leaf was significant (Table 21).
The incorporation of PPH at 40kg N ha'! and CP at 120kg N ha’
gave the highest K concentration of ear leaf. There were no
significant differences between CB, CC, CP and control
treatments at 0, 40 and 80kg N ha'. With all legume and
control, treatments increasing N fertilizer rates tended to

increase ear leaf K content.
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Table 20. Effect of Legume incorporation after two years of growth
and N Fertilizer on Nutrient Content of Maize Ear lLeaf in
1996 season.

Treatment Nutrient Content
e gkg'-------~---- >

Legume spp N P K

PPH 19.51c 1.96¢C 10.56a
CR 23.48a 2.27a 9.87ab
CB 21.25b 2.09%ab 9.22b
ce 23.61a 2.17ab 2.37b
Cp 18.1%¢c l.66¢ 9.38b
Control 20.44bc 2.23a 9.72ab
SE+ 0.50 0.08 0.33
N rates

o] 13.79d 1.66d 8.70¢

40 18.88¢ 1.5%4c¢ 9.43be

80 24.38b 2.21b . 9.93ab
120 27.93a 2.43a 1l0.69a
SE+ 0.41 0.06 0.27
Interactions

LXN Ne NS *

Means fcllowed by the same letter{s} within a treatment group are nct
significantly different at 5% level of significance using DNMRT.

Table 21. Interaction between Legume incorporation after two years
of growth and N Fertilizer on K content (gkg'} of maize
Ear leaf in 1996 season.

Treatment N rates

Legume spp 0 40 80 120

PPH 10.52a-4d 12.35a 8.66c-f 10,70a-d
CR 9.40b-f 8.99¢c-f _ 11.44ab 9.64b-f
CB 8._12ef g.624-f $.65b-F 10.50a-e
ae 7.38f 9.12¢c-£ 10.27h-£ 10.73a-¢
CP B.72c-£ 8.14ef 9.73b-f 12.31a
Control 8.06ef 9.37c-£ 9.81b-£ 10.28b-f
SE+ 0.66

Means followed by the same letter{s) within a treatment group are not
significantly different at 5% level of significance using DNMRT.

81



4.2.5 Effect of legume incorporation after two years of

growth on some soil chemical properties

4.2.5.1 Soil pH

Surface soil pH measured in water in 1995 and the pooled
data analysis was significantly affected by treatments, while
in 1996 there were no significant differences due to the
treatments (Table 22). In 1995, the incorperation of CB gave
higher pH value which was not significantly different from CR
and CC treatments, but was significantly higher than all other
treatments. The other treatments, PPH, CP and the control
were not significantly different from each other. When data
were pooled, CB treatment =still gave higherx pH value which was
not significantly different from CR, €C and CP treatments but
was significantly higher than PPH and the control treatments.
The control treatment gave the lowest pH value which was not
significantly different from CP, CR.and PPH treatments. Soil
PH of the sub-surface soils (15-30cm) was not affected by

treatments in all seasons {(Table 22).

4.2.5.2 Soil Organic Carbon

In all seasons, on the surface soil (0- 15cm) legume
incorporation significantly affected soil organic carbon
(Table 23} . 1In 1995, the incorporatiocn of CB gave higher soil
organic C which was not significantly different from CC and Cp

treatments, but was significantly higher than PPH, CR and
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Table 22. Effect of legume incorporation after two years of growth
on Soil pH in water.

Treatment Soil pH O 12.5

g ~ 15em 15 - 30cm
Legume spp. 19895 1996 Mean 1995 1996 Mean
PPH 5.56b 5.38a 5.47bc 5.42a 5.48a 5.45a
CR 5.71ab 5.39%a 5.55abc 5.35a 5.34a 5.35a
CB 5.95a 5.61a 5.78a 5.39% 5.54a 5.46a
cC 5.79ab b5.62a 5.71lab 5.35a 5.57a 5.4¢6éa
CP 5.55b 5.56a 5.55aba  5.26a 5.45a 5.36a
Control 5.62b 5.16a 5.3%¢ 5.69%a 5.35a 5.52a
SEt 0.08 0.14 0.09 0.18 0.10 0.10

Means followed by the same letter(s) within a treatment group are
not significantly different at 5% level of significance using
DNMRT.

Table 23. Effect of legume incorporation after two years of growth
on Soil Organic Carbon.

Treatment Soil Organic Carbon

0 - 15¢m 15 - 30cm
Legume spp. 1995 1996 Mean 1995 1996 Mean
PPH 7.05bc  8.25a 7.65a 6.25a 7.38a 6.82a
CR 7.18bc 7.45ab 7.3la 4.92a 7.18a 6.05a
CB 9.11a 7.58ab 8.35a 5.66a 6.92a 6.29a
cc 8.11ab 6.65ab 7.38a 6.12a 6.05a 6.09a
CP 7.51ab B8.18a 7.85a 6.52a 6.78a 6.65a
Control 5.52¢C 5.7%b 5.65b 6.25a 6.98a 6.12a
SE+ 0.55 0.54 0.39 0.72 0.68 0.50

Means followed by the same letter(s) within a treatment group are
not significantly different at 5% level of significance using
DNMRT .
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control treatments. The control treatments gave the lowest OC
content, though it was not significantly different from PPH

and CR treatments. In 1996, the organic C was higher with PPH
and CP incorporation treatments. These were not
significantly different from CR, CB and CC treatments but were
significantly higher than the control treatment which gave the
lowest value. With respect to the pooled data, all
incorporation treatments which were not significantly
different from each other, gave significantly higher soil

organic C than the control treatment.

Organic carbon in the lower depth (15-30cm) was not

affected by all treatments.

&.2u5:3 ngeable Calci

The effect of legume incorporation on exchangeable Ca in
the soil is shown in Table 24. In 1995, surface soil Ca was
significantly affected by legume treatments. The incopocration
of PPH gave the highest value which was not significantly
different from CB and CC treatments, but was significantly
higher than all other treatments. The control, CP and CR
treatments which were not significantly different from each
cther gave the lowest exchangeable Ca, though their values
were not significantly different from CC and CB treatments.
Exchangeable Ca values were not significantly affected by

treatments in 1996 season and the pooled data. Sub surface Ca
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Table 24. Effect of Legume incorporation after two years
of growth on Exchangeable Ca.

Treatment Exchangeable Ca.
D - 15cm 15 - 30cm

Legume spp. 1995 1996 Mean 1995 1996 Mean

PPH 2.57a 2.90a 2.73a 2.47a 2.50a 2.48a
CR 1.83b 2.40a o128 2.10a 2.43a 2.27a
CB 2.07ab 2.60a 2.33a 2.00a 2.23a 2.11la
cc 2.07ab 2.30a 2.18a 1:97a 2.23a 2.10a
CP 1.87b 2304 2.08a 2.13a 2.37a 2.25a
Control 1.73b 2.53a 2.13a 1.80a 1.87a 1.83a
SE+ 0.18 0.37 0.21 0.28 0.30 0.21

Means followed by the same letter({s) within a treatment group
are not significantly different at 5% level of significance

using DNMRT.
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was not affected in all seasons.

4.2.5.4 Exchangeable Magnesium

In 1995 and the pooled data, legume treatments had
significant effect on soil Mg but ﬁot in 1996 (Table 25). In
1995, PPH gave valueg that were significantly higher than CR
and the control. On the basis of pooled data, PPH treatment
still gave the highest so0il Mg content, which was not
significantly higher than CP, CC and the control treatments.

The control treatment gave the lowest soil Mg content.

In the su5~surface goil (15-3Ccm) , in 1995, the
incorporation of PPH gave higher soil Mg content which was
significantly higher than CR ﬁreatment, but was not
significantly different from all other treatments (Table 25).
The contreol which gave the lowest Mg content was not
significantly different from all other treatments except the
PPH treatment. In 1996, PPH treatment gave significantly
high Mg content than all other treatments which were not
significantly different from each other. The pooled data
showed that, the incorporation of PPH gave sgignificantly
higher s0il Mg content than all other treatments. It was
followed by CR, CB, CC and CP treatments which were not
significantly different from each cother, but were
significantly higher than the control treatment which gave

the lowest Mg content.
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Table 25. Effect of Legume incorporation after two years

of growth on Soil Exchangeable Mg.

Treatment Exchangeable Mg.
0 - 15cm 15 - 30cm

Legume spp. 1995 1986 Mean 1955 1996 Mean
PPH 0.91a 0.87a 0.89%a 0.89%a 0.27a 0.93a
CR 0.67b 0.75a 0.71bc 0.67b 0.79b 0.73b
CB 0D.7%ab 0.87a 0.83ab 0.6%ab 0.80b 0.75b
ccC 0.75ab 0.72a 0.74bc  0.75ak 0.79b 0.77b
CcP 0.72ab 0.88a 0.80ab 0.76ab 0.79%b 0.78b
Control 0.62b 0.68%a 0.66c 0.72ab 0.69b 0.70c
SE+ 0.06 0.06 0.04 0.06 0.06 0.04

Means followed by the same letter(s) within a treatment group
are not sgignificantly different at 5% level of significance

using DNMRT.



4.2.5.5 Exchangeable Potagsium

Exchangeable K was significantly affected by legume
treatments in 1995 but not in 1996. Treatment effects were
also noticed in the combine analysis (Table 26). In 1995,
higher K values were observed in PPH and CP. The
incorporation of CR treatments gave the lowest soil
exchangeable K, which was not significantly different from

PPH, CB, CC and the control treatments.

In all seasons, on the sub-surface scil incorporation did

not significantly affect the scil K content (Table 26).

&:2:5.8 Effective Cati X Ca p ! B
On the surface soil (0-15cm) in both seasons,
incorporation significantly affected CEC (Table 27). In

1995, with PPH incorporation, ECEC was significantly higher
than in all other treatments. 1In 1996, the incorporation of
PPH and CP gave the highest ECEC values which were not
significantly different from CR and CB treatments, but were
significantly higher than CC and the control treatments. The
pocled data results showed that, the incorporation of PPH gave
higher ECEC which was not significantly different from CP
treatment, but was significantly higher than all other

treatments. The control treatment gave the lowest ECEC value.

In the sub-surface soil (15-30cm), incorporation had
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significant effect on ECEC in 1995 and the pooled data, while
in 1996, incorporation did not significantly affect the ECEC
(Table 27). 1In 1995 with PPH incorpcration, ECEC was highest,
though it was not significantly different from CC and CP
treatments, but was significantly higher than CR, CB and the
control treatments. On the basis of pooled data, PPH gave
higher ECEC which was not significantly different from CC and
CP treatments, but was significantly higher than all other
treatments. The control treatment gave a significantly lower

value than all other treatments.

Table 26. Effect of Legume incorporation after two years
of growth on Exchangeable K.

reat Exchangeable K.
0 - 15cm 15 - 30c¢m

Legume spp. 1995 1956 Mean 1995 1996 Mean

PPH 0.14a 0.15a 0.15ab 0.0%a 0.16a 0.12a
CR 0.09b 0.13a 0.11b 0.10a 0.13a 0.12a
CB 0.13ab 0.16a 0.15ab 0.12a 0.16a 0.14a
cc 0.12ab 0.17a 0.15ab 0.14a 0.17a 0.15a
CP 0.15a 0.19%a 0.17a 0.10a 0.12a 0.11a
Control 0.12ab 0.15a 0.14ab 0.13a 0.12a 0.13a
SE; 0.01 0.02 0.01 0.02 0.02 0.01

Means followed by the same letter(s) within a treatment group
are not significantly different at 5% level of significance
using DNMRT,
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Table 27. Effect of legume incorporation after twc years of
growth on Effective Cation Exchange Capacity (ECEC)

Treatment E. C. E. C.
0 - 15cm 15 - 30cm

Legume sSpp. 1995 1996 Mean 1995 1996 Mean
PPH 4.01a 4.32a 4.17a 3.47a 3.68a 3.58a
CR 2.94c 3.88ab 3.41c 2.59¢ 3.65a 3.12¢8
CB 3.47b 3.85ab 3.66bc 2.98bc 3.48Ba 3.23bc
cC 3.3% 3.69b 3.54bc 3.32ab , 3.41a 3.37ab
CP 3.39% 4.33a 3.86ab 3.09abl 3.73a 3.41ab
Control 2.70c 3.44b 2.474 2.55¢ 3.04a 2.79d
SE+ 0.12 0.18 .11 0,13 0.10 0.08

Means followed by the same letter(s) within a treatment group
are not significantly different at 5% level of significance

using DNMRT.



CHAPTER FIVE L

5.0 DISCUSSION

5.1 GREENHOUSE EXPERIMENT

5.1.1 Effect of legume incorporation on maize shoot'drv

matter vield

In gensral, shoot DMY was increased by residue
incorporation more than the control. This effect is expected,

‘as the residues upon decomposition will release nutrients for

' crop‘use. In addition organic matter will be increased

thereby enhancing CEC, improving soil aggregation and hence

- water retension and supporting bkiological activity. Hague

(1992) and William (1992) reported DMY increase when legqumes
were incorporated into the soil and attributed this effect
- mainly to increase in SOM. There were yield differences
among the different types of legumes. At 2.5t ha' CP gave the
- highest vyield, while at 5.0t ha' CR gave the highest yield.
Thies again confirms that, the higher the quanpity of residue
incof@orated into the soil, the higher the beneficial effects

discussed above. However, the slight differences among

residues 1s likely related to the quality of the materials

incorporated. According to Henzell and Vallis (1977) a

predictable conseguence of the variable N concentration in .

different legume residue is that they will contribute varying

~amounts of N to the soill and likewise to the following crop.
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Most of the differences between residues can be attributed to

. their N percentages.

Thé C:N ratio is a useful guide to the net release of N
from organic material at early stages of decomposition. The
C:N ratio also proﬁides an indicatipn of how rapidly a
material is likely to be decomposed. Plant residues with high
C:N ratio (»30:1) are likely to decompose slowly with initial
immobilization of N, where as residues with smaller C:N ratio
ére likely tb decompose more rapidly with a net mineralization
of N Qccuring right from the beginning..]
excellent performance of some legumes like CR and CP could

be attributed to their higher N contents and therefore lower

C:N ratios (Table 2}

5.1.2 | 'Effect'of.lequmé incofporation on plant height

| Generally plant height increased with time. The contfélj{“
lfféééméﬁﬁ Eonsistencly géve lower wvalues than the other
.tréétments. This may be attributed to séhe of the reasons
already stated above. Residues when inco}poraﬁed, upon
decompositioﬁ will release nutrients for crop use. In
additioh crganic matter will increase thereby improving soil

physical and chemical properties which lead to higher plant

'heights. Among the legume ﬁreatments differenCes in plant

" height were observed. The CR treatment gave taller plante

' than most other treatments. This effect is probably due to
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the high N content in CR compared to the other legumes. But
generally, all the 5.0tha’' treatments gave taller plants than

the 2.5tha’ treatments.

5.1.3 Effect of legume incorporation on nutrient content
of maize shoot

The incorporation of residue generally affected N, P, K,
Ca, Mg and 2Zn contents in maize shoot. The values of these
nutrients were consistently higher in plants that received the
residues than the contrcl. This may probably be due tc the
nutrients added to the soil upon the decomposition of the
residues. Between the legumes, there were slight differences
in the contents of these nutrients. This could be due to the
differences in the nutrient contents of the residues applied.
Elemental contents of the tissue at 5.0tha’ were generally
higher than at 2.5tha’. Lal and Kang (1982) and Bin (1983)
reported that, incorporation of organic material can enhance
the nutrient balance by serving as a nutrient reservior in the
soil, supplying N, P and cother nutrients. Therefore the
higher the material incorporated the more nutrients will be
supplied for crop uptake and utilization. DPahiya and Singh
(1980) and Singh and Dahiya (1980), however had observed
decreases in Ca, Mg, Mn and Fe concentrations in oats shoot
with increasing levels of manure and attributed it to dilution

effect.
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5.1.4 Effect of lequmes incorporation on scoil organic

carbon and pH

" The incorporation of residues into the soil significantly
'inéfeased soil organic carbon conteﬁt than the.lcontrol.
Mulongoy et al. (1993) made similar observations. They
observed that the levels of organic matter %n soils depend

largely on the quantity and quality of plant materials and

© litter returned to the soil. Cobbina (199%2) also reported

significant increases in SCM after incorporation of tropical
forage legumes at Fashola, near Tbadan, Nigeria. Ameng the
legume treatments differences in SOM Qére observed. The C:N
ratio provides an indication ©f how rapidly a material is
‘likely to be decomposed. Residues with high C:leatio are
 '1ike1y to decompese slowly, whereas these with smaller C:N
ratio are 1ikeiy to decompose more rapidly.? Maize residue
(high C:N ratic} at 5.0tha' gave higher soil organic carbon
content compared to the legume treatments except CP. Between
the application rates, the 5.0tha’' gave significantly higher
values than the 2.5tha?, except with CR and CB. According to
Jekinson and Avanaba (1977) 25-30% of residues from cereals
and 40-50% of that from legumes can decompose in a month, the
amount of material returned to the soil needs to be qﬁite high
in order to maintaln adequate levels of soll organic matter in
agroecosystems. This shows that 4 weeks aftey incorporation

only about 40-50% of residues had been decomposed thereby not

o giving the expected clear difference between the 2.5 and
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5. 0tha' rates.

The incorporation of residues decreased the pH of the
soil in all the treatments including the control. However,

NL, and LE, still gave higher pH than other treatments, These

ﬁ_.results are similar to those reported by Claniyan (1986 ,who

stated that the incorporation of cover crops in the field

decreased soil pH including the control plot.
' ' 1

5.2 FIELD STUDY: EFFECT.OF LEGUME INCORPORATION ON

MAIZE PERFORMANCE AND SOIL iMPROVEMENT

TR, Effect of lequme inéorgcration and N fertilizer on

grain yield and sgme_z;eld related parameters.
Grain yleld was significantly higher with the incorpora-

tion of legumes than the control after one and two years of

1

”- _growth. After one year growth, legume incdrporation gave

. “yield increase of between 0.18 - 0.61t ha' (38.3 - 129.8%)

~over thé control. Yield increases over the control upon
if:incorporation after two years of growth were 0.13 - 1.03t hat

(15.5 - 122.6%), for 1995 season and 0.16 - 1.30t ha' (11.7 -

.51.1%) for the 1996 season. The yield increase observed in
" the 1996 season clearly demonstrated residual effect of théée
legumes. With the pocled data, legume.incorporation gave 0.11

- 0.83t ha' (12.6 - 74.8%) yield increase over the control?'
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Tncrease in grain yield with the incorporation of forage
legumes have been reported (Balasubramanian and Sekayange,
1992} Simpson et al., 1992; Chiyenda and Materechera, 1987;

Hariah and van Noordwijk, 1%87; Nnadi et al., 1981 and vine,

. [ 1953} . Hariah and Van Noordwijk {1987} reported that maize

yield was more than doubled by_incoporatioh of three month old

- mucuna and crotolaria grown in alluvial soil on the Island of

o - Java, Indonesia. Soil data after cropping showed that there

' was increase in SOM. These results clearly'demonstfated that,
J'1of§anic matter has tremendous benefitial effect on soil. In
addition to the supply of nutrients for crop uptake, it
t.imprbfes soil physical properties, CEC, so0il microbial

activity among many others.

:i:The interaction-effects of the pooled.data between legume
ﬂiﬁédfpéréﬁion and N fertilizer showedithat, incofpdratiﬁg CP
after two years of growth with the addition of 40kg N ha' as
urea gave 2.04t ha' maize that were close to the rééommended
dose of 120kg N ha, which gave 2.11t ha'. A similar result
was observed with one year growth of CR which gave maize grain
yield.of 1.06 ﬁ ha' at 40kg N ha', compared to the recommended
" dose of 120kg N ha! which gave 1.33t ha'. This implies that

legume incorporation at one or two years growth before

' ingorporation gave yield increases that were almost equivalent

to 80 kg N ha'. Haque (1992) and ILCA (1987) reported maize

- yield equivalent to applying 60kg N ha'! where forage legumes
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were ilncorporated.

Among the legume treatments, CR after one year Qf growth
gave significantly higher grain vield than the other treat-
ments, while incorporatioﬁ of CP and CB after two years of
growth gave higher values than the control in all the seasons.
The differences recorded among legumes eifher aféer one of two
years of growth before incorporation could be attributed to
their guality and quantity of biomass_produced'(Henzell_and

Vallis, 1977 and Nnadi et al., 1¢81).

Legume incorporation after two years of growth gave

4 " . . B - . e : : TR . _ )
- higher grain yield than where incorporation was after one yeéar

of growth. It is possible that OM increased with residue
return after two years of growth due to the larger biomass
incorporated. The beneficial effect of OM has already been

stated.

fﬁ'Gfain.yield and yield related.parametérélsigﬁificantly
‘respended to N fertilizer in the two experiments. This result
is expected. As earlier indicated, cereal crops in the study
area demand high amounts of N for improved yield since the
soils are inherently low in soil N. Higher doses of N
fertilizers have been reported to increase grain yield and
yield related components (Stockinger, 1966} Goldsworthy, 1967;

Balasubramanian, 1%78; and Ologunde and Obilana, 1982},

97



The 1000 grain weight increased with legume incorpora-
tion. This is expected as grain yield was also increased by
legume incorporation. As earlier explained for grain yield,
this result may also be due to the same reasons. The 1000
grain weight significantly responded to N fertilizer in the
two experiments. This is expected, because 1000 grain weight

is a yield related parameter which had a similar result.

=) v Ea &

Maize stover and Earleaf concentrations of N, P, K, Ca
and Mg were not affected by the treatments in both years. No
particular trend was evident. Mchtosh and Varney (1372)
reported similar inconsistencies in nutrient concentrations in

their study.

Increasing N fertilizer tended to increase the concentra-
tions of N, K, Ca and Mg in maize Stover. On the other hand,
ear-leaf N, P, K, Ca and Mg increased significantly with
increasing rates of N fertilizer.  These increases are
expected as N, P, K fertilizers were applied. This will have
enhanced good growth especially roots, leading tc adeguate
absorpticn of these nutrients from the soil. Lal (1979)
reported increases in earleaf N and X concentration with N

fertilizer application.

98



T B.2.3. Effect of Lequme Incorpcration after two years of

growth and some s¢il chemical properties

There were slight increases 1in Soil pH due to legume
incorporation. It has been observed that legume incorporation
generally increase SbM than the natural fallow. This increase
in SOM is known te play a major role in supplying plant
 hﬁtrieﬁts upon decompasition. Among the nutrients added to
the soil are the exchangeable cations, which when added to the
soil, could increase the pH (Jones and Wild, 1975; Xowal and
Kassam, 1978 and Dudal and Deckers, 1995).} According to
Balasubramanian and Nnadi (1280} crop residues of leguminous
plants ére richer in all nutrients than cereal crop residues,

'f.This implies that even though the control plot had some weeds

. that could contribute to SOM, they. were of low quality

compared to the legumes. Differences among the treatments

‘were not significant when pH was measured at 15-30ct depth in

~ - both seasons. This shows that the legumes only made an impact

. .on. the soil pH on the top soil.

The top soil organic carbon increased significantly with
the incorporation of legumes in comparison with the control
:t“treatment. According teo Watson and Goldsworthy (1964), Lal
-i*and Ckigbo (1990}, properly ménaged planted fallows composed

mainly of leguminous species are more efficient and requires

'*:Q less time in  restoring soil fertility/productivity than

~natural fallows. One of the major things that these planted
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féllows Aad tolthe gsoil is ﬁhe SOM whiéh infﬁrn.affects'maﬁy
other soil properties. Many workers have reported increases
in spil organic matter by the incorporation of! forage legumes
{({IITA 1985;: Prancis et al., 1$86: Prinz, 1986; Hullugale, 1988
and Bin, 1983). There were significant differeﬂces among the
legume tcreatments in both seascons. This may be due to the C:N
' ratio of the materials incorporated. _The C:N raﬁio_provides
an indication of how rapidly a nmtérial is 1ike1y to be
decomposed. Plant residues with high C:N ratico (»30:1) are
likely to decompose slowly, whereas residues with lower C:N
ratio are likely to decompose more rapidly, hence low SOM
content . There were no signficant differehces among the
treatments at 15-30 cm depth. This still confirms that the

impact of the legumes were felt at the top soil 0-15cm.

'\'There were increases in.the soil contents of éxéhangéable;
cations and CEC after the years of cropping. In most cases
_the control treatment gave lower values, Inputs of organic
material have been reported to enhance nutrient balance as
well as serving as a nutrient reservoir by raising the CEC,
recycling of nutrients froﬁ subsoils, thereby' supplying N, P
.and other elements (Bache and Heathcote, 1969;: Lal and Kang 
1982).  Alsc the higher CEC‘ by legumé inc&rporation is
‘expected as increase in organic material has been reported to
raised soil CEC. (Nye and Greenland, 1960; Nye, 1963; Hawkins

and Brunt, 1965; and Juc and Lal, 1977). The CEC values of
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second season of cultivation were higher than that of the
first season. ICAR (1964) reported a similar result, that the
impact created by OM in the soil could be enjoyed by the third

crop in the rotation.
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CHAPTER SIX

6.0. SUMMARY AND CONCLUSION

The emphasis of this study was to ascertain an integrated
management approcach which requires a combination of low
chemical inputs and corganic matter that may offer a goed
opportunity for the pcor resource farmer to maintain yields at
reasonable and sustainable levels. To accomplish this,
Greenhouse and Field studies were conducted to evaluate the
effect of legume incorporation in improving soil properties
and the performance of maize in the Northern Guinea Savanna

zone of Nigeria.

In the Greenhouse, foliage residues of six legumes (CP,
CR, CC, CB, SH and LE) and MZ stover were incorporated into
pots at two levels of 2.5 and 5.0 tha'. A control of no
amendment was maintained. The design was, a randomized
compiete block design, replicated three times. The materials
were incubated for two weeks and maize variety, Oba Super II
was planted. In the field, two experiments were conducted.
In the first experiment five promising legume species selected
from a previcus study where ten legume species were screened
for two years in a randomized complete block design replicated
three times were incorporated manually using the hoe. This
experiment was conducted for two years. In the second

experiment, six promising legume species selected in a one
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year screening trial in which 17 legumes spegcies were also
incorporated manually by hoeing after the one year of growth,
This field was cropped for one year. The major difference
between the first and second experiments therefore is the
length of growth of the legumes before incorporation. Maize

variety, DMR-LSR-W was planted in both fields.

Results from the Greenhouse studies showed that legume
incorporation generally increased shoot DMY. For the pots
that received 2.5 tha' CP gave the highest yield, while at 5.0
tha*; CR gave the highest yield. The slight differences
observed among treatments is attributed to the differences on
the quality of the legume species. Similar result where the
maize height was positively influenced by legume incorporation
was observed. Residue incorporatibn generally affected
nutrient contents of maize shoot. The values of these
nutrients were consistently higher in plants that received the
legume residues than the contrel. The elemental contents of
maize tissue at 5.0 tha' were generally higher than at 2.5 tha
o ‘The incorporation of residues increased soil organic
carbon than the controcl treatment. Among the legume treat-
ments differences in soil organic carbon was observed and it
was attributed to the guality of the materials incorporated.
The application rate of 5.0 tha' gave higher soil organic

carbon content than the 2.5 tha' rates. Soil pH was highest

in pots that received LE, and LE,. Generally residue incorpo-
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ration increased the pH of soil in all treatments.

Maize grain yield and yield related parameters were
significantly higher with the incorporation éf legumes than
the control after one and two year of growth. Incorporation
after one year of growth yielded higher than the control by
upto 0.18-0.61 tha' (38.3 - 129.8%) depending on the legume.
Where incorporation was after two years of growth, yields were
higher than the control by 0.13-1.03 tha”’ (15.5 to 122.6%) and
0.16-1.30tha”’ (11.7-51.1%) for 1995 and 1996 seasons respec-
tively. With pooled data legumes incorporation gave 0.14 -
0.83 tha' (12.6 - 74.8%) yield increase over the control.
Interaction effects with the pooled data showeé that incorpo-
ration of CP after two years of growth with an additional
input of chemical fertilizer at 40kgNha' as urea gave grain
yields comparable to when 80 and 120kg Nha' were applied. A
si&ilar result was observed with one year growth of CR, at 40

kgNha' gave maize grain yield which were close to the recom-

mended dose of 120 kgNha'.

Among the legume treatments CP and CB after two years of
growth gave higher grain yield in both seasons than the other
treatments, while the incorporation of CR after one year of
growth gave significantly higher grain yield than the other
treatments. Legume incorporation after two years of growth

gave higher grain yield than where incorporation was after one
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year of growth. The pooled data grain yield for the first
experiment was compared with the second experiment, the
result showed that there were more than 100% grain yield
increase of the first experiment over the second experiment.
Yield increases in the second year of c¢ropping in the first
experiment ranged from 0.14-0.65tha! higher than in the first

yvear indicating streng residual effect.

Grain yield and yield related parameters significantly
responded to N fertilizer in the two experiments. Nutrient
contents of both stover and earleaf were not affected by
treatments. However, increased application of N fertilizer
tended to ingreacse the stover and ear leaf concentrations of

N, K, Ca and Mg,

Soil pH was observed to decrease with increase in soil
depth and at the second season of cultivation. Incorporation
of legume increased top 80OM significantly. Exchangeable
cations and CEC were increased by the legume treatments.

Values were generally higher than the control.

CONCLUSIONS

1. Incorporating some legume species intc the soil after one
or two years of growth can congiderably reduce the amount

of N fertilizer required by a cereal crop. Centrosema
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pascuorum and CR for example, on incorporation with the
addition of 40kgNha' could give grain yvields as much as
when 120kgNha' which is the recommended rate of N for
maize.

Legume incorpeoration generally improves soil pH, SOM,
exchangeable Cations and CEC.

Legume species when incorporated into the soil could have
strong residual effect depending on the stage of growth
before incorpeoration.

It may be more beneficial to incorporate some legume
species after two years of growth,

Even though these conclusions can be drawn from this
study, the problem might be that of adoption by farmers
as these legumes do not give immediate food grain benefit
like the grain legumes for example cowpea, soyabean and

lablab.

The fallow legumes and food crops have to be intercroppe-

d, either simultaneously or in a relay pattern to improve the

productivity of land without lcoosing a season for food crop

cultivation.

FURTHER RESEARCH

Further research can focus on thege grain legumes in

addition to the forage legumes especially in livestock/crop

farming system.
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