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Abstract

Pot and field experiments assessed N2 fixation by Albizia lebbeck and Acacia auriculiformis and contributions
from primings to yields of corn and hibiscus. Nitrogen fixation in these tree legumes was poor, with less than 50% N derived
from fixation (%Ndfa) when grown in pots, but higher (>70%) in field conditions, after inoculation with compatible
Bradyrhizobium strains. Primings from A. lebbeck, as green manure improved growth of maize and hibiscus, inducing
greater corn-kernel yields than did urea. Acacia auriculiformis prunings were similarly beneficial when mixed with leaves of
A. lebbeck or L. leucocephala. Application of slow- and fast-nutrient-releasing leaves is required to maximize their
contributions to crop productivity.

1. INTRODUCTION"

The potentially beneficial effects of N2-fixing tree legumes (NFTs) on the fertility of the
fragile and often impoverished soils of the tropics have recently deserved attention from soil
scientists [1-6].

Tropical forests are subject to increasing human pressures resulting from rapid population
growth, scarcity of fertile agricultural land, energy demands and other needs. Over-exploited soils are
losing fertility and crop productivity is declining.

As in many other countries of the tropics, the Democratic Republic of the Congo (ex-Zaire)
has, since 1975, adopted tree replantation strategies throughout the country to combat the serious
environmental consequences of deforestation. In this programme, NFTs, Acacia auriculiformis, A.
mangium, Albizia lebbeck, A. chinensis, Leucaena leucocephala etc., are being planted in locations
that have been dramatically affected by erosion and soil-fertility loss. Kinzono, one of the sites
selected in this challenging enterprise, is a rural locality on the Bateke Plateau, 150 km north of
Kinshasa, at which A. auric: .Hformis and other NFTs have been planted on some 10,000 ha.

The overall objectives of this programme are to provide urban areas, such as Kinshasa, with
fuel wood, and for soil conservation and restoration of fertility in rural areas. Scientists at the the
Congolese High Commission for Atomic Energy (CGEA) participate in the programme, undertaking
research on rhizobia/tree-legume symbioses and assessing contributions of NFTs to soil-fertility
restoration and soil conservation.

This paper summarizes research on N2 fixation in Albizia lebbeck and Acacia auriculiformis,
and their impact on the fertility of Kinshasa's sandy soil.

2. MATERIAL AND METHODS

Pot and field trials were carried out at the Regional Centre for Nuclear Studies of Kinshasa
(CREN-K) at Mont-Amba (4°30'S, 15°18'E, altitude 430 m). Climatic data recorded during the
experiment are shown in Tible I. The soil is an arenoferral orthotype with the physico-chemical
characteristics described in .. able II.

79



TABLE I. CLIMATIC DATA FOR THE EXPERIMENTAL SITE

Component Value

Precipitation 1,600 mm yr'1

Mean temperature 26°C
Relative humidity 82%
Daily evaporation 1.8 mm

TABLE H. SOME SOIL PHYSICO-CHEMICAL CHARACTERISTICS (0-30 cm)

Component

pHwaMr

pHjcci
Clay (%)
Silt (%)
Sand (50 to 100m)(%)
Sand (100 to 250 m) (%)
Sand (250 to 500 m) (%)
Sand (500 to 1000 m) (%)
Organic C (%)
Total N (%)
C:N
Bray-II P (ppm)
Exchangeable cations (mmole kg"1)

Ca
Mg

Value

5.5
4.2
3.9
2.9
16
40
35
1.2
1.4

0.08
17
4.1

12
3.2

2.1. Experiment 1. N 2 fixation in Acacia awiculiformis and Albizia lebbeck

2.1.1. Pot experiment

Sieved (2 mm) soil was autoclaved (120°C/l h) and placed in black polyethylene bags, 2 kg
soil per bag. Three seeds of A . auriculiformis and A . lebbeck were sown per bag. Seedlings were
thinned to one at 2 weeks after sowing and inoculated with approximately 1.8xl08 cells of the
following local Bradyrhizobium strains, from the CREN-K collection: Aa5, Aa6, A a l 9 , Aa25, Aa29,
Aa30 and Aa41. These rhizobia were previously isolated from nodules of A . auriculiformis growing
at Kinzono.

Ammonium sulpha;. was applied at 20 mg N kg"1 soil, enriched at 9.73% 15N atom excess to
the NFTs. The non-fixing reference species, Eucalyptus camaldulensis, Oryza sativa and Leucaena
leucocephala, which is not nodulated by the strains listed above [7], received 80 mg N kg"1 soil
enriched at 2 % I5N atom excess. A basal application of 30 mg P kg"1 soil was made to all bags 5 days
after sowing. A completely randomized design was used with four replications.
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Plants were harvested 3 months after sowing. Roots were carefully washed with tap water to
remove soil, and nodules were detached and counted. Plants were then oven-dried (75°C/3 days) and
ground. Percent N was assayed using the Kjeldahl method and 15N/14N ratio determined using an
emission spectrometer (NOI6-PC). Nitrogen fixation, N derived from fertilizer and from soil were
quantified using formulae described by Zapata [8] and by Hardarson and Danso [9].

2.1.2. Field experiment

Seedlings of A. auriculiformis and A. lebbeck were grown in plastic bags and inoculated with
Aa5 and Aa29 Bradyrhizobium strains (1.5xlO8 cells per bag) in nursery conditions. Three months
later, they were transplanted in the field at 2x 1 m on four plots, 6x6 m each and spaced at 2 m. There
were two treatments plus and uninoculated control for both NFTs: (1) inoculated with Aa5, and (2)
inoculated with Aa29. The experiment had a randomized complete-block design with four replicates.

One and 9 months after transplanting, the central 12 m2 of each plot were labelled with 20 kg
N ha"1 as ammonium sulfate enriched at 10.2% 15N atom excess. Senna siamea was the non-fixing
reference species and was planted on the same plots as the NFTs.

Plant height and basal stem diameter were measured monthly. At the harvest time (11 months
after planting), leaves were collected, sub-sampled, oven-dried (65°C/4 days), milled, then analyzed
for %N and I5N/14N ratio as before.

2.2. Experiment 2. Contribution of leaves to crop growth and yield

2.2.1. Pot experiment

Fifteen kg of sieved (2 mm) soil were transferred to black polyethylene bags (40x40 cm).
Leaves of A. lebbeck (3% N), L. leucocephala (2.8% N) and A. auriculiformis (2% N) were
incorporated into the soil in each bag, either homogeneously or in combinations (1:1), equivalent to
100 kg N ha1.

The indirect * ̂ -labelling technique, see below, was used to determine the availability of leaf
N; ammonium sulfate, enriched at 5.4% 15N atom excess, was applied at 20 mg N kg"1 soil. To
alleviate soil-P deficiency, a basal 45 mg P kg"1 soil, was applied as triple superphosphate to all bags
37 days before leaf amendment.

The test-crops were Zea mays var. Kasaf (from SENASEM/Congo-Kinshasa) and Hibiscus
sabdariffa var. sabdariffa (from a local market), sown in the bags at 2 and 15 days after leaf
application, respectively.

The following treatments, with a control, were applied as a randomized complete-block
design of four replicates: leaves of (I) A. lebbeck (Al), (2) L. leucocephala (LI), (3) A. auriculiformis
(Aa), (4) Al+Aa, (5) Al+Ll, (6) Aa+Ll.

Two corn or hibiscus plants were maintained per pot after thinning, and were grown outside
with tap water applied when rain was insufficient.

Shoots were sampled at 35, 60 and 90 days after sowing (DAS), oven-dried (65°C/4 days)
and analyzed for dry matter, %N as done previously. The 15N/I4N ratios were determined only for the
90-day harvest.

Nitrogen derived from leaves was calculated using the following formula.
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%15N a.e. in treated plants
N derived from leaves = (1 ) x 100

%1SN a.e. in control plants

2.2.2. Field experiment

The crop used in this experiment was Zea mays var. Kasai. Plant spacing was 75x25 cm and
the field was weeded twice with a hoe.

Green leaves of A. lebbeck (4.5% N), L. leucocephala (3.2% N) and A. auriculiformis (2.1%
N), grown at CREN-K, were incorporated into the soil (0-20 cm deep) between the rows 3 days after
emergence of the corn at a rate equivalent to 120 kg N ha"1.

The treatments were as described for the pot experiment above, with the addition of three
rates of urea: 40, 80 and 160 kg N ha'1. A randomized complete-block design was used with three
replicates. Distance between plots and blocks were, respectively, 1 m and 1.50 m. Each plot measured
2.5x2.5 m.

The soil was labelled with 10.1% 15N atom excess with 20 kg N ha"' urea on the central 1 m2

of each plot, the rest of which received unenriched urea at the same rate of application.

Corn samples harvested 12 weeks after sowing (WAS) were oven-dried (65°C/4 days). Dry
matter, N and grain yields were extrapolated to kg ha'1 [9]. Nitrogen analysis and determinations of N
derived from soil, fertilizer and leaf were as described above.

Analyses of variance (ANOVA) were computed using MSTATC software (Michigan State
University, 1989-1991) and the least significant difference test was used to compare treatment means.

3. RESULTS

3.1. Experiment 1

3.1.1. Pot experiment

3.1.1.1 Nodulation and total N

The rhizobial strains induced nodules on A. auriculiformis and^l lebbeck roots. Means of 16
and 20 nodules plant"1 were obtained for A. auriculiformis and A. lebbeck, respectively (Table HI),
with average accumulations of 19 mg N pot'1 in the former and 32 in the latter.

3.1.1.2. Nitrogen fixation

Results indicated little N2 fixation in A. lebbeck and A. auriculiformis, with %Ndfa estimates
of between 29 and 49% in the former and between 25 and 45% in the latter, after 3 months of growth
(Fig. 1). The %Ndfa values obtained with O. sativa as the reference crop were at least 50% higher
than those obtained with L. leucocephala or E. camaldulensis.
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TABLE m. ALBIZIA LEBBECK AND ACACIA AURICULIFORMISMODULATION, TOTAL N

Nodule number Total N

A. auriculiformis A. lebbeck A. auriculiformis A. lebbeck

Not inoculated

Aa5
Aa6
Aal9
Aa25
Aa29
Aa30
Aa41

Inoc'd Mean

50

45 -

40 -

35 {

30

3 25 1

20 +

1 5 •-

10 4-

5 r

(per plant)

0.0

6.5
5.5
19.3
17.8
21.0
2.5
9.5

16.1

A. auriculiformis

(mg/pot)

0.0 10

19.8 17
10.5 23
29.0 23
11.5 15
34.8 17
6.3 18

28.5 22

20.1 19.3

•
A. lebbeck

19

24
35
40
26
41
29
31

32.3

1

• E. camaldulensis S O. sativa • L. leucocephala

FIG. 1. Percent N derived from fixation in Albizia lebbeck and Acacia auriculiformis as estimated
using Eucalyptus camaldulensis, Oryza sativa and un-nodulated Leucaena Ieucocephala as reference
crop (Expt. 1, pot).

3.1.2. Field experiment

3.1.2.1. Growth and total N

Acacia auriculiformis grew faster than did A. lebbeck (Fig. 2); the height of the former
increased from 39 to 125 cm, whereas the latter recorded 18 to 62 cm in the same period. The same
trend was observed on the basal stem diameter data: values ranged from 5 to 20 mm for A.
auriculiformis and from 4 to 10 mm for A. lebbeck. Later, A. auriculiformis and Senna siatnea shaded
A. lebbeck in the field, negatively affected its growth and its leaves accumulated N to concentrations
in excess of 3% (data no shown). The highest N concentration in A. auriculiformis, 2.8%, was
recorded in plants inoculated with Aa29 (data not shown).
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A. Height (cm)

June July Aug.

—•—A.lebbeck
—±-A.lebbeck + Aa29
—H—A.auriculiformis + Aa5

Sept. Oct.

—e—A.lebbeck + Aa5
—X— A.auriculiformis
—•—A.auriculiformis + Aa29

Dec.
1994

B. Basal stem girth (mm)

0 - ^ -
June Oct. Dec.

1994
July Aug. Sept.

FIG. 2. Growth q/'Albizia lebbeck and Acacia auriculiformis in field conditions (Expt. 1, field).

3.1.2.2. N2 fixation

The largest portion of N in A. auriculiformis and A. lebbeck, in excess of 70%, was from
fixation in plants inoculated with Aa29 (Fig. 3).

Uninoculated A. lebbeck and A. auriculiformis inoculated with Aa5 accumulated more N
from soil (approximately 70 and 60%, respectively) than from fixation or fertilizer. Contribution of
fertilizer to N uptake by the tree legumes was low and did not reach 10%.
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A: Albizia lebbeck

Fertilizer Air Soil

• Control H InocuIAa5 • InocuLAa29

B: Acacia auriculiformis

Fertilizer Air Soil

FIG. 3. Sources ofN in leaves of Acacia auriculiformis and Albizia lebbeck as inoculated with native
Bradyrhizobium strains in Kinshasa's sandy soil (Expt. 1, field).

3.2. Experiment 2

3.2.1. Pot experiment

3.2.1.1. Dry matter

At 35 and at 60 DAS, Zea mays produced most biomass, 27 and 69 g plant"1, respectively,
when treated with A. lebbeck leaves and at 90 DAS when treated with the Al+Ll mixture(94 g plant'1)
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(Fig. 4A). In H. sabdariffa, the highest biomass at 35 DAS was recorded with A. lebbeck leaves (8.5 g
plant'1), L. leucocephala leaves (8.1 g plant"1) and the combination Al+Ll (10.4 g plant"1) (Fig. 4B);
these values were not significantly different.

A: Zea mays var. Kasai

Control Aa LI Atf-Aa AMU Aa+Ll

• 35 DAS D 60 DAS ® 90 DAS

1
1
-a
ao

90 -

80 -

70 -

60 -r wm

- m
40 -

30 - WE
20 -1- J |
io - i_X~H i—
o -

B: Hibiscus sabdariffa var. sabdarifa

Control Al Aa Ll Al+Aa Al+Ll Aa+Ll

LSDo.os A
B

35DAS 60DAS 90DAS
5.5
2.9

9.8
12

14
49

FIG. 4. Dry weight of Zea mays var. Kasai and Hibiscus sabdariffa var. sabdariffa as affected by
tree-legume leaves (Expt. 2, pot).
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Control Al+Aa AHU Aa+Ll

D35D4S 06ODAS 190LIAS

450 r

B: mg N plant-l

1—1 1— — I 1—

H —

Control Aa LI Al+Aa AH-L1 Aa+Ll

A
B

35DAS 60DAS 90DAS
0.12
94

NS
S3

0.07
95

FIG. 5. N uptake by Zea mays var. Kasai as affected by tree-legume leaves, at 35, 60 and 90 days after
sowing (Expt. 2, pot).

3.2.1.2. Total N

The highest corn-N concentration (0.89%) at 35 days was obtained in plants amended with A.
lebbeck (Fig. 5A). At 60 and 90 DAS, corn %N was not affected by any treatment., The N
accumulation by Z. mays treated with A. lebbeck leaves was significantly higher than with other
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treatments at 35 and 60 DAS (244 and 320 mg N plant'1, respectively) (Fig. 5B). However, at 90DAS
the mixture of L. leucocephala and A. lebbeck. leaves resulted in significantiy more N accumulated
than with A. lebbeck alone.

In H. sabdarijfa, organic fertilization with A. lebbeck leaves alone and the mixtures Al+Aa and
Aa+Ll significantiy increased N concentration to 2.1 to 2.2% from the control level of 1.6% at 35 DAS
(Fig. 5B). Broadly, H. sabdarijfa tissue N was more abundant in plants receiving the combination of A.
lebbeck and L. leucocephala leaves, inducing accumulations of 188, 487 and 862 mg N plant"1

respectively, at 35, 60 and 90 DAS (Fig. 6B). A. auriculiformis leaves did not affect the N nutrition of
Z. mays or of H. sabdarijfa at any harvest.

A: % N

Control Al Aa LI ABAa AH-L1 Aa+Ll

• 35 DAS D 60 DAS • 90 DAS

B: mg N plant"

Control Aa LI Al+Aa Al+Ll Aa+Ll

35DAS 60DAS 90DAS
LSDo A

B
0.44
45

0.29
248

0.25
NS

Fig. 6. Nitrogen uptake by Hibiscus sabda: :fa var. sabdariffa as affected by tree-legume leaves, at 35,
60 and 90 days after sowing (Expt. 2, pot).



A: Zea mays var. Kasai

•a

Control Al Aa LI Al+Aa AH-L1 Aa+Ll

D Fertilizer E3 Leaves H Soil

B: Hibiscus sabdarifj"a var. sabdariffa

Control Al Aa LI AH-Aa Ai+Ll Aa+Ll

LSD0.05 A
B

Fert. Leaves Soil
1.1
NS

9.2
NS

7.1
14

Fig. 7. Assessment of %N derived from fertilizer, tree-legume leaves and soil in Zea. mays var. Kasai
and Hibiscus sabdariffa var. sabdariffa at 90 days (Expt. 2, pot).

3.2.1.3. N derived from leaves

Albizia lebbeck leaves alone and in Al+Aa and Al+Ll mixtures furnished more N to Z. mays
tissue than did the other treatments, contributing 36, 33 and 44% of the corn N, respectively (Fig. 7A).
On the other hand, there wei••<; no significant differences in the leaf-N treatment effects on H. sabdariffa
(Fig. 7B). The soil provided most of the N, i.e. 51 to 84% in Z. mays and 51 to 63% in H. sabdariffa;
the fertilizer contributed a maximum of only 7%.
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Control Al LI Aa AMU AMAa Ll+Aa Ur.40 Ur.80 Ur.160

FIG. 8. Corn dry-matter production as affected by tree-legume leaves and urea $xpt. 2, field).
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Control Al LI Aa AMU Al+Aa LHAa Ur.40 Ur.80 Ur.l«

FIG. 9. Corn grain yield as affected by tree-legume leaves and urea (Expt. 2, field). LSD0.05= 608.

3.2.2. Field experiment

3.2.2.1. Dry-matter yields

In contrast with data obtained in the pot experiment in which higher corn biomass yields were
obtained with A. lebbeck or L. leucocephala leaves, in the field the highest corn yield was obtained
with the mixture Al+Aa (3,987 kg ha"1) (Fig. 8). None of the three doses of urea (40, 80 and 160 kg N
ha'1) positively affected biomass accumulation.
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A: %N
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Control Al LI Aa AH-L1 AlH-Aa LB-Aa Ur.40 Ur.80 Ur.160

B: Total N (kg ha )
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35 -

30 -1

25 -f

20 ;
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io 4-

0 -

Control Al LI Aa A1+-L1 At+Aa LH-Aa Ur.40 Ur.80 Ur.160

FIG. 10. Corn N-nutrition as affected by tree-legume leaves and urea (Expt. 2, field). A LSD005 = 0.4;
B LSD0.05 = 14.

3.2.2.2. Grain yield

Most of the leaf treatments increased Z. mays grain yields over the control, particularly the
Al+Aa mixture (1,797 kg ha'1), followed by Al+Ll (1,220 kg ha"1) and Al and LI alone (approximately
1,200 kg ha"1) (Fig. 9). Grain production with Aa leaves (600 kg ha"1) was similar to those obtained
with 40 kg N ha l of urea (603 kg ha"1) and the control (587 kg ha"1).
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14

38
NS

FIG.11. Nderivedfrom basal fertilizer, tree-legume leaves or urea, and soilinZ. mays var. Kasai.

3.2.2.3. Total N

The N nutrition of Z mays (Fig. 10) was significantly improved by leaves from A. lebbeck
(1.35%, 38 kg N ha1), followed by the Al + Aa (0.87%, 35 kg N ha'1) and the Al+Aa (0.97%, 30 kg N
ha"') mixtures, compared with untreated plants and those amended with 40 and 80 kg N ha1 as urea.
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3.2.2.4. N derived from treatments

The fractions of N derived from the leaf amendments and urea were in the range 52 to 85%
(Fig. 11 A). The soil supplied between 15 and 46%, whereas less than 5% of N came from the basal
urea fertilizer (see Control). Albizia lebbeck leaves produced the best N yield in Z. mays, 28 kg N ha"1,
albeit not significantly different from that obtained with the Al+Ll mixture (26 kg N ha"1) or the
highest dose of urea (24 kg N ha'1). The contributions from Aa and Ll+Aa and from 40 and 80 kg N
ha"1 as urea were less than 10 kg N ha"1.

4. DISCUSSION

Kinzono's soil contains native strains of Bradyrhizobium that effectively nodulate A.
auriculiformis [10]. These strains are also infective on A. lebbeck roots, but not on L. leucocephala
[7,11]. Albizia lebbeck belongs to a group of tree legumes with broad infectivity, whereas L.
leucocephala is more specific [12,13,14]

Experimentation in pots allows greater control than in the field, of factors that affect plant
growth and hence indirectly affect root nodulation, N2 fixation and N accumulation. On the other hand,
restricted root development in pots may affect uptake of nutrients that are important to physiological
development. The low values for nodulation (15, 17 nodules plant'1), total N (19, 32 mg plant"1) and
%Ndfa (<50%) recorded with A. auriculiformis and A. lebbeck in our pot experiment may be due to
such limitation. Awonaike et al. [15] found that dry matter, N content and total amount of N fixed by
L. leucocephala were affected by decreasing rooting volume whereas the reverse was observed for
%Ndfa. They concluded that rooting volume, rather than cropping pattern, influences the proportion
and amount of fixed N.

In the field, A. auriculiformis grew better than A. lebbeck in terms of height and basal stem
girth (Fig. 2). Acacia auriculiformis is known for fast growth and rapid biomass accumulation, and is
reported to accommodate somewhat unfavorablepedo-climatic conditions [11,16-18].

Acacia auriculiformis and A lebbeck accumulated 70% of their N from fixation (Fig. 3) when
inoculated with a compatible Bradyrhizobium strain, confirming why they are regarded as having
utility in agroforestry systems for soil-fertility restoration [6,19].

The incorporation of green manures of the above legumes and of L. leucocephala into
Kinshasa's sandy soil increased com and hibiscus growth and yield. Up to 60 DAS, the pot experiment
revealed increases of dry matter and N accumulation when the soil was amended with pure or mixed A.
lebbeck and L. leucocephala leaves. Later, stimulation was obtained in mixtures with leaves from A.
auriculiformis. This delayed, but complementary, effect of A. auriculiformis green manure on maize
productivity was more evident in field conditions. Biomass, N concentration and grain yield of com
fertilized with theAl+Aa mixture were increased by 52, 54 and 67%, respectively, over the control.

In our pot and field trials, the leaves of A. lebbeck and L. leucocephala could not be physically
traced after 90 days in the soil, whereas A. auriculiformis materials remained only partially
decomposed. This was probably because of higher N content (>4%) in the former two species and the
size of their leaflets [6,20-22]. Green manures of high C:N ratio and thicker leaves, such as A.
auriculiformis, decompose more slowly.

It has been demonstrated that chemical composition, application time and decomposition rate
of green manures greatly influence their effectiveness on crop productivity improvement [23].
Synchrony of nutrient release with crop needs may be lost in the absence of ingenious management
practices. The increase of yield noted at 90 DAS on crops treated with combinations including A.
auriculiformis leaves could be due to delayed nutrient release. Giashuddin et al [22] showed that N
liberation from A. auriculiformis leaves reached 40% after 90 days and exceeded 60% only after 160

93



days in the soil, whereas Gliricidia sepium released more than 90% of its leaf N by 90 days. Acacia
auriculiformis leaves should be utilized in green-manure mixtures for crops with a growing season
longer than 3 months.

Our results are in keeping with the findings of several others on the superiority of green
manures over synthetic fertilizers in terms of biomass productivity, grain yield and tissue-N
accumulation [24-29]. The green manure's effectiveness is attributed not only to nutrient release during
the decomposition, but also to improvements in structure and physico-chemical properties of the soil
[30,31].

In addition, the efficiency of use of green manure by a crop greatly depends on the technique
adopted at the time of application to the soil. Practices that favor synchronization of nutrient release
with the period of greatest need in the crop will bring the greatest benefit to small-holder farmers of
developing countries. To minimise nutrient losses that may occur through volatilization,
immobilization, leaching, fixation, denitrification, etc., fanners must be cognizant of influencing
factors.

- Application mode: green manure incorporation into soil versus surface-placement [32,33].
- Application time: this should be such that nutrient release will occur most rapidly during the

period of greatest need by the crop.
- Chemical quality: plant materials with high C:N ratio are slower in nutrient-release, whereas

lower C:N ratio material decomposes more rapidly [34,35].

In our field conditions, green manures supplied between 54 and 84% of maize's total N,
whereas urea contributed between 52 and 72%. Rathert and Werasopon [26] found that NFT foliar
biomass is an excellent source of N, P and K. The high-N content in A. lebbeck and L. leucocephala
leaves significantly influenced N uptake by maize; some 84% of its N content came from the mixture
Al+Ll.

5. CONCLUSION

The potential importance of NFTs in fertility restoration and conservation of marginal tropical
soils is undeniable. However, selection of productive NFT provenances should be done in concert with
selection of compatible rhizobial strains. Inoculation of A. lebbeck and A, auriculiformis with
Bradyrhizobium increased N2 fixation (>70%) compared with uninoculated plants.

Also, incorporation into soil of A. lebbeck, A. auriculiformis and L. leucocephala green leaves
significantly influenced N nutrition as well as crop productivity. Studies should be conducted to better
evaluate the benefits that result from managing inputs of slow- and fast-decomposing green manures,
in order to synchronize nutrient release with crop needs. In addition to improvinging soil structure, the
humus of slowly decaying leaves may allow retention of released nutrients from rapidly decomposing
materials within the rooting zone, thus fostering greater efficiency of uptake.
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