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Abstract

Leucaena leucocephala was interplanted with reference tree species, Cassia siamea and Cassia spectabilis, and
estimates of percent N derived from N2 fixation (%Ndfa) were made, by the isotope-dilution method, at 4, 6, 14, 20 and 30
months after transplanting. The %Ndfa values were low and variable throughout the growth period, except after thinning at 14
months when there was a five-fold increase. The two non-fixing reference species outperformed the N2~flxrng Leucaena in
above-ground vegetative production, and provided different fixed-N estimates. Primings from the L. leucocephala and C. siamea
trees were applied separately to soil as green manure. Maize was planted to test the effects of the Leucaena green manure on soil
fertility, and millet was the test crop for the Cassia. Whether surface-applied or incorporated, the prunings significantly
improved yields, which were generally similar among rates and methods of application. The proportions of cereal N obtained
from prunings ranged from 8 to 33%, with no cereal-yield correlation. The data indicate that multipurpose tree prunings are of
potential use to farmers as organic sources of nutrients, even at relatively low application rates, without need for incorporation
into the soil.

1. INTRODUCTION

Fertilizer use in Uganda is very low, estimated at 2,000 t for 1994 [1]. Only about 4% of
farmers have used fertilizers at one time or another due to lack of the financial wherewithal and market
incentives that would otherwise enable replacement of crop nutrients removed from their fields at
harvest. There is widespread decline in productivity, for example to less than 10 kg per bunch of the
staple banana [2].

Some tree species have the potential to produce herbage in sufficient quantities as a significant
source of nutrients when applied to the soil as green manure. Many leguminous trees obtain a significant
proportion of their N needs through symbiotic fixation of atmospheric N2, which makes them of
particular interest. But methods for quantification of N2 fixation in trees have been developed using
saplings because of logistical difficulties in working with mature trees. Over the past 10 years, Leucaena
species have been introduced to Uganda as a possible means of meeting some of the N requirements of
small farm-holders. In order to recommend further use of Leucaena, as a source of N, it is necessary to
establish how much of its N requirement is met through fixation during its growth cycle.

The effectiveness of organic sources of N, such as tree prunings, on subsequent crop growth,
depends upon the quality of the material, which affects decomposition and nutrient-release
characteristics [3]. According to Palm and Sanchez [4] and Tian et al. [5], plant materials of low C:N
ratio, of low lignin and polyphenol content, e.g. the leaves of many leguminous trees, decompose faster
and may be a direct source of nutrients for crop uptake. But little is known of how best to synchronize
the release of such nutrients with the growing crop's needs. Thus, residues have been used more to
contribute organic matter than as direct sources of nutrients [6], although total soil organic matter
frequently does not relate directly to crop yields. Nevertheless, direct yield responses and nutrient-
uptake enhancement can result from addition of agroforestry tree prunings to soil [5].

In this study, we varied the placement, the time of application and the amount of leaf prunings
in an attempt to influence the efficiency of nutrient transfer to growing cereals.

2. MATERIALS AND METHODS

The experiments were established on an aerie tropaquept soil [7], at Makerere University
Agricultural Research Institute, Kabanyolo (MUARIK), Uganda (0° 28"N, 32° 36'E). Soil characteristics
at the site are given in Table I.
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TABLE I. CHARACTERISTICS OF THE SOIL

Horizon
Clay (%)
Silt (%)
pH(H2O)
Organic C (%)
N (%)
Truog P (ppm)
Exhangeable Ca
(meq/lOOg) Mg

K

0-15

AP-1
31
9.6
6.1
2.4

0.14
0.06
12
2.2
1.2

Profile
15-36

AP-2
18
24
5.1
1.4

0.11
0.05
7.8
1.6
0.1

depth (cm)
36-52

BT-1
30
16
5.1
0.9
0.07
0.06
5.0
0.9
0.1

52-97

BT-2
48
9.6
5.0
0.7

0.04
0.06
4.2
1.2
0.0

2.1. Determination of %Ndfa

Three seedlings each of Leucaena leucocephala, inoculated with rhizobial strain TAL 1145,
and reference species Cassia spectabilis and Cassia siamea were transplanted into 4x4 m "mixed-
species" plots, each demarcated by a plastic-film barrier inserted into the soil to a depth of 0.8 m. The
plants had a lxlm spacing. There were five replicates. Ammonium sulphate, enriched in l5N at 11%
atom excess, was applied in solution at a rate of 13.3 kg N ha"1, two weeks after transplanting. The
labelled fertilizer was also applied annually as plots were harvested, to trees that had previously received
non-labelled fertilizer at 13.3 kg N ha"1. Single super phosphate was broadcast annually at 20 kg P ha'1.

Trees were sampled at 4, 8, 14, 20 and 30 months after transplanting; leaves were randomly
taken from different parts of the plants, oven dried at 70°C for 24 h, milled and sent to the FAO/IAEA
Soil Science Unit at Seibersdorf in Austria, for the determination of %N and %15N enrichment. Percent
nitrogen derived from fixation (i.e. from the atmosphere, %Ndfa) was estimated using the isotope-
dilution equation [8].

On some plots, trees were thinned after 14 months of growth to leave two plants each of L.
leucocephala, C. spectabilis and C. siamea at a 2x 1 m spacing. Labelled fertilizer was applied as before,
and leaves were sampled 6 and 16 months later for 1 ̂ -enrichment determination. The above-ground
biomass of the thinned plants was determined, first by separating leaves and branches, and recording the
fresh weights, which were converted to oven-dry weights using data obtained from dried sub-samples
(70°C for 96 h).

2.2. Effects of primings on cereal yields

The effects on soil productivity of applying L. leucocephala leaves and twigs to soil were
determined using maize as a test crop, and the effects of C. siamea prunings were examined using millet.

The Leucaena prunings were applied at a rate equivalent to 177 kg N ha'1, and treatments
included application at different time points and comparison of surface-application versus incorporation
(see Table IV). The Cassia prunings (2.63% N) were applied at various rates as surface mulch and by
incorporation (see Table V). Each treatment had four replicates, and the experiment was laid out with a
randomized complete- block design. The plot sizes were 3x3 m, with ar. area of 3x1.5 m treated with
labelled fertilizer, to determine organic-N availability to the cereals using Jie indirect labelling method:
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%15N a.e. in treated plant
%N derived fromprunings = 1 - ( ) x 100

%15N a.e. in control

Maize (Zea mays var. Longe 1) was planted at a spacing of 75x25 cm and millet (Eleusine
coracana var. Engenyi) at 30x5 cm. Ammonium sulphate fertilizer, enriched in 15N at 10% atom excess,
was applied in solution at 10 kg N ha"1 at 1 wk after planting. The plots were manually kept weed-free.

Maize ear-leaves, assumed to be representative of the plants as a whole, were sampled at
flowering for %N and %15N atom excess analyses from the inner nine plants within each ' ̂ -labelled
micro-plot. For millet, nine randomly selected plants were cut at 10 cm from the soil surface and
processed and analyzed as described above.

Yield data were taken from the non-labelled area of each plot. Maize plants were harvested at
tasseling and chopped into small pieces, dried in the oven at 70°C for 48 h and weighed. Maize grain
yields could not be determined due to theft. Millet was harvested at maturity, air dried, threshed and the
grain oven-dried at 65°C for 24 h before weighing. The significance of differences between mean values
was determined by ANOVA procedures.

Included in the Cassia study was the determination of rates of decay of surface-applied and
incorporated leaves, using the litter-bag method. Litter bags of 5-mm mesh had a box configuration
(30x30x3 cm) that held the equivalent of 4 t leaf ha"1. At planting, thirty-two bags were placed in the
field, eight per plot. Four replicate bags were recovered every fourteen days. The residues were washed
with deionized water to remove adhering soil particles, dried at 72°C, weighed and milled to pass
through a 2-mm sieve. One-gram sub-samples were combusted in porcelain crucibles at 550°C for 2 h
and the residue mass expressed on an ash-free basis. The mass of litter (and nutrients N, P and K) was
fitted to a first-order exponential decline function:

Leaf remaining
_ -k.tLme
- exp

Initial leaf

which was used to calculate the time to 50% decomposition (t50).

3. RESULTS AND DISCUSSION

3.1. Determination of %Ndfa
The %Ndfa values remained low throughout the study (Table II), a circumstance that provides

imprecise data [9]; indeed, standard deviation values were relatively high. There was no trend with
growth, possibly due to variable soil fertility across the experiment site. The estimates of %Ndfa
differed with reference species: C. spectabilis generally gave higher values than did C. siamea, and
some negative values were obtained with the latter. Negative estimates of %Ndfa have been reported for
A. albida using C. siamea as the reference, in a pot experiment [10]. It would appear, therefore, that C.
siamea fails to meet the requirements of a satisfactory reference crop described by Fried et al. [11].

Thinning at 14 months increased %Ndfa, mostly over the subsequent first 6 months, indicating
that increased N2-fixation activity resulted from increased sunlight penetration. By 14 months, the non-
fixing trees were larger (Table HI) and shaded the L. leucocephala. By 16 months after thinning, the
shading effect was again evident in terms of decreased %Ndfa values (Table II). It appears that, in this
soil, the 2x 1 m spacing was too close for optimal growth of, and N2 fixation by, L. leucocephala when
mixed with C. spectabilis and C. siamea as reference trees. Under these conditions, the non-fixing
reference trees were superior, producing 1.5 (C spectabilis) to 2.3 (C. siamea) times more wood and
green-manure material (Table HI), and would be preferable to L. leucocephala if it could be established
that they obtain their nutrition from soil horizons and/or areas not exploited by interplanted crops.
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TABLE H. TIME COURSE FOR %NDFA VALUES IN L. LEUCOCEPHALA WITH C. SPECTABILIS
AND C. SIAMEA AS REFERENCE PLANTS

Time of harvest

(months)

4
6

14
20
30

a(Standard deviation),

^lot determined.

Not thinned
C. spectabilis

5.8(15)a

12 (12)
6.0 (6.5)
9.3 (10)
8.4(11)

C. siamea

-7.3(16)
-19(23)
-16(8.7)
10(11)

7.8 (8.4)

Thinned
C. spectabilis

(%Ndfa)

NDb

ND
ND

59(11)
15(16)

C. siamea

ND
ND
ND

37(18)
12(15)

TABLE m. ABOVE-GROUND BIOMASS AND FOLIAR N OF L. LEUCOCEPHALA, C.
SPECTABILIS AND C. SIAMEA AFTER 14 MONTHS OF GROWTH

Component

Leaves
Leaves + stems
Foliar N

(Standard deviation).

L. leucocephala

134 (72.6)a

1,264(578)
5.20

C. spectabilis
(g/plant)

478 (126)
1,882 (784)

15.6

C. siamea

1,105(259)
2,945 (622)

30.1

TABLE IV. PROPORTION OF MAIZE N DERIVED
(APPLIED AT 177 kg N/ha), AND EFFECTS ON MAIZE

Application of prunings
Method Time

Control
Incorporated
Surface applied
Surface applied
Surface applied

(Standard deviation).

4 weeks pre-planting
4 weeks pre-planting
At planting
4 weeks post-planting

FROM L. LEUCOCEPHALA
DRY WEIGHT

N from prunings
(%)

28 (3.9)
15 (5.3)
13(15)
16(12)

PRUNINGS

Dry weight
(g/plant)

888 (39.3)a

995 (10.8)
1,026(11.4)
954 (62.0)

1,258 (25.0)
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3.2. Effects of primings on cereal yields

The largest uptake of organic N by subsequently planted maize resulted from incorporation into
the soil (Table IV): 28% of cereal N was derived from the L. leucocephala prunings. Ploughing in
organic materials, as opposed to surface mulching, has been shown to accelerate the release of nutrients
[12]. Surface application of prunings, before, at, or after planting resulted in only 13 to 16% of the
maize N originating from the legume (Table IV). However, it is noteworthy that higher %N derived
from the prunings did not correlate with higher dry-matter accumulation. The highest dry-matter yield
was obtained when mulch was added at 4 weeks after planting. These difficult-to-interpret data raise a
methodological question: is it acceptable to apply labelled fertilizer at planting when prunings are
applied at other times?

With millet, the values for %N derived from prunings were similar to those obtained with maize
(Table V) and also did not correlate with cereal grain yield. Similar data for N uptake from tree litter
have been obtained using other methodologies [13].

All of the C. simea amendments resulted in significantly higher yields than from the control
plants, except where residue was incorporated at 1 t/ha. The millet grain yields were low, ranging from
266 (control) to 402 kg/ha (6.6 t/ha incorporated), the result of low soil moisture after flowering. There
were no significant grain-yield differences between the two placement methods, suggesting that, even if
incorporation were to have enhanced decomposition [12], the low-moisture conditions precluded benefit
to the millet.

The decomposition characteristics given in Fig. 1 show that even with surface application, most
of the nutrients were released and available during the crop's growth period. The times to 50% (t50) of
mass loss of C. siamea leaf litter and its macro-nutrients were less than 20 days, corresponding to the
addition of about 50 kg N/ha to the soil in the same period. This is more than the 17 kg N/ha total uptake
that corresponded to the 15% of millet N that was derived from the surface application of 4 t/ha of
prunings (Table V), indicating poor synchrony between nutrient release and crop uptake. Although there
were no significant millet-yield differences among the various levels of residue application (Table V).
However, greater yield returns per unit input were realized at lower rates of litter application (Fig. 2);
the most efficient rates were 1,000 kg/ha for surface application, and 2,000 kg/ha for incorporation.

TABLE V. PROPORTION OF MILLET N DERIVED FROM C. SIAMEA PRUNINGS, AND
EFFECTS ON GRAIN YIELD

Method

Control
Incorporated
Incorporated
Incorporated
Incorporated
Surface
Surface
Surface

Application of prunings
Rate
(t/ha)

1
2
4

6.6
1
2
4

N content
(kg/ha)

26.3
52.6
105
174
26.3
52.6
105

Nfrom
prunings

(%)

16 (20)b

17 (32)
10 (22)
33(13)
8.0 (14)
17(0.1)
15 (9.2)

Grain yield
(kg/ha)

266da

301cd
364ab
376ab
402a
314bcd
334bc
350abc

lumbers followed by the same letter are not significantly different (P<0.05.

(Standard deviation).
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FIG 1. Decay patterns for surface-appliedC. siamea prunings.
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The results of this study offer insights into better management of multipurpose tree residues;
application at high rates and incorporation of the residues appears not to be beneficial in terms of yield
nutrient-use efficiency. However, this needs to be confirmed with a detailed economic analysis of the
treatment effects.

4. CONCLUSIONS

- Different reference species may give differing estimates of fixed N estimates. C. siamea was an
unsuitable non-fixing check for L. leucocephala.

- Spacing, and consequently shading, affected N2 fixation; the closer the spacing, the less the
fixation.

- The isotope-dilution methodology in determining N uptake from tree-pruning mulches gave
results in the range predicted using other methodologies elsewhere.
The values for %N derived from prunings did not differ for N2-fixing and non-fixing trees.

- Neither incorporation of prunings nor increased rates of application affected cereal yields or N-
use efficiency in the short term, possibly because of limiting factors unrelated to N nutrition,
e.g. drought. Under higher-yielding conditions, correlations between cereal yields and rate and
method of application of prunings may be obtained.
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