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lower than those in agricultural systems (Peoples et
al., 1991), and can be variable in some forest and
woodland ecosystems (Hansen and Pate, 1987), the
natural abundance method has been applied to many
different woody species growing in diverse environ-
ments (e.g., Shearer et al., 1983; Domenach et al.,
1989, Yoneyama et al:, 1990; Peoples et al., 1991;
Schulze et al., 1991; Mariotti et al., 1992). Despite
the potential errors in using the technique (Shearer and
Kohl, 1986, 1991), the 15N natural abundance ap-
proach has given similar estimates of Ni f~ation with
precision similar to other measurement techniques in
a variety of different cropping (Kohl et al., 1980;
Evans et al., 1987; Ofori et al., 1987; Bremer and
van Kessel, 1990; Herridge et al., 1990), pasture
(Ledgard et al., 1985), or forest plantation systems
(Domenach et al., 1989); Mariotti et al., 1992).

Our study was initiated to ascertain whether the nat-
ural abundance (&15N) method could be applied suc-
cessfully to an alley-cropping system to estimate N2
fixation by Gliricidia, a multipurpose tree used com-
monly in the tropics, and to assess whether the vig-
orous, nonnodulating legume Cassia is a suitable
nonfixing reference plant for investigations with N2-
f~ing trees. Taxonomic revision has now placed Cas-
sia within the genus Senna. For the sake of familiarity,
however, we use the name Cassia.

MATERIALS AND METHODS

Site Description
The study was conducted at the International Rice Research

Institute acid soil upland research site at Claveria, Misamis
Oriental, Northern Mindanao, Philippines (8°38'N, 124°55'E,
elevation 390 m). The climate of the region is warm; average
January and July temperatures are 23.7 and 25.4 °C, respec-
tively. Based on rainfall data from the past 5 yr, the annual
precipitation averages 2500 mm. The soil is an acid clay Ultic
Haplorthox with air-dried pH (1:1 [w/v] soil/water) = 4.8,
organic C = 1.93%, total N = 0.175%, CEC = 11.9 cmolc
kg-I, and exchangeable Al = 1.85 cmolc kg-I. The slope of
the experimental field was'" 15%..

Hedgerow Establishment and Pruning

Stem cuttings of Gliricidia and Napier grass (Pennisetum
purpureum Schum.) and the seedlings of Cassia were planted
in double rows during the rainy season of 1988. The experi-
ment was laid out in a split-plot design with four replicates of
each hedgerow species. No fertilizer or rhizobial inoculum was
applied. The stem cuttings or seedlings were established along
the contour line with 25-cm spacing between plants in two
rows spaced 50 cm apart on a contour bund 25 cm high. Each
experimental subplot was 3 m long with a 5-m-wide alleyway,
giving a plot area of 16.5 m2. In 1989, a rainfed upland rice
(Oryza sativa L.)-maize (Zea mays L.) crop sequence was
established in the alleys, and the pruning of the hedgerow
species was initiated. Gliricidia and Cassia were pruned to =50
cm above the ground surface four times per year (Fig. 1) (Jan-
uary, Mayor June, July or August, and December in each of
the 3 yr of 1989, 1990, and 1991). The Napier grass was cut
to about =5 cm above the ground surface every month. The
prunings from the tree hedgerows were applied to the alley
crops as green manure in the respective plots, while the grass
clippings were removed from the field for animal fodder. This
study describes analyses and estimates of N2 fIXation for hedge-
row material sampled in 1990 and 1991 (Fig. 1).

Plant Sampling and Preparation for Biomass, Nitrogen
and Nitrogen-IS Natural Abundance Determination

The pruned regrowth collected from the middle 2 m of both
the upper and lower hedgerows was combined and weighed.
For &lSN determination, the leaves and stems were separated
from one-half of the total sample. Each component (leaves,
stems, and leaves + stems) was cut into pieces of 2 to 3 cm,
subsampled (~500 g of fresh tissue), washed in tap water
followed by rinsing in distilled deionized water, oven dried at
65 °C for 3 d, and weighed. The sampling of May 1991 also
included the trunk portion (without root) of the plant; one tree
from each replicate was sampled and the component parts
(leaves, stems, and trunks) were processed. Each plant sample
was milled to a fine powder and stored in a desiccator until
analyzed.

Soil Sampling and Nitrogen-IS Natural Abundance
Determination of Plant-Extractable Soil Nitrogen

The soil was sampled (January 1990) with an auger at 0 to
20-, 20- to 40-, 40- to 60- and 60- to 100-cm depths. Four
sites, two each from the upper and lower hedgerows, were
sampled to collect a composite sample from each replicate in
the Gliricidia and Cassia treatments. The soil from each layer
was passed through a I-mm sieve, mixed, and placed in a 250-
mL beaker. The moisture content of the soil was adjusted to
75% of field capacity and maintained near this level by daily
watering with deionized distilled water. Rice (cv. OS4) seeds
were sown in each beaker, thinned to five plants per pot after
emergence, and grown in a greenhouse. Seven weeks after
sowing, the rice plants (including roots) were harvested, washed,
dried, and total plant N analyzed for &ISN using the methods
described below.

Nitrogen and Nitrogen-iS Natural Abundance Analysis

Plant subsamples (300 fig) were analyzed for total N content
by the micro-Kjeldahl technique, modified to include NO3 and
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Table 3. Distribution of IsN natural abundance (~'SN) in Cassia
and Gliricidia and estimation of the proportion of Gliricidia
N derived from N2 fixation (%Ndfa) (May 1991).

j)ISN
Gliricidia

NdfaGliricidiaCassia

-""--'--~~
6.51
6.77
6.22
5.06
0.68

3.72
4.04
3.14
3.89
0.60

Total regrowth
Leaves
Stems
Trunk
Standard error of mean Jan. June Aug. Dec. May July

1990 1990 1990 1990 1991 1991

Fig. 3. The contribution of biological N2 fixation (%Ndfa) to
the N content of regrowth prunings at different sampling
times of the Gliricidia sepium hedgerow intercropping system.
Vertical bars indicate:!: standard error.

creased in subsequent harvests. The difference of fJ15N
between the two species ranged from 2.4 to 3.9%0. The
values of fJ15N of Gliricidia in June 1990 and July 1991
were highly variable, and were consequently not signif-
icantly different from the fJ15N of Cassia at those dates.
The fJ15N of the two genera, however, differed signifi-
cantly (P < 0.01) in the other four samplings.

Variation of Nitrogen and Nitrogen-IS Natural
Abundance within Plants

The Nand 1515N present in different plant parts (total
regrowth, leaves, stems, and trunk) of Cassia and Glir-
icidia was examined in the May 1991 sampling. The N
in the total regrowth and leaves of Cassia and Gliricidia
(1.75-1.94 and 1.74-2.38% N in Cassia and Gliricidia,
respectively) were significantly higher than in their stem
(0.64 and 1.00% N) and trunk (0.45 and 0.64% N). The
1515N of the regrowth of the leaves, stems, and trunks,
however, did not differ significantly within each species
(Table 3). Gliricidia had a significantly lower 1515N than
Cassia in all plant parts.

DISCUSSION
There are a number of basic requirements that are

necessary if accurate estimates of N2 fixation are to be
obtained using fJI5N methods (Shearer an" Kohl, 1986;
Peoples et al., 1989):

1. An appropriate non-N2-fixing reference plant is
available to provide a measure of the fJI5N of soil plant-
available N.

2. The plant-available soil N contains an adequate level
of fJI5N (preferably> 5%0), that does not change greatly
with depth or rapidly with time, and that is relatively
uniform across the experimental site.

3. Plant parts sampled are representative of the whole
plant. These three criteria were met in this study.

Although Allen and Allen (1981) reported many Cas-
sia spp. to be nonnodulating, this study provides the first
quantitative data confirming that Cassia, a potentially
important agroforestry species (Giller and Wilson, 1991),
is indeed a non-N2-fixing legume. Cassia had fJI5N val-
ues similar to those of the maize alley crop and to Napier
grass at one of two harvests (Table 4), and to determi-
nations of plant-extractable soil N obtained from a glass-
house study (Table 1). Also the rooting pattern was similar
to that of Gliricidia (D.P. Garrity, 1989, unpublished
data). Therefore, on the basis of all these qualities, Cas-
sia was judged to be a suitable non fixing reference. The
reasons for significantly lower fJI5N in Napier grass than
in Cassia at the January 1990 sampling (Table 4) may
be due to differences in phenology and growth habit, or
to the fact that Napier grass was cut more frequently

Table 4. The 815N of various reference plants and estimates
of the proportion of N derived from N2 fixation (%Ndfa) of
Gliricidia.

Estimation of Plant Nitrogen Derived from
Dinitrogen and Amounts of Dinitrogen Fixed by
Gliricidia

The proportion of plant N derived from N2 fixation
(% Ndfa) in Gliricidia was estimated for each of the six
samplings between January 1990 and July 1991 using
Cassia as a nonfixing reference. The % Ndfa ranged
from 30% in June 1990 to 550/0 in December 1990, with
an average of 43% during the entire study period (Fig.
3). The estimated total amount of N2 fixed (tNdfa) ranged
from 13 to 66 kg N ha-1 per sampling. During the 13-
mo period from June 1990 to July 1991, a total of 170
kg N ha-1 was fixed. Although the proportional contri-
bution of N2 fixation to the growth of leaves, stems, and
total regrowth did not differ significantly, values calcu-
lated for the trunk were only about twQ-thirds of the
others (Table 3).

The Ndfa estimates calculated using Cassia were com-
pared with values determined when Napier grass or ma-
terial from a maize alley crop were used as alternative
references (Table 4). The comparisons were made for
the January 1990 (both Napier grass and maize) and Au-
gust 1990 (Napier grass only) samplings. The % Ndfa
based on Cassia or maize as a reference were signifi-
cantly greater than those determined using Napier grass
in the January 1990 sampling, while in August 1990 the
% Ndfa values were similar regardless of which refer-
ence material was used.

Reference Gliricidia
Sampling
date Sl5NSpecies Ndfa, ,5'sN
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N content. This would not be possible in a deep soil
during a relatively short sampling period.

Also, the strong sink for mineral soil N provided by
the extensive tree root systems has both positive and
negative implications. Specifically, N cycling to the al-
ley crop via the tree prunings is enhanced, but the large
mineral N capture by the hedgerows may create com-
petition for N uptake between the hedgerows and the
associated annual crop species. Gliricidia and Cassia roots
grow actively into the space between hedgerows during
the cropping season. The soil-plant distribution and up-
take of mineral and fixed N in crop-hedgerow systems
composed of either fixing or nonfixing species needs
further elucidation.
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