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Summary-Xylem-sap and stem and leaf extracts from 35 species, comprising 14 genera, of leguminous trees were analyzed for ureides, nitrate and a-amino acids. Trees were either inoculated with Rhizobium or fertilized with NH4NO3. The dominant form of soluble N in stem and leaf extracts and xylem sap was a -amino acids. Certain non-N2-fixing species, i.e. Tamarindus indica and Adenanthera pavonina, produced significant amounts of ureides. Several N2 fixing species, Mimosa scabrella, Sesbania grandflora, Acacia mearnsii and Gliricida sepium, grown on mineral-N had higher absolute amounts of ureides in both extracts and exudates than did most nodulated species. Nodulated A. mearnsii and S. grandiora, had the highest amounts of ureides in xylem sap. The relative abundance of ureides in stem and leaf extracts was lower than in xylem sap, but was correlated. Results indicated that the presence of ureides, per se, was not a reliable indicator of N2-fixing activity. Moreover, the relative abundance of ureides in most of the species tested was too low to use as a presumptive test for, or as a means of, estimating N2 fixation.
INTRODUCTION

Leguminous trees occur worldwide and are particu​larly abundant in tropical ecosystems (Knight, 1975). Many species grow rapidly and have been tradi​tionally used for fuelwood, forage for animals, erosion control or soil enrichment (Roskoski et al., 1980). This multi-use potential has recently led to their widespread promotion by international agencies for reforestation and other development projects (National Academy of Science, 1977, 1979, 1980). The soil enrichment potential of these species has usually been attributed to their ability to fix N2. However, little quantitative data on N2 fixation in tree legumes in situ exists largely because of methodological problems.

It is often difficult to collect nodules due to soil conditions or rooting patterns of the species under investigation (Rundel et al., 1982). If nodule sampling is possible, numerous samples have to be taken many times throughout the year before a reliable estimate of nodule biomass and N2-fixing activity can be obtained using the acetylene reduction method (Ros​koski, 1981; Hansen and Atkins, 1987a). The 15N dilution method is usually precluded because of the size of the area that must be labeled and the meth​odological difficulties of incorporating the label throughout the rooting zone of the tree. The 15N natural abundance method for measuring N2 fixation in situ appears promising (Shearer et al., 1983; Shearer and Kohl, 1986) but still requires costly analyses and is likely to be unsuitable in ecosystems with marked heterogeneity in 15N discrimination of soil N (Hansen and Pate, 1987).

Some herbaceous legumes produce large quantities of ureides, a group of N compounds including allan​toin and allantoic acid, when fixing N but not when dependent on mineral N (Matsumoto et al., 1977). Therefore, the relative abundance of ureides has been
used to detect and quantify N2 fixation by these species (McClure et al., 1980; Herridge, 1984). Exam​ples of ureide exporters are: soybeans (Glycine max), bean (Phaseolus vulgaris), cowpea (Vigna un​guiculata) and mungbean (Vigna radiata) (Atkins, 1982). Other species, such as white clover (Trifolium pratense), alfalfa (Medicago sativa), peanut (Arachis hypogea) and lupins (Lupinus mutabilis) transport fixed N primarily in the form of a-amino acids (Atkins, 1982).

To date, only a few woody legumes have been examined for ureide production (Hansen and Pate, 1987). Since measuring the relative abundance of ureides in presumed N2-fixing trees could be an easy method for detecting and estimating N2 fixation in situ, a greenhouse experiment was run in which 35 species of N2-fixing and non-N2-fixing leguminous trees were grown with NH4N03 or inoculated with Rhizobium and the abundance of ureides in xylem sap and stems and leaves was determined.

MATERIALS AND METHODS

Seeds of 35 species of leguminous trees (Table 1 were scarified in concentrated H2SO4 or H202 (Hall​iday and Nakao, 1984), thoroughly rinsed in sterile water, germinated on water agar plates, and planted in 6.25 l. pots, filled with 750 g coarse gravel at the bottom 4500 ml (mg) vermiculite, and 900 g coarse gravel at the top. At planting, 2 of the 4 pots established for each species were inoculated with a mixture of Rhizobium strains; the other 2 pots remained uninoculated (Table 1). Each pot con​tained, after thinning, 3 trees. A total of 750 ml of N-free nutrient solution was applied daily to all trees as three separate applications. The N-free nutrient solution consisted of 1 mmol Ca in the form of 0.2 mmol CaCl2-2H20, 0.8 mmol CaSO4 - 2H20,
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0.5 mmol P as KH2P04, 0.5 mmol K as KHP04, and 80,µ11-' of micronutrient solution (Monterey Chem​ical Co.) which contained 1% Mo, 2.5% S, 0.35% B, 0.03% Co, 1.5% Fe, 0.45% Mn, 0.04% Mo, 0.5% Zn and 0.15% Cu. Uninoculated seedlings received 15 mmol N day-' in the form of NH4 N03 which was mixed into the N-free nutrient solution that the uninoculated seedlings received.

Initially, 29 species were established and grown for 6 months. Ten additional species were set-up during a second experiment and also grown for 6 months. Four species, Leucanea leucocephala, L. lanceolata, Erythrina sandwicensis and Cassia sturtii were set up in both experiments. A. mearnsii seedlings, solely dependent on N from fixation, were planted during the first experiment but grew so slowly that they were harvested at the end of the second experiment.

At the time of harvest, xylem exudates were collected from stems as described by Herridge (1984). Plants were then removed from the pots, checked for the presence of nodules and separated into roots, stems and leaves. After drying at 70°C to a constant weight, dry wt of leaves and stems were taken. Separate subsamples of leaves and stems were ground in a cyclone mill (< 0.45 mm) and a 0.5 g sample of the dried ground material was boiled for 1.5 min in 20 ml of distilled water. After cooling, the volume was made up to 100ml, centrifuged for 20 min at 10,000 rev min-' and the supernatant passed through a Whatman No. 1 filter paper. All extracts, as well as exudates, were frozen until analyzed.
Ureides, allantoin and allantoic acid, were ana​lyzed colorimetrically (Young and Conway, 1942); nitrates were measured by the cadmium reduction method (Keeney and Nelson, 1982); and total amino​acids were determined by the ninhydrin method (Yemm and Cocking, 1955) using asparagine as a standard.

RESULTS AND DISCUSSION

All inoculated trees of N2-fixing species had nod​ules at harvest but no NH4NO3 fertilized trees of these same species were nodulated. Species reported to be non-N,-fixers (Allen and Allen, 1981), i.e. C. sturth, Delonix regia, Parkinsonia aculeata, T. indica and A. pavonina grown under N-free condi​tions, did not nodulate with any of the inoculant strains.

In general, the biomass of trees supplied with mineral N was considerably greater than that of most inoculated trees (Table 1). Exceptions were G. sepium, S. grandif lora and E. sandwicensis in Experiment 2, in which trees totally dependent on N from fixation, were comparable in size to plants supplied mineral N. One possible explanation for the observed growth difference between N2-fixing and NH4N03 fed trees of the same species is that fertilized trees were not as N stressed as were inoculated trees before the onset of fixation. By the time nodulation commenced several weeks after planting, the N-fed trees were already visibly larger than the inoculated trees. In
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Table 1. continued

Rhizobium® Stem Leaf

strain (g dry wt pot™') (g dry wt pot™")
Erythrina sandwicensis Experiment 1 N 82.3 38.9
R a 20.1 14.2
Experiment 2 N 89.9 36.9
R TAL 69 87.4 29.1
E. variegata L N 39.8 43.0
R a 23.6 15.7
Gliricidium sepium N 41.8 55.0
(Jacq.) Steud. R TAL 1768, 1769 37.8 59.2
Leucaena diversifolia N 20.1 18.4
(Schidl.) Benth. R c 15.3 15.4
L. lanceolata Experiment 1 N 26.4 34.6
R c 12.3 14.8
Experiment 2 N 40.5 26.3
R c 27.1 18.5
L. leucocephala (Lam.) de Wit Experiment 1 N 27.8 40.6
R c 13.9 15.5
Experiment 2 N 42.7 38.1
R c 25.7 17.4
L. leucocephala x L diversifolia N 34.2 30.0
R c 4.6 13.8
L. macrophylla N 33.5 14.1
R c 19.6 22.1
L. purverulenta N 20.3 21.6
(Schlechtd.) Benth. R c 10.3 12.6
Mimosa scabreila Benth. N 38.6 251
Prosopis juliflora (Sw) DC. N 37.6 354
R TAL 1524 7.0 10.7
Sesbania grandifiora Poir. N 19.3 21.2
R TAL 355 17.8 17.6

Non-nodulating Species

Adenanthera pavonina L. N 10.9 25.3
R a,b 0.6 0.9
Cassia sturtii Experiment 1| N 11.2 21.0
R a 0.1 03
Experiment 2 N 45.6 54.8
R a 0.3 0.7
Delonix regia (Boj. ex Rook.) N 12.5 233
R a 1.2 0.6
Parkinsonia aculeata L. N 41.5 26.8
R a 0.9 0.4
Tamarindus indica L. N 20.1 29.2
R a 2.23 4.1

*N = N-fed; R = inoculated.

®a = inoculated with TAL 309 (CB756), TAL 310 (CB 1024), TAL 658 (CIAT 71), TAL 82, TAL 1145 (CIAT 1967), TAL 582 (CB 81).
b = inoculated with TAL 1384, TAL 1448, TAL 1433, TAL 940, TAL 881, TAL 1462.

¢ = inoculated with TAL 82, TAL 1145 and TAL 582.

°g dry wt pot "' = average of 2 pots; each pot containing 3 seedlings.




addition, although all inoculated trees of known N2-fixing species formed nodules, it is possible that the rhizobia used as inoculants on some species were not highly effective at fixing N.

Xylem sap, obtained from 28 species (Table 2), contained nitrate, ureides and amino-acids. The pres​ence of nitrates in the exudates of some plants totally dependent on N from fixation, may have been due to a slight nitrate contamination of the nutrient solu​tion, which measured 1.2 mg NO3 -N 1-'. Ureides also occurred in xylem sap of known non-N2-fixing spe​cies, i.e. T. indica, and in samples from NH4NO3 fertilized as well as nodulated N2-fixing species. The presence of ureides in xylem sap of non-nodulated soybeans has been reported (Pate et al., 1980; Yoneyama et al., 1985; Patterson and LaRue, 1983). Furthermore, McNeil and LaRue (1984) found that non-nodulated soybean could have from 9.0 to 31.8% of xylem sap N in the form of ureides, depending on the amount of nitrate supplied. Our
results confirm that the nodule is not the only site of ureide formation in legumes.

Ureides were the major N compound in the xylem sap of only two nodulated species, A. mearnsii and S. grandi flora, which 81.5 and 78.8% of the total sap N was in the form of ureides. Xylem sap from NH4NO3 fed non-nodulating plants of these species contained 5.4 and 47.3% ureides, respectively (Table 2). These results suggest that measuring the relative abundance of ureides in sap may not only be a useful indicator of N2-fixing activity but also a way to quantify fixation in situ for these species. Concen​trations of ureides in the xylem sap of A. arabica, Erythrina variagata and Gliricidia sepium were not greater than 20%. However, the difference between the ureide concentrations in fixing and non-fixing individuals (Table 2) of these species may be large enough to permit use of the ureide technique.

Leaf extracts on N-fed trees of all species tested contained ureides, nitrate and amino-acids (Table 3).
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Ureide concentrations in the leaves of A. mangium, Al. lebbek, Calliandra colothyrsus and Prosopis juliora supplied with mineral N were at least twice that found in leaves of the same species dependent on N from fixation, perhaps due to the accumulation of N-rich ureides in the N sufficient, NH4NO3-fed plants. Ureides produced in the nodules of fixing plants were probably quickly metabolized and there​fore not as likely to accumulate in the leaves of these N-insufficient plants. The relative amount of ureides in leaves of all N-fertilized, fixing-species varied from 0.7% for A. cincinnata to 18.7% for G. sepium.

Most inoculated trees lacked nitrates in the leaf extracts, but all contained ureides and amino-acids with amino-acids constituting the bulk of the N
compounds measured. Of all species tested, only leaves from G. sepium, A. auriculiformia and A. mearnsii had a relative abundance of ureides greater that 20%. These species also had large differences in the ureide levels between nodulated and N-fed plants.

Unlike leaves, stems from inoculated trees of N2 -fixing species consistently had higher levels of ureides than stems from trees dependent on mineral ​N (Table 3). For nitrates, the pattern was reversed. However, the dominant N-compounds in stem tissue from both fixing and N-fertilized trees was again amino-acids. Stem extracts from inoculated trees of A. cincinnata, A. confusa, A. cowleana, A. mangium, A. mearnsii, A. nilotica, Al. falcataria and P. juliora had ureide concentrations of 20% or greater. How-
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Table 3. Nitrate, ureides and «-amino-acids in stem and leaf extracts of Ny-fixing and non-N,-fixing leguminous trees
Stems Leaves
Total* Total
(ugN g~! dry wt) Percentage (ugN g~! dry wt) Percentage
NO;  Ureides a-amino acids NO;  Ureides o-amino acids
Nodulating species

Acacia arabica Willd. N* 2792.4 1.5 0.5 97.9 2642.9 1.4 8.5 90.2
R 604.3 24 4.0 93.5 1677.9 0.0 15.0 85.0
A. auriculaeformis A. Cunn. N 4389.9  49.6 3.7 46.6 1703.1 16.2 9.0 74.8
Ex. Benth R 3559.0 0.3 7.2 92.3 1504.3 24 22.2 75.4
A. cincinnata N 3371.3 38.7 6.5 54.7 3947.0 7.8 0.7 91.5
R 1675.8 22.6 259 51.4 1927.8 2.0 1.8 96.2
A. confusa Merr. N 2782.2 13.5 6.4 80.0 2759.1 29 3.1 94.1
R 1185.3 20.7 353 43.8 3622.5 0.4 3.4 96.2
A. cowleana N 4297.4 15.0 4.8 80.1 6122.6 4.8 53 89.8

R 3944.1 1.1 38.0 60.0
A. currasavica N 1555.5 7.0 11.3 81.6 6730.5 2.7 4.6 92.8
R 2927.2 5.4 10.2 84.2 3739.1 1.1 6.1 92.8
A. cyanophylla Lindl. N 17235 34.6 5.6 59.7 30443 335 4.8 61.7
R 1452.7 54 9.9 84.6 1464.1 2.2 7.6 90.2
A. koa Gray. N 2080.0 334 42 62.3 6844.6 0.8 5.9 93.3
R 15449 232 8.2 68.5 44223 0.4 42 95.4
A. mangium Willd. N 31486 418 5.6 52.5 23356  16.6 6.9 76.5
R 4450.1 2.4 26.5 71.0 1969.8 8.4 1.4 90.2
A. mearnsii De Wild N 1897.5 7.1 17.5 75.3 4440.5 0.8 6.5 92.7
R 904.4 31 43.2 53.5 1461.6 1.1 26.8 721
A. melanoxylon R. Br. N 3669.9 6.7 1.9 91.2 3888.5 75 8.0 84.5
R 1460.3 4.0 7.2 88.6 1554.0 3.0 8.6 88.4
A. nilotica (L.) Willd. ex N 5266.2 0.5 1.5 97.9 2066.4 1.1 12.8 86.1
Del. ssp. Kraussiana (Benth.) Brena R 525.4 14 19.6 78.9 1526.0 0.0 17.4 82.6
A. victoriae Benth. N 88323 415 7.4 50.9 9009.0 11.7 7.7 80.6
R 25209 6.1 6.8 86.9 4330.6 0.2 5.0 94.9
Albizia falcatoria (L.) Fosberg N 2904.2 6.0 3.8 90.0 5542.6 3.7 1.7 94.6
R 1562.9 6.8 20.3 72.8 1615.3 22 39 93.9
A. lebbeck (L.) Benth N 5608.7 17.2 7.7 75.0 10713.9 37 3.7 92.6
R 2694.5 8.3 8.2 834 5440.4 0.6 1.8 97.6
A. moluccana Miq. N 2918.6 4.2 5.9 89.8 7624.1 1.7 1.7 96.6
R 1466.2 7.2 14.8 719 3865.4 0.0 3.0 97.0
Calliandra calothyrsus Meissn. N 7278.1 19.4 1.7 78.8 7372.4 14.1 12.2 73.7
R 3822.8 38 1.8 94.3 4384.5 1.0 6.6 92.4
Enterolobium cyclocarpum Griseb. N 8849.5 6.8 0.2 92.9 5681.9 6.1 2.3 91.6
R 2836.9 3.2 0.3 96.4 3473.8 2.0 22 95.8
Erythrina sandwicensis N 8328.7 7.4 0.5 92.0 6776.7 16.1 36 80.3
R 29679 104 1.1 88.5 2837.1 54 4.9 89.7
N 8342.8 4.5 5.3 90.1 7621.8 5.4 48 89.8
R 2926.2 5.7 7.0 87.2 2722.3 5.3 18.3 76.4
E. variegata L. N 7479.1 12.3 04 87.1 7667.5 24.7 2.6 72.7
R 3462.7 2.8 0.4 96.6 3251.5 438 43 90.9
Gliricidium sepium (Jacq.) Steud. N 5037.3 5.2 2.8 91.8 8914.4 8.3 18.7 73.0
R 2406.8 35 4.7 91.7 2776.5 2.8 28.3 68.8
Leucaena diversifolia N 2635.7 8.5 4.2 87.1 5457.2 1.2 2.7 96.0
(Schldl.)Benth. R 1809.8 42 6.9 88.8 3407.3 0.7 25 96.9
L. lanceolata N 3388.7 2.4 0.4 97.1 7402.5 0.4 1.0 98.6
R 2079.4 0.6 1.2 98.0 5019.7 0.4 1.2 98.4
N 2848.9 29 5.5 91.5 9098.3 1.7 2.7 95.6
R 1488.1 33 1.6 84.9 3578.4 1.4 6.2 924
L. leucocephala (Lam.) de Wit N 6530.4 0.9 0.0 99.0 7043.8 1.1 2.6 96.3
R 1839.4 0.7 0.9 98.2 4131.8 0.5 4.0 95.5
N 2938.3 5.1 6.3 88.4 7362.4 2.2 33 94.5
R 1398.5 35 11.6 84.7 3104.0 2.4 7.5 90.1
L. leucocephala x L. diversifolia N 4407.3 1.6 04 97.9 5157.3 0.9 24 96.6
R 2814.9 04 0.9 98.5 31479 0.8 38 95.4
L. macrophylla N 4535.5 1.0 0.4 98.5 4277.4 0.6 1.4 98.0
R 1850.8 0.7 22 96.9 3159.8 0.8 1.6 97.5
L. pulverulenta N 5488.9 1.3 0.4 98.2 5430.6 0.6 1.3 98.1
(Schlechtd.) Benth R 2029.3 1.1 1.3 97.4 3061.5 0.7 1.9 97.5
Mimosa scabrella Benth. N 3849.2 10.0 8.2 81.6 8512.0 9.5 6.8 83.7
R 2198.8 7.9 10.7 81.4
Prosopis juliflora (Sw) DC. N 23379 38 2.6 93.4 5149.8 5.1 10.2 84.7
R 1123.1 8.1 19.5 722 35219 2.1 6.2 91.8
Sesbania grandiflora Poir. N 10692.4 i1 6.1 82.7 11473.5 9.8 8.7 81.5
R 1920.1 5.6 14.1 80.1 2909.9 3.8 7.7 88.5

Non-nodulating species

Adenanthera pavonina L. N 3668.5 12.3 5.2 82.3 9450.4 0.1 20 97.8
R 5757 134 28.9 57.6 503.3 0.0 17.8 822
Cassia sturtii N 2970.2 6.6 5.3 88.0 3293.2 3.4 7.2 89.4
N 2755.0 2.1 6.7 91.1 8097.3 1.1 3.6 95.3
Delonix regia (Boj. ex Hook.) N 6782.5 4.6 1.9 933 7766.5 2.1 35 94.4
Parkinsonia aculeata L. N 5373.8 2.1 3.8 93.9 8421.5 0.5 54 94.1
Tamarindus indica L. N 1052.7 8.7 25.5 65.7 4141.0 1.8 8.1 90.0

2See Table 2 for explanation.
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ever, ureides also comprised 20% of the total N in stem extracts from T. indica and A. pavonina, non-N2-fixing species.

The relationship between the proportion of ureides in xylem sap and in stem or leaf extracts was exam​ined. The highest correlation was found between xylem sap and stems, r = 0.63, with the correlation between xylem sap and leaves equalling 0.51. Mat​sumoto et al. (1977) previously found the concen​tration of ureides in soybean stems was greater than that in roots, nodules, pods or seeds. Van Berkum et al. (1985) reported that the concentration of ure​ides in xylem sap, young stem tissues, plant tops, roots, nodules and whole soybean plants correlated well with N2 fixation. It thus appears that leguminous trees like soybeans exhibit correlations, albeit weak ones, between the ureide contents of different plant parts.

Herridge (1984) proposed that the relationship between the relative abundance of ureides (ureide​N/ureide-N + NO3-N + amino acid-N) x 100 be used to estimate the degree of N2 -fixing activity. In our study, the generally higher concentrations of ureides found in xylem sap vs stem or leaf tissue and the ease of obtaining and processing xylem sap samples, sug​gest that xylem sap is the preferable plant part to analyze.

The presence of ureides in leaves of known non​fixing species as well as in the leaves of non-nodulated fixing-species indicates that the detection of ureides in leguminous trees, per se, is not proof that the tree is fixing N2. Since many non-legumes also produce ureides (Pate, 1980), these results are not surprising. Independent of whether exudates or extracts of stems and leaves were analyzed for the presence of ureides, the absolute amount of ureides was higher in some NH4NO3 fertilized than in N2-fixing plants. This fact coupled with dominance of amino-acids in all but a few extracts and exudates, suggests that the relative abundance of ureides is not useful for estimating N2 fixation by most of the tree species we examined. However, the data did show that the ureide technique may have utility for detecting and quantifying N2-fixation by A. mearnsii, G. sepium and S. grandiora in situ, and suggested that further work is needed to establish definitely whether several Acacia species, Albizia falcataria and Prosopis juliflora produce ureides in amounts adequate for diagnostic purposes. Lastly, the results of our study indicate that greenhouse studies comparing ureide production by N2-fixing and N fertilized plants of the same species are essential for establishing whether a tree species is a ureide exporter when fixing N2.
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0.5 mmol P as KH,P04, 0.5 mmol K as KHP04, and 80,q 1 I-' of micronutrient solution (Monterey Chem​ical Co.) which contained 1% Mo, 2.5% S, 0.35% B, 0.03% Co, 1.5% Fe, 0.45% Mn, 0.04% Mo, 0.5% Zn and 0.15% Cu. Uninoculated seedlings received 15 mmol N day-'in the form of NH4NO3 which was mixed into the N-free nutrient solution that the uninoculated seedlings received.

Initially, 29 species were established and grown for 6 months. Ten additional species were set-up during a second experiment and also grown for 6 months. Four species, Leucanea leucocephala, L. lanceolata, Erythrina sandwicensis and Cassia sturtii were set up in both experiments. A. mearnsii seedlings, solely dependent on N from fixation, were planted during the first experiment but grew so slowly that they were harvested at the end of the second experiment.

At the time of harvest, xylem exudates were collected from stems as described by Herridge (1984). Plants were then removed from the pots, checked for the presence of nodules and separated into roots, stems and leaves. After drying at 70°C to a constant weight, dry wt of leaves and stems were taken. Separate subsamples of leaves and stems were ground in a cyclone mill (< 0.45 mm) and a 0.5 g sample of the dried ground material was boiled for 1.5 min in 20 ml of distilled water. After cooling, the volume was made up to 100 ml, centrifuged for 20 min at 10,000 rev min-' and the supernatant passed through a Whatman No. 1 filter paper. All extracts, as well as exudates, were frozen until analyzed.

Ureides, allantoin and allantoic acid, were ana​lyzed colorimetrically (Young and Conway, 1942); nitrates were measured by the cadmium reduction method (Keeney and Nelson, 1982); and total amino​acids were determined by the ninhydrin method (Yemm and Cocking, 1955) using asparagine as a standard.

RESULTS AND DISCUSSION

All inoculated trees of N,-fixing species had nod​ules at harvest but no NH4 NO3 fertilized trees of these same species were nodulated. Species reported to be non-N2-fixers (Allen and Allen, 1981), i.e. C. sturtii, Delonix regia, Parkinsonia aculeata, T. indica and A. pavonina grown under N-free condi​tions, did not nodulate with any of the inoculant strains.

In general, the biomass of trees supplied with mineral N was considerably greater than that of most inoculated trees (Table 1). Exceptions were G. sepium, S. grandii lora and E. sandwicensis in Experiment 2, in which trees totally dependent on N from fixation, were comparable in size to plants supplied mineral N. One possible explanation for the observed growth difference between N2-fixing and NH,N03 fed trees of the same species is that fertilized trees were not as N stressed as were inoculated trees before the onset of fixation. By the time nodulation commenced several weeks after planting, the N-fed trees were already visibly larger than the inoculated trees. In

Table 1. Stem and leaf biomass and inoculant strains

	
	
	Rhizobiumb
strain
	Stem

(g dry wt pot ')`
	Leaf

(g dry wt pot ')

	Nodulating species
	
	
	
	

	Acacia arabica Willd.
	Na
	
	45.7
	29.5

	
	R
	a
	9.7
	7.9

	A. auriculaeformis
	N
	
	9.1
	18.7

	A. Cunn. Ex. Benth
	R
	a, b
	0.2
	1.9

	A. cincinnata
	N
	
	11.0
	40.8

	A. confusa Merr.
	N
	
	7.4
	10.9

	
	R
	a
	0.3
	0.8

	A. cowleana
	N
	
	9.5
	25.7

	
	R
	a, b
	0.6
	-

	A. currasavica
	N
	
	19.8
	36.6

	
	R
	a
	1.5
	5.7

	A. cyanophylla Lindl.
	N
	
	31.2
	25.9

	
	R
	a
	7.8
	9.4

	A. koa Gray.
	N
	
	7.7
	4.6

	
	R
	a, b
	0.7
	1.6

	A. mangium Willd.
	N
	
	11.3
	45.5

	
	R
	a, b
	0.1
	0.5

	A. mearnsii De Wild
	N
	
	39.0
	54.8

	
	R
	a, b
	20.3
	17.6

	A. melanoxylon R. Br.
	N
	
	45.5
	44.4

	
	R
	a, 6
	0.3
	0.7

	A. nilotica (L.) Willd. ex
	N
	
	48.6
	36.8

	Del. ssp. Kraussiana (Benth.)
	R
	a
	14.8
	11.5

	A. victoriae Benth.
	N
	
	0.7
	2.4

	
	R
	a, TAL 72, c
	0.6
	0.9

	Albizia falcatoria (L.) Fosberg
	N
	
	24.2
	42.9

	
	R
	a, TAL 1300
	0.6
	3.3

	A. lebbeck (L.) Benth.
	N
	
	47.7
	18.0

	
	R
	a
	0.8
	2.7

	A. moluccana Miq.
	N
	
	34.0
	57.3

	
	R
	a
	0.7
	3.6

	Calliandra calothyrsus Meissn.
	N
	
	28.7
	22.7

	
	R
	a
	7.3
	11.7

	Enterolobium cyclocarpum Griseb.
	N
	
	41.9
	32.0

	
	R
	a
	8.1
	8.7
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