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ABSTRACT. Experimental plantations of pure Eucalyptus saligna (Sm.), pure Albizia fakataria (L.) 
Fosberg (a nitrogen-fixing spedes), and five proportions of mixtures of these spedes 
were examined at age 6 for biomass, production, nutrient cycling in litterfall, and re- 
source-use effidendes. Biomass was greatest in the 34% Eucalyptus/66% Albizia treat- 
ment, averaging 174 Mg/ha, compared with 148 Mg/ha in the fertilized pure Eucalyptus 
treatment and 132 Mg/ha for the pure Albizia treatment. The 34% Eucalyptus/66% 
Albizia treatment also showed the greatest aboveground net primary production (52 Mg 
ha -x yr -•) and annual increment (39 Mg ha -• yr-•). The N and P content of above- 
ground litterfall ranged from 35 and 3.5 kg ha- 1 yr- 1 in pure Eucalyptus to 240 and 9.5 
kg ha-1 yr-1 in pure Albizia. Nutrient-use efficiency, deftned as Mg of ANPP/kg of 
nutrient in fine litterfall, was greater for Eucalyptus (1.1 for N, 13.4 for P) than for A/b/z/a 
(0.2 for N, 5.7 for P). Light-use efficiency ranged from about 14 kJ/MJ of intercepted light 
in the pureAlbizia treatment, to 17 kJ/MJ in the pure Eucalyptus treatment, to 18 in the 
34% Eucalyptus/66% Albizia treatment. The patterns of productivity across the mixtures 
resulted from the combination of (1) greater nutrient use efficiency of Eucalyptus, (2) 
greater nutrient cycling under Albizia, and (3) greater light capture and high use efficiency 
in mixed stands. FOR. SCl. 38(2):393408. 
ADDITION•d. KEY WOP, DS. Litterfall, resource-use efficiency, nitrogen, phosphorus, ni- 
trogen fixation. 

AST GROWING TREE SPECIES are the backbone of forest plantations and agro- 
forestry systems covering millions of hectares throughout the humid trop- 
ics. Nitrogen availability commonly limits the productivity of these sys- 

tems, leading to great interest in the development of systems that include nitro- 
gen-fixing trees (National Academy of Sciences 1979, 1984). The success of 
silvicultural and agroforestry systems that employ N-fixing trees depends strongly 
on the continued availability of phosphorus, and upon soil pH (many N-fixing 
leguminous trees are relatively intolerant of add soils). Intensive management, 
including frequent harvesting of high-nutrient-content biomass, can lower the 
availability of all soil nutrients and lead to soil addification. Species and nutrient 
cycles may have strong reciprocal effects (Sanchez et al. 1985) that influence the 
sustainability of intensive forestry and agroforestry. Species differ in the efficiency 
of biomass production per unit of nutrient taken up from the soil, and in the 
decomposability of litter (Vitousek 1982). Efficient species that produce large 
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quantities of biomass per unit of nutrient typically produce litter of poor quality, 
with the potential to reduce nutrient availability. Species with lower nutrient use 
efficiencies may produce higher quality litter that could increase nutrient avail- 
ability. The importance of these possible effects of different tree species remains 
largely speculative, owing in large part to the paucity of well-designed experi- 
mental plantations. 

We examined productivity and nutrient cycling in a set of replicated plantations 
containing pure Eucalyptus saligna (Sm.), pureAlbiziafalcataria (L.) Fosberg [ = 
Paraserianthes falcataria (L.) Nielsen], and a range of mixtures of these species 
(described by DeBell et al. 1989). We addressed three major issues: 

1. The productivity of monocultures and mixtures; 
2. The influence of Albizia on nutrient cycling in litterfall; 
3. The effidency of use of nutrients and light, including implications for productivity and 

nutrient cycling. 

The site is at 480 m elevation, near Hakalau on the northeast coast of Hawaii 
(about 20 km north of Hilo, DeBell et al. 1989). Annual temperature averages 
about 21øC (+-iøC spans the range for all months). Rainfall averages of 4.6 m/yr, 
and is well distributed through the year (the driest months receive over 150 mm 
of precipitation). Slopes are gentle (<15%), with soils belonging to the Akaka 
series (silty clay loam thixotropic isomesic Typic Hydrandept, or with the new 
Andisol order, probably Typic Hydrudand; R. Yost, University of Hawaii, Hono- 
lulu, personal communication). The site was cropped with sugar cane for more 
than 50 yr, with the last harvest in October 1980. In 1978, 2000 kg/ha of CaCOs 
were plowed into the soil to raise soil pH for the last crop of sugarcane. The site 
was plowed in 1981 and regenerating vegetation sprayed with a herbicide before 
planting in January 1982. Eight stand treatments were evaluated in this study. 
Treatment • 1 was an operational field plantation of Eucalyptus, surrounding the 
four blocks of the main experiment. Treatments •2-8 were established as a study 
to compare productivity of various ratios of Eucalyptus and Albizia, using a ran- 
domized complete block design (seven treatments in four blocks). Total density 
was constant (2500 trees/ha) across treatments, which consisted of varying pro- 
portions of Eucalyptus: O, 0.34, 0.50, 0.66, 0.75, 0.89, and 1.0. Each plot was 900 
m 2 except the 0.34 and 0.0 Eucalyptus plots which were 450 m 2 Three-month- 
old containerized seedlings were planted at 2 x 2 m spacing. All plots were 
fertilized repeatedly (Table 1), but only Treatment •2 (pure Eucalyptus) received 
N after the first year. 

At age 4, the biomass of the heavily fertilized, pure Eucalyptus treatment 
(Treatment •2 in Table 1) averaged about 94 Mg/ha, compared with 110 Mg/ha 
for the pureAlbizia treatment (Treatment •8; DeBell et al. 1989). At age 8, light 
extinction by the canopies in the stands that contained Albizia (>85%) was much 
greater than in the pure Eucalyptus treatment (66%) (Binkley 1992). In the mixed 
stands, most of the canopy of Eucalyptus was taller than most of the canopy of 
Albizia. Concentrations of both N and P (DeBell et al. 1989) in Eucalyptus leaves 
increased with increasing influence of Albizia at 42 months (pure Eucalyptus, 
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Treatment 

TABLE 1. 

Experimental treatments. 

Species 
proportion 

Eucalyptus A lbizia Month 

Fertilization regime 
(kg/ha) 

N P K 

1 1.0 0 

2 1.0 0 

3 0.89 0.11 

4 0.75 0.25 

5 0.66 0.34 

6 0.50 0.50 

7 0.34 0.66 

8 0.0 1.0 

O, 6 40 18 33 
O, 4, 8, 12, 40 18 33 

24, 36 
55 130 

O, 4, 8 40 18 33 
12, 24, 36 18 33 

1.8% N, 0.17% P; Eucalyptus withAlbizia 2.1% N, 0.22% P), while foliar man- 
ganese declined sharply (to a low of 150 •g/g in Eucalyptus with Albizia). 

PRODUCTMTY 

Aboveground tree biomass was calcuhted with regression equations, applied to 
trees in a central measurement subplot in each plot, at age 5 years and age 6 years 
(following procedures of DeBell et al. 1989). The equations were developed 
sp, ecifically for these plantations: 

Eucalyptus biomass (kg) = 0.01966 (diameter, cm) 1'91• (height, m) ø'•?½ 
(Whitesell et al. 1988) 

Albizfa biomass (kg) = 0.03621 (diameter, cm) 2'314½ (height, m) 
(Schubert et al. 1988) 

Aboveground biomass increment was calculated as the difference between bio- 
mass at age 6 and 5; no mortality occurred during this period. Aboveground net 
primary productivity (ANPP) was calculated as the sum of increment and annual 
litterfall (described below). The relative yield (Harper 1977) for each treatment 
was calculated as the ratio of Eucalyptus (or Albizia) biomass (or increment) of 
each treatment relative to that found in the pure Eucalyptus (or Albizia) treat- 
ment: 

E ucalyp tusmix 

E uc al yp tUSpur e 

or 

A lbiziam• 

A lbiziapure 
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The relative yield total for each mixture was the sum of the relative yields for 
each species. Relative yield totals less than 1 indicate interference between spe- 
cies, whereas totals greater than 1 indicate some divergence in resource use 
patterns (Harper 1977). In our case, the extra fertilization received by the pure 
Eucalyptus (Treatment #2) may give a relative yield total of less than 1 without 
indicating interference between species. 

NUTRIENT CYCLING IN LITTERFALL 

Fine litter (primarily leaves, but including fruits, flowers, bark, petioles, and twigs 
<10 mm in diameter) was collected in six conical (0.25 m 2 surface area) traps per 
plot of polyethylene mesh suspended 1 m above the ground (Hughes et al. 1987). 
The traps were placed systematically within each plot in March 1988; the pro- 
portion of Eucalyptus and Albizia trees neighboring the traps corresponded to the 
proportions of the species in the plot. Litter was collected monthly from April 
1988 through March 1989, with collections from the 6 traps/plot composited into 
single samples for each plot. Woody litter (>10 mm diameter) was collected 
monthly from two 1 m 2 patches of the soil surface in each plot. Litter was 
oven-dried at 70øC for 3 to 4 days, then shipped to Colorado State University for 
analysis. Litter was sorted by species and weighed. 

Given the warm, moist environment of the study site, we tested for changes in 
N concentration of Eucalyptus litter sitting in the traps for 4 weeks before col- 
lection. Litter samples averaging 540 mg N/g (standard deviation 90) were placed 
in fine mesh bags within the littertraps; 1 month later, the concentrations aver- 
aged 730 mg N/g (standard deviation 180). We therefore expect that decompo- 
sition processes may have altered the concentrations of elements in litter before 
collection (via leaching, respiration weight loss, and perhaps some transfer from 
Albizia litter to Eucalyptus litter); given the average residence time of litter in the 
traps of 1/2 month, we expect the concentration changes to have been at most 15 
to 20%. 

Nutrient concentrations for fine litterfall were determined for bulk samples from 
six collection periods (October to March), and these concentrations were multi- 
plied by the annual litter weights to estimate nutdent content of litterfall. Nutdent 
concentrations for woody materials were determined from subsamples collected 
in September. Kjeldahl digestions (after Nelson and Sommers 1980) used con- 
centrated sulfuric add, potassium sulfate, and copper sulfate; digestion was ac- 
celerated by additions of hydrogen peroxide after 1 hr and 2 hr of digestion. 
Digestion was continued for 6 hr after clearing to ensure full recovery of elements 
from woody materials. Concentrations of N and P in digests were determined on 
a Lachat Continuous Flow Analyzer, and cations were analyzed by inductively 
coupled plasma spectroscopy. Recovery from standard pine needles was within 
5% for most elements (within 10% for potassium), and recovery of N from 
standard samples of woody materials (supplied by P. Sollins, Oregon State Uni- 
versity) was within 10%. 

Four samples of leaf litter from each species (from Treatments #2 and #8) 
were analyzed for natural abundance of •3C to check for differences in water use 
efficiency (Farquhar et al. 1989, Ehleringer and Osmond 1989), and •SN for 
differences that might relate to source of nitrogen (Binkley et al. 1985, Shearer 
and Kohl 1989). Analyses were provided by the Boston University Stable Isotope 
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Laboratory. Values are reported as parts-per-thousand excess of •3C (•3C) or 
•SN (•SN) relative to standards (PDB for C, air for N). 

Four samples of leaf fitter were also analyzed (by J. Pastor, University of 
Minnesota, Duluth) for the pure Eucalyptus stand (Treatment #2), the pure 
Albizia stand (Treatment #8), and for each species in the 50%/50% stand (Treat- 
ment #6) for (Ryan et al. 1990): carbon, ash, nonpolar extractives (dichlo- 
romethane extract, TAPPI 1976), bo'fiing water-soluble fraction (TAPPI 1975), 
acid soluble residue (holocellulose), acid insoluble residue (lignin), and tannin. 

We used the GEM (General Ecosystem Model) decomposition model (Rastet- 
ter et al. 1991, Ryan et al. in prep.) to assess the influence of fitter quality on fitter 
decomposition and N mineralization. GEM simulates the decomposition of a fitter 
cohort under constraints of temperature and moisture, based on initial concen- 
trations of: nitrogen, extractives (total polar and nonpolar), cellulose, and fignin 
expressed as a percent of ash-free dry weight. Intensive work on Eucalyptus 
decomposition (O'Connell 1988) supports the importance of ratios of lignin:nutri- 
ents in controlling decomposition, but no similar data are available for Albizia. To 
estimate the time course of N release from decomposing litter, we used values of 
fitter quality as initial conditions, temperature of 21øC, assumed optimum soil 
moisture, and ran the model for 50 months. The calibration data used in the 
development of GEM (and the relationships between decomposition and moisture 
and temperature) did not include any tropical forests, and we suspect that N 
dynamics in decomposing litter may be somewhat faster in tropical situations than 
the model suggests. However, the relative' patterns between species (which 
depend on litter quality rather than site conditions) should be realistic. 

RESOURCE USE EFFICIENCY 

The efficiency of using N and P could be calculated as the Mg of aboveground net 
primary production per kg of nutrient taken up. We have no direct estimates of 
nutrient uptake, so we used the nutrient content of fine litterfall as a surrogate 
(after Vitousek 1982), and calculated nutrient use efficiency as Mg of ANPP/kg of 
nutrient in fine fitterfall. 

Light use efficiency was calculated as the energy content of ANPP (taken at 
17.7 kJ/g ANPP from Whittaker 1975) divided by the cumulative annual fight 
(photosynthetically active radiation) interception. The proportion of incoming light 
intercepted by the canopy was taken from Binkley (1992; determined with a 
Decagon Ceptometer), and multiplication by an estimated annual solar insolation 
of 5500 MJ/m 2 (J. Juvik, University of Hawaii-Hilo, personal communication) 
provided an estimate of cumulative annual light interception. These values at age 
8 may not match actual fight interception at age 6, when the two-storied structure 
of the stands was less pronounced, but we feel they provide realistic relative 
comparisons. 

Statistical differences were assessed using analysis of variance, with seven (for 
productivity and biomass data) or eight (for litterfall) treatments replicated in four 
blocks. Significant effects were examined with Tukey's Honestly Significant Dif- 
ference test, with a probability of a Type I error of 0.1 (SYSTAT version 5.0, 
1990). The variances of the litter quality data were not equal across treatments, 
so means were compared using the Kruskal-Wallis analysis of variance and Mann- 
Whitney U test. 
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PRODUCTMTY 

Stand biomass at age 6 (Figure 1) appeared greatest in Treatment #7 (34% 
Eucalyptus/66% Albizia), but the differences among treatment means were not 
significant (P = 0.23) (data for Treatment #1, the pure Eucalyptus field planta- 
tion, are not available). Annual biomass increment followed a similar trend, with 
significant differences among means. The 34% Eucalyptus/66% Albizia treatment 
(#7) showed the maximum average biomass (about 174 Mg/ha), increment (about 
39 Mg ha- • yr- •), and aboveground net primary production (52 Mg ha- • yr- •). 
The poorest treatment (#3) was the 89% Eucalyptus/11% Albizia; the presence 
of a small proportion of Albizia could not compensate for the lower fertilization 
regime. These trends in biomass show substantial shifts in the ranking of treat- 
ment since age 4 yr, when DeBell et al. (1989) found greatest biomass in the pure 
A lbizia treatment. 

The relative yield totals (Figure 2) were less than 1.0 for Treatments #3 (89% 
Eucalyptus) and #4 (75% Eucalyptus), and greater than 1.0 for Treatments #6 
(0.50 Eucalyptus) and #7 (34% Eucalyptus). Relative yield totals less than 1 
suggest that inclusion of low proportions of Albizia did not improve the N nutrition 
of Eucalyptus on par with the repeated N fertilization of Treatment #2, or that 
inclusion of low proportions of Albizia impeded Eucalyptus growth (per ha) and 
high proportions of Eucalyptus impaired Albizia growth. When the proportion of 
Albizia comprised one-third or more of the stand, competition between species 
appeared less critical; the species appeared to make different demands on re- 
sources (see Chapter 8 of Harper 1977 for a general discussion of relative yield 
totals). The increment at age 6 in Treatment #7 was especially impressive, with 
a relative yield total of almost 1.6. 

NUTRIENT CYCLING IN LITTERFALL 

The seasonal pattern of fine fitterfall showed peaks in August and December, with 
the August peak being more pronounced for Eucalyptus and the December peak 
more pronounced for Albizia (Figure 3). Seasonal patterns appeared similar 
across treatments, depending on species but not on species mixtures. The annual 
total litterfall biomass increased with increasing proportion of Albizia, though the 
only significant differences were between the two pure Eucalyptus treatments 
(#1 and #2) and the pure Albizia treatment (#8). The two pure Eucalyptus 
treatments were essentially identical in litterfall biomass and nutrient content, 
indicating little current effect of the additional fertilization in Treatment #2. Lit- 
terfall biomass ranged from about 7-9 Mg ha -• yr- • in the pure Eucalyptus 
treatment, to 12-13 Mg ha- • yr- • in the mixed spedes treatments, to about 18 
Mg ha -• yr -• in the pure Albizia treatment (Figure 3). The pure Albizia plots 
were small enough that Eucalyptus litter from adjacent plots comprised about 5% 
of the litter collected in the pure Al&•ia plots. Differences in the N content of 
litter followed the same pattern (Figure 4), but were more pronounced: 30-40 kg 
ha -• yr -1 in pure Eucalyptus, 110-140 kg ha -• yr -• in the mixtures, and about 
240 kg ha- • yr- • in the pure Albizia. This pattern was repeated for phosphorus, 
potassium, and magnesium, but caldum showed no dear pattern across treat- 
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ments. Woody materials contributed a substantial portion (up to half) of litterfall 
biomass, N and P in all treatments. 

The ratio of stable isotopes of C and N in leaf litter from the pure stands showed 
no significant differences between spedes: Eucalyptus •3C-29.9 (standard devi- 
ation 0.4), ,•SN- 1.5 (0.7); Albizia ,•ac - 29.9 (0.3), ,•SN - 1.0 (0.5). The •3C 
indicates both spedes have low water-use efficiency (Ehleringer and Osmond 
1989), which is not surprising in this high rainfall environment. The slightly neg- 
ative •SN for both species indicates that available nitrogen in the soil differs little 
in isotope ratio from the atmosphere, providing no opportunity for tracing N fixed 
by Albizia through the ecosystem. 

The quality of litter differed substantially between the species (Table 2). Eu- 
calyptus leaf litter was lower in N, cellulose, and lignin than Albizia leaf litter, 
whereas Albizia leaf litter was lower in nonpolar extractives, polar extractives, 
and tannin. In the field, very fewAlbizia leaves could be found on the soil surface 
despite the high rate of litterfall. We did not measure the biomass of Eucalyptus 
leaves on the soil surface, but it appeared to be only a few months worth of 
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FIGURE 3. Seasonal pattern of litterfall (upper) for Eucalyptus and Albizia in the pure treatments and 

in the 50%/50% mixture, and annual total litterfall (lower). Common letters among columns indicate 
means do not differ at P = 0.1. 

litterfall. The rapid disappearance of materials in the forest floor might indicate 
very rapid decomposition, or physical mixing of the materials into the mineral soil 
by earthworms. Earthworm numbers were 5-laid greater in the pure Albizia 
treatment (469/m 2) than in the pure Eucalyptus treatment (92/m2; Zou 1991). 

The GEM simulation showed that nitragen should be released rapidly from the 
Albizia leaves (Figure 5), while the Eucalyptus should accumulate N from the soil 
for a substantial period before showing any net release. About half of the N in 
Albizia litter may be released in 8 months, but no net release was projected after 
50 months for Eucalyptus. 

The greater rate of N cycling in litterfall in treatments containing Albizia was 
expected; although we have no estimates of N fixation, root nodules were cam- 
manly encountered in soil pits, and we expect N fixation rates to have been 
substantial. If actual N-fixation rates were low, then the increase in N-cycling in 
Albizia would have resulted from some species-specific ability to tap and cycle N 
from pre-existing pools in the soil. The increased cycling of P in the N-fixing 
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Albizia treatments was surprising. Higher P cycling coupled with improved P 
nutrition of Eucalyptus grown with Albizia (DeBell et al. 1989) may have wide- 
spread implications for the incorporation of N-fixing trees in silvicultural and 
agroforestry systems. Sustained productivity may depend on high inputs of N 
from N-fixing species, and high rates of N fixation may depend on continued 
availability of P. Increased P availability under Albizia may lead to both improved 
P nutrition on P-limited sites, and increased rates of N fixation. 

Stands containing N-fixing trees generally show greater cycling of phosphorus 
in litterfall than stands without N-fixing trees (Binkley 1992). The controls on P 
availability include simple rooting profiles (Malcolm et al. 1985), as well as more 
complex geochemical reactions (such as acidification, Gillespie and Pope 1990a,b) 
and biologic processes involving exocellular enzymes (Ho 1979), organic chelates 
(O'Connell et al. 1983, Reid et al. 1985, Jurinak et al. 1986, Ae et al. 1990), and 
mycorrhizae (Mulette et al. 1974, Schoeneberger 1984, Attiwill and Leeper 
1987). Each of these mechanisms may have been important in controlling the 
availability of P to Eucalyptus and Albizia in our plantations, as well as in other 
situations around the world. A great deal more research is warranted to identify 
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the most important mechanism and to examine their importance across species 
and regions. 

RESOURCE-USE EFFICIENCIES 

Nutrient-use efficiency was much higher in treatments circulating low quantities of 
nutrients in aboveground litterfall, indexed as Mg of ANPP per kg of nutrient 
cycled in fine litterfall (Figure 6). The highest efficiendes were found in the pure 
Eucalyptus treatment, and lowest in the pure Albizia treatment. In a literature 
synthesis, Vitousek (1982) suggested that litterfall biomass may substitute as an 
index of net primary production, and calculated an index of nutrient use efficiency 
as the reciprocal of the nutrient concentration of aboveground litterfall. Nutrient 
use efficiendes declined as the quantity of nutrients cycling in litterfall increased 
(Vitousek 1982). Our plantations followed this expected pattern, when either 
ANPP or litterfall biomass was used as the measure of ecosystem productivity. 
The correlations between our index of nutrient-use efficiency (using ANPP di- 
rectly) and the one used by Vitousek (using litterfall biomass as a surrogate for 
ANPP) were quite strong (r • = 0.87 for N, and 0.72 for P). Vitousek noted that 
the pattern of declining nutrient-use effidency with increasing nutrient cycling 
rates could result from autocorrelation (the nutrient content of litterfall is included 
on both axes), but showed that the pattern across sites in his literature summary 
deviated substantially from the trend expected from simple autocorrelation. In our 
study within a single site, the trend of declining nutrient use efficiency primarily 
resulted from simple autocorrelation between the axes. 

The rates of nitrogen cycling in litterfall in the pure Eucalyptus treatments (25 
to 45 kg ha- x yr-x) are within the ranges reported for other Eucalyptus stands 
by Adams and Attiwill (1986), Attiwill and Leeper (1987), and Kieth (1991), and 
the range for montane tropical forests (Vitousek 1984). No rates of litterfall 
nitrogen are available for other Albizia stands, but our rates for stands with 
Albizia (100-240 kg ha- x yr- x) are in the upper range for tropical lowland forests 
(Vitousek 1984). 

Light interception in the 34% Eucalyptus/66% Albizia was 39% greater than in 
the pure Eucalyptus treatment (Table 3), and light use efficiency was marginally 
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greater (by 8%); the combination of greater light interception and use efficiency 
combined to increase ANPP by 50%. Light capture in the pure Albizia treatment 
was 33% greater than in the pure Eucalyptus treatment, but the light use effi- 
ciency was 17% lower; the combination of these offsetting effects was 10% 
greater ANPP in the pure Albizia treatment. 

TABLE 3. 

Light-use efficiencies. 

Light Light-use 
Mixture ANPP intercepted efficiency 

Treatment E ucalyptus/Albizia MJ m- 2 yr- • MJ m- 2 yr- • kJ/MJ 

2 100/0 61 3630 16.8 
4 75/25 63 4780 13.2 
7 34/66 92 5045 18.2 
8 0/100 68 4840 14.0 
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These plantations demonstrated dramatic differences among species and combi- 
nations of species on stand productivity, nutrient cycling, and resource-use effi- 
ciencies. Eucalyptus used nutrients more effidently than Albizia, but Albizia 
showed greater cycling of nutrients, and species mixtures demonstrated greater 
light interception. Greater nutrient cycling rates in treatments with Albizia cou- 
pled with greater nutrient-use efficiency by Eucalyptus allows opportunities for 
greater stand productivity in mixed stands than in pure stands of either species. 
Major questions remain about the biogeochemical mechanisms underlying these 
effects, the sustainability of the effects, and how the patterns found in this plan- 
tation would extrapolate to other sites. Given the dramatic evidence of major 
effects, we hope that major research efforts can be developed to address these 
questions about mixed-species plantations. 
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