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[NTRODUCTION

The great worries about the population growth of the last half century has been
beaten by the increase of food production, not only on acreage but also on
productivity. By mid 19905, total food supply reached 2,740 calories per person per
day, far beyond the 2,200 calories per day generally accepted as the nutritional bottom
line to maintain human life. The United Nations predict that supply will continue
to grow faster than population at least through 2010.

The increase in fertiliser use, especially nitrogen, has played a major role in these
productivity gains. However, increasing the amount of nitrogen applied decreases its
use efficiency (Figure 1) and a large amount of it is left causing environmental problem:s.
This will add to the wastes left from intensive animal production already the biggest
source of pollution.

FIGURE 1 - USE AND USE EFFICIENCY OF NITROGEN FERTILISER (WORLD
Bank, 1992).
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Plant products constitute 93% of the human diet and 66% of the world food
supply is provided by about eight species of cereals (maize, wheat, rice, barley, sorghum
and millet). The demand for cereals for the year 2025 as projected by Bourlaug &
Dowswell (1997) (Table 1) is likely to be around 4.0 billions metric tons, although
this may be an overestimation since they have based their predictions on the
demographic growth of the preceding decade.

TABLE 1 - POPULATION AND WORLD CEREAL SUPPLY OF THE WORLD.

YEAR PopruLATION! Foob surpLy? ProODUCTIVITY?
(MILLIONS) (MiLLION T) (T/HA)

1990 5,284 1,970 2.5

2000 6,185 2,450 2.9

2025 8,303 3970 4.5

"World Development Resort (1992); *Borlaug & Dowswell (1997)
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This decade the population rate has decreased world-wide below what had been
projected a few years ago, and may decrease even more than previously expected as
shown in the bottom line of figure 2. Considering the lower rate of demographic
growth, food demand will not increase much more than is produced today. Hunger
today is not caused by lack of food but mainly as a consequence of lack of proper
distribution and for political reasons. Preventing losses during harvest, post-harvest
handling and storage also may contribute to increase the availability of food. In
Brazil more than 300 million dollars are lost annually during the soybean harvest
and storage. The Brazilian farmer has the capacity to storage only 5% of the total
harvest, while in Argentine they may store 50% of the harvest and in the United
States twice the amount harvested (Pavan, 1998).

FIGURE 2 - WORLD POPULATION — PRESENT AND PROJECTED.
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Contamination and degradation of the environment, atmospheric CO, accumulation
and lack of clean water may be foreseen as the main problems of the next century.
Therefore, the focus on feeding the people of the world must be changed to the
production of clean food on a clean and sustainable environment.

The remaining frontiers for crop acreage increases have predominantly acid soils and
low natural fertility. The combinations of toxicity (Al, Mn, Fe and H) and deficiencies
(N, P, Ca, Mg, K and some micronutrients such as Zn, Mo, B, Fe etc.) are serious
plant growth-limiting factors. To maintain high crop yields on these soils with
chemical and mineralogical characteristics that still impose strong limitations to
phosphorus availability (Muniz et al., 1985; Ruiz et al. 1988; Villani et al., 1990;
Novais & Smith, 1998) represents a great challenge. Selection and development of
crops species and cultivars that grow and produce well at lower levels of available soil
nutrients (high nutrient use efficiency) seems an important strategy for sustainability
in tropical soil systems (Bernardo, 1995; Barros & Novais, 1996; Grespan, 1997,
Baligar & Fageria, 1997; Novais & Barros, 1997).

The enhancement of soil productivity is a combination of appropriate tillage practices,
crop rotations and planting time, the application of soil conservation measures to
reduce loss of nutrients, the strategic use of organic matter and mineral fertilisers in
doses tailored to match farmer’s combination of crops, availability of organic materials
and market opportunities.



Soil organic matter has a very important influence on soil physical and chemical
properties, on biological activities (Fassbender, 1987), and as a source of plant
nutrients, especially nitrogen. The only exception to crops that are able to grow in
soils depleted of organic matter, are those associated with diazotrophic bacteria, if
nutrients other than nitrogen are available. Thus, instead of productivity alone, tro-
pical agriculture in the next century must favour biodiversisty, the preservation of
soil organic matter and efficient cycling of nutrients. BNF may play an important
role on restoring fertility and sustainability under those conditions.

Nitrogen, even though its abundance in the atmosphere, is the most limiting nutrient
for crop yields in many soils, while phosphorus is the most limiting nutrient under
natural conditions in the tropics and the second most limiting plant nutrient for
farmers. Considering that the production of nitrogen fertiliser is the most costly
both economically and energetically, that less than half of the nitrogen applied is
recovered by the first crop under tropical conditions and that it strongly contributes
to pollution, thus nitrogen availability must be a priority in any attempt to increase
clean food in a clean environment. In this context BNF by micro-organisms free
living in the soil or associated with plants have a great potential to contribute to
food production. BNF uses energy derived from photosynthesis and does not
accumulate excess nitrogen to cause pollution. The use of fertiliser has been increasing
and is already higher in developing than in developed countries that are also using
less fertiliser since 92/93 (Figure 3). This may be a consequence of an excess supply
that is projected to increase even further in the next few years (Figure 4). The high
surplus of nitrogen fertiliser will certainly result in price decline.

FIGURE 3 - CONSUMPTION OF FERTILISER IN THE WORLD (FAO 1998).
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FIGURE 4- WoRrLD N, P,O, AND K,O SUPPLY AND DEMAND BALANCE
(EXTRACTED FROM FAQO, 1998).
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Yamada et al. (1998) estimated that, from 1993 to 1996, 1.05 million tons of nitrogen
(=US$ 680 millions) were used per year in Brazil while BNF in the soybean crop
alone has contributed to an estimated saving of US$ 1.5 billions every year in replacing
N that would be required in nitrogen fertilisers. Even though the soybean crop in
Brazil may be used as the best example of the contribution of BNF to food production
and the country economy, the total nitrogen acquired is still insignificant when
compared to the estimated total BNF contribution in natural ecosystems. The annual
contribution of BNF in terrestrial environments has been estimated around 175
million metric tons. At present costs this would be equivalent to 148.5 billion
dollars in nitrogen fertilisers (Elkan, 1992).

BiorLoGicaL NITROGEN FIXATION IN AGRICULTURE

Many agronomic plant species associate with diazotrophic microorganisms able to
fix atmospheric nitrogen. Among the legume species are the crops with highest
potential for BNF already available to be used in the productive systems. Blue green
algae, freeliving in the soil or associated with the fern Azzola and endophytic
associations between diazotrophic bacteria and gramineous and starchy species have
also potential to be used in agriculture (Dobereiner et al., 1999). Table 2 presents
some values on BNF in some crops. Even though the variability of conditions and
methods where these values were obtained, they indicated the great potential of
BNF already available. There are also experiments showing BNF contribution of 30
kg of N/ha.year in freeliving cyanobacteria and up to 3 kg of N per ha per day in the
symbiosis Azzola with cyanobacteria (Watanabe & Roger, 1984).

BioroGicaL NITROGEN FIXATION IN THE SOYBEAN
CROP IN BrazIL

Last year, 153 out of 274 million tons of oil-producing crops were soybean. Of this
total 30.6 million tons were produced in Brazil, the second largest world producer.
In spite of high taxation, inefficient structure of storage and transport, that reduces



Table 2 - Amount of nitrogen fixed (kg/ha/year or cycle) by some leguminous
crops and tree species

BNF
KG/HA/YEAR
OR CYCLE

114-188
85-154
2565
332
11-53
18-36
92125
68-88
168-208
951

73-354
66-120
119-140
60-84

500-600
80-280

20-263
346

'After Giller e Wilson (1991); *After Hardarson (1993); Franco & Dobereiner, 1994; After Greenland
(1985); Kang and Duguma (1985)

the value of Brazilian soybean by about 20% on the international market, it is still
competitive (Silva, 1998; Pavan, 1998), mainly because it is grown with BNF.

The early history of the introduction of soybean in Brazil and the research that made
it possible is described by Myasaka and Medina (1981), with the collaboration of
most scientists that contributed to the success of the crop. The first attempt to
introduce soybean in Brazil at the end of last century in Bahia State was a failure.
Later an attempt was made in S. Paulo State, also without much success and finally
in Rio Grande do Sul State where the lower latitudes had favoured the varieties
available that were more sensitive to photoperiodism. The first export of 150 tons
occurred in 1938. The official records started in 1941 with the production of 457
tons of grain in 702 ha. By 1947 the cultivated area had increased to 7,651 ha with
a yield of 6,396 tons, with productivity of only 836 kg of grain per hectare. From
this point on the soybean cropping area expanded throughout Rio Grande do Sul,
Parana and S. Paulo States. In 1960 was released the first cultivar bred in Brazil: cv.
Pioneira, adapted to lower latitudes.
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This expansion has been due to three main factors: a) the incorporation of the
Central West region to cropping system; b) replacing of rice, Phaseolus bean, cassa-
va, potato, onion, maize and coffee cropping areas in Central South areas, increasing
88% the soybean cropping area from 1970 to 1973 and mainly to ¢) the support
given by a net of breeders, agronomist, soil scientists (soil fertility, plant nutrition
and rhizobiologists) all over the country integrated by the National soybean cultivar
trials and the National soybean versus inoculant trials. This network of research was
co-ordinated by the Departamento Nacional de Pesquisa Agropecudria, later on
transformed in the Brazilian Agricultural Research Corporation (EMBRAPA) from
the Ministry of Agriculture and Food Supply. At the early seventies soybean crop
gets into the cerrado region and up closer to the equator.

Together with breeding and adaptation of the plant to lower latitudes, studies on
BNF on soybean were conducted in Rio Grande do Sul, S. Paulo and Rio de Janeiro
States, not only to obtain Bradyrhizobium strains adapted to the new cropping
areas but also to identify the main limiting biotic and abiotic limiting factors (Oli-
veira & Vidor, 1984a,b,c; Myasaka & Medina, 1981; Peres et al., 1984). At the same
time several experiments were conducted in the cerrado region with the objective to
test the effect of starter nitrogen and Bradyrhizobium strains adapted to the Cerrado
soils and inoculum concentration (Vargas & Suhet, 1980; Vargas et al., 1982a;
Vargas et al., 1982b, Scotti et al., 1993, 1997). It was again demonstrated that if
soybean is well nodulated with efficient bradyrhizobia, even under low nitrogen
availability, there is no response to nitrogen fertiliser with grain yields up to 3192

kg/ha.

Commercial inoculum was already available in 1949, at first in agar slants and from
1955 on using peat as carrier. Today the Brazilian inoculum industry has a turnover
of US$15 million annually. More than 95% of inoculant production is for soybean

alone (Araujo, 1998).

The total amount of bradyrhizobia inoculum necessary for the 1997 crop was 600
metric tons, very little if compared with the amount of nitrogen fertiliser that would
be required to meet the plant needs. Considering a 50% use efficiency of the fertiliser,
6 million tons of urea would be necessary to supply the crop demands. The figure 5
illustrates the annual economy in nitrogen fertiliser in relation to the total value of
the crop, the value for internal use and the export. It is astonishing that BNF represents
between 30 and 50% of the exported value, contributing in this way for the reduction
of the ecological debt if all nitrogen used by the crop were from nitrogen fertilisers.
To this should be added the costs of transport and application of the fertilisers and
the costs derived from the problems caused the environment by the N not used by
the crop. Other important point derived from this figure is that more that 50% of
the soybean value is exported and greater effort should be made for soybean to
contribute more to increase the availability of the protein to the population. In
spite of the criticism about the precision in which those estimates of BNF were
obtained, considering only the case of soybean, the economy derived from BNF
represents much more than what has been invested in all research in agriculture in
Brazil.

Last year the soybean cropping area was over 13 million hectares, with a productivity
of 2,365 kg/ha and an export of 1,885 million metric tons of nitrogen (Table 3). In
spite of the large expansion of the crop into harsh environments there was an increase
of 182,8% in productivity since 1941, as a result of the technology that had been
developed in Brazil during this period.



FIGURE 5 - ANNUAL CONTRIBUTION OF BNF ON BRAZILIAN SOYBEAN CROP
IN RELATION TO THE TOTAL PRODUCTION AND EXPORT IN THE LAST TWO
DECADES COMPARED TO THAT OF 1998.
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TABLE 3 - PLANTED AREA, TOTAL PRODUCTION, PRODUCTIVITY AND TOTAL
NITROGEN EXPORTED IN THE GRAINS FROM 1970 TO 1998 1N BraziL.

Year Cropping Total grain Productivity N exported®
area yield (kg/ha) (thousand t)
(ha) ©

1970-71! 1,716,420 2,014,291 1,174 121

1980-81! 8,501,169 15,007,367 1,765 900

199091! 9,583,000 15,522,000 1,620 931

19972 11,540,330 26,508,030 2,297 1,591

1998* 13,285,610 31,419,144 2,365 1,885

UIBGE (1992); 2 IBGE (October 97, July 98), FIPE AGRICOLA (1997,1998); °N Estimates considering 6%
of N in the grain.

Today the Brazilian productivity, without using transgenic material, is higher than in
USA and this represent an advantage for markets that restrict transgenic food. Not
considering the other environmental and human harzard potential, for pure
economical reasons, it is difficult to accept the present trend to introduce transgenic
soybean in Brazil.

BioroGicaL NITROGEN FIXATION AND PHASEOLUS
VULGARIS

The Phaseolus bean represents an important source of staple food protein to Latin
America. Most of it is cropped by small farmers with very low productivity. In
Brazil, the mean productivity has been around 500 kg/ha for decades (Table 4), even
though, under some conditions it may be higher than 3,000 kg/ha. In contrast to
soybean the nitrogen economy of beans is more due to nodulation with native rhizobia
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than by inoculation with selected rhizobia. Beans nodulate with many native rhizobia
- three species have already been described (Rhizobium leguminosarum bv. phaseoli,
R. tropici and R. etli) and possible new ones currently under study (Mercante, 1998).
A few data on biological nitrogen fixation in Phaseolus bean are presented in table
4. Even though it may obtain rates of BNF similar to that of soybean, the inoculation
with selected rhizobia strains by farmers is not a guarantee of yields above that of the
native populations. This constitutes an additional difficulty to convince extensionists
and the farmers about the contribution of BNF to this crop.

TABLE 4 - CROPPING AREA, TOTAL YIELD, PRODUCTIVITY, TOTAL NITROGEN
EXPORTED AND VALUE OF THE N THAT WOULD BE DERIVED FROM BNF IN
PHASEOLUS BEAN FOR 1996 AND 1997, IN BraziL.

YEAR AREA TOTAL YIELD PropucTiviTy = TOTAL N IN VALUE?
(HA) (1) (KG/HA) THE GRAIN US$ x 10¢
(1)
1996! 2,707,890 1,334,830 493 53,393.2 45.3
1997! 2,474,720 1,396,420 564 55,856.8 47.4

! FIPE AGRICOLA (1997); * Considering US$ 848.54 per metric ton of nitrogen.

Due to the short plant cycle preferred by the farmer, the delay for the crop to start
benefiting from BNF and the decline of BNF in the early stages of grain filling stages
(Franco & Dobereiner, 1994), what seems most important today is to work the
plant genome for better performance as nitrogen fixers. Unfortunately, Plaseolus bean
plant breeders have relegated BNF in their breeding programs and few effort have been
made to increase BNF in this crop (Bliss et al. 1989, Bliss, 1993). For the Phaseolus
bean cultivars in use or that are been released nowadays, the most import for improving
BNF is to find the best nodulating cultivars and to remove the biotic and abiotic
limiting factors to the symbiosis of the crop (Franco & Dobereiner, 1994).

Among the rhizobia that nodulate Phaseolus bean, Rhizobium tropici are the most
tolerant to soil acidity (Vargas & Grahan, 1988) and to high temperature Mercante,
(1993), some strains are competitive for nodulation (Vlassak, 1997) and have been
recommended for the commercial inoculant production in Brazil.

Phaseolus bean is cultivated in the tropics even though it does have several
characteristics of a temperate crop. It is sensitive to soil acidity and high temperature,
and requires high levels of nutrients, especially P and Mo, especially when dependent
on BNF (Franco & Dobereiner, 1994). The crop is also sensitive to several crop
diseases and pests, including a larvae of an insect, identified as Cerotoma arcuata
that eats nodules of several legumes but is especially detrimental to the Phaseolus
bean crop because its short cycle (Teixeira et al.,1996).

The experiments conducted in Brazil with well nodulating type II and type III cultivars,
with a cycle around 90 days, may yield up to 1,500 kg of grain per hectare in nitrogen
poor soils, inoculated with selected strains of rhizobia but without nitrogen fertilisers.
Yields above that may be obtained combining inoculation with rhizobia and nitrogen
fertiliser applied 3 weeks after germination as demonstrated by Franco et al. (1979).



Results from Vidor et al.,, (1992), who conducted 64 experiments over 3 years in
bean cropping areas in Rio Grande do Sul State, have indicated, that for a well
nodulating cultivar, there was, on average, an increase of grain yield of 12%. For
similar increases over the whole bean cropping area in Brazil, that would generate a
net additional 19 million dollars in grain yield increase.

BNF AND FORRAGE CROPS

As early as the 1940s the Australians started on a program to develop mixed pastures
based on grasses and legumes of the tropics. In the 1960s and 70s considerable
success was achieved at selecting suitable grass/legume combinations suited the soil
and climate of different regions of tropical and sub-tropical Australia such that ani-
mal performance was increased above that of the grass-only swards. This success
encouraged Brazilian and other South American scientists to try to introduce these
combinations of tropical grasses and legumes to the savannas and areas of cleared
forest in their countries. These attempts met with little success as the legumes did
not persist for more than a year or so and it became a general belief that mixed grass/
legume pastures were not viable in South America. The main causes of failure were
bad management of pastures and nutritional constraints to the legume species.

In recent years a large scale screening of many species and accessions of forage legu-
mes was undertaken in many South American countries under the program RIEPT
(Rede Internacional de Evaluacion de Pastos Tropicales) organised by the Centro
Internacional de Agricultura Tropical (CIAT) in Colombia. Many hundreds of
accessions were screened and together with soil amendments some materials have
shown a good ability to persist in mixed swards. A trial in the Atlantic forest region
in the South of Bahia have shown that beef cattle grazing on mixed pastures of
Brachiaria dictyoneura with the forage legume Arachis pintoi can make daily weight
gains of over 500 g per head per day and yields per hectare of over 2 kg liveweigth per
day which compares to maximum yields recorded of 1.2 kg ha'! day! for other grass-
only Brachiaria pastures at the same site (Table 5).

TABLE 5. LIVE WEIGHT GAINS OF NELORE CATTLE GRAZING ON A MIXED PASTURE
OF BRACHIARIA DICTYONEURA AND ARACHIS REPENS IN THE ATLANTIC FOREST
REGION, SOUTHERN BAHIA, BRAZIL. DATA FROM *SANTANA AND PEREIRA (1995).

Stocking rate Live weight gain
Period animal/ha g/aninal/day ¢/ha/day
Nov. 92-May 93 1.6 549 879
(182 days) 2.4 571 1,368
3.2 575 1,841
4.0 494 1,978
May 93-Feb. 94 1.6 499 797
(286 days) 2.4 590 1,416
32 509 1,629
4.0 502 2,010
Oct. 94-May 95 1.6 688 1,100
(205 days) 2.4 697 1,674
32 688 2,201

4.0 798 3,194
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Recent studies on nutrient cycling and degradation of pastures have shown that in
the Cerrado region the principal cause of pasture decline is overgrazing which causes
a reduction in the proportion of nutrients recycled via the plant litter to the point
where it becomes too low to support further forage growth (Boddey et al., 1996).
Nitrogen has been shown to be the most critical nutrient followed by phosphorus
(Oliveira et al., 1997), and the introduction of a strongly persistent N fixing legu-
me, such as those cited above, should not only increase animal yields but also increase
the resistance of the pasture to decline in productivity.

One serious problem in the Cerrado region is that cattle generally lose weight during
the severe dry season. Recent results using the legume Stylosanthes guianensis (cv
Mineirdo) have shown that as the legume is of low palatability compared to Brachiaria
in the wet season the cattle leave considerable quantities of legume for forage in the
dry season. Data from a trial conducted near Uberlindia (MG), showed that where
this legume had been introduced into a B. ruziziensis sward, the cattle continued to
gain weight throughout the dry season in contrast to the weight loss experienced in
the neighbouring grass-only sward (Fig. 6).

FiGURA 6. COMPARISON OF LIVE WEIGHT CHANGES OF NELORE CATTLE GRAZING
A PURE BRACHIARIA RUZIZIENSIS AND A MIXED B. RUZIZIENSIS/STYLOSANTHES
GUIANENSIS SWARD DURING THE DRY SEASON IN THE CERRADO REGION NEAR
UBERLANDIA, MINAS GERAIS. DATA FROM AYARZA ET AL., 1998.
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BNF ASSOCIATED WITH NON-LEGUME CROPS

Since the fifties it has been shown that the N, bacteria Beijerinckia were associated
with grass roots (Dobereiner & Ruschel, 1958). In the seventies several species of
Azospirillum were found to infect roots of maize, wheat, rice and other grasses
(Boddey & Dobereiner, 1988). Even though the acetylene reduction assay has given
indication of nitrogen fixation in these systems only in the last twenty years more



reliable data from nitrogen balance and isotopic dilution technique experiments,
was it possible to quantify with more confidence the contribution of BNF on these
systems. Since then, it has been observed that between 10 and 50% of the nitrogen
incorporated were derived from the atmosphere in wetland rice, sugar cane and
forage grasses (Boddey & Victoria, 1986, Miranda & Boddey, 1987, Boddey &
Dobereiner, 1988, Urquiaga et al., 1992).

Soil core experiments in the field with Brachiaria humidicola and B. decumbens
indicated that 30 to 40%, respectively 29 and 45 kg N/ha, of the nitrogen accumulated
in the plant were derived from the atmosphere (Boddey & Victoria, 1986). Using
similar procedure, Miranda and Boddey (1987) studying 10 Panicum maximum
ecotypes, observed during the plant active growth rate, up to 30% of total nitrogen
accumulated (10 kg of N/ha per month) were derived from the atmosphere. All
these studies, even though indicated a good potential of BNF to be exploited in the
long run, were obtained under low to median productivity conditions.

Approximately 20% of the fertiliser commercialised in Brazil is for the sugar cane
crop, even though it receives less than 100 kg of N per hectare per year. Without
water stress, sugar cane seldom responds to nitrogen fertiliser, especially after the
first cutting. Urquiaga et al. (1992) in a three year experiment, where it was compared
several cultivars of Saccharum officinarum with S. spontaneum growing in large
tanks filled with 85 metric tons of soil containing 0.09% of PN labelled N: Two
varieties of S. oficinarum, CB 45-3 and SP 70-1143 presented high yields up to the
last harvest, accumulating, respectively 164 and 148 kg N/ha from the atmosphere.
The other cultivars also accumulated significant quantities of nitrogen during the
three successive harvests. These results are convincing evidence of the great importance
of BNF in the sugar cane under high productivity conditions, at least three times
the Brazilian current productivity.

If all cane sugar cultivars planted in Brazil were replaced by the two cultivars with
high BNF, the economy in nitrogen fertiliser for this crop would be approximately

half billion dollars per year (Table 6).

TABLE 6 - YIELD, COPPING AREA, POTENTIAL OF NITROGEN FIXATION AND
ESTIMATED ECONOMY IN NITROGEN FERTILISER OF CANE SUGAR PLANTED IN
BraziL.

YEAR AREA TOTAL YIELD BNF? VALUE?
(HA) (THOUSAND T) (THOUSAND T) U$ (MILLION)

1996! 4,827,320 325,929.07 596.17 505.9

1997! 4,852,740 333,649.82 599.31 508.5

I FIPE AGRICOLA (1997); *BNF: total nitrogen derived from the atmosphere considering the levels of
fixation (123,5 kgN/ha) obtained by Urquiaga et al., 1992; 3Assuming US$848.54 per metric ton of N.

()
[\
—_

THEe RoLE OF BioroGicAL NITROGEN FixATiON IN LAND RECLAMATION, AGROECOLOGY AND SUSTAINABILITY OF TROPICAL AGRICULTURE

TRANSITION TO GLOBAL SUSTAINABILITY: THE CONTRIBUTION OF BRAZILIAN SCIENCE




TRANSITION TO GLOBAL SUSTAINABILITY: THE CONTRIBUTION OF BRAZILIAN SCIENCE

)
B

THEe RoLE OF B1o10GICAL NITROGEN FIXATION IN LAND RECLAMATION, AGROECOLOGY AND SUSTAINABILITY OF TROPICAL AGRICULTURE

BNF AND AGROECOLOGY

NITROGEN FIXING LEGUME TREES (NFT) AND AGROECOLOGICAL SYSTEMS

Nair et al. (1984) attributes two important functions for the trees in mixed cropping
systems: production and protection. Cellulose, food, energy, wood, dyes, medicine,
forage, poles, etc., are few of the products of N fixing legume trees. Erosion control,
wind-breaks, shade, water quality, landscape stabilisation, nutrient storage and timing
of release are some of the important attributes of protection of N fixing trees (NFT)
in mixed cropping.

Several articles have stressed the importance of NFT as a way to insert BNF into
productive systems (Peoples & Craswell, 1992; Budowiski & Russo, 1997). Kass et
al. (1997) have reviewed the importance of BNF on agroforestry systems indicating
the several systems, natural or developed by men, where a combination of a NFT
and other cash crops are used as source of nitrogen and sustainability. Alley cropping
has been studied extensively but as yet has limited use.

The amount of N incorporated by the NFT is variable with plant species and growing
conditions but may be as high as 231 kg N/ha.year in 3 months (Table 7).

TABLE 7 - NZ—FIXED AND PROPORTION OF TOTAL N ACCUMULATED IN LEGUME
TREE SPECIES DERIVED FROM THE ATMOSPHERE!.

COUNTRY N, FIXED
AMOUNT (KGN/H

Australia 12
Philippines

Senegal 3.6

Mexico 34
Philippines

Australia
Australia 11
Australia 99
Mexico 13
Philippines
Malasia 182-231
Nigeria 98-134
Tanzania 110
Thailand
Phillipines 119-188

Indonesia

Senegal 7-18

I Peoples & Craswell (1992)



The use of a nodulating legume, however, is not a guarantee of high rates of BNF.
Beyond good conditions for growth, it is necessary to appropriate conditions that
favour the establishment of rhizobia in the soil, in the rhizosphere and the functioning
of the symbiosis. It is also necessary to conform the land occupation with the main
crop within the farmers social conditions and culture. This seems in reality the main
difficulty to increase the participation of BNF as soil conditioner agent in farming
systems. Pasture arborization with NFT seems a great possibility to increase BNF

under tropical conditions (Carvalho, 1997, Carvalho et al. 1997).

The use of nodulating legume tree as live stakes is an example of a technology that
may support sustainability. It is cheap to implement, in addition may produce wood
for energy, forage, honey, incorporate N to the system, but above all, it does have a
strong ecological appeal importance as it substitutes native hard wood depletion
and deforestation (Kass et al.,1997). Fast growth and ease of rooting from cuttings
are two important characteristics of nodulating legumes species for fast and simple
establishment of the plant in the presence of animals, today restricted to only two
genera. Special strategies must be also developed to allow establishment of these
species from seedlings in the presence of animals to allow a greater diversity of species
to be used.

BNF AND LAND RECLAMATION

[t may be considered that at present at least 50% of all cultivated land has some
degree of degradation and at current rates of land degradation a further 2.5 million
km? of farm land could became unproductive by 2050. The build up of organic
matter in the system is the main factor for land rehabilitation, especially in the
tropics with prevalence of acidic soils, with high aluminium saturation and low
phosphorus availability. However, the quality of the organic matter is important
for nutrient cycling and availability for succeeding or intercropped species on these
substrates. Nitrogen, lignin and polyphenols content present good relationships
with the rate of mineralization and seem the most important indicators of
organic matter quality (Fox et al., 1990; Palm & Sanches, 1991; Thomas &
Asakawa, 1993).

Nodulating and mycorhizal legume species have been found as the best colonisers
of substrates without organic matter (Franco et al., 1992; Franco & Faria, 1997,
Dommergues, 1997). The data summarised on table 8 were from several studies on
land reclamation conducted in greenhouse and in the field and indicates the best
species used on land reclamation under tropical conditions in Brazil.

Identification of nodulating legume species and isolation and screening of rhizobia
to be used for inoculation in land reclamation projects have been done at Embrapa
Agrobiologia since the eighties (Faria et al.1984, 1989). Franco & Faria (1997)
summarised the results of more than 50 experiments listing the rhizobial strains
most efficient for several legume species, including the species indicated for land
reclamation: Acacia mangium, A. auriculiformis, Sesbania exasperata, A. holosericea,
M. caesalpiniifolia, M. tenuiflora, Sclerolobium paniculatum, Albizia saman, A.
lebbeck, Pseudosamanea guachapele, among others.
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TABLE 8 - NUTRITIONAL REQUIREMENT AND TOLERANCE TO ACIDITY AND
SOIL COMPACTION OF SOME FAST GROWING NZ—FIXING TREES USED IN LAND
RECLAMATION. NUMBERS REPRESENT ARBITRARY VALUES, 5 LOWEST
REQUIREMENT OR HIGHEST TOLERANCE AND 1 THE HIGHEST REQUIREMENT OR

LEAST TOLERANCE.

NUTRITIONAL REQUIREMENT

P K S

3-5 2 2
3 2 2
3 3 3
4 3 2
5 3 3
4

'TFRANCO et al. (1996); 2DIAS et al.(1990); BALIEIRO et al. (1995); *BALIEIRO et al (1999); °DIAS et
al. (1991); SPAREDEZ et al. (1996); "FERNANDES et al. (1994); SFARIA et al. (1996).

Another factor that increases the potential of these species for land reclamation is its
symbiosis with arbuscular mycorrhizae fungi (AMF). The main function of the fungi
is to increase de acreage of the plant roots to harvest nutrients and water (Siqueira,
1996). The effect of inoculation with rhizobia or arbuscular fungi varies with nitrogen
or phosphorus availability and plant species, and frequently show a synergistic effect.
An example of this response may observed in table 9 for Leucaena leucocephala
growing in greenhouse in a latossol where the responses to mycorrhizae was greater
than to rhizobia, indicating that plant growth was more limited by P than N (Table 9).

TABLE 9 - RESPONSE OF LEUCAENA LEUCOCEPHALA TO INOCULATION WITH
RHIZOBIA AND MYCORRHIZAE"Z.

NODULE PLANT DRY
DRY WEIHT WEIGHT

From Costa & Paulino (1992).

2Values in the same column followed by different letters differ at 5% by Tukey test. different



The inoculation with AMF also increases water uptake and the survival of the seedlings
transplanted to the field (Awotoye et al., 1992: Santos et al., 1994). This is critical
in land reclamation projects where the substrates are frequently devoid of organic
matter and have poor structure. The addition of two litters of cow manure on an
acid substrate devoid of organic matter and poor in nutrients (0.4 cmol /dm’
CatMg; 3 mg/dm’ K; 0 mg/dm’® P and pH=4.6), favoured the establishment of
nodulating legume, non nodulating legume and others species (Franco et al., 1996).
However, even without addition of organic matter, the two best fast growing NF-
species accumulated, 22 months after transplanting to the field, more than 8 metric
tons/ha of dry matter. These results indicated that the period of land reclamation
could be considerable abbreviated by using nodulating and mycorrhizal NF species
as indicated in figure 7. The top figure represents the biomass accumulated in 22
months of two nodulating and two non nodulating legume, and two non leguminous
tree species growing in a substrate without detectable nitrogen and carbon (Franco
et al., 1996). By using the nodulating and mycorrhizal species the time of land recovery
could be substantially reduced without much investment.

FIGURE 7 - COLONISATION OF A SUBSTRATE DEVOID OF NITROGEN - NATURAL
X USING NF-SPECIES. INSERT EXTRACTED FROM FRANCO ET AL. (1996).
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Nitrogen availability is of utmost importance for plant colonisation, however, the
organic matter quality may affect the intensity and quality of the colonisation plants.
Legumes, in general, present litter fall with higher nitrogen content than non legume
species. Table 10 presents some data on litter analyses of Acacia mangium compared
with Eucalyptus pellita in land reclamation of a latossol sub soil in a bauxite mining
in the Amazon (Dias et al. 1994). The results indicate the superiority of the legume
species over Eucalyptus in dry matter and nutrients accumulated in the litter.
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TaBLE 10 - DRY MATTER AND NUTRIENTS ACCUMULATED IN THE LITTER OF
ACACIA MANGIUM AND EUcALYPTUS PELLITA, GROWN IN AN EXPOSED
SUBSTRATE IN BAUXITE MINING SITE IN PORTO TROMBETAS-PA

PLANT SPECIES  LITTER DRY NUTRIENTS ACCUMULATED IN THE LITTER RATIO
MATTER (KG/HA)

p K Ca Mg N C/N

Eucalyptus 4,664.4 0.56 2.75 45.86 4.86 2145 93.41

Acacia 7,844.6 1.37 4.90 29.43 5.46 94.47 38.72

From: Dias et al. (1994)

The chemical composition of the litterfall will determine the velocity of
decomposition and the cycling of nutrients regulating the growth of the succeeding
species. The legume species may also increase the action of the soil fauna, but there
are differences among species. Correia et al., (1995), observed a greater increase of
saprophagous group under Mimosa caesalpiniifolia than under A. mangium. The
M. caesalpiniifolia litter contained higher levels of lignin and nutrients (N, P and K)
while the levels of soluble polyphenols and C/N ratio were lower than that of A.
mangium litter (Table 10). Froufe et al., (1999) have also observed higher rates of
decomposition of Pseudosamanea guachapele than under A. mangium that was su-
perior to Eucalyptus grandis.

TaBLE 11 - CHEMICAL CHARACTERISTICS OF LITTER OF ACACIA MANGIUM
AND MIMOSA CAESALPINIIFOLIA

Plant species C N P K Ca Mg Lignin Polif.
dg/kg
A. mangium 42.61 1.399 0.023 0.22 091 0.28 12.28 5.21

M. caesalpiniifolia  43.94 1.655 0.048 0.36 0.68 0.13 18.84 4.66

From: Correia et al. (1995)

This approach of land reclamation by using BNF and using minimum quantities of
fertilisers has been showing good results in the field. Franco et al., (1994) are
recommending the application of 100g rock phosphate per plant with success in
several soils of Brazil while Dart (1995) is recommending 200g of rock phosphate
per plant. Gypsum, potassium sulphate and a mixture of rock phosphate and
superphosphate or any local cheap fertiliser may also be used as a source de P, K and
S, according to soil analysis and fertiliser availability. The application of small amounts
of organic matter close to the seedling at planting may replace, in same situations
the need of adding micronutrients, however the application of 10 g per seedling of a
mixture of fritted trace elements (FTE) will guarantee the micronutrients during the
colonisation of the land. This technology has already been used with great success in
several municipalities and mining areas in Brazil.



BNF AND FOOD PRODUCTION IN THE NEXT CENTURY

In absolute terms N, fixation is small compared with total soil N reserves (105,000
x 10° t N), but it is at least several fold greater than inputs of N from N fertiliser (65
x 10° t N/yr).

There is no doubt about the importance of BNF for soybean, other grain legumes,
forage legumes and land reclamation. Plant sources commonly provide 90% of the
calories and up to 90% of human dietary protein in tropical regions (Peoples &
Craswell, 1992) There are also several agroforestry systems, in use or under study, in
which BNF may be of economic importance (see reviews of Bohlool et al., 1992,
Peoples and Craswell, 1992, Giller & Cadisch, 1995 and Kass et al., 1997). Nitrogen
fixing trees are an important component of the production systems for coffee and
cacao, two very important cash crops. Studies in the Amazon with fallow-rotation
systems incorporating fast growing nodulating legume trees have shown great advantage
over the traditional fallow-rotating systems (Brienza et al., 1997). Agrosilvicultural
systems are have also been studied in the Amazon region (Wanderlli et al., 1997).
Incorporating the knowledge already available and by a little of research efforts the
present BNF levels may certainly be more than doubled. With more research removing
the limiting factors and on the genetic of the bacteria and the plant, it is difficult to
predict the limit of BNF contributions (Figure 8).

FIGURE 8 - PRESENT AND FUTURE POTENTIAL OF BNF (MODIFIED FROM
GILLER AND CADISH, 1995)
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A good example of a combined sustainable production system has been developed
at CATIE in which Erythrina, a nitrogen fixing tree, associated with the non-nitrogen
fixing Morus spp. and King grass. The Erythrina trees are pruned periodically and
the foliage applied to the soil. Goats are fed a combination of only King grass,
Morus spp., mineral salts and water. The goat manure is applied to the shrubs and
grass associated with Erythrina. Over three years, 1,200 m? of land that contained
800 trees of Erythrina beteroana and two goats supported production of an average
of 12,000 kg of milk per year with the mineral salts fed to the goats as the only input
from outside the system. Profit was US$4,800 per hectare per year (Oviedo et al.
1994). The productivity in this system was high, profit was high, whereas the prin-
cipal input of nitrogen to the system was through BNF and the system sustainable.

Comparing benefits and constraints in favour of BNF or the use of nitrogen fertilisers
(Table 12) may favour either sources depending on the scenario of the moment
which can not be predicted due to the uncertainties of the next century.
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TABLE 12 - BENEFITS AND CONSTRAINTS IN FAVOUR OR AGAINST BNF AND

THE USE OF NITROGEN FERTILISERS.

Nitrogen fertilisers (NF)
-Plants prefer combined nitrogen

- Use fixed energy for production and distribution:
increase atmospheric CO, and global heating

- May generate acidity or alkalinity, depending
on source

- Crops less sensitive to biotic and abiotic stresses

-More prone to cause euthrophication, HNO; in
aerosols in the rain, ozone layer destruction (NO))
from denitrification

- Health problems: Methamoglobin caused by
excess NO, and NO,; Cancer caused by

Biologiacal Nitrogen Fixation (BNF)
- BNF occurs under low N availability

- No fixed energy necessary, no atmospheric CO,
increase no global heating

- Generate acidity: may be used for rock phosphate
solubilization on the rhizosphere

- Crops more sensitive to biotic and abiotic stresses

-Equilibrated system less prone to cause problems
to the environment

-No known health problems - possibly produces
a more equilibrated food

nitrosamines; and Respiratory diseases caused by

NO, and HNO,

- Expensive

- Less expensive

Even though, as less agricultural land became available, pressure increases toward
higher yields and the use of nitrogen fertilisers, the understanding and development
of more efficient NF-systems may favour BNF. Unfortunately, the increasing nitrogen
surplus will certainly be pushing toward adding nitrogen fertiliser to the production
systems. It is certainly the quality of food and the problems caused by excess use of
nitrogen fertiliser the driving forces that in the next century may increase the use of
BNF in crop production.

ACKNOWLEDGEMENTS

The authors acknowledge the National Development and Scientific Council (CNPq)
for financial support and Dr. Robert M. Boddey for the chapter on forage legumes
and together with Dr. M. C. P. Neves and Dr. S. M. de Faria for reviewing this paper.

REFERENCES

ARAUJO, S. C. de 1988 Producio e uso de inoculante no Brasil An. (Personal comunication).

AWOTOYE, O.0.; ATAYESE, M.O.; OSONUBI, O.; MULONGOY, K. & OKALIL D.U.U. Response
of some tropical nitrogen-ixing woody legumes to drought and inoculation with mycorrhiza. In:
Biological Nitrogen Fixation and Sustainability of Tropical Agriculture. MULONGOY, K;
GUEYE, M. e SPENCER, D.S.C. (Eds.). John Willey e Sons. Chichester. p. 67-76. 1992.

AYARZA, M., VILELA, L., ALVES, B.J.R., OLIVEIRA, O.C., URQUIAGA, S., &« BODDEY, R.M.
Introducio de Stylosanthes guianensis cv. Mineirdo em pastagem de Brachiaria ruziziensis: Influ-
éncia na producio animal e vegetal. Boletim Técnico n.1, EMBRAPA Agrobiologia, 1-16. 1997.

BALIEIRO, F de C,; OLIVEIRA, 1.G. & DIAS, L.E. Formaciao de mudas de Acacia holosericea:
Resposta a calagem, fosforo, potdssio e enxofre. In: Congresso Brasileiro de Ciéncia do Solo, 25.

Vicosa- MG. Anais... Resumos expandidos. p.830-832. 1995.
BALIEIRO, E. de c., OLIVEIRA, I. G. & DIAS, L. E. Formacio de mudas de Acacia holosericea e A.

auriculiformis - Resposta a calagem, fésforo, potéssio e enxofre. Rev. Arvore 1999. (no
prelo).



BALIGAR, V.C.and FAGERIA, N.K. Nutrient use efficiency in acid soils: nutrient management
and plant use efficiency. In: Plant and soil interaction at low pH. MONIZ, A.C.; FURLANI,
AM.C,; SHAFFERT, R.E. FAGERIA, N.K.; ROSOLEM, C.A.; CANTARELLA, H. (eds).
Brasilian Soil Science Society, Brasil, p. 75-95, 1997.

BARROS, N.F. and NOVAIS, R.F. Eucalypt nutrition and fertilizer regimes in Brazil. In:Nutrition
of Eucalyptus. ATTWILL, PM. and ADAMS, M.A. (eds.). CSIRO, Australia, p. 335-355,
1996.

BERNARDO, A.L. Crescimento e eficiéncia nutricional de Eucalyptus spp. Sob diferentes
espacamentos na regiao de cerrado de Minas Gerais. UFV, Vicosa, MG, 102 p. 1995. (Disser-
tacdo de mestrado)

BODDEY, R.M. and DOBEREINER, J. Nitrogen fixation associated with grass and cereals: recent
results and perspectives for future research. Plant and Soil, 108: 53-65. 1988.

BODDEY, R.M. and VICTORIA, R L. Estimation of biological nitrogen fixation associated with
Brachiaria and Paspalum grasses using °N labelled organic matter and fertilizer. Plant Soil,

v. 90, 265-292, 1986.

BODDEY, R.M, ALVES, B.]. R., URQUIAGA, S. Nitrogen cycling and sustainability of improved
pastures in the Brazilian cerrados In: SIMPOSIO SOBRE O CERRADO, 8., 1996, Brasilia.
Anais... biodiversidade e producio sustentavel de alimentos e fibras nos cerrados. Planaltina:

Embrapa Cerrados, 1996 p33-38.

BOHLOOL, B. B.,, LADHA, J. K., GARRITY, D. P. & GEORGE, T. Biological nitrogen fixation
for sstainable agriculture: A perspective. Plant and Soil 141:1-11. 1992.

BORLAUG, N,E. and DOWSWELL, C.R. The acid lands: one of agriculture's last frontiers. In:
In: Plant and soil interaction at low pH. MONIZ, A.C.; FURLANI, A.M.C.; SHAFFERT,
R.E. FAGERIA, N.K.; ROSOLEM, C.A.; CANTARELLA, H. (eds). Brasilian Soil Science
Society, Brasil, p. 39-51, 1997.

BLISS, F. A.,PEREIRA,P. A. A., ARAU]O, R.S.HENSON, R. A., KMIELIK, K. A., McFERSON,
J.R., TEIXEIRA, M. G. & SILVA, C. C. da. registration of five high nitrogen fixing common
bean germoplasm lines. crop Science 29(1)240-241. 1989.

BLISS, F. A. Breeding common beans for improved biological nitrogen fixation. Plant and Soil,

Dordrecht, 152:71-79, 1993.

BRIENNZA, Jr. S., VIELHAVER, K. & VLEK, P. L. G. Enriquecimento de capoeira: mudando a
agricultura migratéria na amazonia oriental brasileira. In. Dias, L. E. & Mello, J. W. V.

Recuperacio de areas degradadas Vicosa, Dep. De Solos, SOBRAD 177-182, 1998.

BUDOWISK, G, and RUSSO, R. Nitrogen-fixing trees and nitrogen fixation in sustainable
agricultire: research challenges. Soil Biol. Biochem. 29(5/6): 767-770, 1997.

CARVALHO, M. M. Utilizacdo de sistemas silvipastoris. p.164-207 In: FAVORETTO, V.,
RODRIGUES, J. R. de A. & RODRIGUES, T. de J. D. Simpdsio sobre ecossistemas de
pastagens, 3., Jaborticabal. anais...Jaboticabal: FACV/UNESP 341p. 1997

CARVALHO, M. M,, SILVA, J. L. & CAMPOS, JR. B. A. Producio de matéria seca e composi¢io
mineral da forragem de seis gramineas tropicais estabelecidas em um sub-bosque de angico-

vermelho. Rev. Brasil. de Zootec. Vicosa, 26(2)213-2318. 1997.
CORREIA, M.E.F,; COSTA, G.S.; ANDRADE, A.G. & FARIA, S.M. Effects of two nitrogen-

fixing legumes species on soil macrofauna communities. In: International Simposium on
Sustainable Agriculture for the Tropics - The role of nitrogen fixation. Angra dos Reis - Rio

de Janeiro, Anais... Rio de Janeiro, p.80-81, 1995.

COSTA, N.L.and PAULINO, V.T. Response of Leucena to single and combined inoculation
Ryzobium and miycorrhiza. Nitrogen Tree Research Reports, 10: 45-46, 1992

DOBEREINER, J; BALDANI, V. & REIS, V. M. The role of biological nitrogen fixation to
bioenergy programmes in the tropics. (This book), 1999.

DOBEREINER, J. & RUSCHEL, A. P. Uma nova espécie de Beijerinckia. Revista de
Microbiologia. 1:261-272. 1958.

THEe RoLE OF BioroGicAL NITROGEN FixATiON IN LAND RECLAMATION, AGROECOLOGY AND SUSTAINABILITY OF TROPICAL AGRICULTURE

TRANSITION TO GLOBAL SUSTAINABILITY: THE CONTRIBUTION OF BRAZILIAN SCIENCE

)
8]
O



TRANSITION TO GLOBAL SUSTAINABILITY: THE CONTRIBUTION OF BRAZILIAN SCIENCE

(]
(o8
=)

THE RoLE OF BioLoGicAL NITROGEN FIXATION IN LAND RECLAMATION, AGROECOLOGY AND SUSTAINABILITY OF TROPICAL AGRICULTURE

DOMMERGUES, Y.R. Contribution of actinorrhizal plant to tropical soil productivity and
rehabilitation. Soil Biology Biochemistry, 29(5/6)931-941. 1997.

DIAS, L.E.; ALVAREZ V., V.H. e BRIENZA JR., S. Formacio de mudas de Acacia mangium, .
Resposta a calcario e fésforo. In: Congresso Florestal Brasileiro, 6. Campos do Jordio, 1990.

Anais... Campos do Jorddo: SBS/SBEF, p. 449-453. 1990.
DIAS, L.E.; ALVAREZ V., V.H.; JUCKSCH, I.; BARROS, N.F. de e BRIENZA JR., S. Formacao

de mudas de Taxi-branco (Sclerolobium paniculatum Voguel), . Resposta a calcario e fésfo-

ro. Brasilia. Pesq. Agrop. Bras., v26, n.1, p. 69-76. 1991.
DIAS, LE.; FRANCO, A.A. e CAMPELLO, E.F.C. Dinamica de matéria organica e de nutrientes

em solo degradado pela extracio de bauxita e cultivado com Acacia mangium e Eucaliptus
pellita. In: Simposio Sul-Americano e Simpdsio Nacional de Recuperacio de Areas Degrada-

das, 2. Foz do Iguacu, Anais...Foz do Iguacu, s.ed. p.145-153, 1994.

ELKAN, G.H. Biological nitrogen fixation systems in tropical ecossystems: an overview. In: Biological
Nitrogen Fixation and Sustainability of Tropical Agriculture. MULONGQY, K.; GUEYE, M.
e SPENCER, D.S.C. (Eds.). John Willey e Sons. Chichester. p.27-40. 1992.

FARIA, S. M. de, FRANCO, A. A., MENANDRO, M. de S., BASITELLO, ].B.,, MUCCL E.S. F.,
DOBEREINER, J. & SPRENT, J. New nodulating legume trees from southeast Brazil. New
Phytologist 98:317-328.

FARIA, S. M. de, LEWIS, G. P, SPRENT, J. . & SOUTHERLAND, J. M. Occurrence of
nodulation in the leguminosae. New Phytologist. 111:607-619.

FARIA, M.P; SIQUEIRA, ].O.; VALE, F.R. do; CURI, N. Crescimento inicial da Acacia em
resposta a fésforo, nitrogénio, fungo micorrizico e rizobio. R. bras. Ci. Solo, Campinas,

20:209-216, 1996.

FASSBENDER, H.W. Quimica del suelos con énfasis en suelos de América Latina. 2* ed. rev.- San
José, Costa Rica: IICA, 1987. 420p.

FAO Food and Agriculture organization of the United Nations. Current World Fertilizer Situation
and Outlook 1996/97 - 2002-2003, Roma, 32p. 1998. htpp://www.fao.org/waicent/
Faolnfo/Agricult/agl/agln/pubagln.htm#outlk. 1998.

FERNANDEZ,].Q.V.; MACHADO, M.C.; DIAS, L.E., RUIZ, H.A. Crescimento de sete leguminosas
florestais em colunas de solo compactado. In: Reunio Brasileira de Manejo e Conservacio

do Solo e da Agua, 10. Anais... FlorianopolisSC, p. 242-243, 1994
FIPE AGRICOLA - Fundacio Instituto de Pesquisas Econdmicas. Ano 2, n® 11, 1997.
FIPE AGRICOLA - Fundacio Instituto de Pesquisas Econdmicas. Ano 3, n® 8, 1998,

FOX, R.H.; MYERS, R.J.K. e VALLIS, 1. The nitrogen mineralization rate of legumes residues in soil
as influenced by polyphenol, lignin and nitrogen contents. Plant and soil, 129: 251-259,
1990.

FRANCO, A. A., PEREIRA, J.C. & NEYRA, C.A. Seasonal patterns of nitrate reductase and
nitrogenase activities in Phaseolus vulgaris L. Plant Physiol. 63, 421-424. 1979

FRANCO, A.A.; CAMPELLO, E.F.C,; SILVA, EM.R. da e FARIA, S.M. Rewegetacdo de Solos
Degradados. Comunicado Técnico, n.9, 9p.EMBRAP/CNPAB, Rio de Janeiro,1992.

FRANCO, A.A. and DOBEREINER, J. A biologia do solo e a sustentabilidade dos solos tropicais.
Summa Phitopatologica, 20(1):68-74, 1994.

FRANCO, A.A. and FARIA, S.M. The contribution of N fixing tree legumes to land reclamation
and sustainability in the tropics. Soil Biol. Biochem. 29(5/6): 897-903, 1997.

FRANCO, A. A., CAMPELLO, E. F. C, DIAS, L. E. &FARIA, S. M. de. Uso de leguminosas
associadas a microrganismos na revegetacio de areas de mineracio de bauxita em Porto
Trombetas-PA. Itaguai: Embrapa Agrobiologia; 69p (Embrapa. Documentos, 27). 1996.

GILLER, K.E. and WILSON, K.J. Nitrogen Fixation in Tropical Cropping Systems.C.AB.
International, Wiltshire, 313p. 1991



GILLER, K. E. and CADISH, G. Future benefits from biological nitrogen fixation: An ecological
approach to agriculture. Plant and soil 174:255-277. 1995.

GREENLAND, D.]. Nitrogen and food production in the tropics: contribution from fertilizer
nitrogen and biological nitrogen fixation. In: KANG, B.T.; HEIDE, J.V. (eds.) Nitrogen
Management in farming systems in humid and subhumid tropics. The Netherlands: Inst. Soil

Fertility, p. 9-38, 1985.

GRESPAN, S.L. Producdo e eficiéncia nutricional de clones de eucalipto do Norte do Espirito
Santo e suas relagbes com caracteristicas do solo. Vicosa, MG, UFV. 81p, 1997. (Tese de
mestrado)

HARDARSON, G. Methods for enhancing symbiotic nitrogen fixation. Plant and Soil, 152: 1-
17, 1993.

HUNGRIA, M.; FRANCO, A . A & SPRENT, ]J. New sources of high-temperature tolerant
rhizobia of Phaseolus vulgaris L. Plant and Soil, Dordrecht, 149:103-109, 1993.

IBGE - Instituto Brasileiro de Geografia e Estatistica. Levantamento Sistematico da Produ-

cdo Agricola. Rio de Janeiro, p. 54-55, 1992

KANG, B.T.; DUGUMA, B. Nitrogen management in alley-cropping systems. In: KANG, B.T,;
HEIDE, J.V. (eds.) Nitrogen management in farming systems in humid and sub-humid tropics.
The Netherlands; Inst. Soil Fertility, p.269-284, 1985.

KASS, D.C.L., SYLVESTER-BRADLEY, R., NYGREN, P. The role of nitrogen fixation and
nutrient supply in some agroforestry systems of the americas. Soil Biol. Biochem. 29(5/6):

715-185, 1997.

MERCANTE, F. M. Uso de Leucaena leucocephala na obtencao de Rhizobium tolerante a tempe-
ratura elevada para a inoculacio do feijoeiro. Itaguai: Tese de Mestrado, Dep. De Solos,

UFRR]J, 1993. 149 p.

MERCANTE, F. M. Diversidade genética de rizobio que nodula o feijoeiro e troca de sinais
moleculares na simbiose com plantas hospedeiras. Itaguai: Tese de Doutorado, Dep. De So-

los, UFRR]J, 1998. 199p.

MIRANDA, C.H.B. e BODDEY, R.M. Estimation of biological nitrogen fixation associated with
11 ecotypes of Panicum maximum grown in nitrogen-15-labeled soil. Agron. J., 79: 558-563.
1987.

MYASAKA, S.; MEDINA, ].C. (eds.) A soja no Brasil, 1062pg., 1981
MUNIZ, A.S.; NOVAIS, R.F.; BARROS, N.F.; NEVES, J.C.L. Nivel critico de fosforo na parte

aérea de soja como variavel do fator capacidade de fésforo do solo. R. bras. Ci. Solo, 9:

237-243. 1985.

NAIR, P. K. R., FERNANDES, E.C. M., WANGUBU, P. N. Multipurpose legume trees and crops
for agroforestry. Agroforestry systems, 1:131-163,1984.

NOVAIS, R.E,; BARROS, N.F. Sustainable agriculture and forest prodution systems on acid soils:
Phosphorus as a case-study. In: Plant and soil interaction at low pH. MONIZ, A.C.; FURLANI,
AM.C.; SHAFFERT, R.E. FAGERIA, N.K,; ROSOLEM, C.A.; CANTARELLA, H. (eds).
Brasilian Soil Science Society, Brasil, p. 39-51, 1997.

NOVAIS, R.E.; SMITH, T.J. Como se adequam os conceitos de “resilience” e sustentabilidade a
solos altamente intemperizados e naturalmente inférteis? Bol. inf. da SBCS, v.23 (2): 24-

26, 1998.

OLIVEIRA, L.A. de; VIDOR, C. Selecio de estirpes de Rhizobium japonicum em soja. I. Eficiéncia
e especificidade hospedeira. R. bras. Ci. Solo, 8: 37-42, 1984a.

OLIVEIRA, L.A. de; VIDOR, C. Capacidade competitiva de estipes de Rhizobium japonicum em
solos com alta populacio deste Rhizobium. R. bras. Ci. Solo, 8: 49-55, 1984b.

OLIVEIRA, L.A. de; VIDOR, C. Colonizacio, sobrevivéncia e competitividade de estirpes de
Rhizobium japonicum. R. bras. Ci. Solo, 8: 57-62, 1984c.

[SS)
(o8]
—

THEe RoLE OF BioroGicAL NITROGEN FixATiON IN LAND RECLAMATION, AGROECOLOGY AND SUSTAINABILITY OF TROPICAL AGRICULTURE

TRANSITION TO GLOBAL SUSTAINABILITY: THE CONTRIBUTION OF BRAZILIAN SCIENCE




TRANSITION TO GLOBAL SUSTAINABILITY: THE CONTRIBUTION OF BRAZILIAN SCIENCE

(]
[o%
B

THE RoLE OF BioLoGicAL NITROGEN FIXATION IN LAND RECLAMATION, AGROECOLOGY AND SUSTAINABILITY OF TROPICAL AGRICULTURE

OLIVEIRA, O. C. de, OLIVEIRA, 1. P. de, FERREIRA, E., ALVES, B. J. R. CADISH, G.,
MIRANDA, C. H. B. VILELA,, L. BODDEY, R. M. & URQUIAGA, S. A baixa disponibili-
dade de nutrientes do solo como uma causa potencial da degradacio de pastagens no cerrado
brasiliero. In: SIMPOSIO NACIONAL DE RECUPERACAO DE AREAS DEGRADA-
DAS - SINRAD, 3., maio 1997, Ouro Preto. Anais... Vicosa: SOBRADE; UFV/DPS/DEP,
1997. P. 110-117.

OVIEDO, F.]., BENAVIDES, J. E. & VALLEJO, M. ]. Evaluacién bioeconémica de un modulo
agroforestal com cabras en el tropico humedo. In: Arboles y Arbustos Forrajeros en América
Central J. Benavides, (Ed.) pp. 601-630. Informe técnico n°. 236. CATIE, Turrialba, Costa
Rica.

PALM, C.A. e SANCHEZ, P.A. Nitrogen release from the leaves of some tropical legumes as
affected by their lignin and polyphenolic contents. Soil Biol. Biochem, v.23, n.1: 83-88.
1991.

PAREDEZ,].Q.P; RUIVO, M.L.P,; DIAS, L.E.; COSTA, ].P.V.; DIAZ, R.R. Crescimento de mu-
das de Mimosa tenuiflora submetidas a diferentes niveis de calagem e doses de fésforo, potassio

e enxofre. Rev. Arvore, 20: 425431, 1996
PAVAN, R. E preciso mudar. Agroanalysis, 18(7): 25-30, 1998.

PEOPLES, M.B., CRASWELL, E.T. Biological nitrogen fixation: investments, expectations and
actual contributions to agriculture. Plant and soil, 141: 13-39, 1992.

PERES, J.R.R.; VARGAS, M.A.T.; SUHET, A.R. Variabilidade na eficiéncia em fixar nitrogénio
entre isolados de uma mesma estirpe de Rhizobium japonicum. R. bras. Ci. Solo, 8: 193-

196, 1984.

RENIE, R.J. Comparison N balance and "N isotope dillution to quantify N, fixation in field
grown legumes. Agronomy Journal, 76: 785-790, 1984.

RUIZ, H.A.; FERNANDES, B.; NOVAIS, R.F.; ALVAREZ V., V.H. Efeito da umidade do solo
sobre a fésforo e o contetido de foésforo no exudato xilematico de soja. R. bras. Ci. Solo,

12: 3942, 1988.

SANTANA, J. R. & PEREIRA, J. M. Efeito do pastejo sobre a persisténcia, producio e qualidade
da consorciacio Brachiaria dictyoneura Stapf. CIAT 6133 e Arachis repens. Relatério CEPEC/
CEPLAC, Itabuna, BA, Brazil. 1995.

SANTOS,CJ.F.; CUNHA, C.deO.; CAMPO NETO, D.; FONTES, A.M. e FRANCO, A.A. Uso
de leguminosas arboreas no reflorestamento de encosta de risco geotécnico sobre comunidade
de baixa renda. Simpdsio Sul-Americano, I e Simpdsio Nacional de Recuperacio de Areas
Degradadas, 11 Anais.... Foz do Iguacu. p. 261-269. 1994.

SCOTTI, M. R. M. M. L,; NEVES, M. C. P.; DOBEREINER, J. & PAIVA, E. Effect of soybean
roots on strain competitivity and protein profile of Bradyrhizobium japonicum adapted to

Cerrado soils. An. Acad. Brasil. Cie. 65:427-438. 1993.
SCOTTL, M. R.M. M. L., CARVALHO, D. R., VARGAS, M. A. T. & NEVES, M. C. P. Changes

in electrophoretic profiles of lipopolysacharides from competivite strains of Bradyrhizobium

spp. induced by soybean roots. Word Journal of Microb. And Biot. 83:552-560. 1997.
SILVA, A.C. Exportando empregos. Agroanalysis, 18(7): 13-16, 1998.

SIQUEIRA, J. O. (Ed.). Avancos em fundamentos e aplicacio de micorrizas. Lavras, Univ. Federtal
de Lavras /DCS e DCF, 1996. 290 p

SIQUEIRA, J. O. & FRANCO, A. A. Biotecnologia do solo: Fundamentos e Perspectivas. Brasilia:
MEC/ABEAS; Lavras; ESAL,FAEPE.1988. 236 p.

TEIXEIRA, M. L. F.,, COUTINHO, H. C. L. & FRANCO, A. A. Effects of Cerotoma arcuata
(Coleoptera: Chrysomelidae) on predation of nodules and on N, fixation of Phaseolus vulgaris.

Journal of Economic Entomology 89(1)166-169. 1996.

THOMAS, R. J., ASAKAWA, N. M. Decomposition of leaf litter from tropical forage grasses and
legumes. Soil Biology and Biochemistry, 25:1351-1361, 1993.



URQUIAGA, S., CRUZ, K.H.S. e BODDEY, R.M. Contribution of nitrogen fixation to sugar
cane: PN and nitrogen balance estimates. Soil Sci. Soc. Am. J., 56: 105-115. 1992.

VARGAS, M.A.T.; SUHET, A.R. Efeito de tipos e niveis de inoculantes na soja cultivada em solo
de cerrado. Pesq. Agrop. Bras., 15(3): 343-347, 1980.

VARGAS, M.A.T.; PERES, J.RR.; SUHET, A.R. Adubacdo e inoculacdo de soja em solos de
cerrado. Circular Técnica n. 13, EMBRAPA - CPAC, 11p., 1982a.

VARGAS, M.A.T,; PERES, ].R.R.; SUHET, A. R. Adubacio nitrogenada, inoculacio e épocas de
calagem para a soja em um solo sob cerrado. Pesq. Agrop. Bras., 17(8): 1127-1132, 1982b.

VARGAS, A. A. T.; GRAHAM, P. H. Phaseolus vulgaris cultivar and Rhizobium strain variation in
acid-pH tolerance and nodulation under acidic conditions. Field Crops Research, Amsterdam

19:91-101. 1988.
VIDOR, C. et al. Relatorio PNP Embrapa Agrobiologia. 1992.

VILLANI, EM.A.; NOVAIS, R.E;; BARROS, N.F,; FONTES, L.E.F. Efeito da compactacio de
amostras de latossolos, de niveis de fosforo e da dgua sobre a difusdo de fosforo. In: SIMPOSIO
DE PESQUISA NA UFV, Vicosa, Linhas de Pesquisa e Resumos. Universidade Federal de
Vicosa, MG, Brasil, p. 220, 1990.

VLASSAK, K., MERCANTE, F., STRALIOTTO, R., FRANCO, A. A., VUYLSTEKE, M. &
VANDERLEYDEN, J. Evaluation of the intrinsic competitiveness and saprophytic competence
of Rhizobium tropici IIB strains. Biol. Fert. Soils. 24:274-282. 1997

YAMADA, T,; LOPES, A.S. Balanco de nutrientes na agricultura brasileira. In: FertBIO, 1. Anais...
Caxambu, MG, UFLA, p. 25-27, 1998.

WANDERLLI, E. V., PERIN, R., SOUSA, S. G. de, MATOS, J. C. de. SOUSA J. N. &
FERNANDES, C. M. Sistemas agroflorestais: uma alternativa para recuperacio das dreas de
pastagens degradadas na Amaz | 6nia Ocidental. P. 487-493. In: An. Il Simpésio nacional de
recuperacio de dreas degradadas. Ouro Preto, 18a 24 maio 1997.

WATANABE, I. & ROGER, P. A. Nitrogen fixation in wetland rice field. In: Subba-Rao, N. S. ed.
Current development in biological nitrogen fixation. New Delhi, Edward Arnold, 1984. P.
237-276.

WORLD BANK TECHNICAL PAPER. 174.1992.
WORLD DEVELOPMENT REPORT Meio ambiente e desenvolvimento. Tabela 26, 1992.

THEe RoLE OF BioroGicAL NITROGEN FixATiON IN LAND RECLAMATION, AGROECOLOGY AND SUSTAINABILITY OF TROPICAL AGRICULTURE

TRANSITION TO GLOBAL SUSTAINABILITY: THE CONTRIBUTION OF BRAZILIAN SCIENCE

()
w0
)



