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ABSTRACT. The aim of this work was to evaluate the transfer of N via biological
nitrogen fixation from green manures to intercropped lettuce using the "N abundance
method. The treatments consisted of lettuce with black oats, lettuce with cowpea, lettuce
with white lupin and monocropped lettuce (control). Green manures were sown at two
different times including the following: 60 days before transplanting of lettuce seedlings and
simultaneous to transplanting of lettuce seedlings. N transfer was estimated using the
natural N abundance method. It was observed that lettuce intercropped with green
manures reached the same fresh mass of monocropped lettuce when the green manures
were sown at the same time as the vegetables were planted. However, when the green
manures were sown previously, the fresh mass of the monocropped lettuce was higher, and
independent of the sowing time of green manures, the monocropped lettuce reached a
higher dry mass. White lupin and cowpea transferred higher amounts of N regardless of
sowing time, and the C:N ratio of white lupin to cowpea was lower compared to black oats.
Intercropping with white lupin, cowpea and black oat transferred 18, 17 and 7% of N,
respectively, to lettuce.

Keywords: Avena strigosa Schreb, Lupinus albus L., Lactuca sativa L., Vigna unguiculata (L.) Walp., natural
>N abundance.

RESUMO. Transferéncia de nitrogénio de adubos verdes para a alface cultivados
em sistema de consdrcio. O objetivo deste trabalho foi estudar a transferéncia do nitrogénio
de adubos verdes para alface em cultivo consorciado, através da técnica da abundincia natural
de ®N. Os tratamentos foram: alface em monocultivo (testemunha), alface consorciado com
aveia-preta, com feijio-caupi e com tremogo-branco, em duas épocas de semeadura dos
adubos verdes: 60 dias antes e no transplante das mudas de alface. Observou-se que a alface
consorciada com adubos verdes adquiriu a mesma massa fresca das alfaces solteiras quando a
semeadura do adubo verde foi simultinea com o plantio da mesma; no entanto quando os
adubos verdes foram semeados com 60 dias de antecedéncia as alfaces solteiras obtiveram
maior massa fresca ; independentemente da época de semeadura as alfaces solteiras alcangaram
maior massa seca; o tremogo-branco ¢ o caupi transferiram maior quantidade de N para a
alface, independentemente de sua época de semeadura; a relagio C:N do feijao-caupi e
tremogo-branco foram menores que a da aveia-preta; o cultivo consorciado de tremogo-
branco, caupi e a aveia-preta transferiram 18, 17 ¢ 7% de N para a alface; e que em cultivo
consorciado hé transferéncia de N proveniente da fixacio biolégica do nitrogénio (FBIN) dos
adubos verdes tremogo-branco e caupi para a alface.

Palavras-chave: Avena strigosa Schreb, Lupinus albus L., Lactuca sativa L., Vigna unguiculata (L.) Walp.,
abundancia natural de *N.

Introduction

In Brazil, leat vegetable production is mainly
performed by small farmers (COSTA; SALA, 2005).
For such farmers, especially those who practice
alternative agriculture, the increase and maintenance

of soil fertility at low input and low energetic and
economic cost is a difficult task. On the other hand, in
the tropics soils it is constantly necessary to make use
of different fertilizing techniques to minimize soil
exhaustion and maintain an adequate level of nutrients.
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Green manuring consists of using plants in
rotation, using plants in succession or in
intercropping with cash crops. The green manures
can be incorporated or used as mulch, which aims to
protect soil as well as improve its physical, chemical
and biological characteristics (COSTA, 1992).
Green manuring is an important tool to increase soil
fertility with an emphasis on N fixation and supply,
and improves the sustainability of production
systems at a relatively low cost (COBO et al., 2002a
and b; FAGERIA; BALIGAR, 2005).

Any amount N fixed by a legume can become a
nutrient source for the next crop. According to
Giller and Wilson (2001), there are two ways
through which N from one plant can become
available to other plants including the following: (1)
from a plants below ground; through the senescence
of roots and nodules, root exudates and direct
transfer between roots by mycorrhizal connexions,
and (2) from plants above ground; through the
decomposition of leaves and other plant residues.

Castro et al. (2004) emphasized that fixed N
becomes available as soon as the legume is cut in an
intercropping system through excretion of root N
compounds and decomposition of root nodules but
mainly by the decomposition and release of nutrients
above ground after it is cut. However, the availability of
N depends on the mineralization rate, and its
synchronization with nutrient demand and uptake rate
of the cash crop are key for the maximization of green
manuring benefits. Ambrosano et al. (2009), using
stable isotope-labeled techniques, observed the
utilization of up to 35% of N from legumes by corn
crops, and Giller and Wilson (2001) observed that 40%
or more of N is available after two weeks of
incorporation of new branches of legumes into the soil,
which could result in N waste if the main crop does
not reach its higher nutrient demand within two weeks
time. Synchronization of the rate of N release by green
manure with cash crop demand is an important
management strategy (WIVSTAD, 1999); thus, the use
of green manures as mulch makes the mineralization
process slower, and the chance of synchronization with
the demand of the cash crop is higher.

Several studies have examined the use of green
manuring in succession or rotation (MOGOR;
ARAUJO CAMARA, 2009; NOSSE et al., 2008);
however, these techniques imply the cultivation of a
non-cash crop probably without immediate
economic revenue, which constitutes a problem for
small farmers who need to cultivate their land
intensively. Intercropping between vegetables and
green manures could be an alternative to succeeding
or rotation cropping. Although intercropping

Sakai et al.

between two or more cash crops is common and has
been well studied, intercropping between cash crops
and green manures is still under investigation.

The natural "N abundance technique (8"°N)
measures the amount of N, fixed by plants, and this
method has been used successfully in studies of N
transfer (SIERRA et al., 2007). The method relies on
the comparison between low soil mineral N and
atmospheric N, resulting from the isotope
fractionation between N and N that occurs
during physical, chemical and biological processes
that involve N from soil and organic matter
(SHEARER; KOHL, 1986). A non-N-fixing plant
would have a "N composition similar to the amount
of N available in the soil, while an N-fixing plant
would have lower levels of "N (negative values or
nearly zero), according to Shearer and Kohl (1986).
This observation may occur because of an isotope
abundance dilution effect by the N absorbed from
the soil from the N fixed in the atmosphere; also,
fractioning in the N, fixation can result in negative
values of 8"°N. Thus, using a non-N-fixing plant as
a marker of ®N from soil mineral N, the amount of
fixed N can be calculated from the proportion that
the N was diluted.

White lupins (Lupinus albus L.) and black oats
(Avena strigosa Schreb.) are frequently cultivated in
southern Brazil as green manures, cover crops and
forage (COSTA, 1992), whereas Cowpea [Vigna
unguiculata (L.) Walp.] is often cultivated in the
northeastern area of Brazil and in several tropical
and subtropical regions (FERY, 2002; STEELE et al.,
1985). Lettuce (Lactuca sativa L.) is a vegetable which
demands high amounts of N in a short period of
time (KATAYAMA, 1993). Despite several existing
studies concerning the potential of biological N
fixation (BNF) of legumes (BECKER et al., 1995;
CHOI et al., 2008; FAGERIA, 2007; PERIN et al.,
2004), there is a lack of research about the
contribution of green manures on N transfer in
intercropping systems (SILVA et al., 2008). Thus,
the goal of this study was to evaluate the transfer of
N through biological nitrogen fixation from green
manures to intercropped lettuce using the "N
abundance method.

Material and methods

The experiment was carried out at the Polo
Regional Centro Sul from the Agencia Paulista de
Tecnologia dos Agronegécios (APTA) in Piracicaba,
Sao Paulo State, Brazil (22°42’S, 47°38'W; altitude 560
m above sea level) between July and November 2005.

The soil on the site is classified as a Paleudalf and
was chemically characterized after lettuce plants were
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harvested at depth (0-20 cm): pH (CaCl,) 5.35; M.O.
34.75 g dm; P 25.50 mg dm?; S-SO, 3.75 mg dm™;
K 55 mmol. dm? Ca 5525 mmol. dm?
Mg 25 mmol. dm?; H+Al 32 mmol, dm™; SB 85.8
mmol, dm?; CTC 117.7 mmol, dm>; V% 72.7; B,
0.42 mg dm?; Cu 4.5 mg dm™; Fe 51 mg dm™; Mn
45 mg dm™; Zn 3.1 mg dm™. Total rainfall during the
experimental period was 436 mm, and the
temperature ranged from a minimum 11.4°C to a
maximum 30.4°C with a mean of 21.9°C.

The experimental plot was arranged in a
randomized block design using split plots and six
replications of each treatment. The main plots were
the green manure’s sowing dates for the lettuce
transplant (DAT) (with treatment O consisting of the
simultaneous planting of green manures and lettuce,
and treatment 60 consisting of the sowing of green
manures 60 days prior to lettuce transplant), and the
sub-plots consisted of the cultivated crops
(monocropping and intercropping lettuce with the
green manures black oat [Avena strigosa Schreb] cv.
comum, cowpea [Vigna unguiculata (L.) Walp.] cv.
IPA-206 and white lupin [Lupinus albus L.] cv.
comum). The sub-plots measured 1.80 x 1.20 m.

Field plots were established on July 22, 2005
with the sowing of the first green manures
corresponding to treatment 60 days before
transplant (DBT) of lettuce. The lettuce cultivar
adopted was Piraroxa, and the seedlings were sown
in polyethylene trays of 288 cells with commercial
substrate. The seedlings were grown in a
greenhouse with automatic irrigation. Twenty-ecight
days after sowing, the lettuce seedlings were
transplanted to the field plots. No fertilizing, liming
or inoculation was performed during the
experimental period.

The intercropping was planted in an additive
design; therefore, with the same number of plants,
each crop would have a respective single cultivation.
The green manures were sown in three rows spaced
0.3 m from each other, and the sowing densities
were 68 seeds m™' for black oat (1.5 cm apart), 15
seeds m™' for cowpea (6.6 cm apart) and 15 seeds m™!
for white lupin (6.6 cm apart). The lettuce seedlings
were transplanted at 0.3 x 0.3 m spacing with a total
of 24 plants per plot. When in intercropping, the
vegetables were transplanted between the green
manure rows.

Automatic drip irrigation was used twice a day
before lettuce transplant (for irrigating the 60 DBT
treatments) and three times a day after transplant for
the rest of the growth cycle. The experimental area
was periodically weeded by hand.

According to Portes (1984), light is the main
biotic factor for the success of an intercropping
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system. Thus, to avoid shading of lettuce plants, and
consequently sunlight competition, the green
manures were periodically mowed at 0.20 m from
the soil. The 60 DBT green manure plots were
mowed once a day before lettuce transplanting
because their biomass could negatively influence the
vegetables’ development in the shade. During the
experimental period, a total of four mowings were
performed in the 60 DBT treatments and two for
the 0 DBT (simultaneous planting). Fresh weight of
aboveground mass was determined, and 10% of this
material was separated for dry weight determination.
The remaining fresh mass was laid on the soil
surface as mulch.

Lettuce plants were harvested 49 days after
transplanting on 11/9/2005. Four, central lettuce
plants were harvested per plot. The measured
parameters were fresh and dry weight of green
manures, C:N ratio of green manures, % of N fixed
by the green manures, fresh and dry mass of the
lettuce, content of N in lettuce plants, amount of N
transferred from green manures to lettuce and §"°N.
The measurement of the green manures’ fresh and
dry weight was made after each mowing.

The measurements of fresh and dry mass of the
sampled plants were made at the laboratory of the
Polo Regional Centro Sul from the Agencia Paulista
de Tecnologia dos Agronegécios (APTA). The
samples were dried in a forced-air oven at 65°C until
constant mass and grinded in a Willey grinder with
sieve mesh 4. At the Stables Isotope Laboratory from
CENA/USP (Centro de Energia Nuclear na
Agricultura da Universidade de Sio Paulo), between
5 and 10 g of sample from each treatment was
weighed in a precision balance. The samples were
placed in tin capsules for §"°N analysis in the mass
spectrometer SERCON Co., U.K., model 20-20
with automatic analyzer ANCA GSL at the
Laboratory of Soil Fertility CENA/USP.

The natural abundance of "N technique
(SHEARER; KOHL, 1986) was wused for
determination of NBF contribution of legumes, and
the determination of N accumulated was made with
the mass spectrometer from the Stables Isotope
Laboratory of CENA/USP. For quantification of
biological nitrogen fixation (BNF), the following
equation was used: %BNF = 100 [8"N_ . -
"N/ (8" Niwme — B)], in which: % BNF:
amount of N in % originating from BNF, §"N_, .
amount of N, in %o originating from control plant
(non-N-fixing), 8"Nj g amount of "N, in %o,
originating from the N-fixing plant; and B: isotopic
discrimination value of "N from the N-fixing plant
without the presence of N in the soil. The value of
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B for white lupin was -1.16 and for cowpea it was -
1.48 according to data from Boddey et al. (2000) and
Nguluu et al. (2002).

The following equation was used for measuring
the N transferred from green manures to lettuce:
%NTgml 100 [815N5ingle lettuce 615Nlettuce + green
manure/® Niingle lesuce]» 11 Which: %Nip: amount of N
of lettuces provided by the green manures; 6N single
e, amount of °N, in %o, from lettuce in
monocropping; 8N e +green manurer amount of °N
in %o from lettuce intercropped with green manures
(in this case the monocropped lettuces were
considered a control, according to Boddey et al.
(2000)). Thus, the biological N fixation was
estimated comparing the natural "N abundance in
the legumes and in the black-oats, which is a non-
N-fixing plant.

The F test and Tukey at 5% of probability were
used for Comparison between means of sowing
times and cultivation systems. To satisfy the
assumptions of the analysis of variance, the data
referring to fresh mass of green manures (FMGM)
and dry mass of green manures (DMGM) were
transformed by In (x). All data were analyzed
through analysis of variance using the program
SANEST (ZONTA; MACHADO, 1984).

Results and discussion

The fresh and dry biomass yields varied
according to the time of establishment of the
intercropping as shown in Table 1. Cowpea had a
significantly higher yield compared to black oat and
white lupin given that these did not differ in fresh
mass. In terms of dry mass, cowpea yielded 445 and
5,645 kg ha™', respectively for the treatments 0 and
60 DBT, white lupin yielded 158 and 2,621 kg ha™'
and black oats 136 and 2,043 kg ha™. These results
are inferior to those reported by Giacomini et al.
(2003), Borkert et al. (2003) and Queiroga et al.
(2002).

The C:N ratio of the green manures was not
affected by sowing time (Table 1). As expected,
black oat showed higher values of C:N compared
to the two legumes. These results are in
accordance with those of Yoneiama and Ohtani
(1983), Fowler et al. (2004) and Pypers et al.
(2005) who compared the C:N ratio of legumes
and Poaceae grasses. However, Giacomini et al.
(2003) reported C:N values three times higher for
black oats regarding common vetch (Vicia sativa).
The probable reason for the low C:N ratio of
black oats in this study, compared to other
literature reports, is that during the experiment,
the temperature in spring and summer was high
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and is considered harmful to black oat
development, resulting in a lower C accumulation
(BARRADAS et al., 2001). The legumes cowpea
and white lupin presented a similar C:N ratio to
that reported by Clement et al. (1998) who
evaluated this parameter for several green
manures.

Table 1. Fresh mass, dry mass, C:N relation of the above ground part
of the green manures, total N content and N fixed by the legumes.

Treatments

Sowing time Black oats  Cowpea White lupin SEM**
DBT* --Fresh mass (kg ha™) --

0 478 3850 1100 1800 = 862 b
60 11073 49477 20143 26897 + 862 a
Mean 5775C 26570 A 10622 B

SEM** 1051 1051 1051

CV% treatments: 4.2; CV% sowing time: 5.2

DBT* --Dry mass (kg ha)--

0 135.74 447.31 158.19  247.07 = 214.67 b

60 2042.50 5644.58  2620.69  3435.93 + 214.67 a
Mean 1089.12B  3045.97 A 1389.44 B

SEM** 371.85 371.85 371.85

CV% treatments: 4.8; CV% sowing time: 6.7

DBT* -- C:N relation --

0 - 10.6 (6) 109 (4) 10.7 = 1.7 (10) a
60 17.3 (5) 11.7 (2) 105 (4) 13.8+3.7(11)a
Mean 173 (5) B 109 8) A 10.7 (8) A

SEM** 2.1 0.8 2.0

CV% treatments: 8.11; CV% sowing time: 23.76

DBT* -- Total N content (%) --

0 - 4.0 (6) 414) 41x07(10)a
60 2.5 (5) 3.8(2) 424) 33x09(11)a
Mean 2.5(5) B 4008)A 42(8)A

SEM** 0.3 0.3 0.8

CV% treatments: 13.8; CV% sowing time: 16.27

DBT* -- N fixed by legumes (kg ha™) --

0 - 6.2 3.7 47+21b
60 - 80.9 69.2 713 +32a
Mean 411A 349B

SEM** 22 2.4

CV% 29.52

Means followed by different letters, lower case in columns and upper case in rows,
indicate significant differences, by F and Tukey tests (p < 0.05), respectively. The
values between brackets refer to number of observations. *Number of days of green
manure sowing before lettuce transplant. ** Standard error of the mean.

Cowpea produced a higher amount of fresh and
dry mass compared to white lupin. While cowpea
reached values higher than 80 kg ha™', white lupin
had an average mass of 69 kg ha™ (Table 1). Castro
et al. (2004) found around 60 kg ha™' of N in cowpea
intercropped with eggplant, and Ofori et al. (1987)
reported from 32 to 87 kg ha” in monocropped
cowpea and from 18 to 58 kg ha™' in intercropped
cowpea given that the percentage of N fixed varied
from 72 to 42%. The amount of N fixed by white
lupin in this study was significantly inferior to the
results published by Fragstein (1995) that reported
541 kg ha™! of N fixed by this legume.

No difterence was seen between the amounts of
total N regarding the sowing times of green
manures; however, the legumes reached higher
values of total N fixation compared to black oats
(Table 1). The warm and rainy climate during the
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experiment favored the rapid decomposition of the
residues.

Barradas et al. (2001) found similar results to those
in this study regarding the total N in white lupin and
black oat. The higher accumulation of total N in the
legume plants occurs because they have the ability to
fix N. The lower amounts of N accumulated at 0 DBT
are due to the relatively low development of the green
manures, which had been sown 49 DBT, compared to
the 60 DBT, and thus accumulated more biomass.

Intercropping legume and lettuce is a promising
biological strategy to achieve and to keep N in the
production system under tropical conditions.

The green manure sowing time regarding lettuce
planting did not influence the accumulation of fresh
mass in the vegetables. However, the monocropped
lettuce accumulated a higher amount of fresh mass
compared to the intercropped lettuce for the treatment
60 DBT (Table 2). For the simultaneous planting
(0 DBT) plot, the amount of fresh mass produced by
lettuce was similar in all treatments because it reached
classification 15 according to the CEASA (2011)
standard. Thus, the simultaneous planting does not
affect the commercial production of lettuce
intercropped with green manures. These results agree
with data from Costa et al. (2003, 2007) and Rezende
et al. (2006), which involved studying the behavior of
lettuce intercropped with other vegetables. In the 60
DBT treatments, there was competition between crops
because the green manures had a considerable amount
of biomass when the lettuce seedlings were
transplanted. In this treatment the green manures
dominated the lettuces, which aftected production and
resulted in a lower yield. Paula et al. (2005) observed
the same effect of yield variation and transplanting time
in an intercropping between onion and lettuce.

The dry mass of the intercropped lettuce was
considerably lower than the monocropped lettuce;
intercroppings with black oat, cowpea and with lupin
yielded 74, 67, and 74%, respectively, of the
monocropped control. No influence was observed on

Table 2. Fresh and dry mass of lettuce head.
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sowing time in green manures by the accumulation of
dry mass of lettuce (Table 2).

The content of N in lettuce plants was not affected
under simultaneous planting (0 DBT); however, in the
60 DBT, lettuce intercropped with cowpea had higher
amounts of N compared to the monocropped lettuce
or to intercropped with white lupin (Table 3). This
effect is probably due to the lower C:N ratio and
higher biomass of cowpea (Table 1) compared to the
other green manures. Cowpea mulch was laid in the
plots and, thus, released higher amounts of N to the
intercropped lettuce plants.  These results are in
accordance with those of Sorensen and Thorup-
Kristensen (2003) who studied succession of lettuce
after green manures and found that the control plots
(without green manures) had a lower amount of N
compared to those with previous green manure
cultivation.

Regarding N accumulated per lettuce plant, there
was no influence of green manure on sowing time;
however, the monocropped lettuce (control)
accumulated a higher amount of N compared to the
intercropped (Table 3). These results show that the
monocropped lettuce accumulated more biomass
compared to the intercropped once it grew with no
competition from another crop (Table 2). The
competition in an intercropping system is not only for
light but also for nutrients and water. Sometimes there
is more than one factor of competition simultaneously
occurring, and one source of competition can lead to
another. However, intercropping light is usually the
most problematic abiotic factor (PORTES, 1984).

Monocropped lettuce and those intercropped with
black oat had a higher §”N at 0 DBT than the lettuce
intercropped with white lupin, although §"N was
similar to those intercropped with cowpea (Table 3).
When the green manures were sown 60 days before
lettuce transplanting, both monocropped plants and
those intercropped with black oats had a higher value
of 8”N compared to the plants intercropped with
legumes.

Treatments
Sowing time Monocropped lettuce Lettuce with black oats Lettuce with cowpea Lettuce with white lupin SEM**
DBT* -- fresh mass (g plant™) --
0 195Aa 200 Aa 160 Aa 180 Aa 183 = 14
60 223 Ba 164 Ba 148 Aa 150 Ba 171 = 14
Mean 209 182 153 165
SEM** 12 12 12 12
CV% treatments:7.7; CV% sowing time: 25.0
DBT* -- dry mass (g planta™) --
0 125 10.5 8.7 10.0 105 £ 0.6a
60 12.9 8.3 8.4 8.7 9.6 £0.6a
Mean 12.7A 9.4 B 85B 9.4 B
SEM** 0.6 0.6 0.6 0.6

CV% treatments: 9.5;CV% sowing time: 22.3

Means followed by different letters, lower case in columns and upper case in rows, indicate significant differences, by F and Tukey tests (p < 0.05), respectively. *Number of days of

green manure sowing before lettuce transplant. **Standard error of the mean.
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Table 3. Nitrogen accumulated in lettuce shoots, amount of nitrogen in shoots, values of §“N, amounts of N transfered from green
manures to lettuce. **

Treatments

Sowing time Monocropped lettuce Lettuce with black oats Lettuce with cowpea Lettuce with white lupin SEM**
Nitrogen accumulated in lettuce shoots

DBT* —-gkg' -
0 33.6 Aa 31.6 Ab 30.7 Ab 322 Aa 320 x0.5
60 32.5Ba 35.2 ABa 392 Aa 325Ba 351 +0.5
Mean 33.0 33.92 349 324
SEM*** 0.7 0.7 0.7 0.7

CV% treatments: 5.5; CV% sowing time: 7.2
Amounts of nitrogen in lettuce shoots

--gplant” -
0 0.4 0.3 0.3 0.3 03 %0.017a
60 0.4 0.3 0.3 0.3 03 %0.017a
Mean 0.4A 03B 03B 03B
SEM*** 0.02 0.02 0.02 0.02

CV% treatments: 11.7; CV% sowing time: 22.5
Values of 8N in lettuce shoots

%o -

0 +6.3 Ab +6.2 Aa +5.6 ABa +5.3 Ba +5.8 +0.2
60 +7.4 Aa +6.3 ABa +5.4 Ba +5.4 Ba +6.1 0.2
Mean +6.8 +6.22 +5.5 +5.3

SEM*** 0.2 0.2 0.2 0.2

CV% treatments: 8.84; CV% sowing time: 12.2
N transferred from green manures to lettuce

% -

0 - 6 15 20 14+3a
60 - 8 19 15 14+ 4a
Mean - 7B 17A 18A

SEM*** - 3 3 3

CV% treatments: 34,5; CV% sowing time: 58,5
Amount of N transferred from the green manure for lettuce

--kgha' -
0 - 2.6 4.1 6.4 44+1a
60 - 2.6 6.3 6.1 50*2a
Mean - 2.6B 52A 6.25 A
SEM*** - 1.4 13 1.4

CV% treatments: 31.0; CV% sowing time: 76.0

Means followed by different letters, lower case in columns and upper case in rows, indicate significant differences, by F and Tukey tests (p < 0.05), respectively.* Number of days of
green manure sowing before lettuce transplant. **Population of 100,000 lettuce plants per hectare. ***Standard error of the mean.

Thus, comparing the values of 8N for the grass, there was some N transfer due to the
monocropping of lettuce treatments with lettuce mineralization of N from its aboveground portion,
intercropped with green manures, it is clear that the which was mowed and laid as mulch in the plots.

legumes had the tendency to provide N to lettuce ~ Silva et al. (2006) observed that sunnhemp
plants. The legumes contributed more to the (Crotalaria spectabilis) had a higher residual effect of

transfer of N than black oats, as shown on Table 3, N in its mulch than millet (Pennisetum glaucum) and,
for the amount of N transferred (kg ha™) and thus, transferred a higher amount to the following
percentage of N transferred from green manures to corn crop.
lettuce. The sowing time of green manures did not As observed in the present study, the C:N ratio
affect N transfer. of sunnhemp, which is also a legume, is lower than
Despite the high nitrogen content of soils, most that of millet, therefore the nutrient release through
N is in not available, and available and non-available the biomass decomposition is more efficient. Dias
forms are not necessarily in equilibrium. In ¢t al. (2007) reported that in an intercropping
addition, because of N’s high mobility in soil in between legume trees and Survenola digitgrass, the

available forms of N, usually there are no direct transfer of N from the trees to the grass ranged from

residual effects of N fertilizers (RAIJ, 1981). 0 to 37.7% depending on the distance between

Mineralization of organic N of plant material added crops. N transter may have occurred mainly via root

to the soil is initially fast because of the breakdown exudation.
of the more easily decomposable components, but it ]
: A Conclusion

slows down subsequently until stabilization of the
organic residue. The results of this study indicate that in spite of

Legumes have a higher amount of N and a lower the competition associated between crops that have a
C:N ratio (Table 1) that might have favoured the negative effect on lettuce yield, intercropping with
mineralization. However, even for the Poaceac white lupin and cowpea contributed significantly to

Acta Scientiarum. Agronomy Maringi, v. 33, n. 4, p. 679-686, 2011
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N transfer (originating from BNF) to lettuce,
nutritionally independent of the time of sowing of
green manures.

Acknowledgements

This study was funded by Fundag. The authors
thank the laboratory technicians and trainees from
APTA Centro Sul and from CENA/USP.

References

AMBROSANO, E. ]J; TRIVELIN, P. C. O,
CANTARELLA, H.; AMBROSANO, G. M. B
SCHAMMASS, E. A;; MURAOKA, T.; GUIRADO, N.;
ROSSI, F. Nitrogen supply to corn from sunn hemp and
velvet bean green manures. Scientia Agricola, v. 66, n. 3,
p. 386-394, 2009.

BARRADAS, C. A. A; FREIRE, L. R; ALMEIDA, D. L;
DE-POLLI, H. Comportamento de adubos verdes de
inverno na regido serrana  fluminense. Pesquisa
Agropecuaria Brasileira, v. 36, n. 12, p. 1461-1468, 2001.
BECKER, M.; LADHA, J. K;; ALI, M. Green manure
technology: potential, usage, and limitations. A case study for
lowland rice. Plant and Soil, v. 174, n. 3, p. 181-194, 1995.
BODDEY, R. M.; PEOPLES, M. B.; PALMER, B.
DART, P. Use of the *N natural abundance technique to
quantify biological N fixation by woody perennials.
Nutrient Cycling in Agroecosystems, v. 57, n. 3,
p. 235-270, 2000.

BORKERT, C. M.; GAUDENCIO, C. A.; PEREIRA, J.
E.; PEREIRA, L. R;; OLIVEIRAJUNIOR, A. Nutrientes
minerais na biomassa da parte aérea em culturas de
cobertura de solo. Pesquisa Agropecuaria Brasileira, v.
38, n. 1, p. 143-153, 2003.

CASTRO, C. M.; ALVES, B. J. R;; ALMEIDA, D. J. A;
RIBEIRO, R. L. D. Adubag¢io verde como fonte de
nitrogénio para a cultura da berinjela em sistema organico.
Pesquisa Agropecuaria Brasileira, v. 39, n. 8§,
p. 779-785, 2004.

CEASA-Centro Estadual de Abastecimento. Standard.
Available from: <http://www.hortibrasil.org.br/classificacao/
alface/arquivos/norma.html>. Access on: 1 Jul. 2011.
CHOI, B.; OHE, M.; HARADA, J.; DAIMON, H. Role
of belowground parts of green manure legumes,
Crotaldria spectabilis and Sesbania rostrata, in N uptake by
the succeeding tendergreen mustard plant. Plant
Production Science, v. 11, n. 1, p. 116-123, 2008.
CLEMENT, A,; LADHA, J. K.; CHALIFOUR, F. P. N
dynamics of various green manure species and the
relationship to lowland rice production. Agronomy
Journal, v. 90, n. 2, p. 149-154, 1998.

COBO, J. G.; BARRIOS, E; KASS, D. C. L.; THOMAS,
R. J. Decomposition and nutrient release by green
manures in a tropical hillside agroecosystem. Plant and
Soil, v. 240, n. 2, p. 331-342, 2002a.

COBO, J. G.; BARRIOS, E.; KASS, D. C. L.; THOMAS,
R. J. N mineralization and crop uptake from surface-
applied leaves of green manure species on a tropical

685

volcanic-ash soil. Biology and Fertility of Soils, v. 36,
n. 2, p. 87-92, 2002b.

COSTA, B. B. Adubacgao verde no sul do Brasil. Rio
de Janeiro: AS-PTA, 1992.

COSTA, C. P; SALA, F. C. A evolugio da alfacicultura
brasileira. Horticultura Brasileira, v. 23, n. 1, p. 5-8, 2005.

COSTA, C. C.; CECILIO FILHO, A. B.; GRANGEIRO,
L. C. Produtividade de cultivares de alface em fung¢io da
época de estabelecimento do consércio com ricula, no
outonoinverno  de  Jaboticabal-SP.  Horticultura
Brasileira, v. 21, n. 2, p. 1-8, 2003. (CD-ROM).
COSTA, C. C.; CECILIO FILHO, A. B.; REZENDE, B.
L. A;; BARBOSA, J. C.; GRANGEIRO, L. C. Viabilidade
agrondmica do consércio de alface e rdcula, em duas
épocas de cultivo. Horticultura Brasileira, v. 25, n. 1,
p- 34-40, 2007.

DIAS, P. F; SOUTO, S. M.; RESENDE, A. S;
URQUIAGA, S.; ROCHA, G. P; MOREIRA, ]J. F;
FRANCO, A. A. Transferéncia do N fixado por
leguminosas arbdreas para o capim Survenola crescido em
consorcio. Ciéncia Rural, v. 37, n. 2, p. 352-356, 2007.

FAGERIA, N. K. Green manuring in crop production.
Journal of Plant Nutrition, v. 30, n. 5, p. 691-719,
2007.

FAGERIA, N. K.; BALIGAR, V. C. Role of cover crops in
improving soil and row crop  productivity.
Communications in Soil Science and Plant Analysis,
v. 36, n. 19, p. 2733-2757, 2005.

FERY, R. L. New opportunities in vigna. In: JANIK, J.;
WHIPKEY, A. (Ed.). Trends in new crops and new
uses. Alexandria: ASHS Press, 2002. p. 424-428.

FOWLER, C. J. E; CONDRON, L. M,
McLENAGHEN, R. D. Effects of green manures on N
loss and availability in na organic cropping system. New

Zealand Journal of Agricultural Research, v. 47, n. 1,
p- 95-100, 2004.

FRAGSTEIN, P. Von. Manuring, manuring strategies,
catch crops and N-fixation. N Leaching. In: STOPES, L;
KOLSTER, C.; GRANSTEDT, P.; HODGES, D. A.
(Org.). Ecological agriculture. Copenhagen: University
of Kassel, 1995. p. 275-287.

GIACOMINI, S. J.; AITA, C.; VENDRUSCOLO, E. R.
O.; CUBILLA, M.; NICOLOSO, R. S.; FRIES, M. R.
Matéria seca, relagio C/N e acumulo de nitrogénio,
fosforo e potissio em misturas de plantas de cobertura de
solo. Revista Brasileira de Ciéncia do Solo, v. 27,
n. 2, p. 325-334, 2003.

GILLER, K. E.; WILSON, K. F. N fixation in
tropical cropping systems. 2nd ed. New York: CABI
Publishing, 2001.

KATAYAMA, M. Nutrigio e adubagio de chicéria,
almeirao e alface. In: FERREIRA, M. E.; CASTELLANE,
P. D.; CRUZ, M. C. P. (Coord.). Nutricao e adubacio
de hortalicas. Piracicaba: Potafés, 1993. p. 141-148.
MOGOR, A. F.; ARAUJO CAMARA, F. L. Soil covering,
biomass production, and Mn and Zn content of lettuce in

organic system. Acta Scientiarum. Agronomy, v. 31, n. 4,
p. 621-626, 2009.

Acta Scientiarum. Agronomy

Maringi, v. 33, n. 4, p. 679-686, 2011



686

NGULUU, S. N.; PROBERT, M. E;; McCOWN, R. L.;
MYERS, R. J. K.; WARING, A. S. Isotopic discrimination
associated with symbiotic N fixation in stylo (Stylosanthes
hamata L) and cowpea (Vigna unguiculata 1). Nutrient
Cycling in Agroecosystems, v. 62, n. 1, p. 10-13, 2002.

NOSSE, T. O.; AQUINO S. D.; CAZETTA, D. A,
ARF, O.; CASSIOLATO, A. M. R. Plant residues and
nitrogen fertilization on the mycorrhization and upland
rice yield on no tillage system. Acta Scientiarum.
Agronomy, v. 30, n. 4, p. 547-553, 2008.

OFORI, F.; PATE, J. S.; STERN, W. R. Evaluation of
N,-fixation and N economy of a maize/cowpea intercrop
system using "N dilution methods. Plant and Soil,
v. 102, n. 2, p. 149-160, 1987.

PAULA, P. D.; GUERRA, ]J. G. M,; RIBEIRO, R. LD.;
CESAR, M. N. Z.; GUEDES, R. E.; POLIDORO, J. C.
Rendimento agrondémico do consorcio entre cebola
e alface em sistema orginico de producao.
Seropédica: Embrapa, 2005. (Comunicado técnico, 74).

PERIN, A; SANTOS, R. H. S.; URQUIAGA, S,
GUERRA, J. G. M.; CECON, P. R. Produgio de
fitomassa, acimulo de nutrientes e fixagio bioldgica de
nitrogénio por adubos verdes em cultivo isolado e
consorciado. Pesquisa Agropecuaria Brasileira, v. 39,
n. 1, p. 35-40, 2004.

PORTES, T. A. Aspectos ecofisiolgicos do consércio
milho x feijio. Informe Agropecuario, v. 10, n. 118,
p. 30-34, 1984.

PYPERS, P.; VERSTRAETE, S.; THI, C. P
MERCKX, R. Changes in mineral N, phosphorus
availability and salt-extractable aluminium following
the application of green manure residues in two
weathered soils of South Vietnam. Soil Biology and
Biochemistry, v. 37, n. 1, p. 163-172, 2005.

QUEIROGA, R. C. F; NOGUEIRA, 1. C. C;
BEZERRA NETO, F.; MOURA, A. R. B;; PEDROSA, J.
F. Utilizacio de diferentes materiais como cobertura
morta do solo no cultivo de pimentio. Horticultura
Brasileira, v. 20, n. 3, p. 416-418, 2002.

RAIJ, B. Van. Avaliacdo da fertilidade do solo.
Piracicaba: Instituto da Potassa e Fosfato, 1981.
REZENDE, B. L. A; CECILIO FILHO, A. B,
FELTRIM, A. L; COSTA, C. C.; BARBOSA, J. C.
Viabilidade da consorciagio de pimentio com repolho,
rdcula, alface e rabanete. Horticultura Brasileira, v. 24,
n. 1, p. 36-41, 2006.

SHEARER, G.; KOHL, D. H. N,-fixation in field
settings: estimations base don natural N abundance.

Sakai et al.

Australian Journal of Plant Physiology, v. 13, n. 6,
p. 699-756, 1986.

SIERRA, J.; DAUDIN, D. DOMENACH, A.-M.;
NYGREN, P.; DESFONTAINES, L. Nitrogen transfer
from a legume tree to the associated grass estimated by the
isotopic signature of tree root exudates: a comparison of
the 15N leaf feeding and natural 15N abundance
methods. European Journal of Agronomy, v. 27, n. 2,
p. 178-186, 2007.

SILVA, G. T. A,;; MATOS, L. V.; NOBREGA, P. D;
CAMPELLO, E. F. C.; RESENDE, A. S. Chemical
composition and decomposition rate of plants used as
green manure. Scientia Agricola, v. 65, n. 3, p. 298-305,
2008.

SILVA, E. C; MURAOKA, T. BUZETTI, S,
GUIMARAES, G. L.; TRIVELIN, P. C. O.; VELOSO,
M. E. C. Utilizagio do nitrogénio (°N) residual de
coberturas de solo e da ureia pela cultura do milho.
Revista Brasileira de Ciéncia do Solo, v. 30, n. 6,
p. 965-974, 2006.

SORENSEN, J. N.; THORUP-KRISTENSEN, K.
Undersowing legume crops for green manuring of lettuce.
Biological Agriculture and Horticulture, v. 21, n. 3,
p- 399-414, 2003.

STEELE, W. M,; ALLEN, D. J.; SUMMERFIELD, R. J.
Cowpea  (Vigna  unguiculata (L)  Walp.). In:
SUMMERFIELD, R. J.; ROBERTS, E. H. (Ed.). Grain
legume crops. London: Collins Professional and
Technical Books, 1985. p. 399-414.

WIVSTAD, M. N mineralization and crop uptake of N
from decomposing "N labeled red cover and yellow
sweetclover plant fractions of different age. Plant and
Soil, v. 208, n. 1, p. 21-31, 1999.

YONEIAMA, T.; OHTANI, T. Variations of natural 13C
abundances in leguminous plants. Plant and Cell
Physiology, v. 24, n. 6, p. 971-977, 1983.

ZONTA, E. P.; MACHADO, A. A. Sistema de anilise
estatistica para  microcomputadores.
SANEST, 1984.

Pelotas:

Received on March 26, 2009.
Accepted on_June 28, 2010.

License information: This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Acta Scientiarum. Agronomy

Maringi, v. 33, n. 4, p. 679-686, 2011



