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CHANGES IN THE pH AND MACRONUTRIENTS IN SOIL FERTIL 1ZED WITH
HAIRY WOODROSE IN DIFFERENT AMOUNTS AND TIMES OF
INCORPORATION !

SILVIA BEZERRA DE GOES, JOSE ROBERTO DE §AGUSTAVQ PEREIRA DUDA, FRANCISCO BEZERRA
NETCO™, MAIELE LEANDRO DA SILVA®, PAULO CESAR FERREIRA LINHARE3

ABSTRACT - Organic fertilizing promotes changes in the jtgls chemical and biological attributes of soil
making it more productive. The objective of thiadst was to evaluate the effect of different amowftbairy
woodrose erremia aegyptia L.) and their times of incorporation on the chemhiattributes of an Alfissol
Eutrophic cultivated with lettuce. The experimergsaconducted from April to June 2006 at the Unidaice
Federal Rural do Semi-Arido (UFERSA) in Mossor6-RMie experimental design was complete randomized
blocks with treatments arranged in a 4 x 4 factonéh 3 replications. The first factor consisteé four
amounts of hairy woodrose incorporated into thé @2, 4.4, 6.6 and 8.8 t Hadry matter) and the second
factor was the four times of their incorporatiofs 10, 20 and 30 days before transplanting lettutk¢ soil
pH remained alkali, decreasing with the amount$aify woodrose incorporated into the soil and vitie
times of incorporation. The contents of N, Ca and i the soil increased with increasing amount$aify
woodrose and with the times of incorporation ir.sbie levels of available P and K increased wittréasing
amounts of hairy woodrose incorporated into thé. $ddwever, in relation to the incorporation timékey
were optimized at 16 and 14 days, respectivelerate manure incorporation. The utilization of rizai
woodrose as organic fertilizer, generally, indidatmprovement in soil chemical attributes in ralatito the
original values evaluated before its incorporation.

Keywords: Merremia aegyptia. Nutrient cycling. Organic fertilizing. Soil felitiy.

ALTERACOES NO pH E NOS MACRONUTRIENTES EM SOLO FERT ILIZADO COM JITIRANA
EM DIFERENTES QUANTIDADES E TEMPOS DE INCORPORACAO

RESUMO - Adubacédo organica promove alteracdo nas propriedé&leas, quimicas e biologicas do solo
tornando-o mais produtiv®d presente trabalho teve como objetivo avalidetcede diferentes quantidades de
jitirana (Merremia aegyptia L.) e de seus tempos de incorporacdo nos atritguésicos de um Argissolo
Vermelho Amarelo Eutréfico cultivado com alface e&perimento foi conduzido de abril a junho de 2686
Universidade Federal Rural do Semi-Arido (UFERSMpssor6-RN. O delineamento experimental foi em
blocos completos casualizados com os tratamentasjatos em esquema fatorial 4 x 4, com 3 repetigOe
primeiro fator consistiu de quatro quantidadesitienfa incorporadas ao solo (2,2; 4,4; 6,6 e 8t@i't de
matéria seca) e o segundo fator de quatro tempaosude incorporages (0; 10; 20 e 30 dias antes do
transplantio da alface). O pH do solo permanecealiab, diminuindo com as quantidades de jitirana
incorporadas ao solo e com os tempos de incorpor&siteores de N, Ca e Mg no solo aumentaram som a
guantidades de jitirana e com os tempos de incagdor no solo. Os teores de K e P disponivel aumsenta
com as quantidades de jitirana incorporadas ao Bol@m, em relacdo aos tempos de incorporacdeposs
desses nutrientes foram otimizados aos 16 e 14 dkapectivamente, ap0s a incorporacdo do adubo. A
utilizacdo de jitirana como fertilizante organicke maneira geral, indicou melhoria nos atributasnigos do

solo em relacéo aos valores originais avaliadossagd sua incorporacao.

Palavras-chavesMerremia aegyptia. Ciclagem de nutrientes. Adubacéo organica. Featilé do solo.
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INTRODUCTION There is great need to study the process of
mineralization and release of nutrients of the bio-
The soils of the tropics are predominantly Mass from spontaneous species. The knowledge of

characterized by natural low fertility, mainly dee the dynamics of nutrients release is essentiahab t
low levels of organic matter and by the limitatoh it can match the use maximum of these organic
available phosphorus. The use of synthetic feeiifz =~ Wastes in replacement to chemical fertilization.
in addition to their high costs has effects impagti The hairy woodrose is a plant native to North-
to the soil and the environment. The organic waste€ast region and very common during the rainy sea-
produced by industry, by the cities or the ruratfa ~ SON. Some researches have been developed using this
now have larger importance as usable and recyclabl@lant as green manure in the production of vegeta-
materials, to improve soil conditions and incredse  bles (GOES, 2007; LIMA et al., 2008; LINHARES
fertility level (TEDESCO et al., 1999). et al., 2009). According to these authors, theajita
The soil degradation process has as a Consehas characteristics that ClaSSify as promiSingUEB
quence the low availability of nutrients and change as green manure, especially by high biomass produc-
of the physical and biological properties that leind tion and nutrient concentration, and narrow C/N ra-
the establishment and growth of plants (DIAS et al. tio, Wh_ich results in rapid mineralization and ede
2007). The increase in the concentration of soil or Of nutrients.
ganic matter constitutes in the main benefit of the The objective of this study was to evaluate the
agricu|tura| use of organic waste due to its chuotri reaction of the soil and the avallablllty of nutrig
tion to the improvement in the chemical, physical (N, P, K, Ca, Mg and Na) using hairy woodrose as
and biological properties of soil (BERTON; VAL- oOrganic fertilizer in different amounts and timeks o
ADARES, 1991). incorporation in a Eutrophic Alfissol cultivated thvi
The use of green manure is a viable way tolettuce.
ease the impacts of modern agriculture, bringing
sustainability to the agricultural soils. The effec
promoted by green manure on soil chemical properMATERIAL AND METHODS
ties are quite variable, depending on factors sagh
the species used, the management given to biomass, The experiment was conducted in the period
the time of planting and the cut of green manure, t April to June 2006, in the experimental area ofdhe
residence time of the waste on the ground, local co Plant Sciences Department at Universidade Federal
ditions, and the interaction between these factorsRural do Semi-Arido (UFERSA), Mossor6-RN. The
(ALCANTARA et al., 2000). soil was classified as Eutrophic Alfissol
Among the effects of green manure on soil (EMBRAPA, 2006) with sandy loam texture with
fertility is the increase of organic matter contehe  84% sand, 11% silt and 5% clay. A soil sample was
greater availability of nutrients, the higher catio taken in the depth of 0-20 cm and subjected to a
exchange capacity of the soil, the favoring of thechemical analysis whose the results obtained were:
production of organic acids, which besides favoringpH (1:2.5 water) = 7.5, §a = 0.64 g kg, C&* =
the solubilization minerals causes a decreasedn th5.60 cmo} dni®, Mg®* = 0.63 cma) dm®, K* = 0.42
levels of exchangeable Al by its complexation and cmol, dm? Na" = 0.44 cmaldm?, AI** = 0.00 cma)
increase of the recycling capacity and mobilizationdm?® P = 5.0 mg diiand CO = 7.45 g ki The pH
of nutrients leached or poorly soluble that ar¢h@  analysis was performed using a potentiometer in the
deeper layers of the profile (CALEGARI et al., soil suspension with solution of 1:2.5 in watereTh
1993). contents of Ca, Mg and Al were obtained by the ex-
The quality of the vegetable residue, particu- traction with KCI 1 mol [* and quantified by atomic
larly its C/N ratio and the lignin content and poly absorption spectrophotometry and by titration with
phenols affect the rate of N mineralization. Among NaOH 0.01 mol [}, respectively. For P and K con-
the species used in green manure, the legumes startents, the extractor used was the Mehlich solution
out in forming symbiotic associations with N2-figin ~ (HCI 0.05 mol ! H2SO4 + 0.025 mol t) and de-
bacteria and its low C/N ratio, coupled with thega  termined by calorimetry and flame photometry, re-
presence of soluble compounds, favors rapid decomspectively. The percentage of carbon was determined
position and mineralization, with a significant é@n by dicromatometria and ¢ by the Kjeldahl
bution of N to the soil-plant system (AITA et al., method.
2001; PERIN et al., 2004). The hairy woodrose used as organic fertilizer
The mineralization rate of soil organic nitro- was collected in areas near the experimental drea a
gen is variable and is directly related to the l&abi the beginning of its flowering in the rainy season.
character of the organic fractions and with thévact The plants were ground in a conventional forage
ity of the microbial groups that use and depend onmachine, obtaining particles from 2.0 to 3.0 cm,
factors such as temperature, moisture, aerationwhich were dried at room temperature until the mois
amount and nature of the organic material presenture content reaches 10%, and then its chemicai com
(CAMARGO et al., 1997). position determined showing the following values:
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27 g kg* N, 10 g kg* P, 10 g kg K, 14 g kgt Mg soil and its incorporation times on any soil atitéd
and 12 g kg Ca and C/N ratio of 18/1. evaluated (Figures 1-6). However, the soil pH de-
The experimental design was complete ran-creased with the amounts of hairy woodrose and with
domized blocks with the treatments arranged irxa 4 the times of soil incorporation. For every ton of
4 factorial arrangement with 3 replications. Treat- hairy woodrose added to the soil and for each day
ments consisted of a combination of four amounts ofthat passed in the time of incorporation, was ob-
hairy woodrose incorporated into the soil (2.2,,4.4 served a decrease of approximately 0.05 and 0.33 in
6.6 and 8.8 t HAdry matter) and four times of incor- the pH values, ranging respectively from 7.6 to 7.3
poration (0, 10, 20 and 30 days before the lettuceand 7.6-7.3 (Figures 1A and 1B). The incorporation
transplanting). Each plot had a total area of T84  of organic fertilizer into the soil may raise omler
(1.20 m x 1.20 m) and a harvest area of 0.80 mthe pH of the soil, depending upon the predominance
(1.00 m x 0.80 m). of the processes that consume or liberate Fhe
The preparation of the soil of the experimen- reduction of pH in alkaline soils in the presende o
tal area consisted of a harrowing followed by the organic matter is due to the increase in the €@n-
flowerbeds construction. The flowerbeds were sub-centration of the biological oxidation of organic
jected to solarization with transparent polyethglen compounds during the process of decomposition/
Vulcabrilho Bril Fles (30um) for 45 days, to reduce mineralization promoting the increase of organic
the population of soil-borne pathogens. The incerpo acids, which react with water to form carboxylic
ration of hairy woodrose was domeanually every acids, which dissociate to release proton§ (k the
ten days. After the final incorporation of hairy solution, reducing the pH of the soil. Another expl
woodrose (referring to 0 days of incorporation) and nation for the reduction of the soil pH may also be
before planting of lettuce, three soil samples wereattributed to the release of N and S, which upon be
taken at a depth of 0-20 cm in each plot to evaluat ing oxidized and react with the water, released H+
the following soil chemical attributes: pH, i, P, ions acidifying the soil (SOUSA et al., 2007).
K*, C&*, Mg*" and N&. The analysis of these attrib- According to Alvarez et al. (1999) a pH range
utes was performed as described above. between 7.1 and 7.8 is a weak alkaline reaction, as
The data were subjected to the analysis ofwell as the soil reaction. However, from the agro-
variance using the software SISVAR (FERREIRA, nomic point of view, the reaction of the soil isneo
2000). The fitting of response curves was prepared sidered inadequate, since the suitable index oémvat
function of the quantitative variables studied. pH varying in the range from 5.5 to 6.0, in which
favors conditions to the plants absorb nutrientsnfr
the soil evenly (ALVAREZ et al., 1999). The reduc-
RESULTS AND DISCUSSION tion of soil pH with times of incorporation resudte
from the greater release of kbns in the soil solu-
tion, as a consequence of biological oxidation and

There was no significant interaction between processes of decomposition and mineralization of
organic compounds added to the sail.

the amounts of hairy woodrose incorporated into the
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Figure 1. Soil pH in function of the amounts of hairy woosde incorporated into the soil (A) and their tiroé$ncorpora-
tion (B).

It can be seen by the values of acidity saline solution is an attribute sensitive to thieas
(Figure 1) that the soil is highly alkaline, making of low magnitude, typically associated with actiafh
unlikely the existence of Al in the soil. The ob- the own plants and soil management. These observa-
served variation of pH 7.6 to 7.1 in water with the tions are corroborated by (POCKNEE; SUMNER,
highest biomass amount of organic fertilizer and 1997). Under these conditions the rate of pH irewat
longer soil incorporation time, suggest that pH inin a chemical and agronomic classification are con-
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sidered high and inadequate alkalinity, respegtivel = (87.6 t ha on dry basis), showing a slight acidifi-
(ALVAREZ et al., 1999). cation of the soil as a result of increasing levals
From the decreases of pH units obtained inresidue. Lacerda and Silva (2006) also observed a
relation to the amounts of hairy woodrose biomassreduction of the pH in the soil with the use ofkac
and their times of incorporation into the soil Isea  bean as green manure. The influence of green ma-
observed the great importance of the incorporatfon nure improving the chemical properties of an Oxisol
organic fertilizer evaluated under conditions &faal  did not change the soil pH (BARROSO et al., 2008).
line soils through a likely increased availabiliby For the contents of total N in the soil, an up-
micronutrients such as Fe, Cu, Mn and Zn. The pHward linear equation was adjusted both with increas
index is one of the factors that affect the avdlilgb  ing amounts of hairy woodrose and with times of
of these nutrients to the plants, promoting thelins  their incorporation evaluated into the soil. There
bility of the same by forming oxides were increases of 0.05 per ton added and 0,004 for
(MALAVOLTA, 1980; RAIJ, 1991). The increase of each day in the time of incorporation, with the -con
one pH unit decreases thousand times the concentrdents of total N ranging, respectively, from 0.52 t
tion of Fe and one hundred times the concentratiorD.88 and from 0.60 to 0.71 (Figures 2A and 2B).
of Mn** in the soil solution (VALE et al., 1997). These results are explained by the chemical compo-
Thus, it is believed that the pH values achievetthwi sition of hairy woodrose incorporated into soil,
increasing amounts of biomass and the times of inwhose the content was of 27 g'kly, which through
corporation of the organic fertilizer into the sbdve  the mineralization process or ammonification of or-
been sufficient to promote increased availabilify o ganic N, liberated inorganic N in the soil in tha-a
CU', Fe*, Mn?*, and ZA" in solution soil. monium form, where in the subsequent reactions
Correa et al. (2005) evaluated the doses 0ccurred the conversion this form of N ammonium in
3.65, 10.95, 21.90, 43.80 and 87.60 tlmm a dry N nitrate, the more absorbed form by plants. This
basis of organic waste of processing industry @-gu explanation is due N be the main nutrient of the-in
vas on the chemical properties of an Ultisol Red-gral structure of organic molecules, where about
Yellow, observed that there was a slight and gradua95% of N in the soil is attached to the carbon rchai
reduction of pH values, proportional to the dosks o of soil organic matter and less than 5% of thel tdta
residue incorporated into the soil, varying from 5. is in inorganic forms such as ammonium ion ¢YH
in the control treatment, to 5.1 in the dose of4dm and nitrate ions (N (SA, 1996).
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Figure 2. Content of total nitrogen (N) in function of theaunts of hairy woodrose incorporated into the &djland their
times of incorporation (B).

The large stock of N in the soil is in the or- the accumulation of N in the soil, among other fac-
ganic form; after mineralization it is releasedtle tors, depends on the input of organic residue @& th
form of inorganic N, constituting the main sourde o soil, its quality with respect to the C/N, soil acit
N for plants in many agricultural systems matic conditions, soil texture and water blade adde
(CANTARELLA, 2007), as found in our study. In to the soil through irrigation systems.
production systems with organic fertilization the Regard to the P contents in the soil, an up-
total nitrogen is larger than in systems withoutilie ward linear equation was adjusted with the amounts
zation or with mineral fertilizer only in the layeof of hairy woodrose incorporated into the soil (Figur
0-10 cm and 10-20 cm (LEITE et al., 2008hese  3A) and a quadratic equation for P contents as a
authors also reported that the increase in thekstbc function of times of incorporation of hairy woodeos
total nitrogen in the systems receiving organitilfer  in the ground (Figure 3B). For each ton of greer ma
zation is associated with greater input of plasi-re nure added, there was an increase of 0.34 in the P
dues returned to the soil. Silva (2006) suggesis th contents in the range from 7.33 to 9.60 mg=dm
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(Figure 3A). On the other hand, the phosphorus conprecipitation of phosphate ions M0, with C&*.
tents increased with the times of incorporationilunt Another important aspect of the availability of or-
the maximum value of 9.37 mg dhat the time of ganic P is the phosphatase enzyme activity, espe-
16 days, decreasing then until the last amount ofially in the rhizosphere, due to his role on tegrm-
hairy woodrose added to the soil (Figure 3B). Thedation of organic phosphate compounds more
increased contents of phosphorus with the amountsgjuickly to the soil solution. It can still be explad
of hairy woodrose incorporated into the soil were aby the rhizosphere acidification increasing phospho
result of its concentration in the chemical composi rus availability and due to a greater retentiorCaf
tion (10 g kg"). Phosphorus is regarded as an inte-for the soil colloids with increasing soil CEC
gral part of organic molecules and suffers the @gec (LORENZ et al., 1994).
of decomposition and mineralization, mediated by The P content of 9.60 mg dhavailable in
soil microorganisms. The conversion of the forms of the soil with the maximum amount of 8.8 t*hand
P organic to forms P inorganic available in thd,soi the content of 9.37 mg dirat 16 days of incorpo-
besides increase the availability of soil P in dbod ration of hairy woodrose that is considered as very
of natural fertility, for foster greater dissemiioat of low by ALVAREZ et al. (1999). This is considered
contents of P in the soil, due to the organic wéste a very low concentration of available P (levels be-
reduce the soil density, increase the water comtent low or equal to 10.0 mg di considering the clay
the soil and favor greater and diverse microbial ac content of the soil around 0-15%. Despite organic
tivity, such as the activities of arbuscular myborr  matter increase the cycling of P in soil, the organ
zal fungi and phosphatase enzymes (MOREIRA;management of soil assessed, was not efficient to
SIQUEIRA, 2002). increase the higher form of labile P in the soil.
The soil to adsorb organic acids with great Probably the interaction between the phosphate
energy competes with the adsorption sites of P, inions and ions of Gain the soil sorptive complex
creasing their availability in the soil by reducitige becomes the P less available in soil.

10 - 10 ~ L R
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.
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Figure 3. Content of phosphorus (P) in the soil in functidrihe amounts of hairy woodrose incorporated th®soil (A)
and their times of incorporation (B).

The greater availability of soil P after 16 days Silva et al. (2002) evaluating the effect of
of incorporation can also be explained by the rapidcover crops on P availability also found cyclinglan
mineralization of organic compounds of hairy significant amounts of available P in soil with oge
woodrose which has a low C/N. One possible expla-orchard-pear on intercropping of legumes. Boel.et a
nation for the reduction in the P concentrationhwit (2007) evaluating nutrient cycling by covering gian
longer times of organic fertilizer incorporationtan  in cerrado soil, observed that the highest releatse
the soil from the point of maximum may be due to of P occurred until 30 days after desiccation aad v
uniform distribution of the organic material in the ied among the species of plants evaluated.
soil profile with a rapid decomposition dependeht o The K contents was adjusted with a upward
a greater contact surface disadvantaging the accumdinear equation with the amounts of hairy woodrose
lation of nutrient in the organic fraction of theilsn incorporated into the soil (Figure 4A) and a quédra
which the soil in which the experiment was ins@lle equation for the K contents in function of times of
has no potential to adsorb organic acids occupyingncorporation of the hairy woodrose (Figure 4B)r Fo
adsorption sites of phosphates, represented at semgéach ton of green manure added, observed an in-
arid soil conditions by the increasing concentratio crease of 0.05 in the K contents, in the range 068
of C&* ions in the soil, thereby reducing the avail- 1.01 cmo} dm?® (Figure 4A). The K contents in-
ability of P in the soil solution. These observato creased with the times of incorporation until the
are corroborated by (BAYER; MIELNICZUK, 1999; maximum value of 1.00 cmotim® at the time of 14
ANDRADE et al., 2003.). days, decreasing until to the last amount of hairy
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woodrose added to the soil (Figure 4B). The avail-3, corresponding to 391.0 mg dnobtained at 14
able K content of 1.01 cmodm?® corresponds to days of the hairy woodrose incorporation to thé, soi
394.9 mg drf in the soil sorptive complex in the is considered as very high (ALVAREZ et al., 1999).
presence of 8.8 t HaThe content of 1.00 cmodim

144 14,
¥=0.5650**+0.0509*x R=0.96 A y=0.752%%+0,0342%x-0.0012%¢ R2=0.95 B
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Figure 4. Content of potassium (K) in the soil in functiohtlee amounts of hairy woodrose incorporated ihi goil (A)
and their times of incorporation (B).

Despite of K does not integrate to any stableing ions, while the protons produced by nitrificati
organic compound, the increase of its concentratiorof ammonium, and, or of organic N remain in the
in the soil, with the addition of hairy woodross, i surface layer as a potential acidity influencinghie
not only the result of direct release but probdhly pH (HELYAR, 1991).
increasing the exchange capacity of soil cations as For contents of exchangeable calcium?i%a
well. Adsorbing ions K to the negative charges of an upward linear equation was adjusted both for the
the surfaces of organic colloids by electrostatimlb ~ amounts of hairy woodrose incorporated and times
ing, prevents thus their leaching, and with thaupe  of incorporation of hairy woodrose in the ground
plying the nutrient availability in the soil solati (Figures 5A and 5B). For every ton of green manure
increases. It is also possible that the increaserwa added and for each day that passed in the time of
content and the reduction of the soil density, haveincorporation, observed an increase of 0.21 and 0.1
contributed to a greater diffusion of the exchange-in the contents of G4 in the range from 5.08 to
able potassium in the soil. However, the reduction 6.46 cmal dm? between the lowest and highest
availability of the K contents with the highestane  amount of hairy woodrose and of 5.67 to 6.18 ¢mol
poration times of hairy woodrose may be explaineddm™ between the lowest and highest time of incorpo-
by rapid liberation of K by the process of minezali  ration (Figures 5A and 5B). The maximum contents
tion of the organic compounds. May also have oc-C&* obtained with the amount of 8.8 t*haf hairy
curred an interaction between the exchangeable powoodrose and with the incorporation time to the soi
tassium and the high concentration of exchangeabl®f 30 days were respectively 6.46 and 6.18 ¢oi
calcium in the soil. The release of K by organisite ~ (Figures 5A and 5B). The increase of 0.86 ¢mol
dues in a greater proportion causes inhibitionhef t dm™ of Cé&+ in the soil sorptive complex resulted
others elements. Such observation on the rapid redirectly of the mineralization of the organic maaér
lease of K by the mineralization process is sumgubrt incorporated to the soil, whose chemical compasitio
by the results found by GIACOMINI et al. (2000). showed 12 g k{ of Ca and by favoring also greater

According to MALAVOLTA et al. (1989), K  availability of C&" adsorbed in the colloidals miner-
is the nutrient more readily released from the niga als of the soil. The dynamics of the exchangeable
residues, because it is the element present in thealcium in the soil is very simple and similar tet
plant tissues under the form ionic, but does nt&-in  dynamics of the potassium and magnesium. They are
grate to plants compounds. The increase of K in theconsidered ions competitors, since a higher concen-
soil with the use of leguminous plants as green matration of one inhibits the availability of the eth
nure has been reported by several authordHowever, calcium is more strongly adsorbed to or-
(NASCIMENTO et al., 2003; LACERDA; SILVA, ganic and mineral colloids of tropical soils thdme t
2006; FARIA et al., 2007). potassium and magnesium, for it is a divalent catio

The increase in the N content released byand with small radius of hydration. The connection
hairy woodrose may be responsible for the leachingof adsorption calcium to the organic colloids despi
of K with the highest time of incorporation, in pro being electrostatic is more specific than for the
portion that the nitrification occurs. The releaffe  cations potassium and magnesium, showing a less
nitrate in sandy soil promotes a greater leachihg ointense leaching. The Ca is the cation that halsehig
basic cations (K, Ca or Mg) required as accompany-buffering with the organic colloids of the soil,elto
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its greater reaction with the negative chargeshef t in the soil (MENDONCA et al., 2006).
functional groupings of the organic matter stabiliz
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Figure 5. Content of calcium (Ca) in the soil in functiohtbe amounts of hairy woodrose incorporated into
the soil (A) and their times of incorporation (B).

The soil of the experimental area evaluated inrally, magnesium exchangeable content in the soil i
natural fertility conditions showed high contenfs o less than the exchangeable calcium content of or-
C&*, 5.60 cmal dm®, which increased to 6.46 crgol  ganic compounds due to the greater affinity of €a b
dm?® with the incorporation of higher amount of complexed to the negative charges of the surfates o
hairy woodrose (ALVAREZ et al., 1999). the organic colloids and minerals of the soil, espr

The use of legumes in vineyards of Petrolina- senting thus, higher buffering capacity of the 6a f
PE, in an Yellow Ultisol, after eight years resdlia the organic colloids and minerals from the soil tue
the improvement in soil chemical characteristics, higher Ca reaction with the functional groups af th
including increase in the exchangeablé'@antents  organic fraction than the K and Mg exchangeable
at 0-10 cm depth (FARIA et al., 2004). Similar re- (KHIEL, 1985; RAIJ, 1991).
sults have been observed by others authors (SILVA The contents of exchangeable magnesium
et al., 2002; CENTURION et al., 2005) using differ- (Mg?") in the soil in condition of natural fertility and
ent plant species as green manure, regardless thabtained with the incorporation of hairy woodrose t
legumes were used in intercropping and with organicthe soil are considered as medium, conform the con-
fertilizer in topdressing. centration proposed by ALVAREZ et al. (1999),

It was adjusted an upward linear equation for which consider a mean concentration of exchange-
the contents of exchangeable magnesium ?(Mg able magnesium with contents ranging from 0.46 to
both in function of amounts of incorporated hairy 0.90 cmo} dm?®. Probably due to low soil CEC and
woodrose and for the incorporation times of hairy low C:N ratio of the organic fertilizer, this inase
woodrose in the soil (Figures 6A and 6B). For everyin the contents of exchangeable magnesium with the
ton of green manure added to the soil and for eaclincorporation time in the soil was due to the ggeat
day that passed in the time of incorporation, therepossibility of increasing the negative chargeshef t
was an increase of 0.0372 and 0.0034, respectivelysoil, increasing the buffering capacity of the st
in levels of M@* between the lowest and highest sorbing greater amounts of the nutrients available,
amount of hairy woodrose and between the lowestavoiding its loss by leaching, besides promoting to
and highest incorporation time (Figures 6A and 6B).the soil physical processes, for example, the reduc
The C&" maximum contents obtained with the tion of the soil density and increase of the agareg
amount of 8.8 t HAof hairy woodrose and with the tion of the primary particles of the soil. It takaiso
time of incorporation into the soil of 30 days were into account the capacity of this spontaneous speci
respectively of 0.718 and 0.646 cmdhi® (Figures  of restituting magnesium to the ground through its
6A and 6B). The increase of 0.016 cgdhi® of biomass incorporated into the soil with the passage
exchangeable magnesium in the soil with the greateof time and also for favoring the activities of Isoi
amount of hairy woodrose incorporated into the, soil microorganisms (TRANI, 2003). The increase in the
was probably due to the release of Mg to the grounctontents of calcium and magnesium exchangeable
by the process of mineralization of organic com- suggests that the incorporation of organic fegilz
pounds derived from wastes of the hairy woodroseto the soil promotes the reposition of the conterfits
whose the contents of Mg in its chemical composi-these nutrients in the soil, favoring its fertility
tion was 14 g kg and probably by having favored a Alcantara et al. (2000) evaluating the soil
greater adsorption of exchangeable magnesium to thehemical attributes, observed higher contents of
negative charges of the functional groups of the or available Mg in soils fertilized legumes pigeonpea
ganic matter stabilized in the humus form, makingand sunn hemp probably due to higher capacity of
impossible an intense leaching of this nutrienttuNa
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these legumes of returning Mg to the soil through heirtbiomass incorporated into the soil.
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Figure 6. Content of magnesium (Mg) in the soil in functioihthe amounts of hairy woodrose incorporated th® soil
(A) and their times of incorporation (B).

There was a reduction in exchangeable so-K*, Mg?" and C&" supplied to the soil by organic
dium content (N9, both with the amounts of hairy fertilizer, promoting greater competition from tkes
woodrose incorporated to the soil and with the §ime ions by the adsorption sites of the colloids organi
it was incorporated (Figures 7A and 7B). The higherthus favoring a higher leaching of the contentblaf
complexity of the internal sphere of the Na ions toions in the soil, where the adsorption capacityysbe
the organic colloids, as for example, the carbaxyli the following order: Al> Ca> Mg> K> Na (RAIJ,
and phenolic functional groups, promoting lower 1991).
availability of Na ions, relative to exchangeable It is possible that the low contents of ex-
cations, K, Mg®* and C&" in function of the com- changeable sodium adsorbed to the minerals colloids
plexation by outer sphere of these ions. Another ex of the soil are responsible for the reduction iR ex
planation may be due to higher concentration of ion changeable sodium content.
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Figure 7. Content of sodium (Na) in the soil in functiontbé amounts of hairy woodrose incorporated intosthie(A) and
their times of incorporation (B).
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