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ABSTRACT

Measurements of litter production, and the surface litter pool were made
over alyear period inatropical transitional forest near Sinop, Mato Grosso
Brazil with the aim of quantifying the seasonal variation of nitrogen and
phosphorusin the litter and the annual contribution of nutrientsto the soil.
Average annual litterfall (+95% confidence interval (Cl)) was 8.20 ton ha
year! and forest floor litter mass was 58.63 ton ha-1. Nitrogen and phos-
phorusin theforest floor litter mass was highest during the dry and dry-wet
season, being 38% higher than in the wet and wet-dry season. Seasonal
variation in the litter and concentration of nutrients was explained by sea-
sonal variationsin the climate, for examplein the precipition and soil humid-
ity. Average annual nitrogen and phosphorus concentrations in the forest
floor mass were 17.24 ton ha-1 and 16.46 ton ha?, respectively. The more
significant forest floor mass fraction for returning soil nutrients was the
leaves. The concentration of nutrients was higher in the soil superficial
layer (at depths between 0-5cm) than at depths between 30-70 cm, approxi-
mately 83% and 93% for total nitrogen and available phosphorus, respec-
tively. © 2009 Trade Sciencelnc. - INDIA
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Inthetropicd forest, generally vegetation growsin
low nutrient soil's, so the contrasting vegetation cover is
linked to strategiesfor conservation and recycling of
nutrients.

Thelitter ontheforest floor servesasaninput-out-
put system for nutrients, and therates at which forest

litter fallsand decays, regul ates energy flow, primary
productivity and nutrient cycling in forest ecosystems.
Itisparticularly important in thenutrient budget of tropi-
cal and subtropical forest ecosystems based on nutri-
ent-poor soils, where vegetation depends on recycling
of nutrientsfrom plant detritug®.

Soilsact asspatialy distributed sourcesand sinks
of nutrients, and the concomitant spatial patternsap-
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pear to bevery variableinforest ecosystemsin general
andintropical forestsin particul art®¥.

Studieson quantitative aspectsof litterfal produc-
tion congtitutean important parameter for theforest ecol-
ogy, to help quantify nutrientsin the ground through
chemica compositionanaysisof thelitterfall.

Nutrient cyclingispart of aclosed circuit estab-
lished between the vegetation and the phedosphera,
where macro and micro-nutrients are permanently re-
cycled. The completeunderstanding of theinteraction
of plant-soil nutrient cycle processes, its control on
canopy assimilationand water useareessentid, tofore-
see changesin an ecosystem as aresult of the future
climatic changes”.

Theaim of thiswork wasto quantify the seasonal
variation in nitrogen and phosphorusin litter and the
annual contribution of nutrientsto thesoil inatropical
trangitiona forest near Sinop, Mato Grosso Brazil.

MATERIALSAND METHODS

Sudy area

The study was conducted near the city of Sinop,
Mato Grosso, Brazil (11°24'75" S: 55°19'50W") (Fig-
urel). Themessurementswereconductedin anintact,
matureforest with arel atively continuous, 28to 30m
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tall canopy. It isconstituted by atransition of savanna
(cerrado), trangtiond vegetation (cerradao), and Ama:
zonian forest, situated on the southern fringes of the
Amazon Basin near Sinop, recognized asdry (mata
seca) or semi-deciduous mesophytic foresti*82132, The
vegetation cons stsof evergreen arboreal species, with
characteristic speciesof theAmazoniantrangitionfor-
est, such asTovomitaschomburgkii, Qualeaparaensis
and Brosmum lactescens.

Thehost soil isan acidic (pH=4.2), sandy (94%
sand), well-drained, nutrient-poor quartzarenitic neosol
with low organic matter content (2%). Concentrations
of available P (5.2 ugg™) and exchangeabl e cations (Ca
and Mg) inthe surface (0-20cm) aresimilar to other
Amazonian forestswith comparabl e substrate®?, be-
ing extremely acid and poor in nutrients.

Theclimatic characteristicsof thetrangtiond forest
aresimilar to tropical forest and open pasture, how-
ever, theregion gpproximately receives 200mm | esspre-
cipitation than tropical forest and 500mm morethan
open pasture?+2% and approximately 50% of the an-
nual preci pitation happensin the wet season. Soil tem-
peratureishigher than air temperatureinthewet and
dry seasons. Inthe dry and the dry-wet transition sea-
sons, soil temperature and water content of the soil is
lower. Higher air temperatures areverified at different

Figurel: Location of thestudied area approximately 60 km from Poconé city, Mato Grosso state, Brazil, South America.
micr ometeorological tower waslocated in aforest at 16°39'50"" Sand 56°47'50""W coor dinated usingalandsat ETM +Geo
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heightsinthe canopy inthe superior stratus. Thetrans-
tiona forest presentsasimilar seasonality standard to
someareasof theAmazon forest, with thedistinction of
micrometeorol ogica variables, probably duetothedif-
ferenceinthefloristic composition and structureof the
canopy 29,

Estimate of soil humidity

Monthly samples of soil at adepth of 20 cmwere
collected a 7 pointsin November and December 2003;
February, April, May, July, August and October 2004.
The sampleswere preparedin plasticbagswhich were
sealed to be airtight, and directed to the laboratory
wherethey wereweighed, using aprecision sca e (hu-
mid weight) and driedinagreenhouse at 80°C (forced
circulation) until reaching aconstant weight. Thediffer-
ence between wet and dry wel ghtswas used to deter-
minethesoil humidity.

Litter production and forest floor massestimate
(litterpool)

Aboveground litter production (>1mm diameter)
was measured from January 2001-07 in 20-randomly
located 1 m? square collectors. Litter accumulatedin
each collector wasretrieved monthly, washed with dis-
tilled water, separated into leaves, twigs, and repro-
ductive (flowersandfruits) fractions, dried at 65-70°C
for 72 hours, and weighed on adigital balance. Litterfall
isexpressed as the dry mass per area unit over ape-
riod of onemonth (g ha® mon'?).

Forest floor mass(litterpool) was collected monthly
between January 2002-07 within a25x25 cm quad-
ratethat wasrandomly placed adjacent to each litterfal
collector (n=20). Litter wascollected, washed with dis-
tilled water, dried a 65-70°Cfor 72 hours, and weighed
onadigital balance. Forest floor massisexpressed as
thedry mass per areaunit (Mg ha?).

Estimateof contained nitrogen and total phospho-
rusof forest floor mass

Of the20 collection pointsused to estimatelitterfall,
8 pointswere chosen for physica -chemica andysisin
November and December 03, February, April, May,
July, August and October 04 to estimate the nitrogen
andtota phosphorusintheforest floor mass. After iden-
tification, the previously dried samplesweredirected
tothelaboratory wherethey weregroundin astainless
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sted mill (Willey type), and reduced to afinedust. They
werethen seved facilitating manipulation and assuring
homogeni zation. After that they were submitted for
andyss.

Estimateof availabletotal nitrogen and phospho-
rusinthesoil

Deformed sampleswerecollected inthetrangtion
forest soil in November and December 03; February,
April, May, July, August and October 04, at depths of
0-5; 5-15; 15-30 and 30-70cm. The same pointswere
selected for the estimate of forest floor mass.

Thesampleswere collected and preparedin plas-
tic bags, identified using numbersthat corresponded
with thelitter collection boxes, and were directed to
the laboratory. They were dried in a greenhouse of
forced circulation at 60-70°C until they reached acon-
sant weight, thenweresieved until fine. Later they were
prepared in aplastic container, and analysed for total
Nitrogen and Available Phosphorus concentrations.
Knowingtheconcentrationsof nutrientsof eachsample,
it was possibleto estimate the supply of nitrogen and
phosphorusintheground. In August an undeformed
samplewasremoved in order to cal culatethe soil den-
sity and estimate of the supply of nitrogen and phos-
phorus per hectare.

The physical-chemical analysesof total Nitrogen
and Phosphoruswere carried out accordingtoAllen
and Anderson(?323,

L itter decomposition

The coefficient of litter decomposition (K) wasde-
fined asthelitterfall (LF) divided by theaverageforest
floor mass(FFM), equation (1),

-t @

Thereturntime(t, years) isthereciprocal one of

thereturntax, equation (2),

e @

RESULTSAND DISCUSSION

Litter production

Therewas seasonal variation inthelitter produc-
tionwith reduced production during January and Feb-
ruary (Figure2).
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Figure2: Average (+sd; n=20) monthly litter productionin
thetransitional forest (leaves, stemsand miscellaneous) for
November 2003 to October 2004
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The annual litter production was 8.20 ton ha*
year!. Theannud litterfal waslessthanamaritimepine
forest (14.20ton ha®)*23U; awet forest (13.50t0 27.00
ton ha?)?® and a subtropical wet forest of between 7
and 16 yearsof age, with 17.49 ton ha® and aproduc-
tion of 11.90 ton ha¥®. Thevaues presented inthedry
period were respectively similar to thosefound in a
tropical wet forest in Panama®.

There was more litter production in the dry and
dry-wet season, being approximately 50% higher than
the wet and wet-dry season (TABLE 1). Thedry and
dry-wet season, accounted for 67% of theannud litter
producti on according to Goll ey who suggeststhat the
biggest litterfall in tropical and subtropical regionsoc-
cursinthetrangtion between the seasonsdry and wet.

Thecomposition of thelitter productionwas pre-
dominantly of leaves (77.1%), followed by twigs
(15.6%) and Miscellaneous (flowers, fruits, seedsand
materid not identified) (7.3%) (TABLE 2).

Litter productionisbeing studiedin severa forests
under different climatic conditions. It hasbeen demon-
strated that the main constituent of the produced mate-
rial istheleaves, constituting on average 70% of the
deposited materia*®?#, |n general, somestudiesre-
port that lesf falsintropica regionsare continuous, but
arehigher inthe dry season’®*9 probably dueto ahy-
dric stress. To save water the trees release leavesto

Aug04 Oct/04
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TABLE 1: Average (+sd, n=20) monthly litter productionin
thetransitional forest (leaves, stemsand miscellaneous) in
thewet, wet-dry, dry and dry-wet season

Litter production fractions (ton ha ™ month™+sd)
Season

L eaves Stems Miscellaneous Total
Wet 0.99+0.07 0.23+0.13 0.08+0.01 1.30+0.10
Wet-dry 1.09+0.11 0.21+0.05 0.07+0.04 1.38+0.07
Dry 2.1740.46 0.32+0.14 0.18+0.12 2.67+0.54
Dry-wet 2.04+0.43 0.50+0.18 0.32+0.11 2.85+0.56
Annual
total(ton ha* 6.29 125 0.65 8.20
year™)

TABLE 2: Percentageof thelitter fractionin thetrangtional
forest (leaves, semsand miscellaneous) inthewet, wet-dry,
dry and dry-wet season

Litter production fractions (%)

Season ;
Leaves Stems Miscellaneous
Wet 76.15 17.69 6.15
Wet-dry 79.00 15.22 5.07
Dry 8127 11.99 6.74
Dry-wet 7158 1754 11.23
Average total (%) 77.09 1561 7.30

reducethelossof water by respiration. In the dry-wet
season, thereisan increasein thetwig and miscella-
neousfractions(TABLE 2), probably dueto increased
wind intensity and the commencement of precipitation.
Thephysica forceof therain causesthecanopy tofal.
Litter production dependson climate conditions. For
example, the linear correlation between litter pro-
duction and soil humidity resulted inahighly signifi-
cant linear relationship (+95%CI) using the equation,
y=-0.0456x+1.225 (R2=0.7354), wherelitter produc-
tionwasinversely proportiona to soil humidity. A weak
correlation was evident between litter production and
monthly air and soil temperature.

Forest floor litter mass

Oneof themost peculiar characteristicsof aforest
istheformation of alayer of debrison the soil. The
amount of thismaterial accumulated onthe soil forest
dependsontherdationshi p between the production and
the decomposition of litter. Theaccumulation of litter
masswas 58.63 ton hat, and agreater forest floor mass
occurred inthedry and dry-wet season. Thisapproxi-
mated 57% of thetotal litter mass(TABLE 3) ranging
between 3.4 and 6.2 ton ha' per month, similar to val-
uesseenintheforest floor litter massin asubtropical
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TABLE 3: Average(sd, n=20) monthly litter pool in thetran-
sitional forest (leaves, ssemsand miscellaneous) in thewet,
wet-dry, dry and dry-wet season

Forest floor massfractions (ton ha™+sd)
Season

L eaves Stems  Miscellaneous Total
Wet 9.29+311 2.95+1.02 1.48+050  13.72+4.59
Wet-dry 851+056 1.80+0.17  1.23+0.06  11.54+0.42
Dry 10.93+0.44 3.73+0.35 1.45t043  16.11+0.99
Dry-wet 13.84+056 2.71+0.12  0.71+0.12  17.26+0.30
222‘;]2',1) 257 1119 4.87 58.63
forest (2.9t05.4 ton hat)*4,

Forest floor litter masswas constituted of 72.6%
leaves, 19.1%twigsand 8.3% miscellaneous. Thebig-
gest litter production occurred in the dry-wet season.
Low precipitation air and soil temperaturesin thedry-
wet season could haveintervened in bacteria activity
of the microorgani sm decomposers, diminishing the
speed of decomposition.

Therelationship between theforest floor massand
the soil humidity can be explained by an exponentia
equation, whereincreasesin soil humidity diminishfor-
est floor mass, however, the exponential correlation
(R2=0.41) is considered very weak, (y=7.26e-
0.0307x) probably indicating theinfluence of other fac-
tors, such as strong winds that knock down thefrac-
tions (leaves, twigsand miscellaneous) of thetrees, in-
creasingintheforest floor massinthedifferent seasons
intheyear.

Litter decomposition

Theestimated litter decomposition (K) was 1.67
year. While our monthly k valueissimilar to those
reported for subtropical forest and tropical forest!4,
thereturn timedefined ast=1/K was0.59, inferior to
reported vauesfor subtropica forest™. In accordance
with Pagano™, high valuesfor K suggest afast reuse
of nutrients by the vegetation. In the present study, the
moisture conditionsinthesurfacelitter layer duringthe
dry seasonwere conducivefor rapid microbia degra-
dation of surfacelitter.

Nitrogen and phosphorusin theforest floor litter
mass

Nutritiond dynamicsof theforest canbeinfluenced
by thelitter. Therewasacontinuousvariationin nitro-
gen and phosphorusin theforest floor litter mass, with

Seasonal patterns of nitrogen and phosphorus in the litter and soil surface
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Figure3: Average (£sd; n=20) monthly total nitrogen in the
leaf, stem, miscellaneous(flower +fruit) and total litter pro-
duction for November 2003 to October 2004
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Figure4: Average (+sd; n=20) monthly total phosphorusin
theleaf, stem, miscellaneous (flower +fruit) and total litter
productlon for November 2003 to October 2004
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higher concentrationsduring May to October (dry sea
son and beginning of dry-wet season) and areduction
during thewet season from an average (+95% Cl) sea
sona peak in February (Figure3and Figure4).
Thebiggest nutrient concentration of thefloor litter
masswasderived from leaves and miscellaneous. The
total nitrogen andtota phosphorusof themiscelaneous
fractionwasvery smilar tothelesf fraction (TABLEA4).
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TABLE 4: Average(xsd) total nitrogen and phosphorusin the
litter pool inthewet, wet-dry, dry and dry-wet season

Total nitrogen (g K g™tsd)

Season
L eaves Stems Miscellaneous Average
Wet 18261248 14.24+182  17.17t226  16.56:2.08
Wet-dry — 17.16+1.98 1253:126  1628:1.77  16.72:0.62
Dry 2154178 16.68:2.36 2088242  21.21+0.47
Dry-wet 21794175 16.25:2.79  20.08:255  20.94+1.21
aAr:’nigge 1969233 14.93t1.92  18.60:2.22  17.24+2.39
Total phosphorus (g K g’+SD)
Wet 0.99:025  0.76:0.21 0.99+0.23 0.91+0.13
Wet-dry — 099+0.42  0.73:0.25 0.830.48 0.85:0.13
Dry 0.88£032  0.77:0.21 1.030.19 0.89:0.13
Dry-wet 0994025  0.76+0.21 0.99+0.23 0.91£0.10
:n‘ﬁ;ge 093t0.08  0.77+0.03 0.95+0.09 0.92+0.08

TABLE5: Contribution of forest floor massfraction (kg
hal) in thetotal quantity and per centage of nitrogen and
phosphorusdeveloped in thesoil in thewet, wet-dry, dry
and dry-wet season

Forest
Fraction of forest  floor N N P(kg P
floor mass mass (kgha') %) hal) (%)
(ton ha')

Wet season
Leaves 9.29 169.64 7156 7.80 67.53
Stems 2.95 4201 1772 236 2043
Miscellaneous 1.48 2541 1072 1.39 12.03
Total 13.72 237.06 11.55

Wet-dry season
Leaves 8.51 146.03 77.42 8.42 78.25
Stems 1.80 2255 1196 131 12.17
Miscellaneous 1.23 20.02 1061 1.02 9.48
Total 11.54 188.61 10.76

Dry season

Leaves 10.93 23543 71.79 9.62 68.81
Stems 3.73 62.22 1897 2.87 20.53
Miscellaneous 1.45 30.28 9.23 1.49 10.66
Total 16.11 327.92 13.98

Dry-wet season
Leaves 13.84 30157 8380 13.70 83.23
Stems 2.71 44.04 1224 206 12.52
Miscellaneous 0.71 1426 396 070 4.25
Total 17.26 359.87 16.46

Themiscd laneousfraction presentshigh concentrations
of nitrogen and phosphorusduetoitscomposition, in-
cluding non-identified vegetation, tree and twig frac-
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tions, bird excrement, flowersand fruits, etc.

Seasondly, thetotd nitrogenintheforest floor mass
was lesser in the wet and wet-dry seasons approxi-
mately 38% morethan dry and dry-season (TABLEDS).

Intheforest floor litter mass, theleaf fraction was
more significant than thetwig and miscellaneousfrac-
tions, contributingwith abigger N and P percentage. In
thewet-dry season, theleaves presented alarger con-
tribution of nitrogen and tota phosphorus, respectively.
On the other hand, in this same season there was a
lesser contributionfromthemiscdlaneousfraction, 4.0%
and 4.3% of nitrogen and total phosphorus, respec-
tively (TABLED).

N: Pratio in the wet, wet-dry, dry and dry-wet
seasonswereapproximatdy 18:1, 20:1, 24:1and 23:1,
respectively. In generd, the concentration of nutrients
inthefractionsof theforest floor massisnot thesame
for dl theplants, anplevariation exists?.

There was a significant correlation (+95% Cl,
r=0.74) between thetotal phosphorus monthly aver-
ageand the soil temperature average.

Nitrogen and phosphorusin thesoil

Thegreatest amount of nutrientswasin the superfi-
cid soil layer (0-5) cmdiminishingwithanincreasein
depth (TABLE 6). Theresultsof thisresearchwassmi-
lar to valuesestimated in the Manausregion, which es-
timated that the nitrogen and phosphorus content, in
thesuperficial soil layer wasbetween 2.1 and 1.8 g kg
! for total nitrogen and 5.0 and 6.0 and mg kg for
phosphorug™.

TABLE 6: Averagemonthly total nitrogen and availablephos
phorusinthesoil in thewet, wet-dry, dry and dry-wet season
at varioussoil depths(0-5; 5-15; 15-30 and 30-70cm)

Sail depth (cm)
Season 0-5 5-15 15-30 30-70
Total nitrogen (g K g'tsd)
Wet 2.80+0.47 1.28+0.29 0.87+0.11 0.61+0.18
Wet-dry 3.21+0.48 1.31+0.31 0.54+0.23 0.17+0.11
Dry 2.60+0.33 1.22+0.47 0.75+0.20 0.49+0.23
Dry-wet 2.97+0.60 1.32+0.19 0.98+0.14 0.61+0.17
Available phosphor us (mg K g*4sd)
Wet 9.43+1.05 1.31+0.27 0.90+0.10 0.60+0.14
Wet-dry 9.40+1.74 1.38+0.29 0.72+0.16 0.46+0.15
Dry 8.81+1.36 1.31+0.21 0.83+0.12 0.60+0.15
Dry-wet 8.58+1.38 1.39+0.19 0.93+0.12 0.71+0.10
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Thehigher nitrogen concentrationin the superficia
soil layerswasdueto ahigher intengity of mineraliza-
tion processes. Therewas considerablefineroot activ-
ity inasoil layer depth of between 0-10cm. Thiswas
dueto alarger availability of nutrientsinthe ground
and, biogeochemical cyclesof deposition and minera-
ization of thelitterfall(**™, At adepth of 0-20cm there
was more nutrients availablefor root absorption and
thereforetree growthi2®™, A significant corrdation (5%
Cl) was made between total nitrogen inthedifferent
soil depth layersand the soil temperature. However the
relationship was not significant with air temperature,
precipitation, or soil humidity.

A significant correlation wasfound between avail-
able phosphorusin the different soil depth layersand
the soil temperature, air temperature and soil humidity
(F95%CI). Ingenera, air temperature under theforest
cover displayssimilar behavior to the solar radiation
that suppliesair energy for al biological processesin
the canopy, from root growth to microorgani sm activ-
ity.

During thewet-dry season therewasahigher per-
centageof availabletota nitrogeninthesoil. Inthewet
and wet-dry season, the activity of microorganism de-
composersinlitter production wasfavored and there
wasmorenutrient cydinginthesoil by theinfiltration of
preci pitation. However inthewet season thevolume of
forest floor massdid not dlow totd draining of precipi-
tation. Thiscan beevidenced by thehigh soil humidity
inthewet-dry season (February toApril 03). The higher
water drainagein the wet-dry season favored ahigher
ratio of nutrientsinthesoil availabletotheroot system
inthetrangtionforest. On average, 15.6% of thetotal
annual nitrogen estimated in theforest floor masswas
availablefor the superficial layer of the soil, whereas
2.5% of tota nitrogen wasavailableat asoil depth be-
tween 30-70cm. Onaverage, inthesoil superficia layer
(O-5 cm depth) the concentration of nutrientswashigher
then at depth between 30-70cm approximately 83 and
93% for total nitrogen and available phosphorus, re-

Spectively.
CONCLUSIONS

Overdl, our resultssuggest variability inlitter pro-
duction, forest floor litter massand nutrient dynamics.

Seasonal patterns of nitrogen and phosphorus in the litter and soil surface
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Seasond variaionsinlitterfall dynamicswerecoinci-
dental with associated variationsin forest floor litter
mass.

Onaseasonal basis, thetota nitrogeninthelitter
production varied markedly and presented adeclinein
thewet season, whilethetota phosphorus presented
aninclineinwet-dry season.

Themoresgnificant forest floor massfraction was
from leavesfor return of soil nutrients.

Inthe soil superficial layer (at depth between O-
5cm) the concentration of nutrientswashigher than at
depths between 30-70cm, approximately 83 and 93%
for total nitrogen and avail able phosphorus, respec-
tively.
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