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ABSTRACT

A field study was conducted to evaluate the effects of integrated use of agricultural wastes and a compound mineral fertilizer NPK
(commercially available compound fertilizer containing N. P. K) on the fluxes (sources and sinks) of soil nutrients. Agricultural wastesapplied
were: livestock manure (cow dung and poultry litter), shoots of Chromolaena odorata and Parkia biglosa (locust bean), neem (Azadiracta
inidca)seed powder/cake and melon shell. These materials were applied at zero (control), 100% (i.e. organic wastes applied at the recom-
mended rates of 10t/ha) and 70% of their recommended rates plus 30% of the recommended rate of the mineral fertilizer (NPK:400 Kg/ha).
The dynamics of biotapopulation and soil mineralization (soil nutrients) measured interms of organic carbon status, net N mineralization and
microbial biomass (microbial biomass C and N) pool differed among the treatments. Differenceswere obtained for inorganic N rel eased from
the soil at the various dates of sampling. The trends of the time dynamics of SOC and plant available forms of N (NH,-N and NO,-N) show
that peak values were obtained at 30 and 60 days after planting (DAP) and these val ues declined subsequently after. Average values of SOC
were1.94, 1.68, 1.36 and 1.38 for organic wastes alone, organic waste plus mineral fertilizer (NPK), mineral fertilizer and unamended control.
Acrosssampling dates, SOC val ues were highest in poul try manure and neem seed cake. The average values of SOC, NH,* and NO," turnover
rates indicated that these parameters were comparatively greater in the organic amended (1.94; 19; 119) than in the unamended (1.36; 15.5;
54) soils. The values of NO, N plus exchangeable NH,* N which constitutes plant available nitrogen (PAN) that were recovered were
significantly higher for organically amended soils (550) and wastes applied at reduced rates combined with 120 kg/hamineral NPK (470) than
the unamended control (277). NO, N plus exchangeable NH,* N were relatively high a 30 and 60 days after planting, and this trend was
consistent among the agricultural waste materials applied. The higher valueswerefoll owed by consistent decline afterwards especially at the
end of the experiment (120 DAP). This indicates that the manures whether applied solely or at the reduced rates combined with 120 kg/ha
mineral NPK had high mineraisation rates. Mineral N (NO, N plus NH,* N) pools and % C microbial to C organic ratio were higher in the
nutrient-rich organically amended soilswhich indicated that increased N mineralisation werefacilitated by higher amountsof SOC. Thetime
changesin SOC, NH,-N and NO,-N contents was monitored, declinesin the values of SOC with time was obtained. This time dependent
decliningin SOC islinearly related with (Y = 0.18x + 1.07; R? = 0.34) A sharp declinein NO,-N with time under organic amendment alone and
the control The nature of the declinein NO,-N isrelated with time by apower function (Y =48.084x*7; R?=0.91). The nature of the decline
in NH4-N isrelated with time by apolynomial function (Y = -28.75x + 130.65x -57.25; R? = 0.61). Although the trend of the effects of wastes
application on cfu were inconsistent however, the time dynamics of microbial population (cfu) follows trends obtained for SOC. The
differences in the quality of the agricultural wastes measured in terms of C/N ratios differed and could have driven the observed temporal

variationsin soil chemical properties (soil organic carbon, mineral N and microbial biomass-C and N). Thevalues of % C mic: Corg (indicator
of microbial activity in terms of the utilisation of organic carbon by the microbes and hence organic matter turnover rate) obtained could be
indicative of greater access of nutrientsfor microbes. Although the % microbia carbon to organic carbon ratioswere stablefor al treatments,

itsmagnitude was not similar among treatments, higher % microbial carbon to organic carbon ratios were obtained from organically amended
soils. 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

In Nigeria, the vegetation zones and the
agroecol ogiesvary from the humid tropical rainforest
to the savanna. However, soils of the southern guinea
savannazonesareinherently low in soil nitrogen and
organic matter and crop yieldsonthesesoilsarelow!®.
Inthiszone, thereiswidespread use of both organic
andinorganicfertilizer stoimprove soil and crop pro-
ductivity. Themeritsof organicover inorganicfertilizers
include better crop establishment and improved effi-
ciency of utilization of theapplied materia 9. Organic
manureimprovesphysical propertiesof soilsandre-
plenishes depl eted soil organic matter. However, the
useof organic manureisfacedwithlimitationssuch as
dow decomposition and minerdization rates, bulkiness,
dirt etc. Integrated use of inorganic and organic fertil-
izer isthereforerequired for sustainablesoil and crop
productivity.

Dueto the problemsassociated with theuse of in-
organicfertilizers, combineuseof organicandinorganic
manures may bebeneficid to soil and crop productivity
inthisagroecol ogy. A balanced use of organic and min-
erd fertilizer could enhance soil chemicd, physica and
biological propertiesin addition torapid rate of nutrient
turn over withinthesoil-plant system. Integrated use of
organic wastesand mineral fertilizer isreportedtore-
ducethecost and amount of fertilizer required by crops®
67, Bair™™ opined that proper soil fertility management
and sustai nable agriculture can be achieved with the
useof both minerd fertilizer and organic manure. Paul
and Mannan¥ suggested that integrated nutrient man-
agement through combined use of organicwastesand
chemicd fertilizerscan bean effectivegpproach to com-
bat nutrient depl etion and promote sustainablecrop pro-
ductivity. Replenishing the nutrientsremoved by crops
by recycling agricultura wastesintothesoil cansustain
soil and crop productivity™™!. Practiceswhichfocuson
recycling agricultural wastesinto the soil would con-
tributeto improved quality and hedlth of the soil.

Thereisdearth of information on effect inintegrated
application of agricultura wastesand minerd fertilizer
on soil physical and chemical propertiesinasouthern
guineasavannazoneof Nigeriaan agroecologica zone
that ischaracterised by inherently low soil fertility status
and rapid nutrient depl etion especially organic matter
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depletion. However, the southern guineasavannaisaso
characterized by abundant agricultura land and high po-
tential for crop production, however, soils of this
agroecol ogy arecharacterized by inherently low in soil
fertility and rapid nutrient depletion and other formsof
soil degradation. Tropical soilsunder different soil nu-
trient management practices haveawiderange of min-
eralization potentia sinadequateinformation on C and
N fluxesinthesesoils. Understanding the Cand N dy-
namicsinthesoil-plant sysemisessentid to successful
s0il nutrient management. Inaddition, understandingthe
chemical and biological processes of fluxesof carbon
and nitrogenin organically amended soilswould hel pto
finetunenutrient management strategies, improve crop
nutrient use efficiency and the quality of the environ-
ment.

Theroleof microbid immobilisation, clay fixation,
denitrificationand ammoniavoldilisationindetermining
soil minera N dynamicsfollowing organic amendment
has been reported. For example, Serensen!*® and re-
ported that after manure addition to soil, adecrease of
soil minera N asobserved inthe short terminthema-
nured compared to the unmanured control treatment,
probably dueto microbial immobilization. Moreover,
studies conducted using 15N suggest that part of this
immobilized N isstored inthesoil in organicform, at
least for afew years after manure addition*®. The pro-
cessof organic matter accumulation asaresult of re-
peated manureapplicationshas been studied fromfield
experimentd? 18, Thestudy of thefateof added N in
different compartmentsare affected by the confound-
ing effect of other inputsor outputs* 182, |_aboratory
experiments permit the measurement of the net N
mineralisation of manures, thusreducing the confound-
ing effectsof other inputsor outputs. However, under
field conditionsthefluxesof soil N indifferent com-
partments are due to the contemporary processes of
crop N uptake, N loss, and minerdisation of nativeand
added organic matter.

Soil N dynamics is characterized by a series of
transformati on processes between organicandinorganic
formsof N. Soil N pool isaffected by inorganic N which
isderivablefrom minerdization process, N additionvia
fertilizer usageand soil N lossesvialeaching or volatil-
ization, N removal by cropsand/or addition of N fertil-
izer materidstosoil, microbia immobilization/fixation.
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Accurateestimation of the capacity of thesoil to miner-
alizeorganicnitrogenisimportant. Nitrogenisthekey
element to plant production and modern farming sys-
temsrequirean amplesupply of N fertilizer necessary
for maximum cropyied. Thereationship betweentota
N and mineralized N hasbeen widely studied. Soil or
nativeammoniumfixationisinvolvedintheN dynamics
of soil and may be an important component of the N
fertility statusof someagricultura soilg*¥. Nativefixed
ammonium isreported asthedominant N forminsome
soilg19,

Carbon to nitrogen ratioisanindicator of thede-
composing ability of soil organic matter and conse-
quently of the N supplying potential of the soil. Or-
ganic (agricultural) wastes havethe potential to sow
down nitrification processpossibly viaslow hydroly-
ssof theminerd fertilizer (reduced nitrification rate of
urea). Patraet al.' reported that agricultural wastes
havethe potential to inhibit urease activity and slow
down therelease of NH,-N into the soil. Application
of organic wastesto agricultural soilscontribute not
only to the short term fertility but a so determinethe
residual pool of nutrientsinthesoil. Itisnot clear how
different manuretypes (dueto thedifferent rates of
decomposition of theorganic fraction) and different
soils (dueto different clay content which may impact
onmicrobia turnover and clay fixation) insoil suchas
the Ultisolsof thehumid tropics. A detail ed analysis of
carbon and nitrogen sinksfrom organically amended
tropica soilsUltisolsin particular hasyet to be under-
taken. Tropical soilshaveawiderange of mineraliza-
tion potentialsinadequate information on C and N
fluxesinthese soils, there adequate understanding of
thechemica and biological processesof fluxesof car-
bon and nitrogen from tropica soilsisrequired. Ultisols
occupy agreat part of the soilsresourcesin Nigeria
and information on C and N fluxesin these soilsis
inadequate.

Thisstudy examinesthe effectsof integrated man-
agement of someagricultural wastematerialsand min-
erd fertilizer (commercialy available compound fertil-
izer containingN. P. K) onthefluxes(sourcesand sinks)
of soil nutrients on a Ultisol in a humid savanna
agroecol ogica zoneof Nigeria. Theobjectivesthere-
forearetoinvestigatethe effectsof organic amendment
on stocksof soil organic carbon, microbial biomassC
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and N, and forms of plant available soil N (NO,-N +
NO,-N and NH-N) in the soil

MATERIALSAND METHODS

Field experimentswere conducted at the Lower
Niger River Basin Development Authority
(L.N.R.B.D.A) farm located in Isanlu, Isanlu Local
Government Areaof Kogi Statein the Southern Guinea
Savannazoneof Nigeriain 2008aand 2009cropping
Seasons.

Treatments

Treatments consisted of sole and combined appli-
cation acompound mineral fertilizer (NPK 15:15:15)
and agricultural waste materias (cow dung and poultry
litter, shootsof Chromolaenaodorataand Parkiabiglosa
(locust bean), neem (Azadiractainidca) seed cakeand
meonshdl). Theminerd fertilizer and agricultural wastes
were separately gpplied at their recommended rates of
400kg/haand 10t/ha(IAR& T, 2000) whileintegrated
useof NPK and wastes consi sted of application of 30
and 70% of their recommended rates (120kg/haNPK
+ 7 t/haof waste). Therewasan unmanured control.

Themineral fertilizer (NPK 15— 15— 15) and
agricultura wastesweresplit applied. Theorganic ma
terialswereapplied aweek before planting and NPK
at planting whilethe second application wasat 6 weeks
after planting (WAP). Weeding was carried out manu-
aly at 3and 8WAP.

Chemical analysisof agricultural wastematerials

Samplesof theagricultural wastesweretakenfor
chemica (C:N ratio, organic carbon, N, P, K, Caand
Mg) anayses.

Soil samplingand analysis

Beforethe commencement of the experiment, sur-
face soil samples (O — 15¢m depth) were taken ran-
domly from thefield plotsand at crop maturity. The
sampleswerebulked, air dried and Sevedusnga2mm
sieveand were subjected to routinephysical (particle
Sze, bulk dengity, soil moistureand temperatureregimes)
and chemicd (pH, organic matter, N, P, K, CaMgand
CEC) analysesin thelaboratory. The minera (plant
available N; NH4-N and NO3-N) forms of N were
extracted with 100 mL 1 M KCI from 30 g of soil.
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Suspensions were shaken for 1 h and then filtered
through Whatman 40 filter paper. Concentrations of
NH,-N and NO,-N of the KCl extracts were deter-
mined by flow injection andysisand spectrometric de-
tection (FIAstar 5000 Analyzer, Foss Tecator, Den-
mark). Analysisof NH,—N was by the gas semi-per-
meable membrane method accordingto thelSO 11732
procedure (1997). Analysis of NO,-N was by the
sul phanilamide-naphtyl ethylendiaminedihydrocloride
method, after preliminary reduction of NO,toNO, by
acopper-cadmium reductor column, according to the
ISO 13395 procedure (1996). Plant available N (PAN)
was calculated asthe SMN inthe manured treatments
minusthe SMN in the unmanured control. PAN was
expressed asafraction of added manureN.

Satistical analysis

Datacollected from each year experiment were sub-
jected to andysisof variance (ANOVA) test SPSSsta
tistica package. Treatment meanswere compared us-
ing the Least Significant Difference (LSD) testat (P=
0.05).

RESULTSAND DISCUSSION

Thedynamicsof biotaactivity and soil nutrient con-
tentsin terms of soil organic carbon, total and plant
available N and microbia biomass-C and N) were
monitored following organic amendment of an Ultisol
using agricultural wastes. Farmyard manure (cow dung
and poultry litter), shootsof Chromolaenaodorataand
Parkiabiglosa(locust bean), neem (Azadiractainidca)
seed powder/cake and melon shell.

The results confirmed the influence of organic
amendmentson thefluxesof soil nutrientsof an Ultisol
of the southern guinea savannaagroecol ogica zone of
Nigeria. Thedynamicsof microbia biomasspool (bio-
mass C and N) and soil organic carbon and plant avail-
ableN varied for theunmanured and manured soil (un-
der application of agricultural wastesaloneandincom-
binationwithmineral NPK fertilizer). Organic amend-
ment al oneand in combination with minerd fertilizer
(NPK) affected the status of soil chemical properties
especialy SOC and plant availableformsof N (NH,-
N and NO,-N).

Agricultural wastesaloneand in combination with
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minerd fertilizer (NPK) affected the status of soil phys-
cal and chemical properties. From the results of the
timedynamicsin soil organic carbon (SOC) and min-
eral N (NH," and NO, N) poals, differences were
obtained at the various dates of sampling. Thusfrom
thetimedynamicsin SOC and plant availableformsof
N (NH,-N and NO,-N) pools, highest values of these
parameterswere obtained at 30 and 60 daysafter plant-
ing (DAP), these values declined subsequently after.
Across the sampling dates, the values of SOC were
highest in poultry manure and neem seed cake, the av-
erage values of SOC were 1.94, 1.68, 1.36 and 1.38
for organic wastes alone, organic waste plus minerd
fertilizer (NPK), minerd fertilizer and unamended con-
trol. Differenceswere a so obtained for inorganic N
pool inthesoil a the variousdatesof sampling. How-
ever, average valuesindicated that SOC, NH,* and
NO, turnover rateswere comparatively greater (1.94;
19; 119) in the organi c amended than the unamended
(1.36; 15.5; 54) soils. Thevaluesof NO, N plusex-
changeable NH,* N which congtitutes plant available
nitrogen (PAN) that wererecovered weresignificantly
higher for organically amended soils(550) and wastes
gpplied at reduced ratescombined with 120 kg/hamin-
eral NPK (383) than the unamended control (277).
NO, N plusexchangesbleNH," N wererdatively high
at 30 and 60 days after planting, and this trend was
consi stent among the agricultural wastematerialsap-
plied. Thehigher valueswerefollowed by consistent
decline afterwards especidly at the end of the experi-
ment (120 DAP). This indicates that the manures
whether applied solely or at the reduced rates com-
bined with 120 kg/ha mineral NPK exhibited high
mineralisation rates. Among the wastes applied, poul -
try manure plus 120kg/haNPK produced the highest
vauesof SOC and minerd N whilethe unamended ol
had theleast values of these parameters.

Thedow nitification process of soil gpplied manure
andfertilizerimpliesincreased retention period of plant
availableform of nitrogen (NO,-N and NH,-N).

Thedow nitification process of soil gpplied manure
andfertilizer impliesincreased retention period of plant
availableformof nitrogen (NO,-N and NH,-N).

Thetimetrends of soil organic carbon and inor-
ganic N rel eased from the soil showed that differences
were obtained at the various dates of sampling.
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TheNO, + exchangeable NH,* (PAN) recovered
from organically amended soilswere higher than the
unamended control. PAN was high among the agricul -
turd waste materid sapplied especidly for poultry ma-
nure and neem seed cake. Thisindicatesthat agricul-
tural wasteswhether applied solely or at reduced rates
combined with 120 kg/haminera NPK exhibited high
minerdisation ratesof added organic wastes. Thismay
have been dueeither to clay fixation or microbia im-
mobilization of soil N. Whatever the processinvolved,
highest release of sequestered N occurred up to 60
daysafter planting (treatment application). Among the
organic wastestested, rates of N release (mineraliza-
tion) weresimilar. Thissuggeststhat theforms of or-
ganic N contributing to the mineralizableformsof N
among theapplied organic wastesaresimilar.

TheNO, + exchangeable NH,* (PAN) recovered
from organically amended soilswere higher than the
unamended control. PAN was high among the agricul -
turd waste materid sapplied especidly for poultry ma-
nure and neem seed cake. Thisindicatesthat agricul-
tural wasteswhether applied solely or at reduced rates
combined with 120 kg/haminera NPK exhibited high
minerdisation ratesof added organic wastes. Thismay
have been due either to clay fixation or microbial
immobilisation. Whatever the processinvolved, highest
release of sequestered N occurred up to 60 days after
planting (treatment gpplication). Theinitid (0—40 DAP)
low valuesof minera N possibly vialow ratesof min-
eralization may be dueeither clay fixation or microbial
immobilization of soil N. Among the organic wastes
tested, ratesof N release (minerdization) weresimilar.
Thissuggeststhat theformsof organic N contributing
tothemineralizableformsof N among theapplied or-
ganicwastesaresmilar.

Although thetrend of the effects of wastes applica
tion on cfuwereincond stent however, thetimedynam-
icsof microbid population (cfu) followstrendsobtained
for SOC. Thehighest valueswere obtained for poultry
manure, Parkiaand Neem seed cakewhile combined
application of wastesand NPK depressed microbial
population. Thedifferencesinthequdity of theagricul-
tural wastesmeasured intermsof C/N ratiosdiffered
and could have driven the observed temporal varia-
tionsin soil chemical properties(soil organic carbon,
mineral N and microbia biomass-Cand N). The% C

microbia to C organic ratio was stablefor al treat-
ments, itsmagnitudewas not smilar anong treatments,
higher valueswere obtained from organica ly amended
soils. Thevauesof % C mic: Corg (indicator of micro-
bid activity intermsof the utilisation of organic carbon
by the microbesand hence organic matter turnover rate)
obtained could beindicative of greater access of nutri-
entsby soil microbes.

Mineral N (NO, N plusNH,* N) poolsand % C
microbial to C organicratio were higher inthenutrient-
rich organically amended soilswhichindicated that in-
creased N mineralisation were facilitated by higher
amountsof SOC.

TABLE 1: Chemical composition of agricultural wastemate-
rialstested

Chro

Chemical Poultry Cow mo Parkia I\sjggén Méelon
parameters waste dung laena leaf shell
cake
|eaf

Organic

carbon (%) 760 320 340 11.68 4.48 13.80
Totaln(%) 160 105 086 043 143 0.98
C:Nratio 211 305 395 27.16 3.13 14.08
Phos

phorous(%) 134 108 128 1.02 131 0.66
Polassum 515 081 147 206 198 058
(%)

Calcium(%) 1.23 119 105 09 103 0.63
Magnesum 2 024 065 021 012 041

(%)

TABLE 2: Preand post planting soil physical and chemical
properties

properties 2008 2009 Mean
Sand (%) 54.8 60.4 59.6
Clay (%) 27.2 23.2 25.2
Silt (%) 18.0 15.6 16.8
Soil texture my ?gna%y ?gnariy
pH (Water) 6.8 6.7 5.75
Bulk density (g.cm™) 1.31 5.3 6.05
Total porosity (%) 411 1.47 1.39
Organic matter (%) 1.93 43.3 42.2
Total N (%) 0.18 1.83 1.88
Available P (mg kg %) 2.34 0.09 0.14
Eg?f;a”geab' eCa(cmol 45 274 24
Eg‘?f;a”geab' eMg(emo 60 016 019
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TABLE 3: trendsin soil microbial population asaffected by application of agricultur al wasesand acompound mineral fertilizer

Treatments Fungi sfu/g x 10° Bacteria (sfu/g x 10°) Organic matter (g/g)
30 60 90 30 60 90 30 60 20
NPK 93 130 67 293 280 245 1.24 1.64 1.62
Chr 95 65 85 420 324 254 1.25 1.55 1.50
Chr+ NPK 89 130 128 266 270 223 0.83 1.12 1.06
Nm 93 110 95 296 340 271 1.42 1.71 1.67
Nm + NPK 80 92 110 310 353 231 1.26 1.56 1.48
Pak 64 77 85 384 386 265 1.20 1.23 1.20
Pak+ NPK 97 110 103 412 389 224 0.94 1.03 0.98
CwD 73 63 83 327 365 271 1.06 1.30 1.16
CwD + PK 78 85 86 338 320 237 1.21 1.28 1.88
Ptr 81 90 94 384 412 285 1.27 251 1.71
Ptr + NPK 93 100 96 343 361 256 1.18 2.43 2.05
M€ 95 113 98 302 344 277 1.44 1.75 1.70
Me + NPK 82 95 114 313 356 234 1.26 1.56 1.48
Ctrl 78 61 88 301 345 286 0.87 0.96 0.89
LSD (0.05) 6.4 8.7 9.2 215 27.2 8.5 0.19 0.94 0.21

NPK alone; Chromolaena alone (Chr); Chromolaena + Urea (Chr+ NPK); Neem seed powder alone (Nm), Neem + NPK (Nm
+NPK), Parkia leaves alone (Pak), Parkia leaves + NPK Pak+NPK), Cowdung alone (CwD), Cowdung + NPK (CwD + NPK),
Poultry manure alone (Ptr), Poultry manure + NPK (Ptr + NPK), Melon shell powder (Mel), Melon shell powder + NPK (M +

NPK), Unmanured control (Ctrl)

TABLE 4: Dynamicsof microbial biomass-C and N asaffected by application of agricultur al wastesand a compound

mineral fertilizer

Organic carbon

Microbial biomass— C

Microbial biomass— N

Ratio of organic

Treatments (My/g) (ng/g) (ng/g) car bg?otrg argc(r: obial
30 60 90 30 60 90 30 60 90 30 60 90

NPK 124 164 162 611 456 372 79 63 50

(Chr) 125 155 150 423 305 241 71 60 46

(Chr+ NPK) 0.83 112 1.06 607 412 358 83 68 52

(Nm) 142 171 167 653 423 366 84 70 55

(Nm)+NPK 126 156 1.48 515 285 231 70 56 41

(Pak) 120 1.23 120 615 405 361 86 72 56

(Pak+ NPK) 094 103 0.98 511 296 237 72 58 42

(CwD) 106 130 116 631 408 417 82 70 54

(NCI;AIg * 121 128 124 508 283 234 68 56 38

(Ptr) 127 251 207 847 678 293 71 59 44

(Pr+NPK) 118 243 205 733 471 344 88 75 60

(Mdl) 144 175 170 656 427 369 87 73 57

(Md +NPK) 1.26 156 1.48 511 277 226 68 55 48

Ctrl 0.87 096 0.89 417 372 2719 64 52 36

LSD 0.36 0.68 0.53 34 37.9 214 95 11.3 8.4

NPK alone; Chromolaena alone (Chr); Chromolaena + Urea (Chr+ NPK); Neem seed powder alone (Nm), Neem + NPK (Nm
+NPK), Parkia leaves alone (Pak), Parkia leaves + NPK Pak+NPK), Cowdung alone (CwD), Cowdung + NPK (CwD + NPK),
Poultry manure alone (Ptr), Poultry manure + NPK (Ptr + NPK), Melon shell powder (Mel), Melon shell powder + NPK (Md +

NPK), Unmanured control (Ctrl)
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TABLE 5a: Dynamicsof mineral N asaffected by application of agricultural wastesand acompound mineral fertilizer

Treatments NH4-N (ng/g) NO3-N (NO,+NO3) (ng/g)

0 30 60 90 120 0 30 60 90 120
NPK 62 370 191 86 17 47 36 18 8 2.4
Chr 43 331 157 53 5 36 28 11 4 1.2
Chr+ NPK 54 363 173 71 11 42 32 15 5 15
Nm 40 326 154 54 6 34 26 10 4 13
Nm + NPK 52 347 168 63 10 41 33 13 5 1.6
Pak 37 322 152 48 5 35 25 9 3.4 11
Pak+ NPK 50 341 164 62 9 40 30 12 4 15
Cow dung 35 328 147 50 6 30 22 8 3.2 1.2
CwD + NPK 48 350 160 61 10 38 28 13 4 15
Ptr 37 334 148 54 7 35 25 8 3.1 1.0
Ptr + NPK 52 358 163 68 12 40 33 14 5 2.0
Melon shell 42 329 152 51 8 31 28 12 5 15
Me + NPK 54 344 171 61 12 44 32 15 6 1.8
Contral 31 293 130 47 4 31 22 6 2.4 0.8
LSD 8.2 11.6 14.8 125 4.3 8.4 5.3 4.2 21 0.6

TABLE 5b : Dynamicsof soil organic carbon and plant availablenitrogen of or ganically amended and unamended soil

Soil amendments Organic carbon (mg/kg) NO3-N (NO,+NO3) (ng/g) NH4-N (ng/g)
0 30 60 90 0 30 60 90 0 30 60 90
Unamended control 107 134 171 134 37 23 9 3 33 124 41 17
NPK (15:15;15) 091 119 164 128 41 36 18 8 58 191 87 34
Organic manure 118 243 205 165 35 25 12 4 37 243 108 46
Organic + NPK 113 136 176 148 40 33 14 6 48 268 116 54
LSD (0.05) 019 022 041 045 4.3 6.2 4.3 40 81 114 163 95

TABLE 6: Effect of application of agricultural wasteand mineral fertilizer on soil organic matter content after 3 yearsof
continuousmaize cultivation.

Soil amendments Initial soil organic matter (%) Final soil organic matter (%) O/Ioncg(a)nl\%e
NPK 15:15:15 (400 kg/ha) 1.93 243 0.49
Chromoleana (10 t/ha) 1.93 3.18 1.25
Chromoleana (7 t/ha + 120 kg/ha NPK) 1.93 3.82 1.89
Parkia (10 t/ha) 1.93 2.92 0.99
Parkia (7 t /ha+ 120 kg/ha NPK) 1.93 3.02 1.09
Neem seed cake (10 t/ha) 1.93 2.92 0.99
Neem seed (7t/ha + 120 kg/ha NPK) 1.93 2.73 0.80
Cow dung (10 t/ha) 1.93 3.05 1.12
Cow dung (7t/ha+ 120 kg/ha NPK) 1.93 3.15 1.22
Poultry dung (10 t/ha) 1.93 3.96 2.03
Poultry dung (7t/ha + 120 kg/ha NPK) 1.93 4.01 2.08
Melon shell (10 t/ha) 1.93 247 0.54
Melon shell (7 t/ha + 120 kg/ha NPK) 1.93 2.06 0.13
Unamended control 1.93 2.01 0.08
LSD (0.05) - 0.73 0.42
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Thevaluesof % C mic: Corg (indicator of micro-
bial activity intermsof the utilisation of organic car-
bon by the microbes and hence organic matter turn-
over rate) obtained could beindicative of greater ac-
cessof nutrientsfor microbes. Although the % C mi-
crobid to C organicratiowas stablefor all treatments,
itsmagnitudewas not constant but increased within-
creasesin soil C concentration. The results of this
study confirm that the organic wastes examined have
markedly different decomposition patternsconfirming
theresults of(*2,

SOM increased after two yearsof cultivationirre-
spectiveof theorganic wastesapplied (TABLE 6). Ap-
plication of organicwastes plusminerd fertilizer (NPK)
increased SOM over sole application of wastes. In soil
amended with poultry manure, highest SOM values
wererecorded, the control plotsshowed dight increases
(17%) in SOM at the end of thetwo year experiment.
Thetrendsof increasesin SOM stockswere poultry
manure, cowdung, chromol aenaand Parkiashoot bio-
mass, and neem seed cake gppliedin addition to 120kg/
haNPK minerd fertilizer.

Timetrendsin soil organiccarbon and plant avail-
ableN (NO,-N and NH -N)

Thetime changesin SOC contentsisshowninFig-
ure 1. Declining SOC with timewas obtained and the

[ Unamended 32l

MK

[C10rgani: manure

2 T =10mankc + Inorganic manure
m—_0]. {Linamended sol]

¥ =0.2016Lnjx} + 1.1252
R'=04758

—

organic carbon {35)

So

il 40 &l 120
Days after planting
Figurel: Timechangesin soil organic car bon content
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dedlininginthegtatusof SOCislinearly rated with (Y
=0.18x + 1.07; R2 = 0.34), Positive changes were
obtained at 40 and 80 DAP possibly viaincreased rates
of decomposition of added organic materials (SOM).
Declinesin SOC beyond 80 DAP may be associated
with declining SOM pool. SOCisoutstandingly higher
inorganically amended plotsthroughout the sampling
period. Theobserved changes can a so be attributed to
SOM-enhanced microbid population and activities.

Figure 2, shows changesin soil nitrate nitrogen
(NO,-N) contents with time, soil NO,-N decreased
withtimeduringthegrowth of maize. Thevauesof soil
NO,-N washighest at 20 and lowest at 120 days after
planting. Sole application of NPK fertilizer produced
the highest released of NO,-N, whichwasclosely fol-
lowed by combined application of agricultural wastes
and NPK. Theunamended control and plotsamended
with agricultural wastes had highest valvesof NO,-N
at 20 days after planting. However, at 40 days, sole
gpplication of agriculturd wastesreleased NO,-N more
than unamended control, thispattern wasfollowed up
to 120 days.

Thetime changesin soil NO,-N contentsis pre-
sented in Figure 2. Theresult showed that therewere
negative changesin soil NO,-N withtime. Sharp de-
clinein NO,-N with time under organic amendment
adoneandthecontrol, thismay possibly beattributed to

0

y= 48,04 T
R'=0.805

EIUnamendad sol
KNP

CJ0nganic manure
[C10mganic + Inorgani: manure
=== Puower (Unamended 5of)
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&
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g
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Figure?2: Timechangesin availableN (NO3-N)
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faster mineralization from SOM -enhanced microbial
population and activities. Losspathwaysof nitratesare
leaching, plant uptake and denitrification. Thenature of
the declinein NO3-N isrelated with timeby apower
function (Y =48.084x1; R2=0.91).

Figure 3 showstimechangesinNO,-N, itsvalues
increased from 20t0 40 DAP, declining trendsin the
vauesof NO,-N followed afterwards and aconsider-
ably low valueswereobtained at 120 DAP. At 20 days
after planting, soleapplication of NPK produced high-
est available soil NH -N, followed by application of
agricultural wastes plusreduced level of NPK. About
40 days after planting appeared to be period of peak
of NH,-N availability; The combined application of
wasteand NPK released the highest NH,-N, followed
by soleagricultura wastesand soleNPK fertilizer, un
amended control recorded theleast valueof soil NH, -
N. The pattern was consistent at both 80 and 120 days
after planting.

300

¥ = -26.75¢ + 130.65¢ - 57.25
R? = 05054

[ Unamended sof

ENPK

CI0rganie manure
C10rganic + norganic manure
e B0y (LIN3MEN e 5011}

230

200

Sofl NH4-M (mg/g)

e

| ’—I;
Days after planting

Figure3: Timechangesin soil availableN (NH4-N)

i

41 &l 120

Thetime changesin soil NH,-N contentsis pre-
sentedinFigure 3. Increasing trendin NH -N contents
inthe soil wasfound between 20 and 40 DAPfollowed
by declining NH4-N contents from 40 to 120 DAP.
Theinhibition of nitrification greater in organic waste
application combined with minera fertilizer (NPK).
Minera N enhanced inhibition of nitrification hasbeen

BIOCHEMISTRY (mm—

implicated in previousstudy where organic wasteswere
used in combination with mineral N*2. The nature of
thedeclineinNH4-N isrelated with time by apolyno-
mial function (Y =-28.75x + 130.65x -57.25; R2 =
0.61).

A completemineradiation of SOM and Thelowest
valuesof NH ,-N obtained fromthe applied fertilizer
wasobserved from soil samplesat 120 daysafter trest-
ment application may indicate completemineradiation
of SOM of the applied organic wastes

Theeffectsof soleand combineapplication of wastes
and minerd fertilizer onthe pattern of NH,-N release
among the applied wastesvaried. Thedifferencesin
the time dynamics of NH-N releaseis presumed to
have stemmed from the variabl e rates of decomposi-
tion of SOM which could explainthevariable effectsof
the applied agricultural wastesin slowing down the
nitification process. Increased soil retention of NH,-N
dueto slow rates of nitrification of applied fertilizer
materialsisreported'> 17,

Nitrification inhibition by wastesisknown, high
SOM contentsisreported to attenuate nitrification pro-
cessd, Agriculturd wasteshavethe potentid toinhibit
urease activity and slow downtherelease of NH,-N
into thesoil*2. Also, organic matter viaitssorption ac-
tion areprotected from rapid degradation and thisdows
down NH,-N release (Brady, 1990). Organic (agri-
cultural) wastes have been reported ashaving the abil-
ity to slow down nitrification process possibly dueto
their high contents of organic matter*2. Inthis study,
the gpplied agriculturd) wastes gppeared to have d owed
down thenitrification process, and following applica
tion, thehigh SOM contents could have attenuated ni-
trification process. In addition, under the combined
application of wastesand mineral NPK, agricultural
wastes could have possibly reduced nitrification rate
viadow hydrolysisof theminerd fertilizer (NPK).

Higher SOM contents are known to attenuate ni-
trification process. Organic matter viaitssorption ac-
tion are protected from rapid degradation which d owed
down NH,-N release (Brady, 1990). Hence the ap-
plied agricultural wastesexhibited differencesinthe
pattern of release of inorganic N in particular where
wasteswere gpplied with minerd fertilizer (NPK). The
poss bled ow nitrification of gpplied minerd fertilizerin
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treatmentsinvolving combined use of organic wastes
and mineral fertilizer would have affected therelease
andtheperiod of availability of NH,-N inthesoil. How-
ever reductionin soil NO, + NO,-N and NH,-N con-
tents under sole application of wasteswas obtained.
Slow release of NO, + NO,-N and NH,-N and re-
sultant increasesin nutrient availability timein the soil
for cropsmay imply abetter synchronization of nutri-
entswith crop demand and possi bly enhancement of
nutrient use efficiency of the gpplied manures/fertilizer.
Increasesinthe concentrations of plant availableforms
of N (NO, + NO_,-N and NH,-N) and its period of
availability in soil may possibly enhancethe use effi-
ciency of applied fertilizer and reduced ratesof soil N
losses.

Hencethe applied agricultural wastes exhibited
variable pattern of release of inorganic N. In treat-
mentsinvolving combined use of organic wastesand
minerd fertilizer, dow release of plant availableforms
of N (NO,-N and NH,-N). The possible slow nitrifi-
cation processof gpplied mineral fertilizer intheinte-
grated use of wastesand NPK may imply increased
retention of NH,-N and could prolong the period of
release and soil availability of NH,-N. Theincreased
retention of NH,-N and henceincreasesintimeavail-
ability of plant availableformsof N (NO,-N and NH, -
N).

Thedow ratesof thenitification of gpplied fertilizer
materialsmay imply increased retention of NH,-N and
henceincreasesintimeavailability of plant available
formsof N (NO,-N and NH -N). Rapid nutrient deple-
tionandlow fertilizer useefficiency especidly intropi-
cal agricultura systemsmay stem from high rates of
losses of nitrogen viadenitrification, vol atilization and
leaching™.

NO, + NO,-N and NH-N are the forms of soil
nitrogenthat arereadily availableto plants, NO,-N are
negatively charged and are not readily adsorbed by
negatively charged clay colloids. They arethus suscep-
tibletorapidlossesvialeaching (Brady, 1990). Low
rates of thenitification and increasesintimeof avail-
ability of plant availableformsof N (NO,-N and NH,-
N) may slow down nutrient depl etion. Lengthening the
period of availability of soil nutientsespecialy N may
bring about areduction in therates of soil N losses.
Reductionintherates of nutrient losses/depletion and

— Regular Paper

improvementsinfertilizer useefficiency will promote
and sustain ecosystem hedlth.

NH,-N released from the decomposition of ap-
plied manure/fertilizer are substratesfor soil nitrifying
bacteria. Differencesin amount of NH,-N in the soil
may be related to differences in organic matter and
CEC.

Agricultura wastesa one appeared to have nega
tively affected the population (and activities) of sail
microbial community possibly the nitrifying bacteria
and henceapossibleinhibition of NH,-N nitrification.
Thisinhibition appeared to have consequently in-
creased thetime of availability and concentrations of
NH,-N insoil. Brady (1990) reported that soil con-
tents of organic matter and CEC are basicto nutrient
retention.

Thequality of applied organic materialshad pro-
found effectson the soil chemical properties (status of
SOC and mineral N). In thisstudy SOC contents (a
potentially mineralisable N) varied among theorganic
materialsapplied. The carbonto nitrogenratioisan
indicator of the decomposing ability of soil organic
matter and consequently of the N supplying potential
of the soil. Thisvariation might have stemmed from
the C/N ratios of the applied organic materialsand
hence SOC and mineral N contentsinthe soil. Hema
et al. (1999) reported that the addition of organic
wasteswith low C/N ratio increased inorganic N in
soil inadditionto higher microbia biomassC. Inan-
other study, Paul and Mannan™ obtai ned higher mi-
crobial C and N formation through addition of straw
of high C/N ratio. Inthisstudy, theapplication of plant
litter/stubbleincreasestheinput of carbon into the soil.
Eaton (2001) reported that farming systemsof the hu-
mid tropicssustain soil quality and productivity by
maximizing nutrient (C and N) cycling, soil biotapopu-
lation and activitiesviathe application or retention of
plant litter/stubble.

CONCLUSION

Thisstudy examined the effects of integrated use
of someagricultural wastemateridsandaminera fer-
tilizer (commercidly avallablecompound fertilizer con-
taining N. P. K) on the fluxes of soil nutrientson a
Ultisol in ahumid savannaagroecol ogical zone of
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Nigeria Thecultivated field was organically manured
using partidly cured poultry manure, cow dung and plant
residues (shoots of Chromolaenaodorataand Parkia
biglosa (locust bean), neem seed cake (Azadiracta
inidca) and meonshell. Theminera fertilizer and agri-
culturd wastes gpplied increased stocks of organic car-
bon, microbial biomass C and N, and forms of plant
availableN (NO,-N+NO,-N and NH -N) in the soil.
Higher plant available N was obtained from the ma-
nured compared to unmanured soils. Theappliedres-
due biomass appeared to have contributed to the build
up of C stock inthe soil. Organic waste (livestock ma:
nureand plant biomass) anendment enhances/improves
short term fertility of the soil and its contribution goes
beyond itsroleof increasing SOC build up and asni-
trogen sourcefor crop growth but also determineaso
theresidua pooal of nutrientsinthesoil. Theagpplication
of organicwastesto agricultural soilscontributes not
only to the short term fertility but a so determinethe
residual pool of nutrientsin thesoil. Soil amendment
using organic wastes (livestock manureand plant bio-
mass) appeared to have enhanced the build up of SOC
beyond itsroleasnitrogen sourcefor crop growth. Dif-
ferenceswere obtained in the pattern and amount of
NO, + NO,-N and NH,-N released from the applied
wagtes. In particular, in treatmentsinvol ving combined
application of organic wastesand minerd fertilizer, ni-
trification process appeared to have d owed down and
the dlow release of plant availableformsof N would
haveincreaseavallability timeof NH,-N inthesoil. In-
creasesintheconcentrationsof plant avail ableformsof
N (NO, +NO,-N and NH-N) and itsperiod of avail-
ability insoil may possibly enhancethe use efficiency of
applied fertilizer and reduced rates of soil N losses.

Theresultswould advance knowl edge about the chemi-

cal and biological processes of fluxesof carbon and
nitrogeninthesoil following organicamendment. The
trendsin thetimedynamicsof Cand N inmicrobia

biomasswould help to fine tune nutrient management
strategiesespecialy for Ultisolsof thehumid savanna
agroecology. Tropica soilsunder organic amendment
inparticular, haveawiderangeof minerdization poten-

tid sand thisstudy enhances understanding of thefluxes
of CandN inatropical Ultisol.
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