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Abstract — Availability of nitrogen (N) from compost is low
as N derived from organic amendments mainly acts tiough
the soil organic N pool. The mineral N content of @ampost is
low due to nutrient losses during composting. Thisstudy
examined the effects of combined application of cqmost and
secondary treated sewage effluent on the dynamic$ N and
the
mineralisation of organic matter in the soil.

A laboratory incubation experiment (120 days at 25C)
was carried out using two soil types (sandy loam anclay
loam), three N application rates (37.5, 75 and 154 total N
ha-1) five nutrient supply combinations of greenwas
compost and treated sewage effluent ((1&Rhpost + Oeivent),
(7&ompost + Oefﬂuenl)v (37-50mpost + 37-ifﬂuenl)v (112-50mpost +
37 .Buent) aNd (Qompost + 37.2fmuent)) @nd a control with no
amendment. Net N mineralisation (NMnet) was calculad as
the difference in the concentration of mineral N bawveen the
treatments and the control. Mineral N data was fited to the
first order kinetic model to determine the influence of the
nutrient combinations on the potentially mineralisble N.
Repeated ANOVA was conducted on the data to determe
significant differences of means. N mineralisationwas
significantly higher (p < 0.05) in clay loam soil de to
relatively low clay content (29%) suggesting N fixdon was
not significant. NMnet was significantly influenced by the
quantity of compost. Increasing the contribution ofcompost
in clay loam reduced NMnet. Priming effects on natie
organic matter in clay loam increased NMnet signifiantly in
(Ocompost+ 37-Eéfﬂuenl) and (37-50mpost+ 37-@fﬂuenl) treatments.
In sandy loam soil, during the first 30 days, addibn of
treated effluent resulted in N immobilisation in treatments
with integrated nutrient supply and effluent only ((Ocompost +
37-&fﬂuenl)v (37-50mpost + 37-@fﬂuenl) and (112-50mpost +
37.5muent)) Suggesting rapid microbial biomass growth.
Modelled potentially mineralisable N in clay loam sil was
not significantly different (p > 0.05) amongst the@reatments.

Our results suggest that the response to compost @n
effluent integration on N dynamics is soil specificincreasing
the quantity of compost in compost-effluent integréon in
clay loam with time resulted in reduced NMnet whilein
sandy loam, it improved net N mineralisation. Nutrent
integration can provide a means through which lessompost
is applied at the same time taking advantage of theeadily
available nutrients in effluent.

Keywords — Compost, Nitrogen Dynamics, N
Mineralisation, Nutrient Integration, Sewage Effluent.

[. INTRODUCTION

Compost application which is necessary to satis
nitrogen (N) requirement of crops is becominqn
increasingly popular due to the escalating pricéds o

inorganic fertiliser. Compost application enhancasient

influence of the treated sewage effluent on the

availability and organic matter status of the g@drkinson

et al. 1999). However, just like other organic admaents,
compost has low nutrient content as compared tgarc
fertilisers. Application of compost for crop prodien
increases crop yields through the contribution rgfaaic
matter, improved soil structure and better moisture
retention of the soil (Parkinson et al. 1999).

N derived from compost amendments mainly acts
through the soil organic N pool (Gutser et al. 2086the
mineral N content of compost is low due to nutrigsses
during composting. Although various site-specifictbrs
(e.g. compost maturity, composting conditions, elie
soil properties and soil management) may affect N-
dynamics in compost amended soils, the short-term
availability of N to plants is minimal since the jorty
(>90%) of total compost N is bound to the organipdol
(Amlinger et al. 2003). Net N mineralisation of coost
has been shown to be low, <15% of total N minegdli®
32 weeks (Hadas and Portnoy, 1994a) and <5%
mineralised in 90 days (Benitez et al. 1998).

The gradual N release from the soil organic-N od
the low mineralisation rates affect crop yield when
compost alone is applied as a source of crop mtidhe
end result is that high crop yields are often dssed with
increased compost application rates. For examgter a
applying greenwaste compost at a rate of 50 tamually
for three years, Parkinson et al. (1999) found tamidil
fresh weight yield response of maize of 31 t'ha
representing 75% increase relative to fields thetewnot
amended with greenwaste compost. Similarly, highdgi
of 9.9 and 10.9 Mg hawere obtained in treatments with
high compost application rates of 33.6 and 44.8 g
respectively (Smiciklas et al. 2008). AccordingSikora
et al. (2001), excessive application of compostdases
the levels of phosphorus and other ions in the tsailce
combining compost with others sources of readily
available nutrients e.g. inorganic fertilisers affiluent is
often considered an appealing alternative.

The readily available nutrients in sewage -effluent
(predominately N and phosphorus) can be utilised to
improve crop productivity. But after assessing ieutr
dynamics in soils amended with treated effluentam
incubation experiment, Ramirez-Fuentes et al. (2002
concluded that despite increased concentratiorrgznic
C, total N, microbial biomass Carbon (C) and N the

utrients could not maintain and sustain crop pectido.
ence they recommended application of additionabN
aintain the same level of crop yields.
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Although the effect of inorganic fertiliser - comgto Il. M ATERIALS AND M ETHODS

nutrient integration has been explored (Sikora kt a

(2001); Han et al. (2004)), the effect of secondmwage A gj|, Compost and Treated Sewage Effluent

effluent combination with compost is not yet well Sandy loam, clay loam and greenwaste compost were

understood. The objective of the study was theeefor ;oq for the incubation experiment. The soils and

examine the effects of combined application of costp greenwaste compost were air dried and ground te pas

and secondary treated sewage effluent on the dgsaohi ,,o,gh a 2 mm sieve. Particle size determinatias w

N and the influence of the treated sewage effleenthe  jone “for sandy loam and clay loam soils. Greenwaste

mineralisation of organic matter in the soil. Thias compost was sourced from MEC Recycling in

achi.eved by comparing the interactive effects afots | jncolnshire, UK and it was PAS 100 (Publicly

nutrient blends of compost and treated sewageeefflon  acceptable Specification) accredited. Secondarpte

two soil types. sewage effluent was collected from Cranfield Ursitgr
sewage treatment works. The initial analyses ofsthiks,
treated sewage effluent and greenwaste compost are
presented in Table 1 and Table 2.

Table 1. Characteristics of compost, sandy loamctaydloam soil used for incubation experiment

Compost Sandy loam Clay loam
Extractable P (mg/kg) 367 (97) 39.7 (0.7) 21.52 (0.77)
Organic matter (%) 38 (1.16) 3.7(0.17) 4.8 (2.1)
Dry Matter (%) 58 (1.73) 85 (0.08) 88 (0.12)
TP (g/kg) 2.8 (0.19) 0.84 (0.03) 0.61 (0.01)
pH 7.8 (0.02 6.8 (0.05 7.6 (0.03
NH,"-N (mg/kg) 476 (42) 2.67 (0.23) 3.7 (0)
NO; - N (mg/kg) 359 (34) 5.81 (0.19) 65.1 (1.14)
Total C (%) 21.5(0.54) 1.29 (0.02) 1.68 (0.024)
Total N (%) 1.65 (0.03) 0.12 (0.002) 0.14 (0.002)
CIN ratio 13 (0.13) 10.8 (0.08) 11.9 (0.15)
Sand 77 (1.8) 42 (0.4)
Silt 11 (2.1) 29 (1.1
Clay 12 (0.2 29 (0.7)

Values in parenthesis are standard error of thene&EM) and n = 3

Nutrient characterisation of the treated sewage and PQ®. For total N and K, treated sewage effluent
effluent was done by employing reactive kits using  was digested by heating at 120°C for 60 and 30 tequ
spectroquant Merck® test kits. The treated sewage respectively before adding to total N and K tedis k
effluent was filtered before adding to respectiwdl ¢
tests and mixing with reagents for NHN, NOs-N, K

Table 2. Chemical and physical properties of teated sewage effluent
PC* K TN NH; - N NO;-N P Conductivity
mg L™ (uS cm?)
Effluent 142(0.1 49(0 45743 9.7(01 27.7(04 329(1 764 (0.3 7 (0
Numbers in parenthesis are SEM with n = 3

pH

B. Incubation Experiment Field capacity was measured on a soil sample ofvkno
The incubation experiment involved the use of tcgge  volume that was fully wetted and then allowed tausider
samples in an incomplete randomised block design #fe drainage for two to three days). After freaidiage
sandy loam and clay loam soil. 300 g of soil waskpd had ceased, the water content of the sample was
into 0.5 L incubation beakers with a bulk densityl800 determined. Estimation of field capacity helpedi&wide
kg m? The incubation beakers were covered with @n the maximum possible quantity of treated sewage
perforated aluminium foil to allow gaseous exchangga  effluent that could be combined with compost withou
the outside gases. The soil samples were inculiatitte  exceeding the maximum water holding capacity of the
dark at 25°C for a period of 4 months. Moistureteahof ~ soils. To supply similar amounts of N through teght
the incubated soil samples was maintained at fiekewage effluent for corresponding treatments ig kdam
capacity by regular weighing and replacing the evaied and sandy loam soil, an average of the two fiefzthciies

soil water with deionised water (Fonseca et al.720ter for the clay loam and sandy loam was used. Thisltess
and Benbi 2003). in moisture content of 100 and 98% of water holding

capacity for treatments in sandy loam and clay |caits
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respectively. To minimise the evaporation lossewatier humidity, a water bath was placed at the bottonthef
from the incubated soil samples and also to regulaincubator.

NN —-

Table 3. Nutrient supply combinations and applaatates

o Nutrient application rate (kg N ™) Compost Effluent
Treatment combinations Compos| Erfluent (tOﬂ ha_l) (mI kg_l)
37 Ecomposit 37 Leffivent 37.t 37.t 2.2 39¢
112 .5 ompos +37 . Eetiven 112.5 37.t 6.€ 39¢
Ocompos + 37-Eefﬂuem 0 37.t 0 39¢
78compos T Ceffluent 75 0 4.€ 0
15Ccompos +Oefﬂuem 15C 0 9.1 0

Nutrient supply combinations were developed asach sampling time NfN, NO; - N and pH were
treatments to supply 37.5, 75 and 150 kg total Nt/ analysed from the soil samples. Total N and totavee
sandy loam and clay loam soil by either compodlyeit analysed at the start and end of the incubationeMi N
or a combination of the two. Table 3 and 4 summariee was estimated as the sum of N®& and NH*-N. NO;-N
compost-effluent blends, quantity of effluent ancind NH'-N were determined using tiBairkard Scientific
greenwaste compost applied to supply 37.5, 75 &0ck§ Segmented Flow Analyser - 2000. Sample extractiaa w
total N ha. Five treatments, nutrient integrationdone on 20 g fresh soil; 100 ml of 2 mol/l KCI b
(37 .Bompost + 37.LBsuen) SUPPlYing 75 kg h4 nutrient was used to extract the sample before filtratiomgus
integration (112.8mpost+37.%uen) SUPPlying 150 kg h§  Whatman No.4 filter paper. Measurements of totard
treated sewage effluent o{Qpost + 37.2muend SUpplying total C in soil and compost were made on fine gdoun
37.5 kg total N ha, compost alone ((€Snpost+ Oemiueny  dried samples by catalytic tube combustion using th
and (15@mpost +0eiuend) SUPPlYing 75 and 150 kg total N Vario EL Il CHNOS elemental analyser while pH was
ha' respectively. determined in 1:5 soil/water extract.

Soil samples were taken from the incubated soilthat
start and once every 30 days for a period of 13@.dat

Table 4. Quantity of compost and treated sewadaeeff applied in each treatment

1 Compost Treated sewage effluent
Treatment (kg N ha') (mg beaker™) (ml beaker™)
Ocompos + 37-Eefﬂuem 0 11¢
37-Ecompos1'|' 37-Eefﬂuem 354 11¢
112-Ecompos +37-Eefﬂuem 104¢ 11¢
75compos + Oefﬂuem 70C 0
15Ccompos *Oefiuent 140( 0

C. Calculations

At each time interval, net N mineralisation as sufeof the concentration of mineral N between the treatsnand
the integration of compost and sewage effluent wake control (Han et al. 2004). Net N mineralisatien
calculated based on the accumulation of minerah the presented per unit of total N applied (Eq. (1)).
soil. Net N mineralised was calculated as the difiee in

-Mineral N

Mineral N control 1)

amended soil

NM,, [ kg inorganic N kg" applied Iji= Eery
ota

applied

To model N dynamics, the first order equation vatte represent the accumulated mineralised N at timile k
mineralisation pool proposed by Stanford and Smitls the mineralisation rate constant and the amaint
(1972)as cited in Cordovil et al. (2005) was fitted t@ th potentially mineralisable N is given .
mineral N data to estimate the mineralisable N freeBch D. Satistical analysis

treatment (Eq. (2)). Repeated ANOVA (General Linear Models) in Statestic
9.0 was conducted on the data to determine signific
N_ =N, (1_ exp[—kt]) 2) difference of variances. Significant treatments ewer

separated using least significant difference obQuBing
) ) . Fishers LSD. Model fitting was done in Statistic® 9
This model was chosen so as to estimate the pallgnti ,sing non-linear least squares estimation and fTvies

mineralisable N as a result of the various nutrieniseq to compare the, ¥or the treatments.
amendment combinations. In the first order modl,
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. R ESULTS soil was observed for the {post+ 37.2fmuen) treatment
(Fig. 1). Net N mineralisation increased from 0.§ k
inorganic N kg applied N at the start to 2.5 kg inorganic
N kg* applied N after 60 days. After 90 days, net N
mineralisation reduced from 2.5 to 1.9 and 1.6 kg
inorganic N kg applied N on day 90 and 120
gespectively. The initial mineralisation for thieatment
was higher (p < 0.05) than for the rest of thettneats.

A. Nitrogen Mineralisation

Net N mineralisation was higher (p < 0.05) in degm
soil as compared to sandy loam. Net N mineralisatias
affected by the addition of secondary treated sewa
effluent as well as the characteristics of thessoged. A
significant increase in net N mineralisation inyclaam

—~ O0compost+37.5effluent
Zz 3.0 1
S @ 37.5compost+37.5effluent
]
=2 £ O75compost+0effluent
S 2.4 - B112.5compost+37.5effluent
r_@ @ 150compost+0effluent
zZ
=
o 1.8 A
c
[ ==
@
o
£ 1.2 1 &
o
& 8
: 8
= 0.6 A
i 1B
0.0 T T T 1 1
0 30 60 90 120

Incubation time (day)

Fig. 1. Net N mineralisation (Nj) in clay loam soil with various combinations ofhepost and treated sewage effluent
(p = 0.00). The values are the means of triplicatesvertical lines indicate standard error ofrtfeans (SEM)

High net N mineralisation was observed in treatmenfor the treatment @mpostt 37.%uend, fOr the (37.Smpostt
with either treated effluent alone or treated e@ffitiwith  37.%muen) and (112.%mpost+ 37.2mueny treatments it was
compost apart from the treatment (1lgsmst + 1.21 and 0.53 kg inorganic N kapplied N respectively.
37 5iwen). INcreasing the contribution of compost in a@On day 90, it was 1.01 and 0.42 kg inorganic N' kg
treatment resulted in a decrease in N mineralisation applied N for the (37 Gmpostt 37.%uend aNd (112.Rmpost
day 60, while net N mineralisation was higher (9.85) + 37.5muen) treatments respectively.

1.0 1

0.5 -

0.0 L_Ew . . . T %@;ﬁ
0 3 120

-0.5 - %

@ 0compost+37 &ffluer
BE37.5compost+37 &5l
-1.0 A £d 0O75compost+0effluent
B8112.5compost+37d3f

B150compost+&ffluen

Fig. 2. Net N mineralisation (NM) in sandy loam soil with various combinations ofrpost and treated sewage
effluent (p = 0.00). The values are the meansiplicates and vertical lines indicate SEM

M, (kg inorganic N kg applied N)
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In sandy loam soil (Fig. 2), the pattern of net NB. NOs -N and NH,"-N Concentration
mineralisation between 0 and 30 days showed rapidThe overall effect of nutrient integration on B and
decline for all treatments. The highest decline wasH,"-N concentration on treatments in clay loam soil
observed for the treatment{Quost+ 37-Quend 10 -1.1 kg revealed accumulation and increase of;N® with time
inorganic N kg applied N after 30 days. The declinewhile NH,"-N declined sharply in all treatments in sandy
started to reduce thereafter to the end of thebiaton. loam and clay loam. The decline of NKN in all
At the start of the incubation, net N mineralisatiwas treatments in clay loam was generally accompanied b
0.8, 0.4 and 0.2 kg inorganic N kgapplied N for the corresponding increase of NN, indicating that Nif-N
((Ocompost + 37 .Bvend,  (37.Rompost + 37.Rsuend and released from organic matter mineralisation wasifieid
(112.%0mpost + 37.8muend) treatments respectively. Theinto NO;-N. However, the contribution of Nf-N in both
presence of compost N in nutrient integration treatts in - soils was only significant up to day 30 after whith
sandy loam helped to increase net N mineralisas@® concentration was untraceable in all treatments. Fia &
Fig. 2). Increasing compost contribution as in timent b). At the start of the experiment for the (11n5ost +
(112.50mpost + 37.%ueny resulted in an increase of net N37.5uend), (Oompost + 37-2fuend and  (37.Bompost +
mineralisation. On day 30 and 60, net N minerdbsat 37.54,,) treatments, Ni-N concentration was 30%,
was -0.5 and -0.54 kg inorganic N kgpplied N for the 23% and 35% of the inorganic N respectively befibre
(37-50mp05t+ 37-ifﬂuent) treatment while for (11265np05t+ became undetectable.
37 Sueny treatment it was -0.2 and -0.16 kg inorganic N
kg applied N respectively.

NN —-

16
(a) 14 —— (Ocompost+37.5effluent
- 12 —aA: = 75compost+0effluent
E 10
Z 3 —x- = 112.5compost+37.5effluent
ér 6 --=--control
G
2
0 —a— %
0 20 40 60 80 100 120
Incubation time (day)
14
(b)
12
—&— (compost+37.5effluent
Cﬂlos&
&n . —a& - 75compost+0effluent
-
w 84 \
E g —X: = 112.5compost+37.5effluent
+Z'¢ 6 1 = ===-=control
Z 4 4
2 -
0 = T % T ‘
0 20 40 60 80 100 120

Incubation time (day)

Fig. 3. NH,"-N dynamics in (a) sandy loam (b) clay loam soil wiltious combinations of compost and effluent (p =
0.01). The values are the means of triplicatesvantical lines indicate SEM

NO;-N increased significantly from 25 to 99 mgg 121 mg kg. A similar trend was observed for all
(Fig. 4b) in the first 30 days for the (11@®&oest + treatments with a contribution of effluent N ((13mpost+

37.5muen) treatment in clay loam, after which the increas87.%uend, (37.2ompost +  37.2ffuend anNd  (Qompost +
was at a reduced rate to 125 and 130 m'ﬂ; dal on day 37.5muenp). The changes in NON were significant with
60 and 90 respectively. On day 120, NN reduced to time (p < 0.05).
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The interaction of time and soil type was signifitg  loam it was 0.1 mg N©N kg N day'. However,
different (p < 0.05) for both soils in terms of BMI. On  between day 30 and 60 the rate reduced to 0.6 mgMNO
average, there was an increase ofsNOwith time with  day" for clay loam while for the sandy loam, it increds
the greatest increment observed in clay loam sbilsing  to 0.23 mg N@-N day".
the first 30 days, the rate of NON accumulation in clay
loam soil was 2.8 mg NON kg* day' while for sandy

NN —-

16!
(a)
. 120 4 —&— Ocompost+37.5effluent
—
2 —A - - 75compost+0effluent
(o)
3 80 —x — 112.5compost+37.5effluent
T e control
o}
2
160 -
3
— — — %-—- —— $
IV N o Ly I o ""?
E,
= | AT e t
= 80 -7
- T
(':c; —&— (Ocompost+37.5effluent
Z —aA: - 75compost+Oeffluent
40 —X: = 112.5compost+37.5effluent
===== control

0 T T T T T T 1
0 20 40 60 80 100 120

Incubation time (day)

Fig. 4. NGQ-N dynamics in (a) sandy loam (b) clay loam sothwiarious combinations of compost and effluent (p
0.00). The values are the means of triplicatesvantical lines indicate SEM.

treatments, the decline was from 10.6 to 2.1 mg ol
treatments with effluent N in sandy loam soil{(@.s+ and 8.3 to 1.8 mg kg soil respectively (Fig. 4a).
37 . 5fuends (37.R0mpost + 37.8iwen) and (112.§mpost + However, NQ@-N in the control treatment in between 30
37 5iwend). NOs-N declined from 8.3 to 2.5 mg Rgfor to 90 days was significantly high (p < 0.05) tham i
the treatment (37cfmpost + 37.%muend) While for the treatments with nutrient integration and efflueloing.
(112-Elompost + 37-5fﬂuent) and (Qompost + 37-5fﬂuent)

Copyright © 2016 1JRAS, All right reserved
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C. Impact of Compost and Effluent
Combinations on Potential Mineralisable N
The mineral N data was fitted to the one pool madel
Stanford and Smith (1972) to determine the infleent
the nutrient combinations on the potentially mitisedle
N. This model has been successfully used by othitoes
to describe potentially mineralisable N in soils esrded

NN —-

Nutrient
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mineralisation for these treatments in clay loaofeed
the pattern as described above by Stanford andhSmit
(1972).

The results of the model fitting for treatmentsclay
loam soil are presented in Fig. 5. Increasing themntjty of
compost as in treatments (3&wpost + 37.2fueny and
(112.80mpostt 37.%iiueny resulted in a lower dof 124 and

with organic materials. According to Cordovil et. al 117 mg kg respectively (see Fig. 5). In treatments with

(2005), the value of potentially mineralisable W) varies

effluent (Qompost+ 37.%iiueny @and compost alone (fapost

with factors such as moisture, aeration, tempeeaturt Oeuend, the value ofN, was 127 and 108 mg Kg

nature and amount of organic matter, nature anduatraf
crop residues left in the soil, and other physicakmical
and biological factors.

respectively (see Fig. 5 ¢ & d). Though not sigraifitly
different (p > 0.05), the readily available N franeated
sewage effluent likely influenced the potentially

The one pool model assumes a mineralisation patteftineralisable N for the (Gnpost+ 37.2uen) treatment.

showing an initial rapid mineralisation followed by
slower linear release of N (Stanford and Smith }9TRis
probably explains why the mineral N\, data for
treatments in sandy loam soil could not be fittedtte

For the treatment (18Qhpost+ Cermuend, the one pool model
could only be fitted to results of the first 90 ddgee Fig.
5e). The reasons are unclear, but we can assdhiaté
the variability of N dynamics that occurred aft€r @ays.

model. The My, data for treatments in sandy loamHowever, theNo determined (122 mg Kgsoil) was higher
followed the pattern that was described by Chae ar@@n for the (7&mposi*+ Oeiuen) treatment. Increasing the

Tabatabae (1986) as showing an initial immobileatof

compost application rate from 75 to 150 kg N'ha

N, followed by N mineralisation. However with freatments supplying compost N alone did not
satisfactory results, the one pool model was fitted Significantly increase this,
treatments in clay loam. This was because therpatfeN
140 - 140 1
(@) ~ (b)
~ 120 1 a7, 120 . _
2 "o 100
~ J a0 _
& 100 é
= 801 N = 124 x (~exg°%) z 507 N = 117 x (-exg %)
= S r-=0.86
g S 40
= 40
20 20
0 T T T T ] 0 L) T T T ']
0 30 60 90 120 0 30 60 90 120
Incubation time (day) Incubation time (day)
140 -
140 - (d)
= 120 | %o 1207
! — a
2 100 -+ 0 100 -+
2 E
Z 80 A 7 80 1
Z = _ -0.04
60 1 = 60 A Nm=1C8 x (I-exg ")
?5 N = 127 X (-exp°%) 2 r?=0.99
g 40 1 r’=0.94 S 40
=
20 20
0 L] L] L] L] 1 0 L] L] L] 1
0 30 60 90 120 0 30 60 90 120

Incubation time (day)

Incubation time (day)
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100 +

80 4
60
40

Nm=122 x (1-exp°®)
r*=0.99

Mineral N (mg kg'!)

20

0 30 60 90

Incubation time (day)

Fig. 5. Net N mineralisation from treatments inyd@am soil:

(a) 37-5ompost+ 37-ifﬂuent; (b) 112-5omp05t+ 37-ifﬂuent; (C) Q:ompost"' 37-5fﬂuenh
(d) 720mpostt Oefiiuent (€) 15Qompost+ Ostiuent KeYy: , model; » observed valug, N N, accumulated at time, t.

The mineralisation constantsk)( that denote the available organic substances, because the microbial
guantity of mineralisable N released in a day (8end community do not need time to adapt to the added
Pomares 1992) for the nutrient integration treatsiensubstances. This was observed in treatments witfient
((37.%0mpost + 37.8uend @Nd (112.8mpost + 37.%smuen))  integration and effluent as a single source of iamts.
was high (p > 0.05) than for treatments with compds Increasing the contribution of compost in a nutriempply
alone. In fact, thé for the nutrient integration treatmentscombination resulted in reduced net N mineralisatithe
were greater than 0.013 dhyeported by Eghball (2000) treatment(37.8ompost + 37.5%uen) registered significantly
for composted beef cattle feed-lot manure, 0.0@7016 higher net N mineralisation as compared to (1dpest+
day' by Dossa et al. (2009) for organic N in the sBii03  37.5uen) despite the former having a low N application
— 0.006 day (Mungai and Motavalli 2006) for green rate of 75 kg N ha (see Fig. 1).
waste manure. It is worth noting that NM for the treatment Qmpost+

The mineralisation constantsk)( obtained for the 37.5uen) in clay loam from day 30 to the end of the
treatments from the one pool model were not sigaifily incubation was significantly higher (see Fig. 1)heT
different and close to each other with an averd@@e0509 observed NN released from the amendment (effluent)
day". Similarly Ribeiro et al. (2010) found no signiditt was higher than the applied total N. For exampledan
differences when they compared mixtures of compuat, 120, NM,,;was 1.57 kg inorganic N Kgapplied N. Azeez
manure and fertiliser. Since there is an inverkiomship and Van Averbeke (2010) observed up to 400% of téta
betweenN, and k (Wang et al. 2003a), Cabrera et almineralised when they amended sandy clay loamwsthil
(2005) suggested using a constatd model theN,. When goat manure while Eneji et al. (2002) found 155%haf
this approach was used, the models were significantadded N mineralized in urea amended soils. Singijlarl
different and N, decreased with increasing compost®bbasi and Khizar (2012), reported N mineralisatibat
contribution. The pattern established was.{Qsi + Wwas larger than the applied total N. All these atgh
37 . 5fuend > (37.R0mpost + 37.8swen) > (112.8.mpost +  attributed the extra mineralisation to the releafSaitially
37.5muend. IN treatments with compost alone {fp.st+ immobilised N due to death of the microbes and aism
Ocfiiven) aNA (15@mpost+ Gefiuend, No was 105 and 111 mg the microbial cell metabolism.
kg respectively Priming of soil's native organic matter could haso

been a source of the extra mineralisation for tbatiments
IV. DISCUSSION (Ocompost + 37-5fﬂuent) and (37-§Jmp05t + 37-5fﬂuent)-
According to Diaz et al. (2008), it is possiblettsame of

The results from the study indicated that Nhe N attributed to the N sources could have oaitgid
mineralisation was high in clay loam soil and ieaiments from the soil organic matter if there was any prigi
that had compost-sewage effluent amendments aftfect caused by the addition of readily availaleThe
sewage effluent alone. The high net N mineralisatio readily available N in secondary treated effluemtyrhave
treatments (Qmpost+ 37-Bwends (37-Fompost + 37-Bfuent) influenced priming of organic maitter in clgy Iogmlls
and (112.5mpost+ 37.Buen) could have been influenced Alf[h(')ugh this cannot be subs'tannated in this study
by the predominance of effluent — N in mineral fornPriming effects have been described as being sistadit
(Fonseca et al. 2007) and low C/N ratio of theted time and occurring immediately or shortly after itidd of
sewage effluent. specific substance to the soil (Kuzyakov et al. @00

According to Kuzyakov (2000), the release of mihata Fontaine et al. 2003)
without a |ag phase is common after the addmoreaﬁ”y Nitrogen immobilisation is often associated withe th

usage of mineral N by the microbial community; adiu
Copyright © 2016 1JRAS, All right reserved
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other authors have interpreted negative N mineriidis as than sandy loam. At the end of the incubation, a
N immobilisation (Burgos et al. 2006) by microbialsignificant reduction of total C was observed imda
biomass. However, negative mineralisation does naiam (from 1.23% to 1.18%) while a decline in tofain
necessarily relate to N immobilisation by soil noloes clay loam was not significantly different (p = 0)1@he
because of a possibility of high denitrificationsses significant decline of total C in sandy loam wasnfr
(Calderon et al. 2005). According to Smith et 4B98), treatments with compost alone ((f&ost + Ostiivend @nd
gaseous losses of N by denitrification or voladifisn can  (150mpost+ Geiueny) While no significant differences were
potentially cause large errors in estimates of hilability —observed for treatments in clay loam.

of organic amendments determined by laboratory Apart from C/N ratio, temperature and moisture eoit
incubation, depending upon the experimental cooruti soil texture is another important factor that iefices the

Using an average field capacity as a basis foate and percentage of the total N mineralised. [d5 of
determining the quantity of effluent to add to tendy N through denitrification is higher in fine textaresoils
loam and clay loam may also have influenced Nhan coarse-textured soil, in fact according Paafid Salt
mineralisation. This approach probably resultedo int(2001), net N mineralisation follows the order: danclay
wetter soils in sandy loam. According to Myers &t a> silt, however N mineralisation rates in our study
(1982) in soils wetter than or close to field capadchere suggested the opposite. Mineralisation rates were
is either considerable depression of mineralisatioa net significantly higher in clay loam soils (p < 0.08)an
loss of mineral N. Guntifias et al. (2012) foundtttitee sandy loam soils. The relatively low clay contemttihe
optimal moisture content for N mineralisation wi8@of clay loam soil (29%) and the experimental condgion
the field capacity but mineralisation at 100% of diel suggested that fixation in the clay loam soil wast n
capacity was only slightly lower than that obtaire®0% significant hence high N mineralisation. Pare and
while Rowel (1994) suggested that losses of N byGregorich (1999) found lower N mineralisation inl sioat
denitrification are minimised when the soil is ntained had high clay content of 54% after amending thevgioh
at approximately 60% of field capacity. alfalfa residues.

In our case negative NM from treatments in sandy In sandy loam soil, net N mineralisation at thetstas
loam soil signified not only N immobilisation in éh significantly high in treatments with effluent N
treatments but also that N mineralisation was suitistl in -~ contribution. This indicated that effluent N made a
the control without any amendment as compared o tisignificant contribution to the net N mineralisatiat the
treatments. This lower rate of net N mineralisafiorthe start of the incubation. After 30 days, the disawpace of
presence of compost and/or sewage effluent could Hee initially high NH" -N (in the greenwaste compost)
partly due to N assimilation by the growing micrmbi may have also influenced the negative mineralisatio
biomass that was stimulated by compost, effluedtssil (Calderdn et al. 2005). Burgos et al. (2006) alsted
organic C. When either effluent and/or compostaateéed, markedly reduced NH-N until 6 weeks after which N
the adaptation of the soil microbial community is-N content was zero. Disappearance of,N#M has been
disrupted and a new equilibrated state is requited attributed by Hadas and Portnoy (1994b) and Haal.et
enhance N mineralisation. In the control in sanolym (2004) to the assimilation of N by growing micrdbia
soil, soil microbial community are well adapted & biomass stimulated by the organic and inorganic N
certain environment and respond accordingly tolt@WN amendments. According to Fonseca et al. (2007) dbss
mineralisation. Above all, the low C/N ratio of tsandy NH,"-N is strongly linked to microbial N immobilisation
loam soil (10.8) guaranteed N mineralisation frone t as it is the most preferred microbial inorganic N.

-1

control. A C/N ratio of 15 is a critical limit segzing soil The influence of compost-effluent nutrient integrat
groups with higher or lower N release (Springob andn N dynamics and N mineralisation has been soil
Kirchmann, 2003). specific. This could be explained by the initialfeliences

Availability and access to substrate by microbem fertility of the two soils (see Table 1). In gllbbam soil,
influences nitrification. Howeveavailability of substrate the influence of the treated sewage effluent reduibto
can be limited by protection of N from microbiatatk inorganic N accumulation in the soil. Treated sesvag
through sorption or fixation of organic N and NHN by effluent had a pronounced effect on treatments lay c
soil clay minerals (Wang et al. 2003@)reatments with loam while in sandy loam its effects resulted in N
nutrient integration of compost and treated sevedfieent immobilisation at the start of the incubation.
provided enough substrate to microbes and theThe immobilisation that took place in treatmentghwi
replenishment of moisture regularly during the ioation  effluent N at the start affected inorganic N acctatian in
period helped tandermine the protective mechanisms ofandy loam soil. This immobilisation was likelyasesult
clay minerals hence large amounts of organic N eca of an increase in the reproductive rates of micsodker
available for mineralisation and subsequent niifion the addition of readily available N and soluble anig
Above all, C availability is an important factorrtmolling  matter through the sewage effluent. According tdadh
N cycling in soil. According to Hart at al(1994), and Khizar (2012), the increase in microbial repiaitve
microbial demand for N declines as C availabiligclihes rates results into a competition for nutrients and
hence more NK-N become available to autotrophicsubsequent trapping of nutrients (immobilisatiofhis
nitrifiers leading to NH-N conversion to N@-N. phenomenon was more pronounced in sandy loam which
Initially, total C was significantly higher in cldgam soil was also low in fertility as compared to the clagarh.

Copyright © 2016 1JRAS, All right reserved
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This means that even the native N in the sandy lcauid (3]
not provide enough substrate for the microbial pegn
after applying the sewage effluent. The extent #mel 4]
duration of N immobilisation in sandy loam soil d{fos:

+ 37-ifﬂuent)- (37-5omp05t+ 37-ifﬂuent) and (112-émp05t+
37.5mueny) Can potentially present serious problems 0[15]
crop growth due to limited availability of inorganN.
However, the increase in N mineralisation afterd2gs
guarantees continuous supply of inorganic N fornpla[6]
growth.

-1

(71
V. CONCLUSION

The analysis of the data has shown that the respians 8]
compost and effluent integration on N dynamicsdd s
specific. Different patterns of N dynamics have rbeelf]
shown as a soil response to the different comtinatif
compost and treated sewage effluent: an initiabdrapt N
mineralisation followed by a slower release of M détay [10]
loam soil and an initial period of immobilisatioallbwed
by a continuous N mineralisation period for sandgnh
soil.

In clay loam, increasing the quantity of compost in
nutrient blending resulted in a reduced net N
mineralisation. At the end of the incubation, (3dngost+ 2
37 5ueny treatment registered net N mineralisation of O.él
kg inorganic N ké applied N while (7&mpost+ Osfiuend
and (112.%mpost+ 37.Rueny) treatments had 0.5 and 0.3[13]
kg inorganic N k¢ applied N respectively. While in sandy
loam with time, increasing the quantity of compost
improved net N mineralisation. However, N mineraien  [14]
was higher in clay loam soil as compared to sawodynl
soil but in sandy loam soil moisture content likely
influenced N mineralisation. [15]

The extent and duration of N immobilisation in sand
loam under compost-effluent blending could potdiytia
produce serious risks of N deficiency to plantsisTtan (16]
affect plant growth for a period of at least onenthcafter
addition of the amendments. However, nutrient irdégn  [17]
can provide a means through which less compost is
applied at the same time taking advantage of thdilse
available nutrients in effluent. 18]

[11]
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