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Seasonll variation of le:rching of nitrate under onion cultiv:rtion in sandy
regosols uncl its predictions by LEACHM-R{
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tlinvintnmcnlal Studics I'n44run, Universit), o/'l(ittni1tc1i, A4unitrthu, ('Lutudq

An invastiguti.n wu;t c'urriect ,ut v,ith ,,,,o:,:,:::'), ,,r,,u ,ut thc ,cs,trrt*t v*riuti*n rg ttitrrte
concenlrulion cluc lo dillarenl .larlilizar urrtl irriguliott ttppliculiott rules.fbr tinit;;i +'uil;t,ulit;tt itt
suncly rcgosol. Fiald c.rpcrinartt,\ v,are cotrduc'lad itt Ilullit'ulou, clurin14 Muhrt 2t)$'t und Yala

2005, u,sing lhu 3 nilrogcn rule,\ (0,70 und ll0 kg N/lnt) togelher with 3 irrigulion ruta,s (7, I1
untl 30 ntn),'l\rattt.v,\aven (27) c'.ylitnlric'ul l.ysintalars wara huill in ut lhc c"rparitutniul :;iic,:rnd rc:cl

anirtn (Allit!t,r c'alu: r,et. Valhulutt) tvu,t pluultd itt tha l.y:;itneler,r unil irri;tultd usittXg u ntiero
sprinklar,\.y\lailt w,ilh u dalivcry rule of'30 nntltr't. Nilruta-N c'ottc'cnlrt:i!ittu itt !lrr !auclwtc v,cre

dctcrminad cnlorintatricully hy tha (lutlniutn radtrc:litttt tncthtxl. / /icld,s't'ttla tnitlltauxrlit'u! rxxlal,
LEACIIM-N, tvu,t tt:;ed lo,sitttululc lhc c'ottcenlrttliort rt'Nitrule-N itt lltv lt'ri<'!tult, itt !ro!11 ,o;1't"1:;1111,q"

Thc Nilrulc-N c'ottcattlrulion durittg Ihlu 2005 sltttvved u c'lcur lrattcl uttti s.,1",',"ilt.^,i ;ita:;::.z.ritttuttt
permi,r,sihlc linil d'I0 tng/l wltic'lt wara.fittutd to he ltighar llttut lltr: t'ostt"*tlrrtliott:; oh,scrvttl
durin.g Mulru 2001. l'auk Nitrula-N cottcattlruliott oc'currcd ll-11 du)'.v,fitiiott'ing u./'i:rlilizcr
uppliculiott in tlta,fcrlilizacl lrculntanl,\ in Yulu 2005, wltic'h c'ould ha c'otnprrruhlt'rt,ith llu: litttc of'
peuk conc'attlrttliort during Muhu 2001 whera thc pauk wus obl;art,cr.l 9-13 duyr uf!t:r l'' tolt
tlrc,,;:;ing. Stuti,sticul unetl-y,,;is ituliculed lhul LEA('HM-N sinululed tht lvtilt'ulr-kt r:ottt-:t'rtlruliott,s
rcu:nnuhly v,all itt Muhu lhan in Yulu.

Kcywords: l,tlACl lM-N, loachatc, lysirrre tcr. leachirrg. sautly lcgosols

lntrotluction

Nitrogcn loss li.orn thc licld arrcl tlrc tlrrcat o1' arrdatlults(Sallcy, l9Q2).'l-hcfirostl$rnili0rpnoblenr

groundwatcr c.rrtar'rira(ior irrcrcasc rrrrclcr associatcd witlr elcvatcrJ lcvcls r:ll'nitrnte is

irrigation on sarrcly soils bccausc thc rritratc as a ntctltctttoglobirrcnria' or "b!ttqr hnby syttdrotne".

mobilcconr.arrrirrarrtisrlorceasily lcachcdthrouglr Many studics irr sri l'lttlkn liitl'r'' rcpor{ccl liig!r

sarrrJy s()ils, cornp()urrdccl witlr cxccss *u,'", tlitritlc cottcctttratiotls ill witlt:l'" which ltil{l lrcett

applicatiorrs. ln tdclitiorr to tlris, nitratc lcachirrg atiribtrtcd to itrtcttsivc ttse ol'l"ertilizers tur highly

typically occurs wlrcn l'crtilizer application ratci pcrtrtcltblc soils (KtrrrrPpttiti';tultuhi rl ul'. lt)95)'

excccd crop nitrogen requireurents (ltoth and lbx, 'l-ltcrclilre att uttclcrstalrdilrg of'tlrc ttteivctltent and

1990;.Jokcla, 1992; Cuilkrd et u:.,1995).'Ihus, traltsl'rort ol' No, atrd elrralrtifying the

rninirnizirrg tlrc nitrogorr lbrtilizer losscs liont tlrc ctlttcctttratitltt ol'tlitratt: bc5re11fl lhc root zotte is

crop liclds is a grcat oonccnl in view ol'irrcrcasirrg vcry itnpt-lt'tattt to av,,tid thr.' liround rvutcr
fertilizeruso cfllcicrrcy artcl reducittg grouttclwater contarnination.
contaminatiorr.

Mathcuratical rnodel".; anc uscl'ul tools lbi'
I'liglrcr levclol'N0.-irr rvatcr is unsal'c lbrrJrinking iltcgrlting tScsc difli:rclt prrl:css,.)s irrv,.riverel irr
astheNitrate-Nitrogcn concentratit'rn irr drirrkirrg N transport irr soil alclcair hc rrsq:4 iu loreeastitrg
watcrahove Maxintuttt Coutaurinarrt Lcvcl (MCL) llrw a systcrl will lrchavc urit[g1t actually rnakirrg
of l0 rng/l causcs scrious lrealth thr.cat tcl infants llcasurepletrts'i1 a ltltvsic:r i systcr' ('l'*ir.i i arrcl
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Gupta, l97S). ltt rcccltt ycitrs, dcvclopttlcrlt attd

application ol'ttrodcls to sitnulatc lrcld scalc N

translbrnrations atrd tttovct'tlctlt itl tltc tttlsaturatcd

zorrc of the soil protile ( I)odds cl ul., 1998; Ranros

and Carboncll. l99l ; Bcrgstrotn arrcl Jarvis. 1991,

Addiscott and Wlritrnorc, I987).

As thc coastal rcgiotts ol- []atticaloa cottsists of
santly regrt.s'ol,\ whcrc itttcttsivc ettltivation is

bcirrg carricd out with thc npplicatiott ol'cxccssivc
inorgan ic I'crt i I izcr,a nd i rrigatiorr, tlrc appl icatiorr

olI.EACl lM-N rvuuld trc usclirl for plcclioting the

n i t ratc cott tant i ttat it'ttt i tt grtltt ttdwator to roprcscllt

the natunl systent, attcl to use it in arr ohr.icctive

rnanncr lo gtr itlc hotlr tlrc littrtrL' rcscarclt cllbrts
and cu rrcttt nlilnagcnlctlt pract iccs.'l'ltcrc I tllc tltc
objective ol-this stucly was to detertttittc tltc nitrate

nitrogcn cortccntratiotts itt grottttdwator at sclce tcd

levels of I'ertilizcr artd watcr applicntiott rittcs.

Matcrials and Mcthotls

The ficld cxpcrittrcttts wcrc cclttelttctcd irl hlultu
2004 arrd Yulu 2005. at llarnakrisltrta nrisSiott, in

Batticaloa.'l'lrc cxpcrirttolttal site is locatcd arottttd

2.5 knr on thc Soutlr ol'llatticaloa towrr (latittrdc

71 43' N, longitude 8l'142' li). Thc arca is llat and

low lying with att olcvatiolt of 7.8rn {j'ottt tllcan

sea level.

l. Expcrimcntlrl tlcsign *ntl lnyout

l'he ticatnrcnts wcre arrattgcd in a split plot dcsigrt

rvith 'rrirre treatttrcttts irr 3 rcplicatcs. 'l'he

cxpcrinrental treattncttts wcrc 3 ttitt'tlgctt ratcs

(ref-crrcd to as 0, 70 arrcl 140 kg N/ha) togcthcr
w'ith 3 irrigatiorr ratcs (r'el'erred to as 7 Ittttt,
l4 rnm and 30 nrrn). 'l"hc irrigatiort trc:lttllctlts
wcrc assigucd as rtraitt plot litctor, rvltercas tlte

l-crtilizlcr trcatntcnls wcrc assigncd as sub plot
factor.

2. Prcparation of lysintctcrs

Twenty severr (27) lysimeters wert: prr: pilrcd usittg
plastic (50 crn diarnctcr and l00crn ltoiglrt) barre ls.

A slopcd cotrcrctc basc was laid at tltc botttlnt ol'
each lysirnctcrs to lacilitatc the pcrcolatittg rvatcr
to nrove torvards thc cxit lrole ol'outlct pipc. A
lnrnr wirc rncsh was llxcd at the inncr opcnirrg tlf
the pipc, which was again covcrctl with ltylorr nct
to preve nt thc soil particlcs fronr ntovittg rvitlr tlrc

lcacltate and draining irrto tlte collectiorl vessel.
'l'hc base ol'tlrc lysinrctcrs wcrc covercd with a 3

cnr laycr ol crttshcd gratt itc rock (coarser
particlcs). lirllowcd by whiclr a 2 cttt layerof'cltips
(fincr particlcs) belbre thc soil was llllcd, which

rcducccl thc cl'lbctivc clcpth ol'tltc lysitttctcrs ttr

95 cnr.

3. Lysinrctcr installations

'l-hc soil rvas oxcavatccl lirr l.l rtr dcpth arld thc

plastic barrols wcrc plitccd. 'l'lrc soil was packccl

irrto thc barrcl lu origirral btrlk clcrtsily ol'1.6 gcnl-

' 'fhc soil sttrlitcc ol' caclr lysinrctcr was kcpt
lcvclled. 'l'ltc outlcts ol' c:tch lysirtrcter barrcls

wcrc cxtcttdcd by buricd I'VC pipcs ( I .25 cnr

diaurctcr) to tltc sarnplirrg poittt to collect the

- lcachatc. 'l'hc pipes wcrc laid at a slopc of
approxinratcly tl-10% lo cttsttrc rapitl watcr flow
irrto sarnpling poittts. Wittct' was applicd to tlro
lysiurctcr attd tlrc snrootlt drairtagc at the outlet
was conlllrttctl. Alltltc outlcts pipes werc labelccl

to idcntily tltc rcspcctivc lysitttctcr.

4. lrrigation

Watcr was clclivcrccl ttsittg a nticro sprirrkler
systcrrr, putttpctl l'rottt a wcll ad.iaccttt to tltc
cxpcrirncrttaI sitc throttgltottt thc crtlppittg soason

with a 30 r'nrlrr-l dclivcry ratc. -l'ltrcc levcls ol'
irriglliorr trcalrttcttts suclt as 7, l4 arrd 30 ttttn wcrc

applicd. Accorcling to tlrc irrigatiott trcattttcttts, tlte

elrrruliou tll'irrigirtion wits tttanipulatcd to apply the

rec;trirecl anrol.rlt ol'watcl. Irrigatitllr was ttot

llrcscribccl rvhctt tltcrc rvits ltcavy raitt.

5-['lnnting

l{ccl orriorr (,'llliunt c'(l)u', vLrr, Vcthalan) was

plarrtcci orr l2'r'Octobcr. 2004 in Muhu andl2th
April. 2005 irr y:rla. 'Ihc lrulbs wcrc soaked in a
lirngicidc (I Iornai) bclbrc plnnitirrg.-

6. Fcrtiliz:rtion

'l'lrc l'crtilizution treatnrcnls rvcrc 3 rritrogcn rales.

rcl'ercd to as 0, 70 arrd 140 kg N/lta..Nitrogerr
was applicd according to tlrc lrcatnrcnts irr tho lbrrrr

of (Nll4),SO.r (21% N) and urca (46% N).
Nitlogcn was appliccl 3 tirrrcs rlurirrg lhc croppiug
scason. Control lilots rcccivctl rro N lL'rtilize r.

l8



ACRIEASI' 20 t0 (9) t,.17-27

T.Expcrinrcntal dcsign

The treatrncnts werc arrarrgcd irr 3x3 split plot
design in whiclr tlrc ilriglti,rn 1r"',,','r"lrts were
assigncd as tlrc rrrairr plot rrlrcrcirs tlrc rritorgen
appliCation ratcs wclc assignccl lrs tlrc sub plots.

S.Collcction anrl anllysis of lc:rch:ric irnd
irrigation watcr

Leachate sarnplcs liorn irrdividual outlcts were
collected continuously using plastic [rLrc[tcts arrel

the total volunrc wirs ntcasurcd. l,cae hatc salnplcs
werc obtaincd fiorn 3-4 days intervals lor N itratc-
N artalysis by pooling sub-sarnplcs ot' I00rnl
colleetc<J cvcry day. wlriclr rcprcscrrlctl cornltosite
samplcs ol'thc lcaclratc that had drairrccl durirrg 3-
4 days. Irrigation water was sarnplcd woekly iiorn
the wcll durirrg thc croppirrg seas()n.

Tablc l. Mctsurctl soil ;lropcrtics ol"slnt!y ragosols

Nitratcl]-N in tlrc lcachlltc as wcll as in tlrc well
wlter we rc dc{crrnirrcd colorillrctrically by tlrc
Cadnr i urn l{ccluc:tion Mcthocl { Kccny and Nclsorr,
1982) usirrg DR/l IACI I 20 l0 spcctro;rhotornctcr,
at thc liastcrrr IJrriversity, l]nlticaloa.

9.lnput l)nta to LltACllM-N
Soil dukr

The l.tlAClllVl-N rceluirccl u vlricty of irrput data
lbr st'ril physie:i[, ilSzclraulic nltcl clrcrnictl
clrarac!cristics, soil N tlalrslrlrrnirtiorr crtrrsliirits
weatlrer, crrvirorrlr.rcrrlal arrr'l crop ntanagcrnent
data ol'thc sirnrrl;ltir.rn sitc. lriiportant soil
properties irr charaetcrizing rritratc lcaching werc
clciclnrirrccl in tlrc laboratrlry" ierr wlrich soil was
sarnpled iii l0cr;r irrcrcrncnis up to 50 cln dcpth
('lhhlc l).

Soildcptlr
(cm)

Sancl '% silr ,2, Cl:ry'li' Iluld dcrrsily n"5
(crn/lrr)(g/ctttjl iiorosily Crganie

ear"biolt')'o

0- t0
l0-20
20-10

30-40

40-50

97.6
98.3
98.8
99.3
99.4

l.t
0.4
0.t
0.t
0.t

t.3
1.2

Lt
0.6
0.5

l..i
L(r

1.6

1.6

1"6

,q().:l
(){ }..1

()6.7

89.8
q2.4

i\ i'){r s )

L!"40

0.40
0.3I
0.3[J

0.08
0. t2
0.00 t

0.0
0.0

Crop lirclor

Oniorr root clistributiorr in caclr soil laycr was
cbtainccl liortr dircct otrse rvirtircrr oi' tlrc roots irr

the ficld. lt rvas obscrvcd thlt-rrborrl 907o ol'tlrc
roots wcrc lburrd irr tlrc top 5crrr iurrl thc rcrnairrilrg
l0%ol'thc roots wcrc distributcd withirr I 0 crrr. A
growing orriorr crop was assunlt:d to bc prcsent
throug!out the siurulatiorr period and witlr a crop
cover liactiorr o10.8 (liaction of land cove red by
the crbp),

Wealher Iltla

Da i ly poternt ia ! e:r,apo-trunslt i ltt iolr wls recordcd
rusirrg thc cvaporutionr pilrr a{ tlrc strrdy sitc, Daily
tnirxiniurrr arrel nrinirnrrnr air tcrnpcraturus arrcl

lairrfirlldata wcre oblaincclat the rrcarby Mctcoro
logical stal.ion in []atticirloa. I)nily potclrtial cvapo-
trarrspiration riata wcrc srnlrrnccl to calculate a
rvcekly total potential evnpr.l-tr;urspilation as
requ ircd try l- [iAf-' I I f\4-N.

l9
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Other inpul tlulu

Other input valucs wclc obtaittccl ll'ottt ptrblishcd sortrccs ('lablc 2).

Tabtc 2: LliACllM-N inglut Jr:rrrrnrctcr v:tlucs uscd to sirttulatc lcaclring tluring thc
licltl cxpcrirncnts

Model paranrctcrs Va lucs Re f'ercncc

Purtil iott c'oc.ffic'icttt, L kg t 
:

NH.r -N i
Nitratc-N

Molccttlar cl illusion coe lf icicnt itt watcr. ttrtttr tl-l

Syrrthcsis c I flcicnc',, litctor

llurni llcation liactiori

C to N ratio

M in i rnu ut tnetric potcnt i al lbr t rarts lbrtttfl ti()t)

Minarulizulirttt rula cott:;lctrtls, tl-t :

Littcr N

Marrurc N

l luntus N

Olhcr conslurtl,s d-t :

Denitrilication

N itrilicatiort

Amort ia volati I ization

Clothicr c/ (,/. ( 1988)

Hutson artcl Wagcnct ( 1992)

.iolrrrsorr at ul. (1987)

Johrtstrn et ul. (l9ll7)
Stcvcrtsott ( l9tl2)

Hutson and Wagettct (1992)

2.6

0.0

120.0

0.5

0.2

10.0

- I 500.0

Clark ( lt)t)4;

0.01

0.02

0.00007

0.00 t

0.02

0.6

Clark ( 1994)

I-lutsorr and Wagcnct ( 1992)

llutson arrcl Wagcnct ( 1992)

I lutson lrrd Witgcnct ( 1992)

Denitrillcatiorrlrall'saturatiorrcorrstarrt,rttgl,-r 10.0

Lirnititrg NO, to Nll., ratio irr solutiorr lbr rritrillcatiolt 8.0

10. Simulation ol'nitrulc lcaching lbr thc ficld
experimcnts

LEACIIM-N was cxcculed lbr thc croppirrg
season with thc sirnulatiorr pcriod bcgirrrrirrg liorrt
October l2r' 2004 to Novernber l0rr' 2004 urrd

from April l2'r'2005 to Jurre 30'r'2005.'l'hc
simulated ct'rrrccntration ol N itlatc-N I'rrlrn

LEACIIM-N wos c()nrpared witlr tlrc rncan ot'
the 3 replicltions ol'rncasurccl Nitratc-N lbrcach
treatnrent througltout tltc croppirrg scasort.'l'lre
sirnulated soil profilc was cqually dividcd into 20

horizontal segnrcrrts and nitratc lcaching was
sirnulated at a dcpth ol'L0 nt havirrg 5 cnr scgurcrrt
thickness.'l'lrc gppcr bourrdary corrclitiorr ol' the

sinrulatcd systcrrr was corrsidcrccl as a f'l Lrx

controllcd surlircc bourrdary durirrg tlrc pcriod of
evaporatiorr ancl rrorr- porrdcd irrl'iltration. 'fhe

prossuro polcntial ol'thc l'irst rroclc was sct to zero.

A lysirnctcr corrditiorr wus uscd irr tlre lower
boundary corrditiorr ol'tlrc sirnulatcd profile given
thc abse rrcc of'watcr tablc at tlrc sirnulated dcpth,
1'he prolile was assurned to havo ntoisturc content
close to lield capacity.

ll. Calibr:rtion of LllACllM-N

Colurnn lcaclrirrgexpcrirncrrts lrnd bccrr conducted
to caliblatc l.llACllM-N. Clalibratiorr is the

20
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proaess of adjusting the model parameters within
an accepted range to minimize the difference
between predicted and observed values. This
method assumes that some ofthe input pararneters
would apply for the field validation of the model.

Results and Discussion

l. Measured Tempornl Changes in NO. -

N Concentrations

Nitrate-N concentrations in leaehate exhibited a
strong seasonal pattern. The earlier peak of
Nitrate-N in leachate occurred at 3Omm of
itrigation in the N fertili2ed treatrnents in both
seasons. As expected, Nitrate-N concentrations
in leachates were consistently low (10 mgl r) ftom
all th'e treatments in Maha" But the eoncentrations
were slightly higher than the control during this
period, During the first t'w,o weeks of the study,
Nitrate-N in leachates rose for all treatments and
had 2 distinct peaks. The Nitrate-N concentration
from 7mml140N treatment reached a maximun.r
of ll.6l mg Nitrate-N/I, while other treatrnent
concentrations reached values below the MCI- of
l0 mg Nitrate-N/l during Maha.

The nitrate N concentrations during lhio showed
cleartrend and exceeded the maximurn perrnissiole
limit of 1 Omg Nitrate-N/l in the fertilized treatments.
All the treatrnents resulted in 3 peaks, which varied
with respect to the rate of fer"tilizer application
and the rate of irrigatiorr. At each N fertilizer
areatment, the peak concentration r"educed with
the increase in irrigation rate. These concerrtrations
during this period were found to be higher than
the concentrations observed during Maha" The
highest concentration af 42.5 mg/l was observe d
at 140 kgN/ha of fertilizer application at 7 mm of
irrigatibn. Nitrate-N concentrations at 0 kg l"r/ha
at all inigation rates were below l0 mg Nitrate
-N/r.

The trend in Nitrate-N cc-rncentrations eleari5,

showedthe effect of rainfall during Mshs.Intlrc
N fertilized treatments maxit4um peak
concentrations occurred 8- I 6 days after planting.
The N fertilized treatments resulted in an unclear
peak flux of Nitrate-N during the latter part of the

growing season in Yala. This could be due ter the
induced volatilization loss of the appl i ed fertilizer

as a re si;lt cf the inci'oased lnmperatrires (x3 l rC)

prevailed dui'ing h,fa'r'2005. The control treatmente
at all the 3 irrigafion ievels did not shorr,'any clear
peak fluxes and the effi:ct cf inigation en Nifrate-
N concentratior, r.rras nnii:signiiicant (P : 0.[J l9)

Ttre plots recsi'f'(:(i :ri-rorit 368"6mm rainfali and
about 91. 1 82 auri 173;nm of irriga.t"ion acecri-Jing
to the irrigatioir trr:atmt:nts ('7 inrn, i4 i-llm ancj 3S

mrn) during tlre first 2i rl*;,,s f'rlil.i,ing basal
agrplicatron in l4shq 2tJ(14. l'he I'Jifrate-bl
concentratioris iiir:reased up 1-o first 10 clar,,s *nd
had a mild trreak at the j;{ti'iay eiier planx.ing in
both of the N fertilize,J trc:*tm*nts, un,hich 

'vere
substanfially iolvcr rvhen eompared tc the peak
corr c€ntrati Lrn s ob s enre rl rl uri,r g i h/r;'firr th e sarn e

treatmerits. T'iris u,as rirre to ttie period ofirelatir,ely
high intensity rainfall ifi;ring.i-20 ri+1,s a.iier basal
fertilizer appiicatio:r, .:,'hie.n mi:r'lC lJitrate-fi
rapidlS" ihrough the X',.,simelcrs anr.! riilutcd tlic
Nitrate-l.J aon ceiitrat i{, ns a s r.,'*,1 1 . Ccmparntively
little anrorint of precipiistiicn rer:rivcii riuring ttie
first 3 days afte,- 1"1.o1: inressing (i'ttcp drcssing
'r.l'a s d oiie 3 rr".'ee i<.".; a {iel" p i ai r li ng } 1,,':,is ;:;.e c',:rinted
for 83nrm arrd r,r,'iih th+ :i.bsenc:e rri'irrigation, a
sl ight i ncre* s; in tlrc lli irrz't e-lr{ c cncentrati on s *f
leacirates in ail tlie trt:atmenls lv*le cirservee!"
Thus the |.Jitrare N crln^.:criti'iiti-r;': iric;eas*;1 il ,'t

decreasiirg trend in the subsequeni .1ays and did
not result in any pi:ominenl, pcaks. Tiiis tr*nd in
Nitrate-li e e;uceritralii-.ns fi:iioiveli. i1-,, f!1e i't fopr

dressing',1'ere unll-kclv t.{\ hi: rleasureri
ccntir:l;'--,1:r;i1,. due ttr the inxi:rruprfir;u in sampl*
collecrion ns e re:Lllt *f higir preeipital.icin.

Tlie Nitrafe- Fi conceir.rraiioars r'.rerur hrgl'.er rnd
becarne collcr:nfratsd riudng lclc " 

-fhis *lenrly
re flected the cft-ect cf f,ertiiire a applir,atia;r elur, np

this perii-'d. tsoth ]"{ fer"tilized ti:i'eal"raents e>:rstdnd
the lv{CL limit t:f l0 mg,il sevi-.ral tinies ;irrring this
period. The 140 kg }I,'ha trcatment resulteil in
ma;rim';m lerrhatc roreentri;tipns v/tlich''ver€
greater than those r,rbserl,erJ fnr: the 70 kg t'l/ha
trcatmciit at;rli tlre 3 irr"ig:lti*c lcvfils. Thr 140 kg
N /ha trealme ! ] t f{ i trste-l.i ie: r;iia 1 e cn; r :: r:ntratirin g

reached 4'2.5mgl1i.r,,liiie 70 ld cirh, reanhed a

maximuin af 20.4 mgrrtr lf llinin of inig:.,ticr:.
Horvever uo sigirificsiil ciifferetreer. iF:0.{}5i
existed alnong the I'l t:n'irr'*lltiaticxis i-'r" lear:hates
from [i]{ ir"eatnrerut pt lil iin,: j irrrration ;'nl-.:s.
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Following basal application, the concentrations
showed an increasing trend up to 13 da3,s un6
decreasing during the next l4-21 days after
planting, during which period the concentrations
were in the range of 4.7-9.7 mg Nitrate-N /l across
all the 3 irrigation levels when the fertilizer
application was 70 kg Niha in Maha" The same
trend was observed when the fertilizer applieation
was doubled but the concentrations were in the
rangeof 8.6-13.9 mgNitrate-N /1. The same trend
in corlcentration pattem was observed fotlorving
l't and 2"d topdressings in lala. From tleese
observations it is clearly sherwn tirat the maximum
peak concentrations occur in between 9-13 days
after a fertilizer application in the N fertilized
treatments in sandy regosols, which is
comparable with the tirne of peak during Maha,
where the peak was observed aimost at the l4th
day ofplanting.

Increased Nitrate-N eoncentrations Yala, may be
due to very little precipitation received, which
delayed the Nitrate-N movement though the soil
profile. As a result of crop growth in lysimeters
with fertilizers, the leaching Ioss of rvater further
reduced. Therefore water percolation as a fraction
of total supply was lower in Yala due to high rates
of evaporation and transpiration (Kendaragama
and Jayakody, 1 989). All these factors contributed
to the increased concentrations for Nitrate-N in
the leachates.

2. Mass of nitrate I{ in the leachate

Nitrate N leaching losses from the l),simeters
amended with different rates of fertilizer and
irrigation were significantly higher (P<0.05) than
from the control treatments. Comparatively higher
amount of nitrate N was leached from the 140 kg
N/ha treatment than the 70 kg N/ha treatment.
The Table 3 shows the amount of nitrate N lost at
different treatment combinations during l{aha
2004 and Yala 2005.

Paramasivam et ol. (2002) reported that
mineralizedN could afltct the distribution patternof
nitrateN inthe soil profile and leaching, althoughthe
contribution may vary with time since the
mineralization process ls affected by various
factors in the soil environment. Therefore, the
Irigher leaching losses in Yala 2005 could be
attributed to the addition from the mineralization
process where the conditions were favourable for
the nitrification process. Lower percentage of
losses in Maha 2004 indicates the effect of
denitrification as the water table was closer to the
surface during this period as reported by Astakie
et a|.,2007.

Simulation of Nitrate-N leaching using LEACHM-N

LEACHM-N was execLrtedfor Maha 2004 from
October-November aud for Yala2005, fronr April-
June.

S imul ated concentrations of Nitrate-N from each
treatment were compared with the mean of the 3

replicati ons of measu.red Nitrate-N concentrations
in both seasons. Comparison of Measured and
Predicted Nitrate-N concentrations are presented
in Figures 7 and 8. LEACHM-N did not accurately
predict N itrate-N concentrations in Yala, while it
produced satisfactory predictions irr Maha, as
indicated by rheir significant correlation coefficient
values ('l'able 4) for most of the treatment
combinations. The test of other statistical
approaches such as slope and intercept ofthe I :1
line, and mean differences did not provide non-
significant values, so that the correlation coefficient
(r) and Error percent (Er %) were only considered
in determining the simulation accuracy. The r
values were highly significant except the r values
obtained in 30mm/70N, 7mmlON and 30mm/0N
treatment combinations (Table 3). Furlher the Er%
and Root Mean Square Eruor (RMSE) values were
also found to be lower for all the treatments, which
indicate better simulation accuracy.
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Table 3. Measured leaching losses of nitrate N from different treatments
Treatment combination

l4mm/0 kgN/ha
30mmi0 kg N/ha
7mmi70 kg N/ha
l4mm/70 kg N/ha
30mm/70 kg N/ha
7mn/140 kgN/ha
l4mnll4A kg N/ha

43.8
44.7
43. 8
40.7

40.9

5.7
53.8
95. l

5.3
3 0.3
74.830mm/140 ks N/ha i

The RMSE values were found to be higher when
compared to the values obtained in Maha. Even
though there were poor simulation results for
Nitrate-N concentrations in Yala, it produced
Er%<1251. However, large deviations occurred
in between measured and simulated Nitrate-N
concentrations for some of the treatments
(Figures8g and 8i) and LEACHM-N failed to meet
more ofthe evaluation criteria for these treafinents
(Table 3).

Table 4. Statistical evaluation of simulated NITRATE-N concentrations by LEACHM-N
from different treatments

Treatment combination
Inigation Fertilizer
(mm) (KgNiha)

Jemison and Fox (1994) found that LEACHM-N
predicted the Nitrate-N concentrations fairly well
when the rate constants were calibrated for each
year. Therefore calibration ofthe model for Maha
and Yala separately could have resulted in better
simulations.

770
,,7 140

t40
t4 70

t4 140

30 0

30 70

30 140

7o
770
7 140

140
14 70

t4 140

300
30 70

30 140

0.64 -5.90

0.82* 7.80

0.92+* 9.20

0.90* -5.80

0.91** 6.58

0.81* 7.80

0.67 -15.10

0.44 3.60

0.87** 6,20

0.08 1.50

0.54+ 0.74

0.09 -0.007

0.26 -0.50

0.20 t.20

-0.20 -0.50

0.72* 2.80

-0.3 I 1.54

-0.05 r.1t

Mahu 2004

-0.34

2.28+

4.60"
-0.30

1.70+

3.3 0*

-0.66*

0.78

2.06*
Yalr 2005

0.90*

1.70

_0.02

-0.24

2.1 0*
-\.02
0.92"
1.90+

3.20*

0.83

2.51

4.9

0.79

1.77

3.7 4*
0.87

1.18

2.2

1.7

5.09

12.9

1.1

3.8

6.5

1.1

4.11

5.1

7.24

0.52*

0.48 *

12.4*

0,89 *

0.47+

4.60

0.5 8

0.67*

0.2a

0.54

0.08

0.40

0.20

-0.20

0.98

-0.20

-0.06

-4.01

-0.54

-1.41*

-7.50*

-1.36*

-0.59*

-1.30

0.32

-0.7 t

1.40

3.60

16.30*

1.50

4.70*
12.90*

-0.89*

6.00*

6.90*
* Signihcant (P<Q !5) di.fferlces between p-redicted and observed daJa, or significant corelation coefficient or slope estimates
or intercepts significantly different from 1.0 and 0.0 respectively. ** Highl! significant (p<0.01).
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Conclusions

These concentrations Nitrate-N during Yal a w ere

found to be higher than the concentrations
observed during Maha in the leachates. The
Nitrate-N concentrations were lower than the
MCL limit of 10 mgll in Maha where as it
exceeded the MCL several times during Yala.

Maximum peak Nitrate-N concentrations
occurred approximately tr-2 weeks (8-14 days)
after a fertilizer application in both seasons.

Statistical analysis indicated that the LEACHM-
N simulated the Nitrate-N concentrations
reasonably well in Maha tJran in Yala. Based on
the statistical criteria the overall perfonnance of
LEACHM-N was better in simulating Nitrate-N
leaching in sandy regosols.

Recommendations

Frequent small doses ofN-fertilizer application are

recommended in sandy regosols during Maha to
avoid high Nitrate-N concentrations in
groundwater due to heavy leaching. It is
recommended to calibrate the model with field data

obtained for a particular year and to use input data

which are site specific, so that the modelling
accuracies could be improved further. It can be

concluded that in extremely sandy soils, leaching
losses ofNitrate-N and groundwater contamination
due to Nitrate-N could be minimized by using
LEACHM-N as a decision making tool.
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