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ABSTRACT

Selecting the type and amount of proper fertilizers containing nitrogen, to
achieve maximum production with minimum adverse environmental effects
is essential. The purpose of the present study was to study the effect of
slow released fertilizers made by nanotechnology on nitrate leaching and
its distribution in the soil profile compared with urea fertilizer in potato
cultivation. The treatments included Nano- Nitrogen Chelate (NNC),
Sulphur Coated Nano- Nitrogen Chelate (SNNC), Sulphur Coated Urea
(SCU) and Urea (U) in 3 levels of nitrogen input by designing a factorial
experiment in CRD with 3 replications. The results of variance analysis
showed that each treatment had a significant effect on yield and leaching
and soil nitrate. So that soil nitrate during the growing season of potato in
NNC, SNNC and SCU fertilizerswere 10.36%, 29.92% and 23.95 % more
than U fertilizer, respectively. Comparison of nitrate leaching treatments
showed that NNC, SNNC and SCU fertilizersleading to areduction of 33%,
41% and 6% nitrate leaching in compared to U fertilizer. In contrast, the
potato yield with using fertilizersof NNC, SNNC and SCU were 38 %, 45 %
and 43 %, respectively more than U fertilizer. In total, according to higher
production and nitrate leaching effects on human health and the
environment, the use of Nano-Chelate fertilizers are recommended.
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INTRODUCTION

Nitrogenisone of themost important macronutri-
entsin accessto yield and suitable quaity in cropspro-
duction. Thelack of thiselement can beseen morethan
other nutrients. Alsolesssoil isfound without need for
nitrogen® Nitrogenisessentid for plant chlorophyll. It
also causesincreasein crop proteinand thenit’s yield.
But too much useof nitrogenfertilizerisn’t economical
and can a so contaminate groundwater resources. Ni-

trogen leaching into groundwater creates seriousenvi-
ronmenta problemsthat areaconsegquence of the oxy-
genlackinliving bodies*d. Therefore, to achieve sus-
tainableagriculturewith moreyield and maintaining the
society’s health is the goal of researchers in agriculture.
Inthisregard, useof chemicd fertilizershaslong been
condemned because of their harmful effectsontheen-
vironment and quality of agricultura products, and re-
searchersarelooking for better alternatives. Suitable
management of water and fertilizer! or changesinthe
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structure of fertilizersand utilization of new technolo-
giescan havepostiveresultsinreducing nitrogenleach-
ing®. Nanofertilizersand dow released fertilizersare
appropriate aternativesto conventional fertilizersfor
gradud and controlled supply of nutrientsin soil. Alter-
native nanofertilizerssuch asnano-che ate with chemi-
cal fertilizersreduce pollutionswhichiseconomica,
According to astudy of Cui et al®, nanotechnol ogy
can reducetherate of fertilizer nutrientslossthrough
leaching andincreasetheir availability to plantswhich
ultimately leadsto reduced water and soil pollutioni*®!,
According to a study of Naderi and Danesh-
Shahraki™®, nanofertilizers causeincreased nutrient use
efficiency, reducesoil pollution, reducefertilizer appli-
cation number and ingenerd, to minimizethe negative
impacts of fertilizer. By using nanoparticles and
nanocapsules suitable fertilizer can be produced.
DeRosa et al.®! and Barmaki et al.[® reported that
nanofertilizersapplication canincreasenutrient efficiency
andyield substantially. Theresults of Peyvandi et a .54
study about comparison of effect of nano- iron chelate
and iron chelate on Basilicum growth parameters
showed that nano-chd ate use efficiency washigher than
ironchelate. Smilarly, theeffect of nano- iron chelaein
comparisonwithironchdaewassgnificantly ongrowth
and activity of some antioxidant®2. Akhlaghi (2005)
reported that SCU asadow rel eased fertilizer hashigh
efficiency and morebenefitsfor crops. Severd research-
ersindicated goplying SCU increases nitrogen use ffi-
ciency (NUE) significantly in winter wheat!*1719,
Lotfollahi et d.* reported that using SCU before plant-
ing compared to ureaincreased wheat yield and NUE.
Inorder toincrease NUE in 22 whest fieldsin 14 prov-
inces of Iran during 2005-2004, Malakouti et al.[*%
stated that replacing SCU fertilizer with urea, besides
the 12% increaseinyield, increased NUE 39%. Ac-
cording to Ryan and Harigi® nitrogenfertilizers, espe-
ciadly SCU, increased NUE by decliningleachingand
sublimation. Ziaeyan and KeshavarZ® indicated theuse
of dow released nitrogen fertilizersin potato cultivation
ismoreeconomic than other nitrogen fertilizers. The
study of Zvomuyaet a.* with purpose of comparison
of Ureaand SCU fertilizers showed that SCU canin-
crease NUE and tuber yield. Accordingly, El-Gindy et
al "% studied the reaction of potato to slow released
fertilizersindifferent irrigation systemsand stated re-
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sidud effect of nitrogenin dow rel eased fertilizerswas
morethan Urea. In order to solve environmental is-
sues, public hedth promoting and reducing nitrate pol -
lution in groundwater and agricultural products, also
taking into economic aspects, theuseof nitrogenfertil-
izerswith highNUE isneeded. Inthisresearch, condi-
tion of nitrogen different level sof four fertilizersinclud-
ing Nano- Nitrogen Chelate (NNC), Sulphur Coated
Nano- Nitrogen Chelate (NNCS), Sulphur Coated
Urea(SCU) and Urea (V) in soil profile, leachingand
It’s effect on potato yield in a greenhouse experiment
wasstudied.

MATERIALAND METHODS

Toevduatethe nitrogen conditioninsoil, leaching
and it’s effect on potato yield (Solanum tuberosum
L.), afactorial experiment in CRD was performed in
theyear 2013 in agriculturefaculty greenhouse, Bu-Ali
SinaUniversity, Hamedan, Iran. The conditionsof the
greenhousewere 14 h light, temperature 13.8- 51.9 °
C andrelative humidity 5-57 %. Potatoesweregrown
in 36 drainagelysimeterswith 55 cm diameter and 90
cmheight. Inorder to evad uate soil nitrate changesdur-
ing the growing season, 15 cm diameter holes were
created onthebody of thelysmeters. In each lysmeter
to prevent soil particlesentering, adrainage tubefrom
polyethylenewith distance of 3 cm from the bottom of
thelysmeters, asandfilter layer with thicknessof 5cm
around thetube, and afilter |ayer geotextilewith thick-
nessof 2 mmwasinstalled. In order to makethe pri-
mary physica conditions, four heavy irrigationswere
carried out after sinking thelysimeter soil height was
reduced to 80 cm. Then, three samplesfromthelysim-
eters soil were sent to the laboratory and some physi-
cal and chemica propertiesof soil were determined.
Similarly, thechemica characteristicsof irrigationwa:
ter were determined by sending water sampleto alab.
Nitrate requirement wasprovided fromfour fertilizer
sourcesincluding NNC (with purity of 27% nitrogen),
SNINC (with purity of 27% nitrogen), SCU (with pu-
rity of 36% nitrogen) and U (with purity of 46% nitro-
gen).

Chelating isaGreek word and termin chemistry,
whichincludese ementssuch asnitrogento prevent ni-
trateleaching under different and adverse environmen-
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tal conditionsuntil to beavailablefor plantsduring the
growing season. Nano-chelatefertilizersare produced
with saf assembling method, whichwasobtained from
KhazraCompany (Corporation). Thiscombinationis
registered with Patent No. US20120100372. Image
of scanning e ectron microscopy (SEM) that showsin-
formation on topography, shape, sizeand arrangement
of particlesinthe surface, indicatesNC sizeis20-22
nmand NCSsizeis44.07-83.89 Figure 1.

Inside each lysimeter 6 potatoes were cultivated,
which considering the amount of nitrogen required for
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each tuber and the nitrogen content of the sameinput
for al four treatmentswere used U in 3 levels: 100,
200 and 300 kg/ha, SCU in3levels: 113, 227 and 341
kg/ha, NNCin 3 levels: 127, 255 and 383 L/haand
SNNCin3leves: 127, 255, 383 L/ha. Fertilizerswere
d broadcast on the lysimeters soil surfacewithirriga-
tion water intwo stagesat planting (1 July) and flower-
ing time (1 August). Irrigation period was 7 daysand
totally 16 stagesirrigation was performedin eachirri-
gation and 10 liter water was added gradually to the
soil surface. Sincemore absorbed nitrogenisasnitrate
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Figurel: SEM of NNC (left) and SNNC (right) (K hazra company, 2013)

forml®!, soil nitratewas measured fromtheplantingtime
to the end of the growing season, on amonthly time
step, from the depths of 15, 30, 45 and 60 cm. Soil
samples after extraction were analyzed inthelabora-
tory. Determination of nitrate|eaching was conducted
with collecting drainage water samplesafter irrigation.
M easurements were carried out by using a spectro-
photometer at awave ength of 400 micrometers?,

Theyield wasmeasured using theweight of potato
by balancewith precison+ 0.01 g in lysimeters area.
Toevauatethe experimenta design, thetreatmentsin-
cluded U, SCU, NNC and SNNC in 3levelsof nitro-
gen was performed based on afactorial experimentin
CRD with 3replications. Dataanalysiswasperformed
using SPSSand SA S softwares.
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RESULTS

To determinethephysica and chemical character-
isticsof thesoil beforeplanting, soil samplesfromlysim-
eter weretaken. Thesampleswereair-dried and passed
through asieveof 2 mm. The physical and chemical
propertiesof the soil and chemical properties of water
werepreparedin TABLE 1.

Based onresultsof TABLE 1, textured soil issandy
loam, eectrica conductivity of irrigation water and soil
extract are0.73 and 1.7 dsm™, respectively, whichis
suitablefor agricultura crops.

Fgure2 presentsmean effectsof fertilizer trestments
differentlevelson soil nitrateconcentration and leaching
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TABLE 1: Thephysical and chemical propertiesof soil and irrigation of water

Amount Unit Par ameter Characteristic Amount Unit Parameter Characterigtic
0.93 Na' 60 sand
1.9 Mg* 21 % silt Soil physical
45 ca’ 19 clay
43 Medg/L Co* 37 Na’
1.8 o 28 Mg*
1.23 ol . 140 ca**
0.52 . SAR Water chemical 2 ML o
0.73 dsm* EC 132 cl Soil chemical
8.3 -- pH 31 S02
4.04 SAR
1.7 dsSm* EC.
7.4 pH

during the potato growing season. Theverticd axisisthe
nitrate concentration (mg/l) and the horizontal axisisav-
erageof threenitrogen levelsinfour fertilizer trestments
includingNNC, SNNC, SCU and U. Ineach case, dif-
ferent lettersin each columnindicatesignificant differ-
encesat the 5% level between amount concentrations.
AsseenfromFigure2, withincreasing nitrogenlev-
esinadl four fertilizer treetments, soil nitrate concentra-
tion and leaching nitrateincreased. Comparison of soil
nitrate during the potato growing season showed that
thehighestlevel of soil nitratewasinthird leve of each
four fertili zer treatments. So that by reducinginput ni-
trogen, soil nitrateavailableto plantshasa so declined.
Nitratein the soil during the crop growth period indi-
cated better nutrition of the plant, whichwill be gradu-
aly ddivered totheplant. Thehighest soil nitrate con-
tent during the study was at third level of nitrogenfor
NCStreatment (16.41 mg/lit) and the lowest at first
leve of nitrogenfor U fertilizer (8.65 mg/lit) wasregis-
tered. Also Figure 2 indicated the average of soil nitrate
concentration during the potato growing seesoninNC,

NCS, SCU and U fertilizerswas 10.55, 12.42, 11.85
and 9.56 mg/l, respectively. Theseresultsreved ed that
thesoil nitratein NC, NCSand SCU fertilizerswere
10.36, 29.92 and 23.95 percentage, respectively and
morethan U fertilizer which isreasonableaccordingto
low rateof leachingin dow rel eesed fertilizersthan other
fertilizers. Theleaching vaueof dow rdeased fertilizers
ineach of 3 nitrogen levelswaslessthan U fertilizer.
Thisresult isconsistent with EI-Gindy et a.*?. They
found that performance of dow rel eased fertilizerswas
better than U fertilizer, dueto highresidua effect of
nitrogen in potato cultivation. Also Figure2 proved that
thedifference between thenitrateleachingvauesinadl
threenitrogenlevel sof trestmentswassignificant at the
5% level. The highest and lowest nitrate leaching be-
longtothethirdlevel of U (670.78 mg/l) and the sec-
ond level of SNNC (220.8 mg/l), respectively. With
increasing input nitrogen levels, nitrateleaching value
increased. Increased va ue of nitrateleaching wasdue
toincreased valueof input nitrogen. Similar resultshave
been reported by Bahmani et al . whichis consistent
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Figure?2: Mean nitrogen concentration in leaching and soil
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with theresultsof Figure 2. Mean nitrate leaching of
threenitrogen levelsin NC, NCS, SCU and U were
326.94, 288.4, 463.97 and 486.24 mg/|, respectively.
Theresultsa so showed that the use of slow released
fertilizerscausesnitrateleaching reduction, a solow ni-
trateleaching in Nano-Chelate fertilizers. Ryan and
Harig™ reported nitrate leaching of slow released fer-
tilizerssuchas SCU islittlewhichisconssted withre-
sultsof thisstudy. Cui et a.[® believesincreasing the
surface to volume in nano-particles and Sikoa and
Szmia®* beievesche aing properties(thegrafted nano-
particles) causeslessnitrateleaching. Lessleaching of

nutrientsfrom the soil, in addition to less pollution of
soil and water, iseconomic. According to astudy in
Canada, theuse of Nanofertilizerscan prevent $2,000
million capital lossbecauselow efficiency of other fer-
tilizerg?.

Theeffectsof soil nitratedifferent levelsinfertilizer
treatmentsduring different timesof samplingareshown
inFigure3.

Figure 3 showed that withincreasing nitrogen lev-
esinal four fertilizer treatments, nitratetotime (ie4.52
mg/l intable) beforefertilization wasincreased. Onthe
other hand, Figure 3 indicated soil nitrateinthefirst
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Figure3: Variationsof nitrateconcentration during potato growing

two monthsof the growing season hasincreased dueto
fertilizationand infind two monthsof thegrowing see-
sonisreduced dueto lack of fertilization and theuse of
nitrate by the plant. Increased soil nitratein thefirst
month isdueto fertilizer of thefirst stage (July) andin
the second monthisduetofertilizer of the second stage
and residual nitratefromfirst stage. Most often, nitrate
inthesoail profileisobservedin higher levelsof nitrogen
thanthelower levels. The soil nitrateinthefirst three
monthismorethan thelast month dueto primary growth
and development of potato. In thelast month (Octo-
ber) soil nitrateisreduced dueto thefinal growth of
production and soil nitrate uptake during the previous
stages. Also there were no significant differences be-
tween treatments soil nitratein each of three nitrogen
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levels.

Toinvestigatevariation of nitratein different depths,
the effectsof treatmentson different nitratelevelsin
four depths of 15, 30, 45 and 60 cm were measured
andweregivenin Figure4.

Fgure4illugratesthedifferenceinnitratedistribu-
tioninthesoil profileby the application of fertilizers.
Thisdifference could bedueto thedifferent structure
of eachfertilizers Asshownin Fgure4, theleast amount
of nitrate occurred in the soil surfaceof SNNC, SCU
and U treatmentsbut in NNC fertilizer minimumva ue
was achieved in the lower depths. Theseresults are
cons stent with reports of Bahmani et d ¥ and Nabipoor
et al.?. They stated that with U fertilizer, soil nitrate
increased inthe soil profilefrom the surfaceto the soil
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Figure4: Variationsof nitrateconcentration in soil depth under NNC, SNNC, SCU and U application

depth. Moreover Figure 4 proved thereversebehavior
insoil nitratedistributionin both U and NC fertilizers
and was similar to behavior in two sulfur fertilizers
(SNNC and SCU). Thiscould be due to acombina-
tion of two elements SNNC and SCU (nitrogen and
sulfur), whichisthesamein both treatments. Although
their structureisquitedifferent and thisdifferenceis
evident intheamount of nitrate measured at different
depthsof soil. Intwo SNNC and SCU treatments, the
highest nitrate concentrationswasat 30 cm depth and
with increasing soil depth to 60 cm, was decreased.
Accordingto study of Mohhamadi and Faeznid?Y, the
root system of the potato in 30 cm layer accumul ates,
thereforeit isexpected that maximum nitrogen uptake
by plants occursin thisdepth, which leadsto thein-
creaseyidd. Nitrateinthelower depthsusually occurs
intheform of leaching, whichisnot availablefor the
root. Themaximum nitrate concentrationin NNC tregt-
ment is45 cm depth but the minimum nitrate concen-
trationisvisibleat 60 cm depth. Thelow nitratein 60
cm depth of soil profileindicatesadecreasein nitrate
leachingandit’s losses. This result is in agreement with
theresultsof Figure2. Thenitrate concentrationsin U
treatment haveincreased at adepth of 60 cm. Thisre-
sult showed lack of nitrogen in the deep root devel op-
ment and high nitrate leaching, whichisin agreement
with the study of Nabipoor et d.1#1. They reported the
highrateof U nitrateleachinginthesoil profile. Tostudy
theeffect of nitratemovement inthe soil profileonthe
yield, potato yield was measured. Mean potato yield of
treatmentsaccordingto different levelsof nitrogenwas
giveninFigureb.

Figure 5revealed that the highest yield of potato
wasinthesecond level of nitrogeninthe SNNC tresat-
ment (58.61 ton/ha) that had no significant difference
withthethirdlevel of nitrogeninthe NNC treatment.
Thelowest yield was observed inthethird level of ni-
trogenin U treatment equivalent to 31.05ton/ha InU
treatment withincreasing levelsof input nitrogen, the
yield isdecreased linearly. Thisresult could bedueto
increased nitrateleaching by increasing levelsof nitro-
gen, whichisin agreement with theresultsof Figure 2.
Casesof reducedyieldsdueto high nitrogen aregiven
inresultsof Guardaet a.™@ onwheat and by lessnitro-
gen physiologica efficiency inriceyield and environ-
menta pollutioninstudy of Jang et d.*4. However, the
yieldin NNC trestment increased significantly within-
creasing nitrogenfertilizer. ThisindicatestheNNCtrest-
ment compared to urea, converting nitrogento protein
and other materiadsin order toincreaseyield havewell
performed. In other words, NNC by slowly
releasingnitrogen, has provided food security in the
growing season and thefinal yield hasincreased?828l,
Whilenitrogenin U treatment increased not only yield,
but also nitrateleaching (asanegativetrait). Thus,in
NNC treatment, concernsrelated to product quality
and environmentd hedthwithincreasedfertilizerisless.
Themeanyield of threenitrogenlevelsSinNNC, SNNC,
SCU and U treatmentswere 50.24, 52.71, 51.97 and
36.46 ton/ha, respectively, which representsthe high-
est yied of potatointhesulfur treatments. Thisresultis
consigtent withtheresultsof Figure3. Theseresultsare
based on the effect of high nitrate avail ability onthe
root system of plantson potato yield. In other words,
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high levelsof nitratein 30 cm depthin bothNCSand
SCU treatments and that the accumul ation of potato
rootsisinthisdepth, led to greater production of prod-
uct. Consumption of SNNC fertilizer treetments caused
an 4.9%yield increase compared to NNC, and SCU
treatment which led to a42.5% yield increase of pota-
toes compared to U treatment. On the other hand, the
element sulfur asanutrient infertilizershasimproved
plant nutrition andislooking toincreaseyield. But over-
all, priority of potato yield belongsto SNNC, SCU,
NNC and U treatments. Madani et al.*® stated the
potentia potato yield can reach morethan 100 ton/ha
but yiddsof over 40torn/haisdesirable. Sincetheyidd
of al 3treatment of NC, NCSand SCU aremorethan
40ton/ha, therefore NNC, SNNC and SCU fertilizers
can berecommended over U fertilizer. Furthermore,
thelow nitrate leaching a so approved thisrecommen-
dation. Thisresultisin agreement with sudiesof DeRosa
et al.[% and Barmaki et al.1® based onincreased yield
by Nano fertilizer application, and EI-Gindy et al .[¥,
Lotfollahi et d.*, Malakouti et al.[*, and Mal akouti
et al.* and Fun et al.[*Y based on increased yield by
SCU application. However in some studieswith the
SCU application, yields declined such as study of

Babaakbari Sard® (2005) inwheat cultivation. Inthis
study theyield of the SCU treatment was significantly
lower than U application. Gascho and Snyder* re-
ported the gpplication of SCU in primary growth stages
of sugarcane, increased itsgrowth however yiddd was
less than ammonium sulfate fertilizer application.
Nourgholi poor et a. (2008) investigated the effect of
different sourcesof nitrogenfertilizer onyied and qua-
ity of wheat and expressed SCU cannot supply theni-
trogen requirementsof winter wheat and cannot substi-
tute U or anmonium nitrate. Thesestudiesindicatefur-
ther research requirementsin other products.

TABLE 2 presentsthe statistical anaysisof fertil-
izer treatmentsin different level sof nitrogen onyidd,
nitrateleaching and soil nitrate.

Based onthevariance anaysistable, the effect of
fertilizer on potatoyidd, soil nitrateand nitrateleaching
issignificant at 1% level. Similarly, theeffect of input
nitrogen level andtheeffect of interactiontype x level
aresimilar totheeffect of fertilizer. Theresults of the
andyssTABLE 3illustrated that theuse of each differ-
entleve of nitrogenfertilizer trestmentshad significant
effectsontraits. Thisindicatestheimportance of the
typeand amount of fertilizer in potato cultivation, which
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Figure5: Mean potatoyield in fertilizer treatmentsin nitrogen different levels

SCU U

TABLE 2: Thevarianceanalyzed of yield, soil nitrateand nitrateleaching

Fertilizer xLevel Nitrogen level (1, 2, 3)

Fertilizer (NC,NSC,SCU, U)

CV (%) SOV
df MS df MS df MS
9.01 6 4.92" 2 31.86" 3 14.92" Soil nitrate
0.99 6 10501.3" 2 68965.01" 3 87073.29" Nitrate leaching
2.09 6 161.26" 2 71.073" 3 527.74" Yield
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should be selected with consideration of economicand
environmentd factors. Sothat, based ontheresultsob-
tained in this study with the purpose of accessto the
most yield preferred type of fertilizer, SNNC, SCU,
NNC and U, respectively, whilewith attention to ni-
trateleaching and itseffectson humanand theenviron-
mentd hedth, priority of fertilizerswere SNNC, NNC,
SCU and U, respectively. Sincetherewasno signifi-
cant difference between yield of the SCU and NNC
treatments, theuse of Nano-Chelatefertilizersisrec-
ommended. Thus, nanotechnol ogy hasbeen successful
inincreasing food production andto minimize costsand
protect the environment which hasalso confirmedin
report of Chinnamuthu and Boopathi®,

CONCLUSIONS

Considering that ahigher yield with theleast ad-
verseenvironmental effectsisconsideredinthethird
millennium, thereforetheuse of suitablefertilizerisin
agreement with more production. The use of
nanotechnology in agriculturein recent years has at-
tracted much attention. In thisstudy, the reduction of
nitrate leaching and increasing potato yield with em-
phasison lesssoil and water pollutionin 3 nitrogen lev-
elsof NNC, SNNC, SCU and U were studied. The
resultsshowedthat thed ow released fertilizersreduced
nitrateleaching andincreased plant availablenitrogen
inthe soil during the potatoes growing season. Mean-
while, thepotato yiddwith dow released fertilizerswas
considerably morethan U fertilizer. Sothat, NNC ap-
plication, reduced nitrate leaching 33% comparedto U
fetilizer. Thisnumber in SNNC and SCU fertilizerswere
41% and 6%, respectively. In contrast, thepotato yield
with use of NNC, SNNC and SCU fertilizers were
38%, 45% and 43%, respectively morethan U treat-
ment. Comparison of different levelsof nitrogen aso
indicated that |ow nitrogen levelsin dow rel eased fertil -
izerswasbetter than highlevel sof U fertilizer, whichis
economica. Since, theresultsof thisstudy obtainedin
greenhousefor potato, repeating thisresearchinfield
conditionsfor other productsisa so recommended.
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