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Abstract: Problem statements: Nitrogen fertilizer is recognized as an importaadtbr in crop’s yield
level, however more application of N fertilizersthre soil have some adverse effects on environment
and especially on groundwater contamination. Péimepand recognition the factors influencing
nitrate transport through soil profile is helpfok ffertilizer management to minimize adverse impact
on environment and nitrate leaching below the mmote.Approach: In this study, 9 large cylindrical
lysimeters with 1 m height and 0.5 m diameter wiled with clay loam soil and planted with maize
to investigate nitrate leaching under differentetymf N-fertilizer, chemical fertilizer, activatstudge
and organic manure. Nitrate concentration in thiauwd drainage water samples were analyzed by
spectrophotometer method and the mass of nitrate caktulated in soil and drainage water. Crop
productions for different treatments were compdoedResults: Results showed that cumulative mass
of nitrate leaching from organic fertilizer was gter than the other treatments (229 kg ha@rganic
manure had the greatest nitrate accumulation in($6i17 mg kg'), which was significantly greater
than chemical fertilizerConclusons’Recommendations. Experimental results showed that manure
application could result in NON accumulation increase in the deeper soil prefétempared with
activated sludge. Results showed that maize pramuetas significantly higher under activated sludge
fertilizer. Observations made in the current stedggest activated sludge fertilizer due to a higher
crop production with same level of groundwater eamnation, especially in clay loam soils.

Key words: Activated sludge, chemical fertilizer, ground watntamination, nitrate leaching,
organic manure

INTRODUCTION Hence, organic N is generally more slowly availatole
plants than the inorganic N. The rate of mineraiiza
Statistical data showed that nitrogen fertilizerof organic N is Controned by environmental Cor’mﬁ@
consumption is growing rapidly in the developing (e.g., temperature, moisture) and the chemical
countrie§?. This has resulted in serious environmentalcomposition of the organic material it$8lf The
consequences, such as nitrate §yG@ccumulation in  nitrogen not utilized within the cropping seasorgym
ground water, leaching and eutrophication. In Earop be mineralized outside the plant growth seasons thu
NO;” concentrations exceeding the internationalbecoming prone to leaching and groundwater
recommendations for drinking water (50 mg)Lhave  pollution”. The potential for N leaching is thus
been found in groundwater under 22% of cultivatedgenerally considered to be greater when manure is
land™®**. The leaching of nitrates happens when excesapplied, than inorganic fertiliz€k But on the other
nitrogen fertilizer is applied, resulting in incesal  hand, to improve soil fertility, efforts need to bede
(NO;) accumulation in soils when high amount of to increase soil organic matter content. Conveation
water is moved via soil pores and cracks and reacfarming practice (using chemical fertilizers) geailr
beyond the effective absorption by root Z&he leads to a reduction of soil organic matter
Nitrogen is applied to agricultural systems in eith In irrigated soils of arid and semi arid region,
inorganic or organic forms. Agricultural plants ¢éak  where water is applied in excess of evapotranspirat
up mainly as inorganic N, which implies that or to leach soluble salts, NOleaching may occtt.
mineralization of organic N precedes plant upfa®e  Iran, Egypt and Turkey account for 75% of the
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fertilizer-N consumption in the near E&3t During the ~ Table 1: Characteristics of clay loam soil

last three decades, NO concentration of the Physicalproperties Measurements
groundwater has gradually increased and is readfing gf’l‘i’t“;_%%'%%o m (%) 2941'0

mg L™ NO;™ in some parts of Iran. Recharge from Clay <2 m (%) 29.60
precipitation and irrigation may carry N compoundsBulk density (g cri¥) 1.20

from the soil into the aquifer, often resultingglevated = Porosity (%) 56.00

NO; concentrations in wells. Nitrogen leaching in Shemical properties:

3 PH 7.66
irrigated agriculture should receive considerablegc 0.48
attention, because of possible pollution of grouatdv  C&* (meq L 1.60
in Iran. Large amounts of N-fertilizer and poorly Mg® (meq L") 11.20
managed irrigated systems may lead to;N®aching ~ N& (meq,'fl) 1.29
and pollution of groundwatél. Nitrogen fertilizer ééﬁméq)[l) g'gg
consumption in Iran is mostly in the form of cheatic pco, (meq 1} 4.80
fertilizers. According to accessibility of activdte NO,-N (mgL®) 35.84
sludge and organic manures, the objective of thidys P (mg L% 240

is to compare the effects these fertilizers on the ) - o _
accumulation of nitrate (N§) in the soil profile and Chemical fertilizer was a combination of three kinds

nitrate concentration in drainage water. In thisdgg  Of fertilizers: Potassium sulfate, ammonium phosphate
the results of a lysimeter study cropped with aander ~ @nd urea, which applied respectively, 200, 150 an
different types of N-fertilizer (manure, chemical 100 kg ha'. Activated sludge was derived from

fertilizer and activated sludge) in a dry and ccohate Ekbatan refinery center in Tehran. Activated sludge

of Karaj, Iran, are presented. was applied 20 ton Ra Cattle manure was collected
from farm of Tehran University and applied 40 ton
MATERIALSAND METHODS ha™. All fertilizers were applied at the recommended

, i rate. The recommended N application rates weredbase
This study was carried out from March 10 o, thejr application in the farms of Karaj areaf bu
September_ZOO? at the water and S_O'I researchroBte ¢o fijizer had been checked for total N by Kjeldahl
Tehran University located in Karaj, 30 km far from method. Results were corresponding to recommended

Tehran and with latitude of 35°56’ and longitude of ; ; : .
or o AR rates. The physical and chemical properties ofsthiks
50°58'. The mean annual precipitation is only 25&,m are shown in Table 1.

which is distributed mostly from January to May and : . ,
from October to Decembgr. At the exp)érimentallll site Nitrate anaIyS|s_ was conducted on drainage water
total precipitation during the study period was rig collected from lysimeters once a week. The JNO
and the mean annual temperature is 15°C. The medfprcentration was analyzed durmg 24 h after sample
monthly temperature during the experiments was(.5° collection in the laboratory. In th|s_ experimenhet
in March 2007 while it is 27.5°C in August 2007.€Th method used to measure total N-nitrate was the ultr
ground level is 1312 m above the sea level. violet Spectrophotometric Screening method. Fitsp s
Nine cylindrical polyethylene lysimeters, 0.56m i Was Standard curve preparation and then for
diameter and 1m height, were used in this studye Thdetermination of N-nitrate in drainage water sm?slp
lysimeters were filled with clay loam soil contaigi 2 ML of the sample was added to 1 mL brucid an
29.6% clay, 29.4 silt and 41% sand. A perforateccPVv 10 mL sulfuric acid. Each sample had a blank
pipe was used for drainage in each lysimeter. 8Size contalmng 1 mL water, 10 mL sulfuric acid and 2 mL
drainage pipe was 35 mm and it was installed am8 c d_ramage water. Both samples an_d blank were mixed
above the bottom. End of the pipes were closedoida Ughtly. Spectrophotometer was adjusted on waveteng
soil particles entrance. Geotextile was used tecdwe  ©f 220 nm and then the devise was adjusted ontzero

perforated part so only water can pass the draipigge the blank and the samples were analyzed. The adiept
Pipes were glued from both sides, inside and ceitsfd  '@nge for observed number was between 0.033 aBé 0.1

the cylinder in order to prevent water leakage. which represented nitrate concentration bet\/\,O—.
Three N fertilizers were imposed on clay loam,soil 10 PPM. Standard curve was used to derive thetaitra

totally three treatments each with three replicates concentration from the observed number. At the @nd
season each lysimeter was sampled at three defghs (

*  Chemical Fertilizer in clay loam soil (CFcl) 45 and 75 cm from the top) by auger for chemical
* Activated Sludge in clay loam soil (AScl) analyses and by cores for physical analyses ireSuystr
*  Cattle manure in clay loam soil (OFcl) 2007. Soil samples were sieved and extracted. Then
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nitrate concentrations were estimated by a similar

method with spectrophotometer.

RESULTS

The total amount of water applied on each

lysimeter is 2217 mm during the period of experitmen
(Table 2). This amount of water was estimated based
the corn water requirement and 40% irrigation &ficy,
which is common in Karaj City, Iran (Table 2). The
amount of the natural precipitation received durtihg
late spring and summer months (May to Septemb

(3): 387-392, 2009

The cumulative mass amount of nitrate leaching in
each treatment is shown in Fig. 2. It is found D&kl
lysimeters have the greatest NI leachate, CFcl had
the least leachate, while AScl lysimeters are betwe
the two. The total nitrate leaching for the clawro
treatments varies from 179.9 mg for CFcl to 655 m
for OFcl. It shows that all curves have acute iasheg
slope from the third week up to the seventh wedks T
shows great N- N@ leaching during these weeks. The
considerable point was the great discrepancy betwee

egwe mass of nitrate-N in the organic fertilizeratraents

2007) was 25.6 mm, SO crop water requirement wa@nd other treatments, especially OFcl, in which Q3N

supplied mostly by irrigation. The amount of théato

mass was more than 2 times greater than the other

drainage water was ranged between 61-94 mm foreatments.

different treatments during the period between Nay
September, 2007. Evapotranspiration lossese we

787 mm during these months, whereas, the mealf

temperature was 20.7°C in May while it was 27.64C i
August. The ratio of drainage to irrigation water f
lysimeters was 2.7-4 %.

Figure 1 shows the nitrate-N concentrations for

lysimeters  containing clay loam soil. These
concentrations were higher in the first week, eyt
declined from the fourth week until the end of season.
The NG -N concentration in CFcl lysimeters was the
greatest amount in the second week, that was 98 g
but after that it declined during the seasoriterAthe

6 week, the concentrations is less than 10 g The
maximum concentration of 60 mg'Lwas recorded in
the AScl lysimeters in the first week and it theduced

in the later weeks. The maximum concentration o
leachate for OFcl was measured in the first weekiain
is found to be 70 mg Tt and then the concentration is

reduced in the second and third weeks. But a slight

increment in the concentration is observed in theth
week and then declined until the end of the seaEba.
average concentrations for these treatments a2 26.
20.62 and 28.67 mg L for CFcl, AScl and OFcl
respectively. Results of treatments with clay losai
show that the soil history of cultivation affecteitrate
leaching in these treatments. The nitrate conceéoiis
were higher than 10 mgt.during half of the season.

Table 2: Water balance data

Month May Jun. Jul. Aug. Sep. Total
Total water inputs (mm) 130 457 730 650 250 2217
Drainage (mm):

CFcl (1 m) 10 7 26 18 O 61
AScl (1 m) 11 7 29 20 O 67
OFcl (1 m) 16 18 34 26 0 94
Evapotranspiration (mm) 55 167 254 225 86 787

Temperature (°C) 20.7 25.2 26.9
CFcl: Chemical fertilizer with clay loam soil, AS@ctivated sludge
with clay loam soil, OFcl: organic fertilizer wittlay loam soil

27.6 25.1 125.38CFcl

The mean nitrate-N mass was significantly
ifferent between the CFcl and the other two ctant
eatments (AScl and OFcl). The results gatherethfr
the statistical analysis are shown in Table 3 860.
level of probability.The results of nitrate conaatibn
in the soil extracts are shown in Table 4.

The samples which are defined with the same letter
are not significantly different (p<0.05). The vadufor
each treatment are the means of 3 replicationghier
clay loam treatments from three depths. The AScl
treatment was found to have the greatest nitrate
concentration in the soil extracts at the depti®tm,
while OFcl had the greatest one at 0.45 and 0.75 m
from the top. In general, the greatest N-NO
concentration in the soil extract was observedhia t
OFcl treatment, which was 3.03 mg*LWhereas, the
fminimum N-NQ;” concentration was observed in the
CFsl treatment, which was 1.77 mg'land the lowest
concentration belonged to CFcl with 2.04 mg.L

d

BCFcl (1m)
BAScl (1m)
OOFcl (1 m)

Nitrate-N (mg L™)

RRRRIRRRRRRRAR
[3; ] SRR

4

Fig. 1: Nitrate concentrations (mg*).

Table 3: Statistical analysis for nitrate-N masdriainage water
Treatments n Minimum Mean Maximum  SD

33 0.0 16.35b 77.9 22.9
AScl 33 1.9 29.01c 173.9 49.4
OFcl 33 3.0 59.59¢ 279.2 81.4

389



Am. J. Environ. i, 5 (3): 387-392, 2009

7004 lysimeters containing activated sludge fertilizEhese
60 results suggest that higher crop production can be
50 achieved wusing the AScl treatment, which is

40C+ significantly greater than other treatments (Tal)le
30C4

20C4
10C+
0 —_— : —_— There is concern about treatments containingecattl
ot 2z 3 4 s 6 T8 s 10 manure with concentrations greater than 10 mg L
Totally cattle manure showed the most effects of
groundwater contamination and activated sludge was
the second one. In this study, the results of Hearical

DISCUSSION

Fig. 2: Mass amount of nitrate (mg) in drainageawat

Table 4: Nitrate concentration in lysimeters camitag clay loam soil

(mg kg fertilizers treatment are in agreement with theeoth
Soil depths (cm) findingé“]. The discrepancies between the results can
be attributed to the difference in temperaturel, tgpie
Treatments 15 45 &) Mean  and manure application rates.
Chemical fertilizer 10.44b 10.74a 9.43b 10.21bc

Activated sludge 15518 10.44a 1456ab 13 51ab Results illustrated that soil depth had the gstate
Organic fertilizer 13.05ab  12.05a 20.37a 15.17a €ffect on reducing nitrate leaching when cattle unan

was applied. The discrepancies between treatments

Table 5: Maize production under different fertiliions containing cattle manure are greater than other
Mean Biomass biomass dried treatments using activated sludge and chemical
heightof ~ wieght of weight of fertilizer. Also, it is found that the results diet present

Treatments comns (cm) maizes (kg)  maizes (kg) study are in agreement with the other studie§or

Chemical Fertilizer 145 4.751b 1.003b example, the ratios between the inorganic and écgan

Activated Sludge 155 5.584a 1.479a fertili imil At 0.75 lvsi denithi

Organic Fertilizer 145 4.782b 1.164b ertilizers are similar. At 0.75 m lysimeters depithis

Means with the same letter are not significantffedént at the 0.05 Observed_that the aCCU_mU|at|9n of nitrate-N is high

level of probability when activated sludge is applied and it is low when

organic fertilizers were applied although the total

The Statistical analysis also showed that there wanitrogen applied as chemical fertilizer is low cargd
no significant difference between all the treatraerttthe ~ with other fertilizers but the concentration ofrate-N
depth of 0-0.3 m from the surface and only the AScin the leachate is great compared with organidlifest.
treatment was found to be significantly differeritrithe ~ This fact reveals that there is a great nitrate
CFsl, ASsl, OFsl and CFcl treatments. From 0.3/2.6 contamination in the case of shallow water tablemwh
depth, there was no significant difference betwalethe  chemical fertilizers are applied. Similarly, it @vious
treatments at the 0.05 level of probability. Froré ;b that low concentration of nitrate in lysimeters ngsi
to 1 m depths, all these treatments were similairfiie  organic fertilizer is related to the fact that egen has
OFcl treatment was found to be significantly diffletr not been converted into the nitrate and it is dtilits
with all other treatments, except for the AScltneent. ~ organic form. Therefore, it is prone to leachingtlie
The results of the mean nitrate-N mass in lysinseternext seasons. On the other hand, activated sluaitjéhle
soil showed that the nitrate-N mass in the AScl andeast concentration in the surface, indicating thdiad
OFcl treatments were significantly greater than@esl  been leached by irrigation, but its concentraticas whe
treatment and the nitrate-N mass was also signifiga greatest in deeper soils. Thus, it can be easihsported
greater than the ASsl, OFsl and CFcl treatmentserdh through the soil and at the same time contamirtate t
were no significant differences (p<0.05) betweea th groundwater. Although it should be considered that
sandy loam treatments. Similarly, no significantresidual nitrate in the root zone is valuable tterat
difference was found between the AScl and OFclcrops’ nitrate requirements in the future season to
treatments. The concentration of nitrate in the soil of

Maize products were harvested in September 2007ysimeters containing chemical fertilizer does reteal
The mean height of corns and biomass weight of eacany significant fluctuations and it was approxinhat2
treatment were measured. These maize products weneg L™ from the surface to the bottom of the lysimeters.
then put in an oven for 24 h in 105°C to be driedin this study, the results concerning chemicalilfeer
completely. After that, these dried plants wereghed are found within the range of that reported”ognd
again. The best production result was found for theomparison between the results are shown in Table 6
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Table 6: Validation of results for the present gtud The mean concentration of NGN in the soil amended
'af't’;:e(tnf)r Rreessueltnst Zmze Eﬁsduﬁi of with three types of sludge which were between 1vg0
Fofm urface plo 5 mg régy 37 96 n:g G kg™ for composted sludge, 3-38 mg “kgfor fresh
up to 03 of Nitrate-N of Nitrate-N sludge and from 3-20 mg Kgfor the thermally dried
0.3-0.6 10.75 mg kg 0.8 -11.4 mg kg sludge in that study. In this study, it is found that
of Nitrate-N of Nitrate-N - results of the nitrate mass in soil for activatéatge
0.75 and deeper 9.44 mgkg 0.86-6 mg kg’ treatments are within the above range. Nitrate-Nssna
of Nitrate-N of Nitrate-N _ .
was 13.5 mg Kg for AScl lysimeters.
Obviously in the deeper parts of soil profile, CONCL USION
nitrate-N accumulation is lower under orchard thiz
under corn cultivation. This is because the rootezis Results of the present study show that application

deeper. Moreover, the uptake of the trees is ntw@e t ot organic fertilizer such as cattle manure further

the corn in the 1m depth. The agreement in resalts i, creased N©@ leaching than chemical fertilizers and
be attributed to_the_ fact that similar f_ertlllzeylpe an_d nitrate leaching from activated sludge was sigatitty
also same application rate are used in the expatine g oater than chemical fertilizers but less tharanig
of both studies. However, the discrepancy in tseilte  50re The nitrate-N concentrations were highan th

concerning organic fertilizer can be related to the10 mg N ! (the maximum acceptable concentration)
dgfﬁ:renrcne:nI?ethiezpﬁ“ggttﬁogt rg_t:ss of nitrateunmn in 60% of the observations for OFcl. The Nitrate-N
Poutry dred ! udies. concentrations were higher than 10 mg N ih 48 and

1 ~ .
In_ another study/ conducte_d a Iong term field 51% of the samplings for the CFcl and OFcl treatisien

experiment under wheat and maize rotation systéra. T . .
respectively.  Although  the mean nitrate-N

mineral fertilizers were ammonium nitrate or urea, : .
concentrations were lower under the chemical

single _super-ph(_)sphate or d|§\mm0n|um ph(_)spha'Fe_ a ertilization, the maximum peak concentration ire th
potasslum chloride commermal. The organic feﬂﬂ_lz clay loam treatments was found to occur under the
used in tPa(tht;J?;évas jv;lgg ?ar#l;letgogfnlr?tlt chemical fertilization conducted in the second week
was applied a anﬁa g W_ eat and al - 1hage results show a lower nitrate losses under the
240, 300 and 450 kg N hido maize. N-N@ recovered  pamical fertilizer and this can be attributed e tow

in the soil from 0-1.8 m was 28 kg Tdor the manure application rate of this type of fertilizer compdreith
fertilizer and 325 kg ha for the NPK fertilizer. The the other types. The OFcl treatment produced the
results of the current study showed 88.6 kg far the  highest cumulative nitrate-N loss, that was 22888
chemical fertilizer. The important reason for lesle  hg! Also, results show that nitrate loss is higheewh
NO;~ accumulation in the soil added with Chemica|organic manure is applied compared with other
fertilizers in this study is that soil nitrate isported in  treatments, but it is found that the differences aot

the 1 m depth and the accumulation of nitrate wassignificant between organic fertilizers and actidht
higher in the top soil, nevertheless that study wasjudge. It is found that there are no significant
referring to 1.8 m of soil profile. The applicatioate  differences in Nitrate-N mass in the soil extracts
was found to be lower in that particular study. Theresulted form CFcl and AScl treatments although IOFc
reason indicated is the higher nitrogen contertattie  treatment had higher nitrate-N mass compared with
manure applied in this study (2.5%) versus thegén  CFcl treatment. The highest mean biomass weight of
content of the swan manure (0.15%) in that studye T maize was under the activated sludge fertilizercwhi
findings of another study showed that the lossOBN  was significantly higher the other treatments. The
N under arable soil system ranged from 4 to 10NKg results illustrate that although organic fertilizead
ha* with an average value of 37.8 kg N"hahen N higher nitrate concentrations, higher nitrate mass
was applied no more than 200 kg N'hgeai. The leaching and more accumulation in soil profile,
results yielded in the current study support thosdertilization with the activated sludge had resdlte a

findings and are also in the range of 4-107 kg.ha higher crop production in this study.
The results for the concentration of nitrate-Nnfro
the sludge fertilization are in agreement with othe ACKNOWLEDGMENT
studies such as the one in which three kinds ohgew
sludge were studied and the effects of fertilizatan The researchers acknowledge that the experimental

the availability of nitrogen in the soil were intigated.  work was conducted at the University of Tehrannlira
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