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Abstract: A laboratory incubation experiment was conducted to assessment of nitrification and ammonia volatilization in different
soils texture irrigated by waste water. In this study to determinate the rate of recovery NH,", NO; and NO,” 250g of air derided soil
were placed in 500 screwed conical flask and (100ppm NH,) added as(NH,),SO, ,then treated with two level of waste water of
(To=control and T,=treatment ) waste water was applied to achieve a soil moisture content equivalent to 60% of the water-holding
capacity, 5ml of boric acid indicator solution added to test tube , the test tube putted inside the conical flask and the conical flask was
capped and placed in an incubator maintained at 30°C. The ammonia evolved was trapped in boric acid ( the color change from red to
green) and determined by titration with standard H,SO4 0.01N. The results show the nitrification rate increased from light soil texture
to heavy soil in texture the higher value of accumulated nitrate was found in silty loam texture compared to other soils texture, as well as
the result indicated that the volatilized ammonia is higher in sandy clay loam soil compared to other soil texture which attained 5.457

mg kg‘l,hoevere, addition of waste water to the soils resulted in a increase nitrification and decrease in the ammonia volatilization .
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1. Introduction

The use of wastewaters for agricultural irrigation purposes
can reduces and prevent the amount of water that required to
be extracted from environmental water sources , Hoverer
water is a vital resource but a severely limited one in most
countries [1]. In arid and semi-arid regions, water resources
of good quality are becoming rare and are being allocated
with priority for urban water supply. Therefore, there is an
increasing essentiality to irrigate with water that already
contains salts, such as saline groundwater, drainage water,
and treated wastewater [2]. Recently, the amounts of
wastewater are sharply increasing and the kinds of pollutants
are also varied as the world wide industry is being developed
incessantly. With respect to both the quantity and
composition, the textile processing wastewater is recorded as
the most polluted sources among all industrial sectors [3]. [4]
they investigated comparative the effects of wastewater on
soil chemical properties in three irrigation methods. The
results showed that the application of wastewater in DI (Drip
Irrigation) caused an increase of EC, OM, SO,, Ca, Na, ClI
and a decrease of hydraulic conductivity, porosity, Pb and
moisture point of soil DI and FW (Fresh Water) treatments.
An investigated carried out to study the effect of treated
wastewater on soil chemical and physical properties in an
arid region. Treated wastewater showed no effect on the
increase of Fe, Cd, Ni, Cu and Zn during growing season.
The irrigation system had a significant effect on infiltration
rate, bulk density and total porosity [5]. [6] investigated soil
solution chemistry of a brazilian oxisol irrigated with treated
sewage effluent. Results about C and N chemistry showed
mineralization of dissolved organic matter and rapid
nitrification from ammoniac and organic nitrogen provided
by effluent. The nitrate concentration decreased by plant
uptake but also by leaching during the rainy season, pointing
out a long-term risk of contamination of shallow
groundwater environments. Soil microbial response to waste
water have been recommended as nearly warning indicator

of ecosystem stress, because of the quick response to
changes in environmental condition. One process of
considerable ecological importance is nitrification. In most
agricultural soils, ammonium (NH,") from fertilizer is
quickly converted to nitrate (NOj3) by the process of
nitrification. This process is crucial to the efficiency of N
fertilizers and their impact on the environment, because the
net effect is a conversion of fertilizer N from a form that is
not normally subject to loss from soil (NH,") into a form that
is readily lost by leaching or denitrification NOjz. [7].
Nitrification occurs in two steps: NH," is first converted to
nitrite (NO,), and the NO," is then converted to NO3". Both
reactions are carried out by bacteria present in the soil.
Nitrifying bacteria are chemoautotrophic, in that they
produce energy by chemical oxidation of NH," or NO, and
utilize CO, as a source of C. Different groups of bacteria are
responsible for the two steps involved in nitrification. The
NH,"-oxidizing bacteria include species from five genera,
the most common being Nitrosomonas, the NO,--oxidizing
bacteria all belong to the genus, Nitrobacter. Because there
are only a few species of nitrifying bacteria, nitrification is
much more sensitive to environmental conditions than are
most other N transformations, which are carried out by a
more diverse group of microorganisms [8]. The effect of
waste water on nitrification and number of microorganism
depending up on their concentration , rate an d period of
application. The ammonia volatilization is the most
important method for nitrogen losses in soil, Urease activity
and soil buffering capacity are very important soil properties
affecting ammonia volatilization [9]. Other soil properties
such as cation exchange capacity, soil texture and organic
matter content also affect ammonia volatilization. The rate
of nitrification increases with soil temperature up to about
35°C ; below 5°C very little NO;™ is formed. Soil pH is also
important. Below a pH of 6.0, nitrification is inhibited by
acidity, and the process virtually ceases at a pH of 4.5 to 5.0.
Under alkaline conditions, production of NO3™ is markedly
enhanced. The optimum pH is normally between 7.0 and
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8.0.[10], this range of pH is close to Iragi Kurdistan soil
range, although nitrification and ammonia volatilization in
agricultural soils has been studied, most of the studies have
been conducted to investigate the effect of some
environmental factors such as temperature , relative humidity
and soil moisture content. [11]. A few study carried out to
examine the effect of waste water on nitrification in soil of
Kurdistan region. Thus, the objectives of this study were: (i)
to evaluate the rate of NO3  and NO,  and NH; product from
different soil through nitrification and ammonia
volatilization ; and (ii) to determine whether the effect of
waste water on nitrification and ammonia volatilization .

2. Materials and Methods
2.1 Laboratory Study

The soils used were surface (0-30 cm) samples originated in
different regions of Iraq Kurdistan region. The samples were
sieved 2mm screen, Then analysis to determination some
physical , chemical, and biological properties according to
methods described by [12] and [13]. Table (1). To
determinate the rate of recovery NH,", NO; and NO,” 250g
of air derided soil were placed in 500 screwed conical flask
and (100ppm NH,;) added as(NH,),SO, ,then treated with
two level of waste water of (To=control and T,=treatment )

waste water was applied to achieve a soil moisture content
equivalent to 60% of the water-holding capacity, 5ml of
boric acid indicator solution added to test tube, the test tube
putted inside the conical flask and the conical flask was
capped and placed in an incubator maintained at 30°C.
Measurement of ammonia volatilization loss was carried out
daily according to method described by [14]. The ammonia
evolved was trapped in boric acid (the color change from red
to green) and determined by titration with standard H,SO,
0.01N. After 30 days triplicate flask were removed from the
incubator, 250 ml of 2 M KCI adding to each flask. The KCI
Soil solution was extracted by shaking for 1h and filtering
the resulting suspension under vacuum. The soil extract was
analyzed for NH,"-N by indophenol blue method [13],while
NO; determined by UV spectrophotometer method as
described by [15],where as NO, estimated by colorimetric
procedures [9 ],[16].

2.2 Statistical Analysis

The experiment was designed in factorial completely
randomized design with three replications. The experimental
data were analyzed by using SPSS program and differences
between the treatment means were separated by LSD test.
[17].

Table 1: Some physical, chemical and biological properties of soils under study

Soil propriies 5] 37 33 Sy
Clay 70 479 214 314
PSD g Kz Sit | 230 40] 266 416
Sand 7aa 120 320 270
Textural name Sandy Loam | Sily Loam | Siliy Clay | Sandy Clay Loaon
pH 3 73 76 78
ECe dSar’ 122 133 163 134
Fiald Capacity %4 2138 3229 3577 26.93
Wilting point %4 138 214 19.4 43
e me g £ 737 T63 798
Ammonium mg kg 0.43 11 18 0.66
O gemnic matter gz 14 26 13 163
CatOs iz 143 210 240 236
Totalcount of bacteria g’ soil 102* 1% 19g=10F | 1891 169=]F
Totalcount of fungi g soil 25 ]F 921 881 E*10F

3. Results and Discussion

In the nitrogen cycle of the soil, nitrate and ammonium have
a central position since they are the most bioavailable
nitrogen for plants. Nitrification and ammonia volatilization
are attest suitable for assessing the effect of waste water on
soil organisms because of their sensitivity and the agronomic
significance of these processes. The data in table (2) show
the nitrification rate increased from light soil texture to
heavy soil in texture the higher value of accumulated nitrate
was found in silty loam texture compared to other soils
texture, the reason may be due to the fact that the silt
increase the size of space between particles, thus facilitating
the movement of air and drained water, it means that silty
loam soil supply adequate oxygen to meet the requirements
of nitrifies microorganisms and stimulate nitrification. As
well as the result in the same table indicated that the
volatilized ammonia is higher in sandy clay loam soil
compared to other soil texture which attained 5.457 mg kg™

, this may be due to the effect of soil pH (7.8) because all
study refer to present the positive relationship between
ammonia volatilization and soil pH. These results agree with
those reported by [18]. They reported that the ammonia
volatilization increased with increasing g the soil pH. The
data obtained with the interaction effect of waste water and
soils texture on nitrification and ammonia volatilization are
reported in table(3), the result show that waste water
application partially increase the nitrification and decrease
the ammonia volatilization, generally the high value of
nitrification71.985 mg kg™ and ammonia volatilization 6.554
mg kg™ was recorded form the interaction treatments S, T,
and S,T, respectively. The result may be due to the effect of
number of organisms and the calcium carbonate in both soils
respectively. [19].
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Table 2 : Effect of soils texture on nitrification and
ammonia volatilization
Soils Nitrification mg.Kg™ Volatilization
mg.Kg!
NH, NO; NO, NH;,
S, Sandy 32.100 61.885 0.879 2.797
Loam
S, Silty 19.898 71.196 1.569 4,998
Loam
S Silty Clay 25.485 67.142 1.203 3.831
S, Sandy 24.713 65.778 1.714 5.457
Clay Loam
LSD 0.05 5.267 5.241 0.067 0.212

Table 3: Effect of waste water on nitrification and ammonia
volatilization in difference soils texture

Nitrification mg.Kg™ Volatilization
mg.Kg*

Treatments NH, NO; NO, NH,
SiTo 34.560 | 59.664 | 0.822 2.615
STy 29.640 | 64.106 | 0.936 2.979
S,Ty 18.195 | 71.985 | 1.788 5.693
S, T, 21.600 | 70.407 | 1.351 4.302
SsTo 25.305 | 66.867 | 1.312 4.177
S;T, 25.665 | 67.417 | 1.095 3.485
S4To 26.610 | 62.439 | 2.058 6.554
STy 22.815 | 69.116 | 1.369 4.360
LSD 0.05 7.449 7.411 | 0.095 0.300

The data in figure (1and 2) revealed that the waste water has

volatilization in different soils texture. Addition of waste
water to the soils resulted increase in nitrate production it
means high nitrification compared to the same soil when
waste water was not added. The decrease in the ammonia
volatilization in the presence of the waste water resulted in
large fixation due to soil reaction and other soil properties.
This result could be explained on the ground that the heavy
soil due to its increase area of surface exposed to solution
their particles have the capacity to hold nutrients and other
compound also microorganism attract to these area, by this
way the application of water may increases the activity and
number of microorganisms in soil , however , heavy soil not
only have the capacity to attract and hold nutrients and
compounds on their surface , but the also hold much more
water may causes too much water holding capacity and not
enough aeration, in addition Irrigation with wastewater
decreased soil pH and subsequently increase the nitrification
and decrease the ammonia volatilization . The reason is
likely due to the decomposition of organic matter and
production of organic acid in soils irrigated with wastewater
[20]. This is in line with findings of [21],[22],[23]. They
concluded that the reuse of wastewaters for purposes such as
agricultural irrigation can reduces the amount of water that
needs to be extracted from environmental water sources. Soil
irrigated with wastewater caused increase of EC, P, OM,
TN, K, Na, Cl, Fe, Cd and Zn but it caused a decrease of soil
pH. As well as result showed that soil irrigated with
wastewater caused a decreased of BD.

a significant effect on nitrification and ammonia
T 7o B NH4
= & 60 - NO3
=
23 =0 -
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Figure (1) : Effect of waste water on ammonium and
nitrate concentration mg.Kg!
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Figure( 2) : Effect of waste water on nitrite and
ammonia volatilizationmg.Kg!
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4. Conclusion

The present study concluded that the nitrification rate
increased from light soil texture to heavy soil in texture the
higher value of accumulated nitrate was found in silty loam
texture compared to other soils texture, as well as the
volatilized ammonia is higher in sandy clay loam soil
compared to other soil texture which attained 5.457 mg kg
! hoevere, addition of waste water to the soils led to in a
increase nitrification and decrease in the ammonia
volatilization .

References

[1] Mapandaa F, Mangwayanaa E N, Nyamangara J, and
Gillera K E. “The effect of long-term irrigation using
wastewater on heavy metal contents of soils under
vegetables in Harare, Zimbabwe”. Agriculture,
Ecosystems and Environment. 107: pp.151-165. (2005).

[2] Jalali M, Merikhpour H, Kaledhonkar MJ, Van Der Zee
Seatm “Nickel in a tropical soil treated with sewage
sludge and cropped with maize in a long-term field
study”. Agricultural Water Management. 95: pp.143-
153.(2007).

[3] Chang W, Tran H, Park D, Zhang R, and Ahn D.
“Ammonium nitrogen removal characteristics of zeolite
media in a Biological Aerated Filter (BAF) for the
treatment of textile wastewater”. Journal of Industrial
and Engineering Chemistry. 15: pp.524-528. (2009).

[4] Najafi, P and Nasr, Sh .“Comparison effects of
wastewater on soil chemical properties in three
irrigation methods”. Research on crops. 10(2): pp277-
280. (2009).

[5] Abedi-Koupai J, Mostafazadeh-Fard B, Afyuni M, and
Bagheri MR .“Effect of treated wastewater on soil
chemical and physical properties in an arid region”.
Plant soil environ. 8: 335-344. (2006).

[6] Gloaguen T V, Forti M C, Lucas Y, Montes C R,
Goncalves R A B, Herpin U, and Melfi A J .“Soil
solution chemistry of a Brazilian Oxisol irrigated with
treated sewage effluent”.  Agricultural  water
management. 88: pp.119-131. (2007).

[7] Mclnnes, K. J. and I. Fillery, R. P.“Modeling and field
measurements of the effect of nitrogen source on
nitrification”Soil Science Society of America Journal,
53,pp.1264-1269. .,(1989).

[8] Martikainen, P. J.“Nitrification in forest soil of different
pH as affected by urea, ammonium sulphate and
potassium sulphate”. Soil Biology& Biochemistry, 17,
363-367. (1985).

[9] Mulvaney, R. L.,and Bremner,J.M.“A modified diacetyl
monoxime method for colorimetric determination of
urea in soil extracts”. Communications in Soil Science
and PlantAnalysis,10: pp.1163-1170.(1979).

[10] Ibrahim, B.R.,Naser, A. Al. S. and Noor, M. M .,Saadi,
M. M., Hussham, S. Sal. O . and Leayed,Ch.R.“Effect
of pH and temperature on denitrification in soils”, Iraqi
Journal of Agriculture Sciences,26,(1) pp.75-83.(1995).

[11] Park Misuk, Hye Jin Kim, and Doug, Y. Ch. “Effect of
Soil Water Contents on Urea Hydrolysis and
Nitrification in a Newly Reclaimed Tidal Soils” Korean

Journal of
52.(2011).

[12] Black,C.A.“Method of soil analysis”. Parts(land2) .
Wisconson.USA :American Society Agriculture. Inc.
Pub. Maddison. .pp 1250. (1965).

[13] Allen,S.E .“Chemical analysis of ecological materials”
.USA:Black well Scientific Publications. pp.580.(
1976).

[14]Black,A.S., Sherlock,R.R.., Cammeron,K.C.,
Simth,N.P. and Goh,K.M.“Comparison of three field
methods for measuring ammonia volatilization from
urea granules broadcast” .Journal of Soil Science,36.pp.
271-280. (1985)

[15]Richard ,J.N., Edberg ,J.C. and Stucki ,JW.
“Determination of nitrate in soil extract by dual —
wavelength ultraviolet spectrophotometry”. Soil Science
Society of American Journal,49,pp1182-1185. (1985).

[16] Keeney, D. R. and Nelson,D.W.“Nitrogen Inorganic
forms”. 2" ed. American Society of Agronomy,
Madison, Wisconsin. pp587.(1982).

[17] Steele,R.G and Torrie, J.H.«Principle and procedure of

Soil Science. Fertility. 44(1). pp.48-

statistic’. New York: McGraw Hill Book.pp.500.(
1969).
[18]Rolecke ,M,. Han Y. Li, S.X. and Richter

J.“Laboratory measurements and stimulations of
ammonia volatilization from urea applied to calcareous
chines loss soils”. Plant and Soil.181, pp.123-
129.(1996).

[19]Bundan. L., Nik M Ab. M., Osumanu H. A.,Make J,and
Franklin R. .K.“Ammonia volatilization from urea at
different levels of zeolite” . International Journal of the
Physical Sciences 6(34), pp. 7717 — 7720.(2011).

[20] Vaseghi S, Afyuni M, Shariatmadari H, and Mobli M
“Effect of sewage sludge on some nutrients
concentration and soil chemical properties”. Journal of
Isfahan Water and Wastewater. 53.pp.15-19 (2005).

[21] Mojiri, A.“Effects of Municipal Wastewater on Physical
and Chemical Properties of Saline Soil”. J. Biol.
Environ. Sci, 5(14).pp.71-76.(2011)

[22] Khai NM, Tuan PT, Vinh CN, and Oborn | .“Effects of
using wastewater as nutrient sources on soil chemical
properties in periurban agricultural systems”. VNU
Journal of Science, Earth Sciences. 24: pp.87-95.
(2008).

[23] Tobriya S. K. “Comparative Study of Physico-Chemical
Parameters and Heavy Metal Detection in Agricultural
Soil Irrigated By Sewage Water and Tube Well Water
in Rewari City Rural”. International Journal of Science
and Research 4 (5).pp48-51.( 2015)

Volume 4 Issue 6, June 2015
WWW.ijsr.net

Paper ID: SUB155316

Licensed Under Creative Commons Attribution CC BY

948






