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Table 1- Some physical and chemical properties of studying soils

S ol ’ Culaa culils Sosk NS TI J3les S &Ly oS Jols cud b S el
Soﬁ 12098 1205 ySJ! Organic Total Calcium carbonate oWl Texturalb
number pH1., EC,, matter nitrogen equivalent CEC class
(dsm) (%) (%) (%) (cmolckg™)
1 8.2 0.16 0.68 0.10 69.5 18.3 Si_lty clay
2 8.0 0.17 1.17 0.11 405 25.0 sitty clay
3 7.5 0.26 1.65 0.20 42.0 26.9 Loam
4 7.1 0.14 0.48 0.03 40.5 10.0 Loamy sand
5 7.5 0.76 2.34 0.21 40.0 30.0 Silty loam
oSk 7.6 0.29 1.20 0.13 39.3 22.0
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Table 2- The coefficients of determination and standard error of the estimate of kinetic equations for describing ammonium
oxidation in different treatments of studying soils

S o lonsd slow 00 45 4o Jol 4 5o 93 & g0
Soil number Treatment Zero order First order Second order
R’ SE R° SE R’ SE
(Control) aals 0811 221 0955 113 0544 1421
1 (Urea) o 0.738 7.04 0.89% 6.01 0972 4.69
(Urea+DCD)DCD +., 0.718 6.18 0.834 560 0919 513
(Control) aals 0771 235 0.947 105 0457 8.69
2 (Urea) o 0735 653 0.88 558 0971 453
(Urea+DCD)DCD + .,  0.673  6.47 0.801 595 0.897  5.69
(Control) aals 0.904 220 0.882 3.01 0409 14.60
3 (Urea) o 0.904 220 0.882 3.01 0409 14.60
(Urea+DCD)DCD +.,  0.777 884 0.869 513 0930  4.69
(Control) aals 0.898 0.62 0.851 120 0405 3.83
4 (Urea) o 0.740 894 0.897 435 0901 6243
(Urea+DCD)DCD + .,  0.983 205 0.982 282 0916 13.20
(Control) aals 0824 171 0938 119 0456 7.95
5 (Urea) o 0.725 7.30 0.866 5.99 0960  4.87
(Urea+DCD)DCD +.,  0.728 572 0.832 510 0911 477
(a2L3) Sl 0.841 181 0915 151 0454 9.85
Mean(Control)
(0y9)) cnSilse 0.768 6.40 0.903 4.98 0.843 18.22
Mean (Urea)
(DCD + 5y5)) pSilio 0.775 525 0.863 4.92 0914 6.69

Mean (Urea+DCD)

SE values are in mg kg™ N-NH,*
All coefficients of determination are significant at the 5% level
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Table 3- The rate constants of kinetic equations for describing ammonium oxidation in different treatments of studying soils

ojlond slos oo 45y Jol 45 pe 93 & o
S’ Treatment Zero order First order Second order
Soil a(mgkg?  ke(mgkg®  a(mgkg® k, a(mgkg® ky(1/mgkg?
number N-NH,)  day’N-NH,)  N-NH,)  (day’) N-NH,) day N-NH,)
(Control) sals 10.93 0.123 2.84 0.039 -0.85 0.0410
1 (Urea) o 43.94 0.310 3.79 0.010 0.20 0.0004
DCD + 6,4 49.14 0.260 3.89 0.007 0.02 0.0002
(Urea+DCD)
(Control) sals 10.01 0.110 2.81 0.044 -1.86 0.0830
2 (Urea) o 41.02 0.290 3.72 0.010 0.22 0.0004
DCD + 6,4 45.02 0.250 3.80 0.007 0.02 0.0002
(Urea+DCD)
(Control) ssls 16.82 0.180 3.35 0.039 -0.89 0.0390
3 (Urea) o 50.71 0.340 3.95 0.010 0.17 0.0003
DCD + 6,4 55.17 0.290 4.01 0.006 0.01 0.0002
(Urea+DCD)
(Control) sals 4.72 0.049 2.12 0.039 - 3.66 0.1570
4 (Urea) o 36.16 0.400 3.78 0.030 -0.36 0.0040
DCD + 6,4 54.59 0.420 4.10 0.014 0.01 0.0006
(Urea+DCD)
(Control) sals 8.75 0.099 2.69 0.042 -1.85 0.0830
5 (Urea) o 40.05 0.320 3.69 0.012 0.23 0.0005
DCD + 6,4 45.47 0.250 3.81 0.007 0.02 0.0002

(Urea+DCD)
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Table 4- The effect of nitrification inhibitor dicyandiamide
on the ammonium half-timein studying soils (day)

SB o lowd KYY W) 8y9]  DCD+ s,
Soil number Control Urea Urea+DCD

1 17.7 64.2 99.0
2 15.7 66.0 97.6
3 17.7 69.3 100.4
4 17.5 23.0 48.1
5 16.2 55.9 96.3
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Figure 1- The effect of nitrification inhibitor dicyandiamide on the nitrification inhibition index in studying soils
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Introduction: Nitrification inhibitors (NIs) are compounds that retard the biological oxidation of ammonium
to nitrite by depressing the activity of Nitrosomonas bacteria in the soil. Many popular NIs such as nitrapyrine
(NP), dicyandiamide (DCD) and 3,4-dimethylpyrazole phosphate (DMPP) are produced and used in agricultural
soils. Dicyandiamide is a very popular NI in some of the world countries. It delays nitrification process in the
soil through its bacterial static property. It is easy to blend with commercial fertilizers such as urea, due to its
low volatile nature. Application of urea in combination with nitrification inhibitor DCD lengthens nitrogen
presence in soil as ammonium form. It has several beneficial effects for agriculture and enhances environmental
protection. Studying the ammonium oxidation kinetics in the presence of nitrification inhibitor DCD can provide
the experts in agriculture with very useful information regarding the ammoniumdurability in different soils. This
research has been done to study the effect of using NI dicyandiamide on the kinetics of ammoniumloss in some
calcareous soils of Chaharmahal Va Bakhtiari province, Iran.

Materials and Methods: This research was conducted as factorial using completely randomized design with
two factors of nitrogen fertilizer type and soil type with three replications at laboratory conditions. In this
experiment, nitrogen fertilizer type included 2 levels of: 1- urea 2- urea plus nitrification inhibitor DCD (3.2%).
A no added nitrogen fertilizer was considered as control treatment.The soil factor also consisted of 5different
soils with a wide variation in soil physical and chemical characteristics. Five selected soils were non-saline
(EC1,=0.14-0.76 dS m™) and alkaline (pH,,=7.5-8.2). Organic carbon and cation exchange capacity (CEC)
ranged from 0.48 to 2.34% and 10 to 30 cmol. kg™, respectively. The dose of applied nitrogen in all
experimental treatments was 50 mg kg N as urea. Forty-five containers containing different soils were
incubated at 20°C for 105 days. At 1, 7, 14, 21, 28, 35, 49, 63, 77, 91 and 105 days after adding urea and
urea+DCD, soil subsamples were extracted to determine ammonium content. The ammonium concentration
(extracted with 0.5 M K,SO,4) was determined colourimetrically using a spectrophotometer at a wavelength of
667 nm. Then zero, first and second order equations were calibrated on the residual ammonium in the soil using
SAS 8.02 and the best equation was seleted on the basis of coefficients of determination (R?) and standard error
of the estimate (SE). In addition, ammonium half-time and nitrification inhibitor index were calculated.

Results and Discussion: The results indicated that the first order equation was able to describe ammonium
oxidation kinetics of the soil in all of the experimental treatments (control, urea and urea+DCD). The average
values of R? and SE of first order equationwere 0.915 and 1.51 in control, 0.903 and 4.98 in urea treatment and
0.863 and 4.92 in urea+DCD treatment, respectively. It means that ammonium oxidation Kkinetics is dependent
on the ammonium concentration in soil. In all study soils, the slope of the first order equation in the urea
treatment with DCD has been less in comparison to similar treatment but without NI. This may be explained by
the fact that application of DCD has slowed down the process of ammonium oxidation to nitrite. The application
of urea with DCD resulted in increase of ammonium half-life (calculated with first order equation) in the soil
comparing to urea fertilizer without NI in all of the studied soils. The amount of this increase for DCD was 34.8,
31.6, 31.1, 25.1 and 40.4 days for the soils number of 1 2, 3, 4, and 5, respectively. Increasing the presence of
ammonium in soil can be considerable for agricultural and environmental purposes. The maximum nitrification
inhibitor indexes were 11.3% and 28.1% after 28 days of incubation in soils number 1 and 3, respectively. These
nitrification inhibitor index values are in agreement with observations by other researchers.

Conclusion: The results showed that nitrification inhibitor DCD is compound with a high capacity for
extending ammonium presence in studying soils under conditions of this experiment. However, its efficiency
was dependent to physical and chemical properties of soil.According to the results, first order equation was the
best equation for describing ammonium oxidation Kinetics in tested soils fertilized with urea and urea+DCD.
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