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1- Nitrification Inhibitors

2- Ammonium-oxidizing bacteria
3- Ammonia monooxygenase

4- 3.,4- Dimethylpyrazole phosphate
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Table 1. Some physical and chemical properties of the soils used in the experiment.

Sk g /
. c S Sk
soil type . )
soil properties
C CL L SL2 SL1
i s o =S ) Sl 4 gl e
Naghadeh Karaj Karaj Robat karim Karaj Sampling site
P8 IS Kr sy Kl PANNS S s G g
Wheat field Forest park Forest park Barren land Forest park Land use
(%) Sl= &l
Soil particle (%)
49 28 13 11 11 Caly
40 42 38 24 30 Silt
11 30 49 65 59 Sand
0 Par s e e Sl it
Clay Clay loam Loam Sandy loam Sandy loam Soil texture
8 7.7 7.6 7.8 7.6 pH
1.18 0.78 0.7 1.16 0.68 (dS/m) EC
iy s s o L
35.6 313 252 16.5 18.56 (35 2002) £ 2 b
Field Capacity (mass percent)
%) J -
1.47 0.87 0.73 0.3 0.58 O S o
Organic carbon (%)
%) Jalas ol Sl
17.4 12.1 95 10.6 8.4 6] Jobee g .
CCE (%)
19.5 1.2 4.8 33 49 NH," (mg kg™
26.3 13.7 9.9 5.5 8.5 NO; (mgkg")
Kko'! P
1 0.67 0.53 0.25 041 ekg) 5 oss
Total nitrogen
s 1S Usls e L
213 154 12.2 9.2 10.8 SRS B
Cation exchange capacity
AOB
6.415 5.398 4451 4.367 4375 (log MPN/ g of soil)
NOB
5.748 5.127 4.113 4.155 4.079 (log MPN/ g of soil)

L;TL,:)SLW)NJ:CLeM);~/WL;TL,:)SL¢}J:L5M)>~/Y’L;T&_‘)SL_\‘J'.:.NJ:SLZ sy /OA JTop SL) J;LNJ:SLI*
Aoy VAV T Sy €€ tlsys o/AY

SL1: Sandy loam 1 contains of 0.58% organic carbon (O.C); SL2: Sandy loam 2 contains of 0.3% O.C; L: Loam contains of
0.73% 0O.C; CL: Clay loam contains of 0.87% O.C; C: Clay contains of 1.47% O.C.
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Table 2. Analysis of variance the effect of soil and inhibitor on ammonium and nitrate with time.

Dlagye S0
Mean Square &bl 4 i mbe
ol s (};Jy] DF Source
Nitrate Ammonium
- - ol yls 3L
395764 297695.68 2
Inhibitor
Sk
25633.01 2752.858 4
Soil
- - Sk x ol ylssb
4684.831 4782.31 8
Inhibitor x Soil
(S x oiylsl) Lo
10.9038 8.9433 30
Error (Inhibitor x Soil)
102165.7 91989.3 4 o
Time
Olay x o ils5k
3245571 32473 8 A
Inhibitors x Time
Obey x Sk
857.6239 731.9242 16
Soil x Time
ork - Ole j x S x o5 Hla 30
994.1809 910.6168 32 SO SRRk
Inhibitor x Soil x Time
Ole ) skile 3L (glas
11.305 6.42 120 (Gl el S s
Residual error (Time)
ol pns 5
3.839 3.686 T

Coefficient of Variation

.C,M!)lad'a.a.x.pﬁoj\n/\clanﬂ);\.,.;;«_»ﬁ} ‘

%% k% and * significant at 0.1, 1% and 5% probability levels, respectively.
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Figure 1. The effect of inhibitor DMPP on ammonium concentration changes with time in different soils
(SL1-0.Cysg: Sandy loam 1 contains of 0.58% organic carbon (0.C); SL2-0O.Cy;: Sandy loam 2 contains of
0.3% 0O.C; L-0.Cy 73: Loam contains of 0.73% O.C; CL-(g;: Clay loam contains of 0.87% 0O.C; C-0O.C, 47: Clay
contains of 1.47% 0O.C).
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Figure 2. The effect of inhibitor DMPP on nitrate concentration changes with time in different soils
(SL1-0.Cysg: Sandy loam 1 contains of 0.58% organic carbon (0.C); SL2-O.Cj;: Sandy loam 2 contains of
0.3% 0.C; L-0.Cy 73: Loam contains of 0.73% O.C; CL-(g;: Clay loam contains of 0.87% 0O.C; C-O.C, 47: Clay
contains of 1.47% 0O.C).
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Figure 3. The effect of inhibitor DMPP on nitrification rate in different soils (SL1: Sandy loam 1 contains of
0.58% organic carbon (O.C); SL2: Sandy loam 2 contains of 0.3% O.C; L: Loam contains of 0.73% O.C;
CL: Clay loam contains of 0.87% O.C; C: Clay contains of 1.47% 0O.C; NO: without N application; N200: 200
mg/kg N; N200+NI: 200 mg/kg N containing nitrification inhibition). Vertical bars represent the standard

error of the mean of each treatment (n=3).
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Figure 4. The effect of inhibitor DMPP on nitrification inhibition in different soils (SL1: Sandy loam 1
contains of 0.58% organic carbon (O.C); SL2: Sandy loam 2 contains of 0.3% O.C; L: Loam contains of
0.73% 0O.C; CL: Clay loam contains of 0.87% O.C; C: Clay contains of 1.47% 0O.C). Vertical bars represent
the standard error of the mean of each treatment (n=3) and the same small letters are not significantly
different in figure according to Tukey test at P<(0.05.
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Table 3. Analysis of variance the effect of soil type and nitrification on total soil nitrogen and nitrifier bacterial abundance.

Sl e e
Mean Square 331 s S s
NOB iyl AOB sl JS 05558 DF Source
NOB abundance AOB abundance Total N
Hkk Hkk *kk eJ.:)b)'la_
5.24834028 7.3375992 0.840181 2
Inhibitor
Aokok Aokok * \Sl}.
0.25727936 0.18915975 0.002576 4
Soil
ns ns ns S x °"\"‘)1>)'L.
0.00404466 0.00233035 0.00009778 8

Inhibitor x Soil

.C,.w‘Lg)‘é&&a?&e_uébuns‘;)b&mw)éo‘5\s'/\cla»,«)ég.‘,.;jqﬁ} ¢
** %% and * significant at 0.1, 1% and 5% probability levels, respectively.
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Table 4. The effect of inhibitor DMPP on total nitrogen (%) in different soils.

Sk Cf'
Mean Soil type ol
Inhibitor
C CL L SL2 SL1
0.062° 0.1083° 0.0706° 0.0566° 0.0290" 0.0453% NO
0.0642* 0.1113° 0.0723° 0.0596° 0.0300" 0.0470° N200
0.0643* 0.1120° 0.0730° 0.0596° 0.0303" 0.0472° N200-+NI
0.1105% 0.0720° 0.0586° 0.0297° 0.0465° Mean

o3 0 mhw 53 (S5 O3 b bl Blodd 5l a0 S e Shp G S s b S8 G S 05 b sy 8 3 oS (galael
oy VY TSt e Losdoys Y s o S SL2 tas)s +/0A S st o) S SLI .10 (5l jne o5lis
03558 0SS e S e Yor N200 1055 25 5,205 05 NO sy V/EY I epS L s Cedoys A JT S L ¢s CL

(Sl i 153k (sl p S ShS 05555 S e Yo N200+NI

* Values followed by the same small or capital letters are not significantly different within rows or columns according
to Tukey test at P< 0.05. SL1: Sandy loam 1 contains of 0.58% organic carbon (O.C); SL2: Sandy loam 2 contains
of 0.3% O.C; L: Loam contains of 0.73% O.C; CL: Clay loam contains of 0.87% O.C; C: Clay contains of 1.47%
0.C. NO: without N application; N200: 200 mg/kg N; N200+NI: 200 mg/kg N containing nitrification inhibition.

it s S5 ,5 (log MPN g of soil) (NOB) <y 35 5 (AOB) p 55 gol S ST (glas Sy Comozr =0 Jgobr

Table 5. Population of ammonium (AOB) and nitrite (NOB) (log MPN g” of soil) oxidizer bacteria in
different soils.

Sk Cf'
Soil type
C CL L SL2 SL1
6.541* 5.558" 4.555¢ 4.523P 4.507"" AOB
5.890* 5.315° 4307° 4.245° 4.228P NOB

I (Gl pme slE Ay 0 Clanﬂ)a SF O}ﬁjil{é}b] Llod 5wl o S rle Sup b K ;&isjj.aﬁashgah\.cl#
L;T;,_‘)SLW)¢}J:CLEM)>~/WLJ&_‘)SL_¢}J:L eJ.,,)w/rL;Id;M;u.ﬁ:SLZ eJ.p)>~/o/\LJ&_‘JSL_@JC,J1M:SL1
Ao 3 VAV T SL s €€ o yn +/AY

* Values followed by the same capital letters are not significantly different within rows according to Tukey
test at P<0.05. SL1: Sandy loam 1 contains of 0.58% organic carbon (O.C); SL2: Sandy loam 2 contains of
0.3% O.C; L: Loam contains of 0.73% O.C; CL: Clay loam contains of 0.87% O.C; C: Clay contains of

1.47% O.C.
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Figure 5. The effect of nitrification inhibitor DMPP on population of ammonium oxidizer bacteria (AOB) in
different soils (SL1-0.Cyss: Sandy loam 1 contains of 0.58% organic carbon (O.C); SL2-0.Cy;: Sandy loam 2
contains of 0.3% O.C; L-O.C,7;: Loam contains of 0.73% O.C; CL-(g;: Clay loam contains of 0.87% O.C;
C-0.C, 47: Clay contains of 1.47% O.C; NO: without N application; N200: 200 mg/kg N; N200+NI: 200 mg/kg
N containing nitrification inhibition). Vertical bars represent the standard error of the mean of each treatment
(n=3) and the same small letters are not significantly different in figure according to Tukey test at P<0.05.
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Figure 6. The effect of nitrification inhibitor DMPP on population of nitrite oxidizer bacteria (NOB) in
different soils (SL1-O.C0.58: Sandy loam 1 contains of 0.58% organic carbon (O.C); SL2-0.C0.3: Sandy loam
2 contains of 0.3% 0O.C; L-0.C0.73: Loam contains of 0.73% O.C; CL-0.87: Clay loam contains of 0.87% O.C;
C-0.C1.47: Clay contains of 1.47% O.C; NO: without N application; N200: 200 mg/kg N; N200+NI: 200 mg/kg
N containing nitrification inhibition). Vertical bars represent the standard error of the mean of each treatment
(n=3) and the same small letters are not significantly different in figure according to Tukey test at P<0.05.
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Table 6. Correlation between nitrification rate (0-56 day), nitrate concentration (NO;-N), total N (TN),
organic carbon (0.C), clay% and AOB and NOB bacterial population of soil.

NOB AOB clay 0.C ™ N-NOy Sl Sl
Nitrification nitrification

0.56" 0.59" 0.55" 0.56" 0.57" 0.99™" 1
0.66™" 0.67"" 0.65™"" 0.66™" 0.67"" 1 0.99™" N-NO;y'
0.92"" 0.93™" 0.95™" 0.99™" 1 0.67"" 0.57" N
0.91"" 0.93™" 0.95™ 1 0.99™" 0.66™" 0.56" 0.Cc
097" 0.99™ 1 0.95"™ 095" 0.65" 0.55" clay
0.98"" 1 0.99™" 0.93™" 0.93™" 0.67"" 0.59" AOB

1 0.98"" 0.97"" 0.91"" 0.92"" 0.66""* 0.56" NOB

.w‘)léw-r\‘ﬂ)éo"\g'/\Ck—.ﬂ))\.‘/.;;ﬂ#} ¢

*x% k% and * significant at 0.1, 1% and 5% probability levels, respectively.
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Table 7. Correlation between nitrification rate and nitrification inhibition (0-56 day) at treatments includes
nitrate concentration (NO;-N), total N (TN), organic carbon (O.C), clay% and AOB and NOB bacterial

population of soil.

NOB AOB clay 0.C TN N-NOy
ko *ok *ok ko Fokok Fkk 6)[««@‘}7?‘ Q‘J:n
0.83 0.78 0.79 0.81 0.84 0.99
Nitrification rate
sk sk sk sk sk Kook /-L" 1534 Lo
0.78 0.71 0.73 0.75 0.78 -0.97 e

Nitrification inhibition

.w‘)léw-r\‘ﬂ)éo"\g'/\Ck—.ﬂ))\.‘/.;;ﬂ#} ‘

**% k% and * significant at 0.1, 1% and 5% probability levels, respectively.
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Abstract

Background and Objectives: Low nitrogen use efficiency (NUE) is a global problem in crop
production, and agriculture of Iran is not exempt in this regard. Nitrogen (N) fertilizers as a
source of nitrogen can be very effective in water, soil and air environmental pollution.
Nitrification is a key process in agricultural ecosystems since it results in changes of ammonium
to nitrate and eventually loss of considerable amounts of soil nitrogen through leaching and
denitrification. The application of nitrification inhibitors (NI) together with nitrogen fertilizers is
a strategy to reduce N losses. Thus, the objective of this study were to evaluate the effect of
inhibitor 3,4-Dimethylpyrazole phosphate (DMPP) on nitrification rates and nitrification
inhibition percentage in some soils of Iran containing representing differences in organic matter
content and texture.

Materials and Methods: An incubation experiment was conducted to evaluate the effect of
DMPP on nitrate and ammonium concentration changes in different times and abundance of
ammonium (AOB) and nitrite (NOB) oxidizer bacteria in five soils with different texture and
organic carbon (O.C). The treatments of experiment included NI at three levels (without N and
NI, 200 mg/kg N as ammonium sulfate without NI and 200 mg/kg N as ammonium sulfate
containing 0.8 % NI), five soil types (sandy loam 1 with 0.58% O.C, sandy loam 2 with 0.3%
0.C, loam with 0.73% O.C, clay loam with 0.87% O.C, clay with 1.47% O.C), and five
sampling times (0, 14, 28, 42, and 56 day).

Results: The results showed that application of N containing DMPP compared to N without
DMPP in all soils had significant effect (P<0.001) on reducing nitrification, which was reduced
44.7% on average. DMPP efficiency on nitrification inhibition in experimented soils had
significant difference, indicating that nitrification occurs rapidly in soils containing more clay
and O.C compared to soils with more sand and low O.C. Nitrification inhibition percentage after
56 day incubation in SL1, SL2 and L were 57%, 46% and 12%, but in two other soils were
about zero. Also there were a positive significant correlation between abundance of AOB and
NOB with nitrate concentration (r = 0.6), O.C content (r = 0.9) and total soil N (r = 0.9).

Conclusions: Soil nitrification rate are different under influence of factors like soil textural
properties and soil O.C content, and DMPP efficiency had inverse relationship with some soil
properties including clay%, O.C content and nitrifier bacterial population.
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