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Abstract Nitrification inhibitors (NI) are widely used in fertilization to modify nitrogen (N) 
transformation in soil for matching crop N requirement and reducing N loss to environments. 
However, the effects of major NI products in China on inorganic N transformation in purple soil 
are poorly quantified. Therefore, incubation experiment was carried out to study the effects of 
major NI products including Entrench (En), 3,4-dimethylpyrazole phosphate (DMPP) and 
dicyandiamide (DCD) on inorganic N transformation in typical purple soil which is the 
predominant soil in Sichuan Basin, China. With the same incubation condition (soil moisture: 70% 
of water hold capacity at 25 ), ℃ the contents of ammonium nitrogen (NH4

+-N), nitrite nitrogen 
(NO3

--N), and pH value were measured, and then the apparent nitrification rate and inhibitory rate 
of the three nitrification inhibitors were calculated. Results showed that the NI can significantly 
reduce the acidification rate of the purple soil. And a strong nitrification process was showed in 
the soil without nitrification inhibitors (CK), with 81.4% of NH4

+-N disappearing from the 
mineral nitrogen pool during the whole incubation period of 100 days. Compared with CK 
treatment, addition of NI products resulted in a reduced disappearance of NH4

+-N by 9.8% for En, 
24.6% for DMPP and 26.1% for DCD, respectively. The nitrification process of nitrogen in soil 
was obviously inhibited by NI products, with the inhibition rate of 7.1% to 95.8% for DMPP and 
of 3.8% to 97.2% for DCD, respectively. Thus, the nitrification process was delayed by up to 30 
days for these two treatments. The inhibition effect of nitrification process by En product was less 
than that of DMPP and DCD. Under the recommendation rate of NI products, the nitrification 
inhibition rates were in the order of DCD (5% w/w)＞DMPP (1% w/w)＞En (2.4% w/w). We 
concluded that all the major NI products in China could significantly inhibit the process of 
nitrification in purple soil. While, DMPP and DCD are superior to En product in maintaining 
NH4

+-N, inhibiting nitrification process and reducing acidification of the purple soil.  

Introduction 

Nitrogen (N) is an essential nutrient for plant growth, NO3
--N and NH4

+-N are the main nitrogen 
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sources for crop uptake and utilization [1]. Nitrogen is widely used in agricultural production for 
increasing production efficiency. However, the excessive use of N fertilizer has resulted in the low 
rate of N use efficiency and huge economic waste, both of which may lead to great potential of 
environmental pollution risk [2-3]. At present, many countries have applied nitrification inhibitors 
to actual production [4], which makes good effect in reducing NO3

--N leaching, N2O emissions, 
and increasing N use efficiency [5]. Therefore, it is of great significance to control the conversion 
of N in soil, promote its effective utilization, reduce N loss and increase the utilization rate of N 
fertilizer [6-9]. All are fundamental for N fertilizer management and environmental protection. 
Studies on the nitrification inhibitors were mostly adding one kind of nitrification inhibitors in the 
urea to improve nitrogen use efficiency [6,10]. Except for reducing nitrogen loss, improving the 
utilization rate of nitrogen fertilizer and increasing crop yield, NI can also reduce the nitrite 
content in crop species, improve the quality of farm products, and reduce pollution of soil, 
groundwater and the environment due to the excessive fertilization. 

In recent years, both DCD and En (Entrench) have been widely used in agricultural production 
in foreign countries because they have a strong inhibitory effect on the nitrification process [11]. 
Studies have shown that using En in agricultural soil can increase corn yield by 7%, reduce the N 
leaching loss by 16% in the mid-western United States [12]. DCD has been widely used in the 
domestic and foreign agricultural production because of its soluble, not volatile, degradation of 
safety and high efficiency and other characteristics [13-14]. A large number of field experiments 
showed that DCD could significantly inhibit the soil nitrification, reduce the leaching of NO3-N 
and N2O emissions [15], and the application of DCD in the wheat-rice rotation field could slow 
down by 11-47% N2O emission [16-20]. DMPP is a new type of nitrification inhibitor in recent 
years [21-22], although the expensive price, but less dosage, and with less side effect of plant 
growth and production [23-25]. According to previous studies, DMPP is superior to other similar 
products in terms of improving the utilization rate of nitrogen fertilizer [26-27]. The inhibition 
effect of NI was influenced by the factors such as soil, climate, management and crop species.  

Although there were many studies about effects of nitrification inhibitors on the conversion of 
ammonium nitrogen to nitrate nitrogen, the inhibition effect of major nitrification inhibitors on 
purple soil was not clear in China. By indoor incubation, evaluation of nitrification inhibition 
effect of different treatments by mixing urea and nitrification inhibitors into purple soil were 
conducted so as to provide a basis for the efficient utilization of nitrogen fertilizer and 
environmental protection in Sichuan basin, China. 

Materials and Methods 

Soil and Nitrification Inhibitors. The soil used for the incubations was collected from the 
0-20cm layer at the National monitoring base for purple soil fertility and fertilizer efficiency 
(106.26 E, 30.26 N), was located Southwestern University, Beibei District, Chongqing city, China. 
The initial soil characteristics of the study base are given in Table 1. The soil was air-died, sieved 
(<2 mm) and stored at room temperature. 

 
Table 1 Selected initial soil properties at the National monitoring base for purple soil 

pH 
Organic matter 

g·kg-1 
Total nitrogen 

g·kg-1 
Available nitrogen 

mg·kg-1 
Ammonium nitrogen 

mg·kg-1 
Nitrate nitrogen 

mg·kg-1 
7.5 9.9 0.67 69.8 3.8 17.8 
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Nitrification inhibitors used in this study included Dicyandiamide (DCD, pure crystalline 
formulation, 99.5% ac), 3,4-dimethylpyrazole phosphate (DMPP, pure crystalline formulation, 
99.5% ac ) and 2-chloro-6-(trichloromethyl) pyridine (En, liquid formulation, 22.2% ac, Dow 
Agro Sciences).  

Incubation Experiments. Incubations were carried out in plastic vials (capacity 500 ml) using 
300 g soil. The soil was moistened to 70% WHC with a solution containing urea (46.4% N) to 
provide NH4

+-N at 200 mg kg-1 soil. The experiment was performed in a randomized block design 
with four replicates. And the treatments included: (1) only fertilization (200 mg N per pot) without 
nitrification inhibitors (control, designated as CK), (2) fertilization (200 mg N per pot) with En 
(2.4% to N), (3) fertilization (200 mg N per pot) with DCD (5% N), and (4) fertilization (200 mg 
N per pot) with DMPP (1% N). The loss of moisture content was replenished every week in the 
course of the incubation. Soil samples were also collected at 2, 4, 9, 18, 35, 50, 50, 65, 80, and 
100 days after incubation for determining the content of ammonium, nitrate, nitrite and pH in soil. 

Using the solution of 2 mol·L-1 KCl to extract soil (m(KCl):m(Soil)= 5:1, shaked 30 minutes), 
and determined the concentration of ammonium nitrogen, nitrite nitrogen and nitrate nitrogen in 
soil by Discrete Auto Analyzer (Cleverchem380, DeChem-Tech, Gemany). Other soil physical 
and chemical properties with reference to the conventional analysis method [28]. 

Apparent nitrification rate of soil (ANR) and nitrification inhibition rate (NIR) by the test 
compound were calculated using the following formula: 

ANR (%) = [NO3
--N/ (NH4

+-N+NO2
--N+NO3

--N)] ×100                          [29] 
NIR (%) = (A-B)/A ×100                                                   [30] 
Where A is the amount of (NO3

-+NO2
-)-N produced in the soil sample treated with the test 

compound and B is the amount of (NO3
-+NO2

-)-N produced by the control sample (no test 
compound added). 

Result 

Effects of Different Types of Nitrification Inhibitors on pH value in Purple Soil. Fig. 1 
showed that the soil pH of all treatments was increased firstly and then reduced with the growth of 
the incubation time in the whole process. This will inevitably lead to the increase of soil pH, 
because soil maintain a higher NH4

+-N content and lower NO3
--N content for a long time with the 

application of nitrification inhibitors. The soil pH of each treatment reached to the highest on the 
second day, which were 8.0 (CK), 8.2 (En), 8.3 (DMPP) and 8.3 (DCD), respectively. And then 
the pH values began to decline at different range. The soil pH of CK treatment was decreased 
sharply, pH has fallen from 7.5 at the beginning to 6.3 on the eighteenth day, a decline of 1.2 units, 
and then decreased slowly from 19 to 100 days, the soil pH values dropped down to 6.1 at the end 
of the incubation. The soil pH decreased significantly slower of the treatments adding nitrification 
inhibitors, compared with the initial incubation. On the thirty-fifth day, the decline of soil pH of 
En, DMPP and DCD were 0.9, 0.3, 0.1 units, respectively, a decline of treatments were 
significantly lower than that of CK (p<0.01). The soil pH of En, DMPP and DCD treatments were 
significantly higher than CK treatment (p<0.01) from the second day of incubation, but there was 
no significant difference between En and DMPP. It can be seen that adding nitrification inhibitor 
to the soil can significantly slow down the rate of soil acidification. 
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Fig. 1 Soil pH in purple soil with different nitrification inhibitors 
 

Effects of Different Types of Nitrification Inhibitors on Nitrogen Forms in the Process of 
Urea Conversion 
 

Effects of Different Types of Nitrification Inhibitors on NH4
+-N Content in Purple Soil. In 

the culture process, the transformation of urea was inhibited by the addition of nitrification 
inhibitors, which first showed the increase of the content of NH4

+-N in soil or the decrease of 
NO3

--N content. As can be seen from Fig. 2, all of the added nitrification inhibitor treatment of 
soil NH4

+-N content was higher than the CK treatment, in the whole process of culture. The 
content of NH4

+-N in each treatment soil showed the trend was increased in the beginning and 
then decreased with the increase of culture time, which was similar to the change trend of pH in 
Fig. 1. The NH4

+-N content of all treatments reached a peak at the second day of culture, and then 
began to decrease. The NH4

+-N content of CK treatment decreased fastest, from 118.72 mg/kg on 
the second day down to 5.89 mg/kg on the thirty-fifth day, a decline of 95%, then began to slow 
down; the En treatment of NH4

+-N content in the thirty-fifth day decreased by 80.74%, DMPP and 
DCD were decreased by 62.3% and 54.5%, respectively, the decline of nitrification inhibitors 
treatments were significantly lower than that of CK (p<0.01). The changes about NH4

+-N content 
of DCD and DMPP treatments were consistent in the culture period, and DCD treatment was 
slightly higher than that of DMPP treatment; while the NH4

+-N content of En treatment decreased 
relatively quickly. The inhibitory effect of DCD and DMPP was better than that of En during the 
incubation. 
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Fig. 2 Concentration of NH4

+-N in purple soil with different nitrification inhibitors 
 

Effects of different types of nitrification inhibitors on NO3
--N content in purple soil. In 

contrast to the NH4
+-N content, the content of NO3

--N in soil was increased gradually with the 
increase of incubation time, and the change trend was similar with treatments. From the beginning, 
the application of nitrification inhibitor treatment, showed the inhibition effect on ammoxidation, 
NO3

--N content in the soil were lower than CK treatment, and continued until the end of the 
experiment. The NO3

--N content of CK treatment increased rapidly at the beginning, reached 
165.2 mg/kg on 18 days’ incubation, then NO3

--N content increased slowly; NO3
--N content of En, 

DMPP and DCD treatments were 116.5, 44.5 and 63.5 mg/kg, respectively, at the 18 days of 
incubation, all of which were significantly lower than that of CK (p<0.01). After 25 days of 
incubation, NO3

--N content of En, DMPP and DCD treatments were 165.6, 123.5 and 90.8 mg/kg, 
respectively. And DMPP and DCD treatments were significantly lower than that of CK (p<0.01), 
but there was no significant difference between En and CK treatments. However, the NO3

--N 
content of each nitrification inhibitor treatment was significantly different (p<0.01). During the 
whole incubation period, the NO3

--N content of DCD treatment was basically at the lowest level, 
the inhibition effect was better than that of DMPP and En treatment, and the followed is DMPP 
treatment. 
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Fig. 3 Concentration of NO3

--N in purple soil with different nitrification inhibitors 
 

Effects of Different Types of Nitrification Inhibitors on the Apparent Nitrification Rate and 
Nitrification Inhibition Rate of Soil 

 
Apparent Nitrification Rate of Soil. The percentage of NO3

--N content accounted for mineral 
nitrogen in soil is called soil apparent nitrification rate, the lower the value, the weaker the 
nitrification inhibitory, the higher the value, the higher the nitrification intensity. Overall, the 
apparent nitrification rate of different treatments in purple soil showed a gradual increasing trend 
with the extension of incubation time (Table 1). In the first 9 days of culture, the apparent 
nitrification rate of CK was between 27.3%~65.5%, and then increased rapidly to 91.8%, reaching 
99.1% at the end (Table 1). Adding nitrification inhibitors had a significant inhibitory effect on 
nitrification of soil nitrogen, which En, DMPP and DCD were lower than the CK in the first 80 
days of incubation, then began to achieve that of CK level gradually. The apparent nitrification 
rate of DMPP and DCD treatments were in a low level in the first 50 days of culture, which were 
respectively between 9.8% ~ 79.7% and 11.7% ~ 75.3%, significantly lower than En treatment. 

Table 1 Apparent nitrification rate of different treatments in purple soil 

 
Nitrification Inhibition Rate. Nitrification inhibition rate of En treatment is between 33.1% ~ 

48.5% in the first 20 days of incubation (Table 2), and then reduced the inhibition rate to 6.0% 
after 15 days of incubation, and it was 4.4% at the end of incubation. The inhibition rate of DCD 
and DMPP treatments were between 81.9% ~ 95.8% and 69.0%~97.2% in the first 20 days, then 
DCD treatment was decreased rapidly, DMPP treatment was slow down. In the first 70 days of 

Treatment 
Incubation (d) 

2 4 9 20 35 50 65 80 100 
N (CK) 27.3a 54.6a 65.5a 91.8a 96.6a 97.9a 99.2a 99.2a 99.1a 
N+ En 21.9a 41.8b 41.8b 60.5b 88.4b 93.9a 97.7a 98.8a 99.1a 
N+DMPP 9.8b 22.5c 24.8c 28.8c 70.8c 79.7b 96.9a 98.5a 99.3a 
N+DCD 11.7b 18.9c 26.1c 36.3d 59.7d 73.5b 93.2b 98.4a 99.5a 
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culture, the nitrification inhibition rate of DCD and DMPP treatments were higher than that of En 
treatment. After that, the difference of the inhibition rate of each treatment became smaller. 
 

Table 2 Nitrification inhibition rate of DMPP, DCD, and En in purple soil 

 

Discussion 
The change of pH was the same with ammonium nitrogen in each treatment during the 

incubation period, which was mainly related to the transformation of nitrogen in soil. The soil pH 
reached the highest value on the second day of incubation, because it will hydrolyzed into 
ammonium nitrogen quickly under suitable conditions by fertilizing urea in soil, soil ammonium 
nitrogen accumulation in a short period of time, and then caused the rise of soil pH inevitably [31]. 
The following nitrification, oxidized ammonium nitrogen into nitrate nitrogen, the release of H+ in 
this process decreased soil pH [32]. But the decline of CK treatment was the largest and had been 
at the lowest level because of rapid nitrification. The soil pH of En, DMPP and DCD treatments 
increased 0.79, 1.52 and 1.56 units, respectively, compared with CK treatment on the twentieth 
day of incubation. This result is similar to that reported in other literatures [5,31,33]. Soil pH was 
an important factor to affect nitrification, nitrification rate was significantly positively correlated 
with soil pH [34-35]. That is the nitrification rate of soil increased with the increase of pH within 
pH from 5.6 to 8, it is relevant to the autotrophic nitrifying bacteria grow better in pH was 6.6 ~ 
8.0 or higher range [36]. 

In this experiment, all these three nitrification inhibitors can significantly slow down the 
conversion of ammonium nitrogen to nitrate nitrogen in the early stage of incubation. On the one 
hand, it can promote the absorption of ammonium nitrogen by crops to maintain high level of 
ammonium nitrogen in soil for a longer time. On the other hand, soil colloids can also fix 
ammonium nitrogen partly, to reduce nitrate leaching, it was the same with the results of previous 
studies [5,37-38]. In this study, the ammonium nitrogen content of CK treatment reached the 
highest peak in the incubation of the first 2-4 days, then the ammonium nitrogen was converted to 
nitrate nitrogen, ammonium nitrogen content decreased rapidly (Fig. 2). In contrast, En, DMPP 
and DCD treatments maintained a higher level of ammonium nitrogen content in the early stage of 
culture, and the lower decline (Fig. 2). The nitrification inhibition of NI treatments gradually 
weakened in the late stage as the longer time, e.g., after 60 days, the treatments of soil ammonium 
nitrogen content tends to balance and there is no significant difference. 

On the temporal effect of nitrification inhibition, apparent soil nitrification rate (Table 1) and 
nitrification inhibition rate (Table 2) showed that En, DMPP and DCD treatments can delay soil 
nitrification, comparing with CK treatment. And the inhibitory effect of DMPP and DCD is 
stronger than that of En. The period to keep the nitrification inhibitor in soil is one of the key 
factors which decide the nitrification inhibition effect [39]. But the inhibition effects of different 
nitrification inhibitors are affected by soil physical and chemical factors including soil moisture, 
organic matter, soil pH, soil type, soil pore water filling rate, soil microorganism, and different 
doses of nitrification inhibitors and so on [40-42]. All these factors could affect the adsorption in 

Treatment 
  Incubation (d) 

2 4 9 20 35 50 65 80 100 
N+ En 48.5a 50.1a 43.1a 33.1a 6.2a 6.0a 13.5a 8.8a 4.4a 

N+DMPP 95.8b 84.0b 83.1b 81.9b 32.9b 17.5b 18.7a 6.4a 6.7ab 
N+DCD 97.2b 92.0b 82.6b 69.0c 53.7c 23.1c 20.7a 8.6a 5.1ab 
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the soil and inhibitory effect. DCD has lower price, less volatile, but easy to occur leaching loss 
because of the higher water solubility [38], and the misuse is easy to lead to harm to the plant 
[43-44]. En is generally in the form of emulsion and water emulsion, difficult to dissolve in water, 
but has some inconvenience in use and storage because of the volatile and photolysis; and En is 
one kind of organic chloride, it will has a negative impact on the environment and crop with a 
large dosage [15]. DMPP has the higher the price, but it has the lower dosage, slower degradation 
rate and better plant compatibility etc., and the inhibitory effect is much higher than DCD [44-45]. 
Comprehensive consideration, DMPP is therefore an ideal nitrification inhibitor for regions with 
purple soils. 

Conclusion 

Nitrification inhibitors of DCD, DMPP and En can reduce the conversion rate of soil ammonium 
nitrogen at different degrees, and slow down the nitrification process of transforming ammonium 
nitrogen to nitrate nitrogen. The inhibition effect of DCD and DMPP on soil nitrification was very 
close, which the nitrification of the soil was delayed by at least 30 days. The En inhibition was 
relatively weak, and the nitrification of the soil could be delayed by about 20 days. Compared with 
the control treatment, it can decrease the decline rate of soil pH significantly by adding 
nitrification inhibitor, which showed that adding nitrification inhibitor could slow down the rate of 
soil acidification significantly, and promote plant growth. The order of inhibition ability of 
nitrification inhibitor is DCD (5% N) > DMPP (1%) > En (2.4%) under the laboratory conditions 
and the recommended concentration of market conditions. The N inhibiting effect of DCD and 
DMPP were comparable, but significantly higher than that of En. Considering the price, efficiency 
and application of NI products, DMPP is an ideal nitrification inhibitor for regions with purple 
soils. 
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