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Comparative studies on soil nitrification inhibition by pyridine compounds

LI Zhao-Jun, SONG A-Lin, FAN Fen-Liang, LIANG Yong-Chao

(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences; Key Laboratory of
Plant Nutrition and Fertilizers, Ministry of Agriculture, Beijing 100081, China)

Abstract Nitrification inhibition is a well-established fertilizer management that improves fertilizer use efficiency (FUE) in crop
production aimed at enhanced profitability, crop quality and healthy environment. As a nitrification inhibitor, pyridine compound has
been used for stabilization of fertilizer nitrogen (N) for more than 20 years now. However, pyridine compound represents a broad
class of heterocyclic N compounds whose activity as nitrification inhibitors appears to be impacted by Cl and/or trichloromethl sub-
stitution on C atoms immediately adjacent to the N ring. In addition, the solubility of pyridine compounds in water is very low; which
decreases nitrification inhibitory activity. To prove nitrification inhibitory effects, 2-chloro-6(3-chloromethylthiazole)-sulfate,
2-chloro-6(3-chloromethylthiazole)-chloride, pyridine compounds mixture and pyridine X compounds were investigated for inhibi-
tory effects on nitrification of fluvo-aquic soil, red soil and paddy soil using laboratory microcosm experiments. The results showed
that nitrate contents in soils treated with pyridine compounds were significantly lower than those of the control. Nitrification inhibi-
tion rate range was 2.91%~91.92%. Inhibitory effect of pyridine compounds on soil nitrification increased before 21 d, after which it
decreased, with peak effect on 21* d. Differences were noted among inhibitory effects of different pyridine compounds. The effects
of 2-chloro-6(3-chloromethylthiazole)-chloride were much stronger than those of other pyridine compounds. Differences were also
noted in inhibitory effects of pyridine compounds on nitrification in fluo-aquic soil, red soil and paddy soil. Inhibitory effects of pyri-
dine compounds in the different soils were in the order of: fluvo-aquic soil > paddy soil > red soil. Based on soil type, pyridine com-
pound inhibition effect on nitrification increased with increasing application rate the compounds.
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(Received May 3, 2011; accepted Dec. 28, 2011)

(ammonia i
oxidizing bacteria, AOB) S NH," R
* (2008C12045-2)
o : (19%61—), > E-mail: ycliang@caas.ac.cn
(1974—), , , E-mail: zjli@caas.ac.cn

:2011-05-03 12011-12-28



562 2012 20
: ), 1 S
[3-51 6]
’ 1.1
’ ’ 2- -6( )
- (S) 2- -6( ) (H) 2- -6(
’ ) M) 2- -6(
’ X(X),
(nitrapyrin)  2-  -6-( ) )
Goring!™ ’me , ,
1974 DOW 4 C ’ ’
3
N-serve, R 1
, 100 hm’
13 ,
, NH', 0.10 gNyke"!
NH,'-N/NO;-N 1: (CK),
Rodgers , > ; S-1 S-2 S-3:
9% 2- -6( )
, 57%, N 0.125% 0.25%  0.5%; H-1 H-2
> H-3: 2- -6( )
74%!") N 0.125% 0.25% 0.5%;
: (i M-1 M-2  M-3: 2- -6(
) ) ) N
) 5 ) 0.125% 0.25%  0.5%; X-1 X2 X-3:
2- -6( ) X
, N 0.125% 0.25% 0.5%
3
) ) 40%, 25°C
2- -6( ) 2- -6( ) 7d,
X 4 100.0 g 250 mL
, , 3.0
mL( )
1
Table 1 Basic physico-chemical properties of the tested soils
Soil Organic matter (g'kg™) Total N (gkg™) Total P(gkg™") Available N (mgkg™) Available P (mg-kg™) Available K (mgkg™) pH
Fluvo-aquic soil 8.24 0.75 1.21 28.23 31.66 50.97 8.48
Red soil 1.91 0.65 0.99 21.35 530 4830 5.02
Paddy soil 9.80 0.91 1.09 26.37 28.82 30.60 7.57
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Table 2 Percentages of inhibition of nitrification in different soil types by pyridine compounds
Incubation time (d)
Treatment Soil 3 7 14 21 28 35

S-1 Fluvo-aquic 56.76+6.29 78.3243.18 67.97+8.03 77.43+1.11 50.14+1.52 7.694+2.59

Red soil 5.30+3.12 8.14£2.81 21.65+4.43 20.78+3.52 12.21£1.95 13.10+1.56

Paddy soil 18.05+4.58 46.91+£6.49 57.78+8.00 57.48+5.57 62.63+9.09 60.32+7.06

S-2 Fluvo-aquic 60.76+6.62 82.31+4.36 81.34+0.84 91.92+0.76 61.52+0.44 61.39+0.35

Red soil 4.37+1.79 12.104+2.39 24.72+3.40 29.13+4.12 21.08+1.20 21.78+2.56

Paddy soil 6.42+3.54 12.46+10.25 11.17+4.88 0.30+0.12 13.91+1.63 14.36+3.53

S-3 Fluvo-aquic 66.28+1.23 87.62+0.78 89.61+0.47 89.18+1.78 89.63+2.32 91.83+0.63

Red soil 2.91+1.49 13.86+3.28 29.60+£3.15 37.3243.25 27.10+£2.19 32.82+1.98

Paddy soil 19.2443.23 45.54+7.36 56.77+7.29 55.30+9.81 62.03+7.98 59.66+6.64

H-1 Fluvo-aquic 60.56+0.91 83.31+0.84 84.65+1.44 80.72+0.54 78.59+4.55 71.86+2.70

Red soil —4.914+6.94 11.204+3.48 19.90+1.26 11.264+2.31 4.26+1.38 14.314+2.34

Paddy soil 2.71+£2.93 13.65+6.41 9.64+3.77 34.07+2.27 12.57+£3.18 14.07+5.28

H-2 Fluvo-aquic 64.27+0.88 86.09+0.11 88.28+0.18 89.28+0.32 88.05+0.66 89.84+0.35

Red soil 5.99+£1.92 16.63+1.06 30.12+2.04 25.55+£2.69 27.93+2.20 32.0743.78

Paddy soil 15.15+£3.37 32.06+3.12 32.18+5.17 34.914+3.00 32.51+6.31 29.95+5.13

H-3 Fluvo-aquic 67.58+1.16 86.89+0.39 89.18+0.66 89.47+0.39 88.94+1.67 90.68+0.63

Red soil 8.21£2.13 13.4442.35 27.58+1.31 24.86+3.12 22.17£3.45 27.22+3.39

Paddy soil 14.69+5.86 43.66+10.99 53.12+10.35 67.37+5.56 52.9142.62 49.74+6.32

M-1 Fluvo-aquic 53.40+3.21 85.89+0.62 59.05+1.19 88.234+2.97 59.04+1.53 53.64+6.51

Red soil 7.26+1.78 18.5442.54 32.44+4.26 17.8442.15 18.76+2.85 23.21+3.15

Paddy soil 8.99+4.40 37.1143.20 35.13+8.68 37.22+1.72 42.81+4.88 35.814+5.23

M-2 Fluvo-aquic 65.96+2.48 87.36+1.16 88.11£1.14 88.84+2.98 88.58+1.21 85.75+6.43

Red soil —14.374£5.78 5.20+£2.14 20.26+3.59 12.8442.36 23.23+3.14 7.25+1.87

Paddy soil 20.82+3.68 46.96+5.82 62.23+6.94 65.3248.29 70.07+3.54 67.07+5.63

M-3 Fluvo-aquic 65.96+0.86 87.95+0.37 87.83+0.26 90.04+1.25 89.26+0.87 88.64+0.58

Red soil 2.93+1.02 28.20+2.21 44.15+6.23 50.43+3.15 65.58+3.56 51.91+5.36

Paddy soil 20.96+1.47 50.32+0.46 66.17+0.71 70.64+3.56 78.22+4.04 76.994+3.26

X-1 Fluvo-aquic 57.31+0.35 86.59+0.49 57.01+0.28 90.50+3.23 59.70+0.51 57.55+0.12

Red soil 10.97+3.01 19.98+0.87 36.99+0.56 37.86+2.14 49.32+5.41 28.56+1.72

Paddy soil 24.82+3.25 40.30+£3.71 38.37+8.21 55.71+0.93 35.94+5.46 31.4343.26

X-2 Fluvo-aquic 61.32+1.43 80.354+2.48 66.63+2.88 61.15+5.21 18.05+0.44 3.00+2.92

Red soil 9.4242.35 14.86+1.87 34.50+0.64 37.86+0.94 36.94+1.21 29.10+3.05

Paddy soil 9.87+0.32 35.33+4.82 37.28+6.07 34.62+5.33 30.86+3.82 29.9842.35

X-3 Fluvo-aquic 65.65+0.94 84.92+1.11 83.05+1.98 86.18+1.74 77.06+0.55 54.59+3.48

Red soil 12.52+3.25 21.96+3.21 48.15+5.13 49.43+£3.29 55.41+£3.78 46.37+2.75

Paddy soil 22.71+£3.73 57.07+2.13 68.65+3.24 72.9242.12 75.95+1.79 77.51+2.23
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