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ABSTRACT

Recent- work has shown that acetylene is a potent inhibitor of nitrification in
soil. To discover the substituted acetylenes which inhibit nitrification in sail,
determination of the effects of seventeen acetylenes monosubstituted (HC = CR)
such as (propyne, 1-butyne, 2-ethynyl - pyridine, phenylacetylene, 3-butyn-2-one, 1-
phenyl-2- propyn -1- ol, 1-pentyne, 4-phenyl -1- butyne, 5-phenyl -1- pentyne, 1-
ethynylcycloh-examine, 2-propyn-1-ol, 2-propyn -1- amine, 1-hexyne, 3-butyn -1- ol,
1-heptyne, 1-octyne, acetylene monocarboxylic acid) and seven disubstituted (RC =
CR) acetylene (2-butyne, 3-phenyl-2-propyn -1-ol, diphenylacetylene, 2-butyn -1-
ol, 2-butyn -1, 4-diol, acetylene dicarboxylic acid, 2-butynoic acid) on production of
(NOJ+ NO; )-N in soils treated with (NHs); SO. .The obtained data showed that

most of the tested acetylenes substitutes inhibited nitrification process in soil and that
some of them were potent inhibitors of nitrification. The results with the four tested
gaseous compounds showed that acetylene, propyne, and 1-butyne inhibited
nitrification in soils at partial pressures is low (0.1 or 1.0 Pa) whereas 2-butyne had
little or no effect on nitrification at partial pressures as high as 10 Pa. Also the
obtained data with the 21 nongaseous compounds showed that 2-ethynylpyridine,
phenylacetylene, and 3-butyn -2- one had the greatest inhibitory effect on nitrification
and that acetylene monocarboxylic acid, acetylene dicarboxylic acid, and 2-butynoic
acid had the least effect. Studies on the measuring of CzH: production in soils
treated with the nongaseous compounds showed that the inhibition of nitrification was
not due to CzH; formed by decomposition of these compounds in the soil.
Experiments indicate that 2-ethynylpyridine and phenylacetylene can be compared
favorably with nitrapyrin (N-Serve) and etridiazole (Dwell) as soil nitrification inhibitors
and have potential practical value for retarding nitrification of N- fertilizers in soil.

Keywords: Etridiazole, nitrapyrine,  phenylacetylene,  2-ethynylpyridine,

substituted acetylene, soil nitrification inhibitors.

INTRODUCTION

Recent work has shown that acetylene (C,H,) is a potent inhibitor of
nitrification of NH Z in pure cultures of Nitrosomonas europaea as reported by

(Hynes and Knowles, 1978, 1980&1981; El-Sayed and Abdel-Mawly, 1999
and El-Sayed, 2003) and in soils (Bremner and Blackmer,1979; Walter et al.,
1979; Berg et al., 1982 and Abdel-Mawly and El-Sayed,1999). Studies using
pure cultures of N.europaea and Nitrobacter winogradskyi have demonstrated
that C,H, is a specific and noncompetitive inhibitor of oxidation of NH; to

hydroxylamine by N.europaea and does not affect oxidation of NO; to
NO; by N. winogradskyi(Hynes and Knowles, 1981 and El-Sayed,1995).Berg
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et al(1982) and El-Sayed et al. (2001) found that C,H, retarded nitrification in
soils when its partial pressure was as low as 0.1 Pa and that it completely
inhibited nitrification at a partial pressure of 10 Pa, but several workers have
demonstrated that the inhibitory effect of C,H, on nitrification in soil
disappears rapidly after removal of C,H, from the soil atmosphere (Walter et
al., 1979; Hynes and Knowles, 1980; Berg et al., 1982; El-Keiy and El-Sayed,
1991 and El-Sayed, 2002a,b & c). It is evident, therefore, that although C,H;
is an extremely potent inhibitor of nitrification in closed systems, it has little, if
any, potential practical value as a soil nitrification inhibitor (EI-Sayed, 1989,
2001 and ElI-Sayed and Abo-El-Wafa, 2001).

The purpose of this study was to discover the monosubstituted (HC =
CR) and disubstituted (RC = CR) acetylene for inhibiting the nitrification of

NH Z in soils and to assess the potential value of substituted acetylenes as
soil nitrification inhibitors (El-Sayed, 1997a,b & c; 1998a &b and 1999).

MATERIALS AND METHODS

Surface soil samples (0-15 cm) differing in their texture were selected
from different localities from Behera Governorate. The selected soils are
extensively used for sorghum and pigeonpea production. The location names
and routine analyses of the soil under investigation are listed in Table(1).

pH was determined with a glass electrode (soil/water ratio,1:2.5), and
total N was determined by a semimicro-kjeldahl procedure
(Bremner,1965).0Organic C was determined according to the method
described by Mebius (1960), and CaCO; equivalent was calculated from
inorganic C determined as described by Bundy and Bremner (1972). Particle-
size analysis was performed as described by Genrich and Bremner (1972).

Table (1):Some physical and chemical characteristics of the soil under
investigation.

Soil o . Soil Organic C [Total N|CEC* g
location Sand% | Silt% | Clay% | o ture | PH mg kg [mg kg kg’
Abou EI- Matameer| 22.26 | 39.74 | 38.00 | Siltyclay | 8.0 43 4.3 41
Kafr E|-Dawar 19. 31 56.68 | 24.01 [Clayloam | 7.6 34 3.5 4
Abou Hommos | 64.20 | 14.90 | 20.90 |S3ndcaY|ga | g3 21 | 27

* CaCO; equivalent.

The names and formulas of the four gaseous and 21 nongaseous
acetylenic compounds are reported in Table (2). The effects of these
compounds on nitrification in soils were compared with two compounds
patented as soil nitrification inhibitors namely nitrapyrin [2-chloro -6-
(trichloromethyl) - pyridine; N-Serve] and etridiazole (5-ethoxy -3-trichlorom-
ethyl -1,2, 4-thiadiazole ; Dwell).
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Table (2): Names of acetylenic compounds under investigation.

1- Phenyl-2-propyn-1-ol
1- Pentyne
3- Phenyl-2-propyn-1-ol
4- Phenyl-1-butyne
Diphenylacetylene
5- Phenyl-1-pentyne
1- Ethynylcyclohexyl-amine
- Propyn-1-ol
2- propyn-1-amine
1-Hexyne
3- Butyn-1-ol
1- Heptyne
2- Butyn-1-ol
1-Octyne
- Butyn-1, 4-diol Acetylene
Monocarboxylic acid Acetylene
Dicarboxylic acid
2- Butynoic acid

HC = CCH(OH) CsHs
ICH3;CH.CH.C =CH

CeHsC = CCH,0H
CsHsCH2CH2C = CH

HsCeC = CCeHs
ICsHsCH,CH2CH,C = CH
CH2 (CH2)4 C (NH2) C=CH
HC = CCH,OH

HC = CCH2NH:2
CH3CH2CH,CH,C = CH

HC = CCH,CH20H
ICH3CH2CH,CH,CH,C =CH
ICH3C = CCH,0H
ICH3CH,CH>CH,CH2CH.C= CH
HOCH,C = CCH,0H

HC = CCOOH

HOOCC = CCOOH

ICH3C = CCOOH

State*
Name Formula (30°C)
Acetylene HC = CH
Propyne HC = CCHs
1- Butyne HC = CCH2CH3
2- Butyne H3CC = CCH3
- Ethynylpyridine (CsHaN) C = CH
Phenylacetylene CsHsC = CH
3- Butyn-2-one HC = CCOCHz3

nwomrorrercorrrcrorrrrrrrFrooOo0o

*G=gas; L=Liquid; S =solid.

To study the effects of gaseous acetylenic compounds on nitrification
in soils, 10 gs of soil samples in 250 ml narrow-mouth, screw-cap bottles
were treated with 4 ml water containing 2 mg of N as (NH,),SO,, and the
bottles were sealed with Mininert value caps supplied by Precision Sampling
Crop (these caps are fitted with a small rubber septum that allows
injection and removal of gas samples by gas syringes). The amounts of
gaseous acetylenic compounds needed to establish 0, 0.1, 1.0, or 10.0 Pa
partial pressures of these compounds were then injected into the bottles, and
the bottles were placed in an incubator at 30°C. After 8 days, triplicate bottles

were removed from the incubator, and their contents were analyzed for NH Z-

N, NOS-N, and NO;-N as described by Bremner and Keeney (1966) and

Page et al. (1982).

Unless otherwise specified, the procedure used to study the effects of
nongaseous compounds on nitrification in soils was as follows: Ten gram soil
samples were placed in 250 ml screw-cap bottles and treated with 4 ml water
containing 2 mg of N as (NH,),SO, and different amounts of the test
compound. The bottles were then sealed with Mininert value caps and placed
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in an incubator at 30°C. After 8, 11, or 15 days, friplicate bottles were
removed from the incubator, and their contents were analyzed for NHI-N,

NO;-N, andNO; -Nas described by Bremner and Keeney (1966) and Page

et al. (1982).
Aqueous solutions of the nongaseous test compounds were prepared

immediately before use. Test compounds with low water solubility were
emulsified into water using a high speed mixer.

To compare the effects of 2-ethynylpyridine, phenylacetylene,
nitrapyrin, and etridiazole on nitrification in soils incubated in an open system,
50gs of soil samples were placed in test tubes and treated with 20 mi water
containing 10 mg of N as (NH,).SO, and 0 or 250 pg of the test compound.
The test tubes were then placed unsealed in an incubator at25°C. The
amount of water lost from soil samples during incubation was measured
gravimetrically at 6 days intervals and was replaced if it was > 1 ml. After 11,
21, and 31 days, triplicate test tubes were removed from the incubator, and

their contents analyzed for NHZ-N, NO; -N, and NO; -N as described by

Bremner and Keeney (1966) and Page et al. (1982).
The amount of (NO; + NO, )-N produced during incubation was

calculated from the analysis results of (NO; + NO)-N before and after

incubation, and the inhibition percentage of nitrification due to the presence
of test compound was calculated from the equation (C - T) /C x 100, where

= amount of (NO + NO3 )-N produced in the soil sample treated with the

test compound and C = amount of (NO; + NO3 )-N produced in the control
(no test compound added). None of the incubated soil samples contained > 1
mg NO; -N kg™ of soil and no NH 4+ -N could be detected after incubation for

16 days in the (NH,),SO, amended soil samples that have not been treated
with a test compound.

To determine the studied nongaseous acetylenic compounds that
decomposed in soil with formation of acetylene, 10 gs of the three soils
described in Table (1) were placed in 250 ml screw cap bottles and treated
with 4 ml water and 0 or 10 u mol of the test compound. The bottles were then
sealed with Mininert value caps and placed in an incubator at 30°C, and 1 ml
samples of their atmospheres were removed for C,H; analysis after 4, 8, and
15 days. Acetylene was determined by a gas chromatographic method
involnving use of a Tracor Model 550 G instrument fitted with a flame
ionization detector and a2 m by 2.1 mm (i.d.) stainless steel column packed
with Porapak N. The column was maintained at 45°C, and N, was used as
carrier gas (flow rate, 25 ml min™).

Statistical analysis :

All  data were analyzed using analysis of variance (ANOVA)
procedures appropriate for a completely randomized block design with
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replicated three times (Steel and Torrie, 1982). Mean differences were
evaluated by the least significant difference (LSD) method at P < 0.05 level of
significance. All statistical analysis were performed using the Statistical
Analysis System Software (SAS,1990).

RESULTS AND DISCUSSION

Concerning the data of the four studied gaseous acetylenic
compounds are listed in Table (3). It confirm a report obtained by Berg et al.
(1982) and El-Sayed (2003) that C,H, inhibits nitrification in soil when its
partial pressure is low ( 0.1 Pa) and show that this gas caused almost
complete inhibition of nitrification at a partial pressure of 10.0 Pa. The data in
Table (3) also show that the two monosubstituted acetylene (propyne and 1-
butyne) markedly inhibited nitrification in soil when their partial pressure was
in the range of 1.0 to 10.0 Pa, whereas the disubstituted acetylene (2-butyne)
had little or no effect on nitrification at these partial pressures (El-Sayed,
1995, 1997a,bé&c; 2001).

Table (3): Effects of gaseous acetylenic compounds on nitrification in

soil*.
Partial % inhibition of nitrification in
Compound pressure (Pa) soil **
Abou EI- | Kafr EI- Abou
Matameer| Dawar | Hommos
Acetylene 0.1 33 66 77
1.0 63 87 90
10.0 96 98 99
Propyne 0.1 4 7 13
1.0 41 82 87
10.0 93 97 97
1- Butyne 0.1 0 4 7
1.0 37 77 81
10.0 91 96 97
- Butyne 0.1 0 0 0
. 1.0 0 0 2
10.0 2 2 4

*10 gs of each soil samples were incubated (at 30°C; 4 ml water) for 8 days after
treatment with
2 mg N as (NH4)2S04 and amount of compound required to establish partial pressure
specified.

*LSD = 4

The obtained data respective to 21 nongaseous acetylenic
compounds are presented in Table (4). It is seem that most of these

compounds caused substantial inhibition of nitrification of NHZ in soils when

applied at the rate of 0.5 or 1.0 m mol kg™’ soil and that 2-ethynylpyridine and
phenylacetylene completely inhibited nitrification in the Kafr El-Dawar and
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Abou Hommos soils when applied at these rates (El-Sayed, 1989 and El-Keiy
and El-Sayed, 1991). The data in Table (4) also showed that the percentage
inhibition of nitrification by the most of nongaseous acetylenic compounds
increased with the increase of the amount of added compound , and
decreased with increasing the incubation time .

In this concern ,Bundy and Bremner (1973) and El-Sayed (2002a,b
&c) found that the effectiveness of nitrapyrin and other compounds proposed
as inhibitors of nitrification in soil depended greatly upon the type of soil and
these compounds were most effective with light textured soils. The data in
Tables ( 3 ) and ( 4 ) showed that soil type had a similar influence on the
effectiveness of acetylenic compounds as inhibitors of nitrification in soils (all
tested compounds were more effective with the light textured soils . The
effectiveness in case of Abou Hommos soil was higher than in case of either
Abou E-Matameer or Kafr El-Dawar soil.

Table (4): Effects of nongaseous acetylenic compounds on nitrification

in soil*.

Added amount % inhibition of nitrification_in soil*™

Compounds Mmol kg ' Kafr El-Dawar Abou Hommos

soil 8 days 15 days 8 days 15 days

P-Ethynylpyridine 0.5 100 — 100 —
1.0 100 100 100 100

Phenylacetylene 0.5 100 —_ 100 —
1.0 100 100 100 100

3-Butyn -2-one 0.5 97 — 98 —
1.0 99 96 99 98

1-Phenyl -2- propyn -1-ol 0.5 95 — 97 —
1.0 97 95 98 96

1-Pentyne 0.5 84 —_ 97 —_
1.0 93 87 99 93

3- Phenyl -2- propyn -1-0l 05 88 — 92 —
1.0 92 91 96 94

4-Phenyl -1- butyne 0.5 82 — 94 —
1.0 92 52 97 96

Diphenylacetylene 0.5 78 — 96 —
1.0 86 51 97 79

5-Phenyl -1- pentyne 0.5 74 — 92 —
1.0 75 31 96 94

1-Ethynylcyclohexylamine 0.5 73 — 91 —
1.0 74 40 92 88

2-Propyn -1-o0l 0.5 75 — 79 —
1.0 88 83 97 93

-Propyn -1- amine 0.5 57 —_ 95 —
1.0 82 46 96 94

1-Hexyne 0.5 51 — 84 —
1.0 62 50 91 89

B-Butyn -1-ol 0.5 62 —_ 71 —
1.0 93 73 96 95

1-Heptyne 0.5 49 — 81 —_
1.0 59 49 91 57

[2-Butyn -1-ol 0.5 52 — 66 —
1.0 70 43 89 87

1-Octyne 0.5 50 — 48 —
1.0 59 6 78 70

2-Butyn- 1,4 - diol 0.5 17 — 27 —
1.0 55 6 77 21

Acetylene monocarboxylic acid 0.5 14 — 28 —
1.0 21 1 46 16

IAcetylene dicarboxylic acid 0.5 0 —_ 13 —
1.0 0 0 14 11

[2-Butynoic acid 0.5 0 — 0 —
1.0 0 0 0 0

* 10 gs of each soil samples were incubated ( at30°C; 4 mlwater) for 8 or 15 days
after treatment with 2 mg N as (NH4).SOs and 0, 5.0, or 10.0 p mol of compound
specified.

*LSD =5
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With regard to the measure of C,H, production in soils treated with
1.0 m mol kg™ soil of the 21 nongaseous acetylenic compounds showed that
three of these compounds (acetylene monocarboxylic acid, 2-propyn -1-ol,
and 2-propyn -1-amine) produced trace amounts of C,H; and the other 18
compounds did not produce detectable amounts of this gas (the gas
chromatographic procedure used to determine C,H; could detect as little as
0.1 ng of C,Hy). Itis evident, therefore, that the observed inhibitory effects of
the nongaseous acetylenic compounds on nitrification were not due to C,H,
formed by decomposition of these compound in soil (El-Sayed et al., 2001; EI-
Sayed, 1998a &b and El-Sayed, 1999).

The results of Table (5) also, indicated that the effects of nongaseous
acetylenic compounds added to soil at rate of either 0.5 or 1.0 m mol kg™ soil
were much smaller on nitrification in the Kafr El-Dawar soil .But the data
showed that, the addition of 21 nongaseous acetylenic compounds tested, 2-
ethynylepyridine and phenylacetylene had the greatest inhibitory effect on
nitrification, and acetylene monocarboxylic acid, acetylene dicarboxylic acid,
and 2-butynoic acid had the least effect (Abdel-Mawly and El-Sayed, 1999).

Table (5): Effects of different amounts of nongaseous acetylenic
compounds on nitrification in Kafr EI-Dawar soil*.

'\w % inhibition of nitrification in soil**
mg kg~ soil)
Compound 1.0 5.0 10.0
2-Ethynylpyridine

Phenylacetylene gg gg g?
3-Butyn -2- one 5 41 69
1-Phenyl -2- propyn -1-ol 6 33 41
1-Pentyne

4 11 31

3-Phenyl -2-propyn -1-ol 0 5 26
4-Phenyl -1- butyne 0 6 22
Diphenylacetylene 0 17 29
5-Phenyl -1- pentyne 2 4 19
1-Ethynylcyclohexylamine 0 3 16
2-Propyn -1-ol 0 2 12
2-Propyn -1- amine 0 2 7
1-Hexyne 0 5 9
-Butyn -1-ol 0 3 11
1-Heptyne 0 4 14
2-Butyn -1-ol 0 3 6
1-Octyne 0 4 7
2-Butyn- 1,4 - diol 0 2 5
Acetylene monocarboxylic acid 0 0 0
Acetylene dicarboxylic acid 0 0

2-Butynoic acid 0 0 8

e 10 gs of each soil samples were incubated (at 30°C; 4 ml water ) for 11days after
treatment
with 2 mg N as (NH4)2S04 and 0, 10, 50, or 100 ug of compound specified.

*LSD = 3.

1533



El-Sayed, S. A. M.

Table (6): Comparison of effects of 2-ethynylpyridine, phenylacetylene,
nitrapyrin and etridiazole on nitrification in soil (closed

system)*.
‘a dded Amount™ % inhibition of nitrification in soil***
Compound A_ . Abo EI- Kafr El- Abou
m mol kg~ soil
Matameer Dawar Hommos
2-Ethynylpyridine|0.01 (1.0) 68 93 100
0.05 (5.0) 95 98 100
Phenylacetylene [0.01 (1.0) 68 84 100
0.05 (5.0) 96 98 100
Nitrapyrin 0.01 (2.2) 51 69 100
0.05 (10.9) 80 92 100
Etridiazole 0.01 (2.5) 62 86 100
0.05 (12.4) 89 96 100

* 10 gs of each soil samples were incubated (at 30°C; 4 ml water ) for 8 days after
treatment with 2 mg N as (NH4)2S04 and 0, 0.1, or 0.5 u mol of compound specified.
**Values in parentheses indicate the amount of added compound added expressed as mg

kg™ soil.
**LSD = 3.

Data of table (6) show the comparison of effects of 2-ethynylpyridine,
phenylacetylene, and two patented nitrification inhibitors (nitrapyrin and
etridiazole) on nitrification in soils incubated in sealed bottles at 30°C for 8
days, and Table (7) shows the comparison of the effects of these compounds
on nitrification in soils incubated in unsealed test tubes at 25°C for 11, 21, and
31 days (El-Sayed and Abdel-Mawly, 1999 and El-Sayed and Abo-El-Wafa,

2001).

Table (7): Comparison of effects of 2-ethynylpyridine, phenylacetylene,
nitrapyrin and etridiazole on nitrification in soil (open

system)*.
Soil % inhibition of nitrification in soil**
Compound Abou El-Matameer Kafr El-Dawar

11 days|21 days |31 days|11 days|21 days|31 days
2-Ethynylpyridine 93 86 84 96 85 81
Phenylacetylene 91 74 57 94 64 54
Nitrapyrin 61 59 47 76 66 57
Etridiazole 64 64 50 84 76 64 |

* 50 gs of each soil samples were incubated (at $25°C; 20 mi water ) in unsealed 25 by

200 mm
test tubes for 11, 21, or 31days after treatment with 10 mgN as (NH,);SOsand 0 or

250 pg of compound specified.
**LSD = 3.
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CONCLUSIONS

The obtained data indicated that when the incubation of soil was
performed in sealed bottles at 30°C in the presence of 2-ethynylpyridine and
phenylacetylene caused marked |nh|b|t|on of nitrification when applied at the
rate of 0.01 or 0.05 m mol kg soil .They can be favorably compared with
nitrapyrin and etridiazole as soil nitrification inhibitorsTable(6) .While the data
obtained (Table 7) show that both 2-ethynylpyridine and phenylacetylene are
compared with nitrapyrin and etndlazole as soil nitrification inhibitors when
applied at the rate of 5 mg kg to soil samples incubated in unsealed test
tubes at 25°C. This research therefore, indicates that 2-ethnylpyridine and
phenylacetylene have potential practical value for retarding nitrification of
fertilizer N in soil.

Based on the above discussion it concluded that the nitrification
process under Egyptian soil conditions must be encourage.Where,that
process was associated by the element of hydrogen ions which lead to
decrease soil reaction in the soil ,consequently the availability of essential
nutrients to plant will increased .Therefore ,it evaluated many acetylenic
compounds to know the effectiveness of nitrification inhibitors in Egyptian
soils.
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