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ABSTRACT

Am des added to soils are hydrolyzed to ammoni um
(NH) and their correspondi ng carboxylic acids®™ Studies
of 4, of amde - N in soils deserve attention
because am des have potential as nitrogen (N) fertilizers.
In this study, six amde conpounds (acetam de, calcium
cyanam de, dinethyl fornam de, phenyl acetamde, N, N
di net hyl acetam de and succi nam de) were used. The
potential of these amdes as N fertilizer was determ ned
t hrough i ncubation, greenhouse and field experinents.
Urea was used as the standard for conparison. Soil s used
for the incubation and greenhouse experinents canme from
Samaru, Mkwa and Bakur a. The field trial was conducted

at Samaru and the test crop used was namize (Zea nays L.).

The transformations of amde - N (60)ugNg of soil)
were studied in field - noist soils incubated under
aerobic conditions at 30 C for 8 weeks. Al the am des
were readily hydrolyzed in the three soils except
di net hyl formam de which did not nitrify, with nost of
the am des studied, the inorganic N (NH, NO' + NO')

produced was accunul ated as 3 The recovery of N

varied from35%to 93% Phenyl acetamde, N, N-dinethyl



acetam de, CaCNL and Succinam de did not decrease the
soil pH as nuch as urea while dinethyl formam de did not

decrease the pH at all.

In the greenhouse trial, naize responded to the
application of the amde N fertilizers. The dry matter
yield increase with rate of N application. Total DWW
obtained with succinamde was not significantly
different from that obtained with urea at the three rates
of N application. That of acetam de tended to be |ower
than urea while phenyl acetam de was markedly inferior to
ot her am des. The recoveries of N ranged from 51$
(phenyl acetam de) in Mkwa soil to 103% (succi nam de)
in Bakura soil. In the field, succinamde was simlar
to urea in the DW and N uptake. The yield from
acetam de was rnuch |ower than urea. The recoveries of
N (at the rate of 120KgN ha) ranged from 21% (CaCN\L) to
68% (succi nanide). Cenerally, recovery of N from
succi nam de was better than urea and urea was followed

by acetam de.
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CHAPTER ONE

INTRODUCTION

Most Nigeriaon soils under cropping are low in
nutrient status, particularly nitrogaﬁ (Jones, 1976a).
In order to increase and maintain crop yields, use of
N fertilizers is therefore necessary.

Urea, Calcium ammonium nitrate and ammonium sulphate
are the commonly used N sources in the country (Jones,
1974)., These fertilizers have low efficiency of N due
to losses through volatilization and leaching (Arora and
Juo, 1982; Jones, 1974). High temperotures increase
volatilization losses and high rainfall tend to encourage
leaching. The savanna area has high temperature and high
rainfall concentrated over a period of five months of
the year. The prolonged use of these conventibnul ferti-
lizers also gives rise to residual soil acidity and cation
depletion (Jones, 1976a; Bache and Heathcote, 196%9; Bache,
1965).

Cereol crops largely grown in the savanno region of
Nigeria require large applications of Nitrogen on a
continuvous basis. Due to problems encountered with the
already established fertilizers, other sources are being
explored for more efficient N fertilization. Attention
is being directed towards slow release compounds. The

controlled or slow availability should supply N continously
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over an extended period, thus avoiding the need for
repeated applications of conventional water soluble ferti-
lizers, They should also reduce N losses by leaching,
decrease gaseous losses of N, and reduce the hazard of
seedling injury from over application, (Allen et al, 1986;
Beaton et al, 1967). Among the various N compounds being
tested for possible greater efficiency than conventional

N sources are amides and their derivatives. Amides are
known to releuse N slowly in the soil and hove been proved
to be very efficient for crop production. (Hunter, 1974;
Terman et al, 1968 Hauck, 1964). Amides could not be

used on o wide scale due to high cost of production.
Recent literature indicates thot some amides can be produce
economically from industrial wastes (Worthy, 1980; Van
Gordon and Gilbert, 1976; Jones et al, 1966). When
produced in large quantity the unit cost of amides can be
economically low (Cummings and Gleason, 1971).

The potentials of formamide and oxamide as fertilizers
are well documented but the use of other amides as N ferti-
lizers has not been well explored. The possibility of using
amides as N sources for plant growth and development deserve
attention because it seems feasible to synthesize amides
with resistance to degradation by enzyme attack and con-~

trolled release of N would be possible. Before use, howeve

infarmation about the rate of mineralization of amides in



.

tropical soils, their efficiency as N fertilizers and
their residual effect on the soil is required. Therefore,
the objectives of the present study are:
(1) To study the rate of mineralization of various

amides in savanna soils.
(2) To evaluate the effectiveness of various

amides as N sources for maize.
(3) To find out the residual effect of amides on

soil chemical properties.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Nitrogen -~ Status of Savanna Soils

Nitrogen is the main limiting nutrient in the savanna
areas (Stockinger, 1966). Nye and Greenland (1960) have
recorded deficiencies in mineral N content is a characteris-~
tic of high grass savanna soils., Most of the soil N is
present in organic forms.

The low N content of savanne soils is due to the
amount and duration of rainfall (Aweto, 1981; Yahuza and

Mokwunye, 1976). Nitrogen added to the soil through

rainfall at Samgru is small (Jones, 1960; Jones and Brom-
field, 1970). However, Wild (1972) found that at the
start of rainy season, there was a high concentration of
nitrote - N in the surface soil in Samaru.

Soils from Sudan and Sahel Savanna of Nigeria have
been reported to have low N supplying power, Omeje
(1981) attributed this to the low native N content of the
soils. Okeagu (1981) reported that the low nitrate levels
were just what one would expect in the presence of a fibrous
root system of plants which not only utilise nitrate
readily, but also ammonia. He admitted that this did not
directly explain observotions of reduced nitrification in

grassland soils receiving ammonium fertilizers,
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The soil - N system is a dynamic one, The magnitude of
the value depends on such factors as climate, moisture,
temperature, soil texture and type of clay mineral,
vegetation, topography, soil acidity, C:N ratio,
micro-organism interaction with other nutrients, soil
management and aeration.

Climate is the most important single factor, the N
content of soils is increased due to the addition of N from
rainfall (Atage and Nnadbuchi, 1978). About 8.8KgN/ha was
added to Savanna soils annually via incorporation of crop
residuves (Balasubramanian and Nnadi, 1977).

The N content of soils has direct relationship with
moisture content (Agboola and Udom, 1967, Enyi, 1967) and
soil profile saturated with moisture and waterlogging favour
denitrification (Jones and Wild, 1975). Excess water also
leaches soluble N beyond the root zone.

Other losses of N from the soil-plant system are
burning, erosion, run off plant uptaoke loss by removal of
animal products, denitrification and volatilization of

ammonia (Jones, 1971; Kowal, 1970; Nye and Greenland, 1960).

2.2, Response of Crop to N application in Savanna Soils

High N - fertilizer response have been observed in
Nigeria (Kayode and A_boola, 1982; Ojeniyi, 1980;
Balasubramanian et al, 1978; Adetunji and Agboola, 1973;

Goldsworthy, 1967), response is more frequent in the
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savanna than in the forest area, However, cases of no
response to N application have also been reported
(Ojeniyi et al, 1982; Ataga, 1978; Obakin, 1978). The
yield response of cotton to N fertilizations are often very
small and inconsistent (Goldsworthy and Palm er, 1971);
Lombin and Ogunlela, 1979).

The response of N is influenced by environmental
faoctors which differ in different ecological zones
(Westerman et al, 1972; Carter et al,1967). However, Arora

and Juo (1982) reported that the leaching loss of NOS is

an importaont foctor affecting the N - use efficiency by
crops such as maize and upland rice under high rainfall
conditions. It hos been observed thot about 50 to 60% of
fertilizer N applied to soil is usually recovered by crop
plants (Fagi and De Datta, 1981; Raney, 1960), However
higher recovery has been reported with split applications
(Arora and Juo, 1982; Olsen et al 1970).

The incomplete recovery is as a result of rapid
dissolution of the applied material and therefore release
of the nutrient at high concentration (Richards, 1972).
The amount recovered can be improved by developing
compounds with limited water solubility and latering
soluble materials so as to retard release to the soil

solution.
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2.3 Factors affecting efficiency of N - Fertilization

2.3.1. Leaching of Nitrogen

Nitrate is subject to leaching becouse being an
anion, it is held by electrostatic forces only when the
soil contins sufficient positive charges (Bates and
Tisdale, 1957). Hence Nitrate is the most mobile forms of
soil N compounds (Sauchelli, 1964) Nitrate - N concentrates
at the wetting front and moves readily with water
penetrating soil profiles (Arora and Juo, 1982),. Nitroéen

leached from the rootzone of plants is virtually all in the
form of NOS and may be considered lost, since upward

movement of NO3 with water is largely limited to the upper

45 cm of soil (Westelaar, 1961).

Ammonium - N is quite immobile, even in light textured
soils (Pleysier et al, 1982; Broadbent et al, 1958).

Very little NHI- N is ever recovered in soil leacheates,
except under peat soils (Kohnke et al, 1940) Urea - N
moves quite readily in sandy soils (Broadbent et al, 1958;
Volk and Sweat, 1955) but there is an appreciable
resistance to its movement in heavier soils,

Leaching in Samaru soils is generally slow (Jones,
1975; Nnadi, 1975) and it tokes about two years for applied
nitrogen to be leoched out of the soil profile (Nnodi and
Stockinger, 1980). Leaching could be a problem in the

southern Guinea zone with deep sandy profile and moderate
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amounts of rainfall. 1In the Sudan vegetation zone most
of the soils are very sandy but because rainfall is
low, little leaching occurs. Apart from plant uptake,
low N levels in Samaru soils may tharefo;e be attributed
to denitrification (Nnadi and Arora, 1986).

According to Jones (1976b) a low leaching efficiency
of 0,38 - 0. 6b6cm/cm rainfall, was related to very slow
wetting of tge subsoil, a phenomenon which could be
assuming that part of the rain passed through the profile
relatively quickly in the larger pores. The slow
leaching of native soil nitrate at Samaru could be due
to the rapid drainage of storm water through deep cracks
and channels in the soil, leacing much of the nitrate
within fine pores from which diffussion was slow. (Wild,
1972). Terry and McCants (1968) reported that the
magnitude of leaching is closely related to the amount
of percolating water and to soil porosity, particularly
the percentage of large pores. Irrigation of soils is

also related to nitrate leaching (Hanle et al, 1977).

2.3.2 Nitrification Rate in Soils

Microbial fixation of elemental N is another process
whereby mineral N is added to savanna soils (Nye and
Greenland, 1960). Soil N transformations are also

brought about by microbial activities.
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Nitrification of soil organic matter and fertilizer
nitrogen can be an important regulator of N leaching
losses (jones and Wild, 1975). Dancer et al (1973)
reported that liming an acid soil (pH 4.7 to 6.6) did not
affect rate of nitrification significantly. Arora et al
(1986) reported that the ammonification os soil organic N
and added source proceeded readily in an highly acidic
Ultisol and was not affected by lime rate. But nitrifi-.'
cation occurred in both limed and unlimed soils. The rate
of nitrificaotion depended upon the rate of lime application.
The nitrification of ammonium ~ N from ammonium sulphate
wos absent in soils receiving lower rotes of lime and
added ammonium source was nitrified readily after a 3 -
week deloy period in the soil which received o ﬁighor
rate of lime.

The good nitrificotion copobilities of Samerv and
Mokwa soils have been reported. The very low rate of
nitrification in some soil inspite of the high amount
of organic nitrogen was attributed to very low pH, high
concentration of A13+ ions and very low counts of Nitro-
somonas and Nitrobacter Species (Arora et el, 1986;

Ayanaba and Kang, 1976).
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2.3.3 Rate and time of N - application

Nitrogen added to soil in form of fertilizers may
or may not be aveoiloble to the growing crops depending
on certain practices such as method of application, and
some other factors (Krauter, 1974).

Chinwuba and Fayemi (9170) and Agboola (1968) agreed
that the efficiency of applied N fertilizer can be
increased by the split application. This ensures adequate
supply of N to the crop at critical stages of growth and |
also help to reduce N losses from the system (Balasubra-
manian and Singh, 1982; Fagi and De Datta, 1981), Split
nitrogen applications care generally recommended for maize,
wheat, sorghum and cotton (Balasubramanian et al, 1979).

Jones (1973) did not obtain any advantage in maize
yield at Samaru from split N application over unsplit
application at the rate of 112KgN/ha. Balasubramanian
et al (1978) reported significant differences in maize
yield by splitting uvreo but not CAN. Generolly, response
to splitting N in the Northern Guinea Savanna are sporadic,

In the Southern Savanna, Lombin and Ogunlela (1979)
obtained a significant response to split application of
N to cotton on the soils derived from Sedimentary

Sandstones. Jones (1976b) calculated that the leaching

of nitrate from fertilizer nitrogen at Mokwa could be
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4 - 5 times the rate ot Somoruv, The work of Jones
(1976a) indicates that since AS, CAN and Urea acidified
the sub-soil at Mokwa, leaching of N is quite rapid and
therefore split application would be odvantogeous,

Faoyemi (1966) reported that time of application of
fertilizer N greotly influence the yield of grain, the.
percentage of N and the crude protein of the grain under
Nigeria conditions,

Goldsworthy (1967) reported response of maize to
N fertilization ond recommended ¢ rate of 65kgN/ha for
maximum yield response throughout the savanna areas.
Since the introduction of.the high yielding maize varieties,
higher rates of N hove, however, bean observed to be
necessary for maoximum grain production in this eéological
zone (Ologunde and Ogundele, 1982; Bolasubramanian et al
1978; Jones, 1974}, maximum yield was obtained with
120kgN/ha.

2.4 Residual effect of N fertilizers on Sotil
Chemical Properties

Nitrogen fertilization has been shown to affect soil
properties, especially in chemically fragile savanno soils,
Moat of fhe soils have very low clay and organic matter
contents and are dominated by kaolinitic clay, As a result

most of these soils have very low cation exchange <

v
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capabities and are poorly buffered (Nnadi and Arora,
1986). Bache (1965) reported that 14 annual applications
of ammonium sulphate at the rate of 22ng/hn lowered

soil pH ot Samarv to 3.53 compared to 4.56 in the control
plot. Amounts of exchangeable Al and Mn were markedly
increased. Acidification was accompanied by losses of
exchangeable Ca and Mg (Lombin, 1978; Bache and
Heathcote, 1%969%9).

Jones (1976a) recorded significant changes in soil
chemical properties to a depth of 35cm in a leached
ferreginous soil at Samaru and to at least 50cm in sandy
ferrisol at Mokwa after the use of high rates of N
fertilizers for three years,

Balasubramaniam and Singh (1982) found noldiffaranco
in soil pH between calcium ammonium nitrate (CAN) and
urea after two years of irrigoted wheat at Kadowa but
high rates, irrespective of the source depressed soil
pH by 0.56 units. Similarly Nnadi and Abed (1983b)
found no difference between CAN ond sulphurcooted ureo
(SCU) with respect to their acidification effect after
years of cropping, but the application of 120kgN/ha from
soluble and delayed release sources resulted in decrease
of 0,2 - 0.3 pH units relative to the control in the

sandier soils at Mokwa and Kadawa.
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The elemental sulphur used for coating ureoc may
be the source of acidity found in SCU (Nnadi and Abed,
1983b). On oxidation, the elemental sulphur froms
sulphuric acid.

S + 3/202 + H20 -3 2H" + S0%

From a review of published data on residual effect
of N sources, Nnodi and Arora (1986) conclided thet
acidification of savanna soils is likely to occur with
continuvous application of N fertilizers irrespective
of the source though it is more rapid with ammonium

sulphate.

2.5 Forms of N fertilizers uvsed in the Savanna soils

Urea, AS and CAN are the commonly used N sources
in Northern Nigeria (Jones, 1974), There is little
difference between the sources in terms of their effectiw
veness in increasing crop yield (Nnadi and Arora, 1986;
Jones, 1974; Brown, 1965), These fertilizers are water
soluble and are converted to the nitrate form rather
quickly, The nitrate is often subject to leaching or
denitrification, particularly if large amounts of the
fertilizers are applied to tropical soils which are sandy

and poorly buffered, Among the classes of N fertilizers,
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most of the ammoniacal forms ore acid forming ond their-:'
continved used will lower soil pH values (Jones, 1976a).
All these N-sources have low efficienc; in tropical soils
(Kang et al, 1977; Oyedokun, 1976; Jones, 1973),

In o study involving different N sources and rates
Jones (1974) reported o drastic fall in maize yield at
high rates of ammonium sulphate (AS). Within three years,
maize yield from AS plots decreased by 56 and 25% reSpec?4
ively at Somoruv and Mokwe with annuveol applicetion of -
280KgN/ha, Yields from urea were also depressed but not
as much as by AS, However at N rates normelly recommended
for maximum yield there uer§ no significant differences
between sources. Balasvbromanian and Singh (1982)
conducted o maize - wheat rotafion study ot Kud;wo vsing
vrea and CAN and N rotes ranging from 0 to 180KgN/hea and
found that urea gave significantly higher yields than CAN
in one ﬁut of four seasons. They concluded that vrea is
equally effective os CAN for maize and wheat in semi-arid
-savunna soils, The above conclusion appears valid for
most of the soils of the savanna zone when these N
sources are applied ot optimum rates to relatively short

season (< 120 doys) crops (Nnodi and Arora, 1986),
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The efficiency of highly soluble N sources may be
increased by split application in the Southern Guinea and
Sudan zones (Nnodi ond Arora, 1986). The use of colcium
cyanamide in association with urea seems promising in
increasing its efficiency, Arora et al (1987) and Nnadi
and Arora (1986) reported that even amounts of less than
10mgN/Kg may effectively slow down the nitrification of

urea, which occurs quite rapidly in most of the soils,

2.6 Slow - release fertilizers

Attention is being directed towards compounds with
slow-release N fertilizers because of the high N leaching
losses and low efficiency of conventional fertilizers in
the tropical soils (Arora et al, 1987; Nnadi and Abed,
1983a; Arora and Juo, 1982), The slow-release N fertilizers
that ore being tested are sulphur coated urea and
synthetic organic N compounds,

It has been reported that slow-release N fertilizers
should have the advantage of N supply to crop continuously
over an extended period, thus aveiding the need for
repeated applications of conventional water-soluble

fertilizers which could lead to reduced expenses and labour
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(Allen et al, 1968; Beaton et al, 1967), They would also
minimize luxury consumption of N and upset of nutrient
balance as well as reduce N losses by leaching, decrease
gaseous losses of N and reduce the hazard of injury from
over-application particularly with seedlings. Olsen et al
(1970) also cited advantages as reduction of nutrient loss
via leaching and runoff; reduction of chemical and
biological immobilization reactions in soils., They should
also have higher N residual effects as compare to thaose
from soluble fertilizer (Nnadi and Abed, 1983a).

The benefit to be d rived from the use of slow~
release N fertilizers will depend on climate, soil, crop

and patterm of fertilizer application (Sandhu, 1974),

2.6.1 Sulphur Coated Urea (SCU)

The low recovery from woter-soluble fertilizer led
to the development of SCU which has been tried and found
to be better than the conventional sources for long
duration crops (Nnadi and Abed, 1983a; Diamond and Mayers,
1972; Allen et al, 1971; Mays, 1970), Lunt (1968) also
reported that SCU produced o markedly higher yield of

maize thon did uncooted urea where leoching occurred,
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In a lysimeter experiment at Samaru Nnadi (1975)
reported that CAN gave high yields of maize than urea
and SCU (SCU-30) with 30% dissolution rate in 7 days.
However, there was not much difference between SCU and
vrea, In field trials, Nnadi and Abed (1983a) compared
two types of SCU having 11 and 30% dissoclution rates in
7 days with CAN using cotton and sorghum as test crops,
They found that at low N rates of application (30 -
40KgN/ha), SCU = 11 was more effective than SCU - 30 and
CAN. However, SCU has its drawback of residual ocidity as

a result of sulphur oxidation (Nnadi and Abed, 1983b),

2,6.2 Synthetic Organic N- fertilizers

They ore insoluble, harmless to crop, particularly
when used carelessly or in excess (Hignett, 1971). Amides
are the common forms of organic N- fertilizers that are
receiving attention,

In United Stotes, omides hove been tried os slow-
release N fertilizers. They have been reported to be
less soluble in water and have slow release properties,
when added to soils are hydrolyzed to ammonia and their
corresponding corboxylic ocids through omidose octivity

(Frankenberger and Tabatabai, 1981, 1980a, 1980b),



- 18 =

v
]
O
1

NH, + H20 e Hl‘wl3 + R - COOH

2 AT ——

where R in structure represent the other groups in amide,
R is CH3 in acetamide and H in formamide., R represent

NH2 in vrea,

NHZ is not readily lost compared to NOS in the
soil, it is either held at the exchange site for plant
vse or fixed in clay lattice, or converted to NO; by

nitrifying organism under favourable conditions,

Recent studies showed that acrylamide is biodeg-
radable in soils (Abdelmagid and Tabatabai, 1982), and
can be obtained by acid hydrolysis of waste prqducts,
such as acrylonitrite - containing resins vused in the
food packing industry, Acrylamide seems to be promising
as a cheap source of amide, Van - Gordon and Gilbert
(1976) reported the formation of acrylamide by acid
hydrolysis of Barex 210 high barrier resin, Kapoor and
Mathur (1983) also showed the preparation of this amide
ond reported thot polymers of acrylamide are being used
in the industries all over the world, It has been

reported too that carbon monoxide and other intermediates
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produced in coal gasification can be used as feed stock for
production of formemide and oxamide (Worthy, 1980),

Calcium cyonamide con be manufactured bf reacting calcium
carbide with elemental nitrogen (Tisdale and Nelson, 1975),
Organic fertilizers have been in existence but due to the
high cost of production then, they were not given much

attention,

Frankenberger and Tobotoboi (1982) reported the
possibility of using amides as N sources because it seems
feasible to synthesize organic N fertilizer in which both
specific and non specific metabolic inhibitor groups ore
a part of the whole molecular configuration. Such
functional groups would provide the molecule with resistance
to degradation by enzyme attack through properties such as
Isomerism, chain length, assymmetry, steric hinderance and
resonance, Through selective inhibition, a controlled

release of N would be possible,

Amides, particulaorly formamide seem to have
potentiol as N fertilizers, because greenhouse tests and
field trials have shown that crop yields with amides as
sources of N are similar to those obtained with urea and

other conventional N fertilizers, (Hunter, 1974;



- 20 -

Terman et al, 1968; Brown and Reid, 1937; Rehling and

Taylor, 1937),

Oxamide: (CONH2)2, containing 31.8% N, It hos been
reported to be promising and it is slightly soluble in
woter and must be decomposed micrabiologically before crops
can use the N, Its rate of action ia cantrolled by
vorying its granule size as surfoce orea governs the amount
dissolved in unit time ond temperoture (Allen et ol, 15771;

" DeMent et al, 1961). It hydrolyzes in soils os

NHZCOCONH2 + 4H20 e (COOH)2 + 2NH40H

and its recovery.is similar to those of conventionel
fertilizers.

Formomide: HNCONHz, closely related to ufeu, is o
clear liquid containing 31% N has been reported to have
indicated possible utility as N fertilizer (Huntér, 1974},
Rehling and Taylor {(1937) reparted that nitrification of
formamide and the product of its hydrolysis, ommonium
formate, proceeds in the soil in the same manner as that of
urea, Formamide has been reported to be effective

sources for N (Jones et

———

1, 1966; Brown and Reid, 1937},
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Calcium Cyanamide: CuCN2 may be a better form of

N fertilizer for humid tropics where the rapid rate of
nitrate leaching is a major limiting factor affecting the
efficiency of N use by crops (Arora et al, 1987; Pleysier
et al, 1982). It is also reported to be efficient as

N source for irrigated wheat (Nnadi and Arorae, 1986),
Leaching loss of N from this source olso seems to be less
than urea, It has been shown that small amounts of

CaCN, decrease the nitrification of urea effectively

(Nnadi and Arora, 1986; Arora et al, 1987),

Commercially produced CaCN,, contains 214 N, has
a slow rate of nitrification in the soil. Greenhouse
studies with moize aond rice have shown that dry matter
yield with CoCN2 as a source of N are similor to those
obtained with conventional N fertilizers (Pleysier et
al, 1982), The nitrogen of CaCN2 becomes available to
plants after hydrolysis in the soil followed by the
formation of urea, ammonium and nitrate as shown in

the following scheme (Temmer, 1946),

+ —_ —
/IH2CN2 --—-—-"‘?CO(NHz)Q-—?NH(-%NOz-——?NOa

(Urea)

CuCN2

\-if;a(OH)2~—-—90acoa
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This stepwise breakdown of Ct:CN2 mokes it o slow release

N fertilizer.

The rate of transformation of CaCN2 is more rapid
in organic soils than in sandy soils (Bjalfve, 1957).
However, Normmik (1958) showed that soil texture, pH
and humus content have little effect on the rote of
ammonification of CuCNz. The rate of transformotion in
organic soils is reported to be affected by moisture
(Rotimi et al, 1971), and Vilsmeir and Amberger (1978)
found that temperature has less effect on CaCN, than

2

moisture,

Dicyanadiamide is one of the products of CaCNZ
in the soil and contains 42% N. Nommik (1958) observed
thot heavy application of CaCN2 resvlts in dicyonadiomide
which is slowly available to the plant. It has been
reported that both free cyanamide, which is formed during
hydrolysis in the soil and dicyanadiamide are inhibitors

of the microbial nitrification process (Rathsack, 1978),

Thiourea: CSNH,, contoins 36.8% N, inhibits

2

biological nitrificaotion and so moy slow down losses of

N caused by leaching or denitrification of NOE or NOS
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CHAPTER THREE

MATERIALS AND METHODS

Description of Sample Site

Samples were collected from Savanna zone of Nigeria,

which extends from latitude 6° 21' - 14°N and from

longitude 2° 44 - 14° 42v E, Samples were collected from

d sites in the zone,

(i)

(ii)

(iii)

3.1.1

soils

The sites are:

Mokwa, which lie in the Southern Guinea Savonna,
The sampling wos done ot the former Agric, Research
Station forms of I.A.R. The soil at the site is

classified as Paleustalts (Malgwi and Ibanga, 1982),

Samaru (Northern Guinea Savanna). Samples were
collected from I.A.R. farm. The soil is classified

as Haplustult (Valette and Ibanga, 1983).

Bokuro lies in the Sudon Sovenna, Sompling wos
ot the School of Agric Farm. The soil is

classified as Fluvaquent, (Odunze, 1987),

Sample Collection and Handling

The samples were collected in January 1986, Surface

(0 - 20cm) were selected to give a range in chemical
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and physical properties representing the major vegetation
zones of the Savanna and were from fields that had not
received N fertilizer at least the year‘proceading
sampling. At each site, about Im by Im area was dug up
to a depth of 20cm, About 300kg of each soil samples
were collected and put into clean polyethylene bags,

They were taken to the laboratory, air ~ dried, crushed
and sieved through 2mm screen and stored in polyethylene

bags.

Subsamples of each soil were removed for chemical
and physical analyses, The subsamples were stored in
polyethylene bags and later crushed to pass through suit-
able sieves as required by each analysis while the
remaining samples were kept for incubation and greenhouse

experiments,

3.2 Physical aond Chemicol Anolysis

Particle size distribution was obtained by the
hydrometer method, Fifty grommes of each of the 2mm
sieved soil samples were dispersed in 100ml of 5% Calgon
solution which waos mode up to one litre using the method
of Day (1965), The results were expressed as means of

duplicate readings.
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The pH volues of the soils were determined by a
gloss electrode in water and 0.01m CuCl2 (Seils: solution,
1:2). Organic carbon content of the soils was determined
by the dichromote oxidaotion procedure as described by
Walkley and Black (1934), The total N wos determined
using Bremner's method (1965), Plant availeoble phosphorus
was determined using modified Bray I method (Broy and
Kurtz, 1945) in which the soil: solution ratio was 1:10,
Cation Exchange Capacity was determined by ammonium
saturation method (Chapman, 1965). Exchangleable acidity
was determined by leaching the soil with 1IN KCl and then
titrating the leachate with O0,05N NaOH (Dewis and

Freitals, 1970).

Organic Carbon and total N analysis were determined
on samples ground to pass through O.lmm sieve, All other
analyses were carried out using 2mm soil samples., All
the results were expressed as means of the duplicate

values,

3241 Soil inorganic N analysis

The inorganic N in the soils were extracted with

2N KC1 solution (Bremner, 1965). Ten grams of the soil



- 27 -

sample was weighed into SOcm3 of 2N KCl in a 50cm3
centrifuging tube. The suspension was shaken for one
hour on a to - and - fro - shaker and fhen centrifuged.
The extract was analysed for inorganic N(NH:, NOE + NO;)
using Kjeldahl catalyst and micro-kjeldahl®s distilation
set (Black, 1965), The NHI - N in the aliquot was
determined by distillation with Mgo and the NOE " NO; was
determined with Mgo + Devarda's alloy separately. The
distillate was collected in 2% Boric acid and titrated
against 0.005NH2504 to a purple endpoint using mixed
indicator. The quantity of N present in the aliquot was

calculated from the volume of acid used.,

3.3 Laboratory Incubation Studies

The incubation study was conducted to determine
the rate of transformation of various amides into in-
organic form of N in the 3 savannad soils (Samarv, Mokwa

and Bakura).

The amides vsed for the incubation and their

properties are shown below.
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Table 3.1 Properties of amides used in incubation
Studies
Amides Chemical Mole- | ¥ N
formular cular
ueight
(i) Acetamide CHSCONH2 59.1 24
(ii) Calcium cyanaomide CaCN, 80,0 36
(iii) Dimethyl formamide HCON(CH3)2 73.0 19 |
(iv) Phenyl acetamide C6H5CH200NH2 119.0 12
(v) N,N-Dimethyl CH,CON(CH.,) 87.0 | 16
- 3 32
acetamide
(vi) Succinamide H2NCOCH2CHZCONH2 116.0 24
(vii) Urea H2NC0NH2 60,1 47

The transformation of omide N was studied in field-moist
soils incubated under aerobic conditions at 30°C for 8
weeks ,

Seventy~two pots with lids of about 1 litre capacity
were used for the incubation, Five hundred groms of each
soil sample were weighed into 24 pots and treated with the
amides (60 pigN/g soil). Each treatment had three
replicates., A control treatment (without amide) wos also
included. All the amides (reagent-grade chemicals) were

applied on an individual pot basis and mixed thoroughly with
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The insoluble amides

the soil pefore potting.
(succinumide, phenyl acetamide and Calcium cyanamide)
were furnished as fine powders whereus‘all other amides

were added as solutions.

The pots containing the treated soil samples and
the controls were incubated in controlled temperature

intained at 30°C. maintained

The moisture was

cabinets ma
u 20%, Mokwa 18%.-

he soils. (Samar

at field capacity of t
% by weight). Within each cabinet the

and Bakura 22
arranged in @ rando

mized complete

experimontal units were
block design. The pots were opened for a minute once in
o days to ensure proper ageration and the moisture

every tw
ntained by adding W

content was also mai ater once @ week.
of inorganic N(as NHI, NOE + NOS)
s af 1; 24 3, 4 an

in water was also

The recovery
d 8 weeks of

mineralized at intervul
The pH

+ —-— -
NH4, NO2 + NO:3 was

incubation was daterminad.

determined at these intervnls.

n section 3.2.1

datermined as stated 1

3.3.1 Soil pH

Ten grams of the (air=-dry weight basis) moist soil
owed to stand for 30

was stirred with 20ml water and all
minutes with occasional stirring. The soils pH values
glass electrode pH meter.

were read of f using
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3.4 Greenhouse Experiment

A greenhouse experiment for the upteke of N from -
various amides by moize in the 3 aoils.uns conducted,
The omides used in the greenhouse are the following:

(i) Acetamide
{ii) Succinamide
(iii) Phenyl acetamide and

(iv)_ Urea.

One hundred and seventeen plastic pots were used
as greenhouse pots, Eoch pot contoined Zkg of cir-dried
soil, The soils of all the pots were treated uniformly

with the following nutrients,

P 50 pom as CaH4P04

K 60 " " KCl

Mn 3.5 " " MnSO4
 Fo 4.0 " " FeSO4

Cu 1.5 " CuSO4

B 0.5 .ll 118 H3803

Zn 4,0 " " Zn0

Mg 4,5 ¢ . MgSD4

For eoch of the soil sample, there were 3 rates of

N upplicution; Eoch treotment was replicated 3 times and
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a control without N source was also included, The control
treatment received oll fertilizer except N,

The N rotes were:

(i) 120 mgN/pot
(ii) 240 mgN/pot
(iii) 360 mgN/pot.

The nutrients were added to the soil in solution
forms where they are soluble, The insoluble amides were
added as in the incubotion studies, The experimentol
layout was a randomized complete block design,

Four maize seeds were planted in each pot o day
after application of the amides, The plants were thinned

down to two plants per pot after germination,

The pots were watered daily with a volume of
distilled water equal to that lost during the previous
24 hour period, as determined by weighing few selected pots.
The moisture level of the soils was maintained approximately
at field capacity to avoid leaching loss of N, The pots

were rotated within the blocks once o week,

The plants were clipped from the soil surface after

6 weeks' of growth, The plant materials were packed in
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poper envelopes and dried in the oven at 65°C for 3 days,
weighed, ground to pass through a 40-mesh sieve and were

analyzed for total N,

3.4.1 Plant Analysis

The ground plant samples were analysed for total
N using micro-Kjedahl distillating set. A sample of
0.1gm was weighed into o Kjedahl flaosk with 15ml of
conc H, 504 and Kjedahl Catalyst, The mixture wos
digested on a Technicon Block digestor for 2 hours,
The digest was allowed to cool down and made up to 100ml
with distilled water, A sample of 20ml was distilled
with 20ml of TON NaOH into 10ml. of 2% boric ocid, The
distillates were titrated against O,05N H2504 and N
quantity calculated from the titre values (Nelson and

Sommer, 1973), N uptake was calculated by multiplying

the £ N in maize with the dry matter yield,

3.5 Field Experiment

This was designed to study the efficiency of
various aomides as N - supplying source to crops using

maize os test crop,
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The experimental field was at Samary, I1.A.R. farm.
The area was not cropped the previous year. 1t was
cleared of weeds, ploughed, harrowed ;nd levelled with
hoes. The size of the field was 19m x 15m and was
divided into 20 plots, having 5 plots as d replicate.
Each plot was 3m by 3m with 1m gap between plots.
Each plot has 5 rows and was planted with maize, Two
maize seeds per stand were planted at @ distance of
70cm between Trows and 25cm within rows. The plants were
thinned down to one plant per stand after a week of

germination.

Phosphorus and Potassium were broadcast as single
supper phosphate and muriate of potash at the fime of
planting at the rates of 45kg P205/hu and 30kg K20/ha
respectively. Micronutrients were not supplied as they

have not been reported to be defficient in the area,

The source of N were Acetamide, Calcium
cyanamides, Succinamide, Urea and control (no N - source).
They were applied by broadcasting at the rate of 120KgN/ha
in 2 splits except caleium cyanamide which was applied

once at the time of planting. The layout was randomized
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complete block design, The field was weeded 3 times

before haorvesting,.

Twenty-seven plants were harvested at the middle
of each plot. They were cut down from ground surface
and their weights recorded, The weights of the groain
and stover were determined separately and a subsample
from each plot was taken to the laoboratory for total

N analysis, The N uptake was computed as in section

3'4.1.
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 The Chemical ond Physicol Properties of the Soils

The chemical and physical properties of the three
soils used are presented in Tobles 4.1 and 4,2 The soils
are moderately acidic, The pH (1:2; soil: water) of the
soils varied from 5.2 in Samaru soil to 6.1 in Mokwa soil.
The pH in water was consistently higher than the
corresponding pH in 0,01 M CaCl2 solution, This indicates
that the soils have net negotive charges ond hence anions
like NO; will not be absorbed on their exchange sites

(Van Reiji ond Peech, 1972),

The soils have low total N and organic carbon
(0.5% to 1.05% 0.C) content, The variation is probably
os o result of difference in precipitation between the
savanna zones (Jones and Wild, 1975). The C.E.C. of the
soils ore low too (1.09 to 2.6 Me/100g). This moy be due
to the dominances of Kaolinite and iron and aluminum
oxyhydroxide in the clay fraction, The soils texture vory
from loamy sand to loam (Table 2), While the clay

content vary from 4% in Mokwa to 20% in Bokura soils,
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4.1.1 Properties of the Amides

The chemical formular, molecular weight, and
percentage N of each of the amides used in the study are given
in the materials and methods (Table 3.1). The percentage N
content of the amides ranged from 16% in N, N-Dimethyl
ocetamide to 47% in urea, Phenyl ocetoamide is the only

aromatic amide while others are aliphatic compounds,

Urea was used os standard for comparison because it
is widely used as N source, and the chemical structure is
similar to those of amides, Amides are organic compounds
derived from ammonia (NHS) by substitution of one or more
of its hydrogen atom by organic acid radicals, Amides are
characterised by on ocyl group ( = CONHQ) usuvally having a
basic unit of a carbonyl and oan amine group. Amides can
be hydrolyzed in the soil through amidase activity or with
either acid or basic catalysis, the products being

respectively the free acid and ammonium ion (NHI).

H SNHy  + acid
©
f e O acia
Amidose .&NH3 + ocid
P

Amide hydrolysis in seoil,
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4.2 Soil Incubation

The transformation of various amides to NHZ and NOE
was studied at 30°C and field capacity moisture content,
This temperature was selected because it is close to the mean
temperature at shallow depths in the tropics during most
cropping season (Sandhu, 1974) and it is optimum for

nitrificotion of NH4 -~ N (Alexonder, 1965).

4.2.1 Inorganic N Recovery

Figures 1, 2 and 3 show the rate of mineralization of
various amides in Samaru, Mokwa and Bakura soils respectively.
The volues in the figures represent the difference in the
observed and the control, Out of the 60 jgN/g of soil applied
from the amides, amount recovered at the end of 8 weeks of
incubation (average of all amides) varied from soil and was
highest in the 3akura soil, Recoveries in the other two soils
were similar, The range of total recoveries {NOS + NHI)
at the end of incubatioan were 39% (CaCN2) to 88% (Succinamide)
in Samaru soil, 35% (Dimethyl formamide) to 86% (Succinamide)

in Mokwa soil and 45% (Dimethyl formamide) to 93% (urea) in
Bakura soil, Theoretically, 100% N from amides are

recoveroble, but lesser amounts recovered may be due to loss
through volatilization, immobilisation or N not mineralized.

4.2.2 Rate of Amides Transformation

The rats: of transformation of the amides in general

followed the same pattern in the three soils,



- 38 -

Table 4.1 Chemical properties of the soils
Soils Soil pH | Organic Totaol | Plont Exchangeable Bases Meg/100g | C E C| Exch. Effect
STTTH.O| Carbon |N % availab- Meq/ | ocidity | CE C
2|72 epiem] ™1™ ¢ Na | 300g |eq/1003| Meg/1009
Samarv 4.4 | 5.2 1.05 0.08 3.5 2.01 0.31 | 0.24 0.13 2.0 0.25 2.94
Mokwa 5.1 6.1 0.54 0.03 9.8 1.0 0.18 | 0.14 0.06 1.09| 0.05 1.45
3okura | 4.8 5.7 | 0.50 0.04 1.75 2.5 0.51 | 0.26 0.25 2.6 0.10 3.62

Method of determination
(i) Plent available P - Modified Bray I Method
(ii) CcEC - ammonium soturation method

(iii) Effective ECEC - The sum of exchangeable boses a1d exchangeable acidity.
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Table 4.2 Soils Physical properties
Soils % Clay 4 Silt % Sand Field capacity (M.C. av_
Samoru 10 ! 50.4 39.60 20
I
i 1
) |
Mokwa 4 : 13.40 ! 82.56 18
|  Bokura 20 _ 32.0 48.0 22
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Ammonification of amides in Samaru Soil: Amide

including ureo odded to the soil started ammonifying with
the first week of incubation (Figure 1), Dimethyl formomide
was an exception the ammonification of which was delayed to
second week of incubation and has a different trend from the
other amides., The rate of mineralization of amides was
similar to that of urea throughout the 8 weeks incubation
peried, In all the omides, NHI recovered was highest in the
first week of incubation and decreased gradually as |
incubation progressed, The decrease in NHI might be due to

nitrification of accumulated NH'

&
4 NH4 recovered from the

amides after one week incubation was in the order;
Succinamide @ urea> N, N Dimethyl acetamide > acetamide

7 Phenyl acetamide > CCICN2 > Dimethyl formamide,

At the end of third week of incubation, the amount of

NHI from CQCN2 and Phenyl acetamide were zero while the NH:
in other amides were higher than urea. At the end of
incubation except for N, N Dimethyl acetamide, NHI was zero
for other amides including urea,

Dimethyl formamide has slower rate of tronsformation

compared to urea and other amides, There was increase in

mineralization as incubation progressed, As from the second

week of incubation NHI accumulation was higher than others,
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Nitrification in Samaru Seoil: Nitrification of

accumulated NHI from most of the amides in Samaru soil

started within the first week of incubation (Figure 1), All
the amides had different rate of nitrifinﬁtion but dimethyl
formomide did not nitrify ot oll, The omides nitrified in
the pattern of urea, As the incubation period increased,
the amount of NO; also increased, 1In the first week, the
amount of NOE recovered from acetamide (45%) was more than
that of vrea (31%). The recoveries from other amides were
lower than from urea, The amounts of NO; at the end of
first week for other amides ranged from O% of dimethyl
formamide and N, N dimethyl acetamide to 25% of CuCNz.
As from the second, Nﬂa recovery in succinamide woas higher
but other amides were lower than urea, However NO;

recovery at the end of B week incubation from acetamide

(87%) and succinamide (88%) were higher than urea (80%),

Ammonification in Mokwa Soils: Ammonification of the

amides in Mokwa soil was similar to that in Samaryu soil
(Figure 2) but rate of ammonification was slover, 1In the
first week, NHI recovered from occetomide, phenyl
ocetomide and N, N dimethyl ocetomide was higher thon in
urea, NHI accuymulation at the end of the first week was
in the order; phenyl occetomide 2> N, N dimethyl ccetcnide
> acetamide > urea > succinanide > CQCN2 >
dimethyl formamide, At the end of 8 weecks of incubation

there was no NHI left in acetamide, succinamide and vurea,
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Nitrification in Mokwa Soil: Accumulated NH: of

mast of the amide started nitrifying within the first week

(Figure 2). Phenyl ocetomide and N, N dimethyl acetomide
started within the second week while dimethyl formamide did
not nitrify at all, The rate of nitrification for all the
amides was lower than for urea upto the 4th week, However,
nitrote recovered from succinomide in the 4th week and after-
wards was similor to ureo, At the end of the Bth week
incubation NOS accumulation was in the range 47% (Phenyl

acetamide) to 86% succinamide,

Ammonification of amide in Bakura soil: The order of

ammonification of the amides in Bakura soil is shown in

Figure 3. Mineralization was rapid aad NH: accumulation was
more in acetamide. At the end of first week, the order
of ammonificotion wos acetamide > Phenyl acetamide 7 urea >
succinamide 2> N, N dimethyl acetamide > CoCN2:7’Dimethyl
formamide. The rate of disappearance of the accumulated

NHZ was higher for urea, NH: concentration from dimethyl

formamide increased with incubation time whereas in others

it decreased,

Nitrification in Bokura soil: The rate of nitri-

fication of accumulatad NH: was slowest in comparison to
Mokwa and Samaru soil (Figure 3). Nitrification started

generally in the second week of incubation and the amount
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of nitrate was higher in acetamide (66%) than urea (62%).
The amounts of NO; were lower than in urea in other amides.
In the following weeks, the amounts of NOS were higher in
urea than other 1nides, At the end of incubation (8 weeks)
NOS accumulation was in the order, Urea °» acetamide

> succinaomide 27 N, N dimethyl acetamide > Phenyl
acetamide > CaCN,. As in other soils dimethyl formamide

2
did not nitrify,

4,2.3 Mineralizaotion in the Contrel Secils

Ammonification in the three soils was similar,

At the end of the first week of incubotion, NHI was 14 OligN
in Samaru and Mokwa soils, and 18,7 MgN in Bokuro soil,

The nitrification of untreated Samaru soil was higher than
that of Mokwa and Bakura soils, Nitrate recovered at the
end of incubation was highest in Samaru soil (44.3 lgN)
than in Mokwa soil (16.3 JigN) and Bakura soil (14 lgN),

The higher recovery of N observed in Samaru soil maybe due
to the higher amount of organic matter and total N content.

Mokwa soil is sandier and has low organic motter, hence

the low nitrificaotion rote while Bokuro soil hos o finer

texture but has low organic matter.

4,2.4 Structugal relationship of the amides to N recovery:

The rote of amide decomposition seem to be reloted

to its molecular coafiguration, Bray et EL (1950) found

that the rate of hydrolysis of an amide was related to
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the number of carbon otoms in the omide molecule,
Frankenberger and Tabatabai (1982) reported that as the
chain length of carbon atoms increased, the total recovery
of amide N as inorganic N decreased, Hervar, there was no
relationship between the amide’s molecular weight and the

rate of hydrolysis,

From the onalysis of the total inorganic N recovered
ot the end of incubation, it is clear that similor molecules
gave similar N recovery, Where there was a marked difference
between related molecules, it could be accounted for by the
nature of their hydrolysis, Similar N recoveries (averaged
over the three soils) were obtained from succinamide (81,3%)
and urea (82.2%). They are both diamide aliphatic compounds,
(Table 4.3) hence they should undergo similar type of
reaction, They had higher N recovery than the mono-amides,
The recoveries of the mono-amides are acetamide 30.37%, N,

N dimethyl acetamide 70,25%, phenyl acetamide 53,56% and
dimethyl formamide 51,76%, CaCNz (46,94%) is also a diamide
compound but has a lower recovery of N compared to urea,.
This could be attributed to the several steps in the process

of hydrolysis, It first get converted to urea then NHE.
It can be deduced that the hydrolysis of CaCN2 to urea is
the rate limiting step as vurea hydrolysed readily in the
soil, The rate limiting step determines the rote of

reaction hence the recovery from CuCN2 wa:s lower than urea,



Table 4,3
Molecular Structure of the Amides
O
t NH
Urea H2N - - 2
] 9
Succinamide H2N - C = CH2 - CH2 ~ C - NH2
CaCN2 Ca = N = C - N
| %
Acetamide CH3 - C - NH2
_ 9 o |
Phenyl acetamide 6;::::>“—£H2 - € ~ NH,
CH3
Q
I /(/

N, N-dimethyl acetamide CH

CH3
CH3
e/
Dimethyl formamide H - C - N\\
CH3

Acetamide has N recovery comparcble to urea but

acetamide derivatives (phenyl acetamide and N, N dimethyl
acetamide) hod lower recovery, The difference could be
attributed to the different radicals attached to the amide
group (CONHQ). Alkyl group decrease the rate of hydrolysis,

The decrease is coused by its inductive effect {+ 1)

which depends on the number of alkyl substitents either
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on C or N, The alkyl group is electron donating (electronic
foctor), making the corbonyl carbon less susceptible to

nucleophilic ottock. Alkoline medium provides OH  ion,
which ccts as o strongly neclecphilic reagent and acid

solutions provide H* ion which cttoches itself to carbonyl
oxygen and thus render the molecule vulnerabla to attack by
the weakly necleophilic reagent water, Water alone is not
sufficient to hydrolyze most omides since NH2 is o poor

leaving group {Solomons, 19768), These conditions are met

in the soil for amide hydrolysis.

Acidic hydrolysis,

+
0 COH (')H

) + i
R - /c ozm=s Ho_ar - /c ------ 2R - tl: - OH; --—-3 RCODH
+
+
NH,, Nﬁx NH, . N

OH, |

In ocetomide molecyle, there is only one CH3 attached
to the corbonyl corbon compared to N, N-dimethyl ocetamide
where there gre two more CH3 attached to N and in phenyl

acetaomide, there is a benzyl group ( q;::::>-CH2) group

instead of the CH Cansidering the elasctronic factor and

3.
resonance, phenyl acetamide should be more reactive, Since
this was not so, onother possible explanation could be the
steric factor, Because the benzyl group is bulkier than

methyl group, the shielding of the reactive centre will be



- 50 -

hither in phenyl acetamide and this accounts for the lower

N recovery.

There is inductive effect oan N, N dimethyl aceta-
mide, in addition to steric hinderance caused by overcrowd-
ing of the molecule, In a reaction, the two factors can
hinder a reaction simultaneously or either con toke precedence
in controlling the rate of reaction, However, all these
foctors contributed to the lower rate of reaction and lower

recovery of inorganic N,

The difference in the N recovered from N, N dimethyl
acetamide and dimethyl formomide con be exploined in terms
of the inductive effect and degree of steric hinderonce in
each molecule, The difference in the two molecular

structures is the extra CH3 in N, N-dimethyl acetamide instead

of H in dimethyl formanide, Considering the two factors,
dimethyl formamide is expected to be more reactive than
N, N-dimethyl acetamide leading to a higher N recovery,
But the results of present experiment suggest otherwise.

The lower recovery of N from dimethyl formamide may be

expleoined os follows:-

N, N - disubstituted amides undergo normal amide
hydrolysis to yield secondory omines (HNR2). In dimethyl

formamide it is assumed that normal amide hydrolysis yielded

dimethyl amine (HN(CHS)Q) instead of NHS’ The reaction
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may not have gone to completion unlike the unsubstituted
amides, becouse of the inductive effect and steric

hinderance,

OH OH
[~} s 3
oH + + .
H = Canmmans M = {7 secme= M = C =~ "OH====aIHCOOH + (CHB)QNHQ
N(CH3)2 N(CH3)2 N(CH3)2

It is probable that the amine in this case is not liable to
nitrification hence NOE was not recovered, Moreover being
a gas it can also be lost from the system, 5So the recovery
is low and all of it was in NHI torm,
N, N dimethyl acetamide may have undergone an

indirect route of hydrolysis since it is not readily hydro~

lyzable ordinarily (March, 1967) as shown below).

s: e 3
- I o il
CH ~ C ——QE-—-}CHa 5 C--gﬁ--)CHa By SIS, = JCH,COOH + NH
H20
N(CHS)Q HN(:H:3 NH2
+ CH30H + CH30H
(N, N disubstituted) |, {(unsubstituted

amide amide
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The unsubstituted amide can then undergo the normal amide

hydrolysis yielding NH, followed by nitrification. The

3
fact that the above reaction took ploce was supparted by
the better recovery in Mokwa soil which wos less acidic,
This is becauvse the soil solutioa furnished more OH™ ions
for the reaction to proceed, The better recovery hexre may

be due to the ease with which the reactian proceeded after

the formotion of the uvnaubstituted amide,

In general, most of the amides studied occumylated
as NO; ot the end of incubation, Acetamide and succinamide

nitrified rapidly in the soils in the order of urea while

phenyl acetanide, N, N dimethyl acetamide and dimethyl

formamide were not readily hydrolyzed., CGCN2 had the lowest

recovery of about 47% and rapid nitrification, Fronkenberger

and Tabotabai (1982) reported 10% recovery from cyonnmide

which is the first product of CaCN, hydrolysis., However,

higher recovery hetween 40 and 100% N from CaCN2 (Pleysier
et aql, 1982 ; Vilsmeier and Amberger, 1978} and delayed

nitrificatinn has been reported. (Arora et ol, 1987),

Considering the fact that.tﬁe recovery of N
varied with soils, it may be advisable to test the efficienéy
of ovide with o particular soil before usoge. And since
some amides had low rate of nitrificotion, they may be useful
in area where leaching less is high, Those which accumulated

as NHI can be used with crops thet utilize this form of N.
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4.3 Residual effect of amides on soil pH

There was change in pH of the treated soils during
incubation (Table 4.4), The soil pH couid be related to
mineralization, In oll the three soils, there was a
positive correlation betwesen NHI and soil pH while NOS and
soil pH showed negative correlation i.e. as the amount of
NOE increased, the pH value decreased,

In all the soils, the pH value increased above the
control in the first week of incubation. This period
conformed with that of ammonification, There was a gradual
increase in pH of soils treated with dimethyl formamide
throughout the incubation period, This may be due to the
gradual increase in amount of NHI. CaCN2 and urea increased
the pH most at the end of first week of incubation, The pH

storted decreasing generally ot end of second week probably

due to nitrification, There was an exception to this
general frend in Mokwa soil, where phenyl ocetanide and N,
N dimethyl ocetomide increosed the pH till the end of second

week, The nitrification of these sources wos deloyed ond
the accumulation of NH; raised the pH. Moreover Mokwa

soil is sandy in nature and has poor buffering capacity.
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pH of soils (soil : water, 1:2)

Table 4.4

at different incubation intervals of

the three Scils
(a) Somaru
Treatments Zerotimel Week 1| Week 2| Week JiWeck 4 | Week 8
Acetamide 5.9 4,9 4.5 4,2 4.2 4.2
CaCN2 6.1 5.3 4.8 4,8 4.6 4.6
D=formomide 5.6 5.9 5.?_ 5.8 5.8 6.0
P-ascetamide 5.6 5.1 4.5 4.4 4,3 4,4
N, N-D-Acetamide 5.6 5.3 5.0 4.4 4.3 4,2
Suecinamide 5,7 5.1 4.4 4,3 4,2 4.3
Urea 6.3 5,1 4.4 4,2 4,1 4,2
Contral 5.5 5.0 4.8 4,7 4.6 4,6
L.5.D0, 0,12
{(b) Mokwao
Acetamide . . 4.8 4,5 4,6
CQCN2 6.6 ) . 5.6 5.4 5.5
D~ formamide 6,0 6.2 6.6 6.5 6.4 6.7
P-acetamide 6.1 7.7 7.6 6.9 6.2 4,9
N,N-D-ocetomide 6.0 7.0 5.9 4,9 4,4 4.5
Succinamide 6.1 5.8 5.1 4.8 4.5 4.5
Urea 8.7 5.9 5.1 4,9 5.6 5.5
Control 6,2 5.8 5.6 5.8 5.6 5.5
L.S.D. 0.15
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The process of nitrificat

the cause of low P
+

NH, + 202--

From the equation,

there are two €O

for ever

rresponding HY ions.

jon generates

H accompanied with it,

on*

y mole of nitrate

(¢) Bakura
Treatment Zerotime Week Week 2 Week 3 Week 4 Week 8
Acetamide 6.6 6.1 4.8 4.7 4.4 4.4
CuCN2 7.4 6.2 5.6 5.1 5.0 4.9
Dimethyl 6.8 5.8 5.6 5.9 5.8 6.1
formamide

Phenyl 6.5 6.3 5.5 \ 5.1 4.8 4.8
acetamide
N,N—Dimethyl 6.5 5.5 \ 5.7 5.8 4.6 4.6
acetamide
succinamide 6.6 6.0 4.8 4.8 4.8 4,7
Urea 7.5 6.0 4.9 4.8 4.5 4.7
Control 5.7 5.7 5.7 5.6 5.5 5.3
LosuDo 0o10

H+ which is

gensratod,
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At end of incubation, all the amides decreased the soils
pH to around 4.5 on the average with the exception of
dimethyl formamide. In general difference between control
and treoted soils was significont. Acetamide, N,N-dimethyl
acetamide, succinamide and vrea significantly reduced the
soil pH below control while other amides increased soil
pH significantly. Acetamide and succinamide were statistically
the same as urea in decreasing soil pH while other treated
soils had significaontly higher pH thaa ureao ot the end of
incybation., It was observed that amides with high rate of
nitrification lowered soil pH as much as vurea did. The
acidification varied with the soils, Bakura soil with lower
rate of nitrificotion was less ocidified.

The average decrease in pH value during incubation with
various amides in Samaru soil was 0.9, Mokwa soil 0.7 and
Bakura soil 0.4, Hence Samaru soil was the most acidified by
the onides followed by Mokwa and Bokura soils in thot order.
The decrease in soil pH due to the addition of N sources has

been reported by many workers (Jones, 1976; Bache and Heathcote,

1969).

4.4 Greenhouse Study

The amides used for greenhouse experiments were ccetamide,
succinomide, phenyl acetamide and ureo os standard for
comparison. A control treatment ie no N-source was also

included. These amides were selected on the basis
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of inorgonic N recovery in the incubation experiment.
Acetamide ond succinamide had very high recovery and
ropid hydrolysis in o0ll the soils comparable to urea, while
phenyl acetamide has low recovery. This was ipcluded to
find out if there was difference in their recovery in the
incubotion ond by plant.

There were three rates of N application, which were

60kgN/ha (N1), 120kgN/ha (N2) and 180kgN/ha (Ng). The
recommended rate of N application for moize in savanna
region is 120kgN/ha. For each treatment and rate, a
representative of the plants at é weeks growth in Samaruy,
Mokwa and Bakura soils is shown in plates I, IT and III
respectively. It was observed that all the control pots
had thinner, and shorter plants with more yellowish leaves
than other plants,

4.4.1 Dry Matter Yield

The dry matter yields (DMY) of maize (Zea Mays L.)
plants grown at each application rate of agll N-sources on
Samaru, Mokwa and Bakura soils cre shown in figures 4.4q,
b &C respectively. The plants responded to the N application
but the response to various amide was different, However, the
response of the crop to the N-sources followed the same

pottern in the three soils,
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Plate i, Representaotive of Maize Plants in the greenhouse for each trectment cnd N

rote at 6 weeks of growth
M A

\

' i
d?._. b

2mzmzd ZQZMZﬂ . Z.mzwzd szNZJ Control

Succinamide Urea Acetcmide Phenyl aceta-
mide
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Plate ii, Representotive of Mcize Plants in the greenhouse for each treatment and N rate

at 6 weeks of

nﬂﬁ@fﬁw&.?

- e

N, N, N Control

: N, N

Ng Ny Ny | 3 No Ny 3 No Ny
Succinamide Urea Acetamide Phenyl ace=
tamide



Plate 1ii,
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Representaotive of Maize Plants in the greenhouse for eoch treatment and N

N3 Ny N,

Succinamide

rate at 6 weeks of growth

.\ O

o

1. Ny Ny Ny

Acetamide

. -_—r ¢ "l trr\r-‘ - &
z“w zN zd Contrel
Phenyl

Acetamide
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Samaru Soil: Phenyl acetamide produced significantly

lower DMY than other amides which produced DMY that were not
significantly different omong themselves. This concurred

with the low recovery of N in the incubotion experiment, where
N recovered from the three sources (ocetamide, succinomide and
urea) were similar but the DMY tended to be low relatively
with acetamide.

At Ny rate, urea gave the highest yield followed by
succinamide, acetamide and phenyl acetamide in that order.
With increase in N level to N, there was significont increose
in yield but further increase to N5 (180kgN/ha) gave a much
less increase in DMY. At the highest level of N application
the yield from acetamide, succinamide and urea were similar.
Yield was highest at N3 level generally. 1t was observed that
the thickness of all plants and their heights increased with
rate of N applicotion. Plonts grown on phenyl ccetomide

treated soil locked the initial taoke off,

Mokwa Soil: The response was similar to thot obtained with

the Somorv soil. Phenyl ocetamide performed poorly compored
to other amides. The yield from Mokwo soil was generally
lower than in other soils, This may be associated with the
lower levels of total N a1d o-ganic matter in the soil. From
the incubation study, higher pH were observed from the
treated soil, up to pH 7,7 in some coses. The soil

high pH could encourage volatilization of l’*ll'i:3
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as well. Ffrankenberger and Tabatabai (1982) reported that

significaont omount of NHs yere volatilized on from

such soils.

Bakvra Soil: The DMY was better than the yield in Samaru

ond Mokwa socils but the response to amides was gsimilar to
those in the two soils. The performance of phenyl

acetamide wos better here and the yield compared favourably
with that of other amides. It is interesting to note that the
recovery of inorganic N from various amides in the

incubation experiement was olso highest in Bokuro soil.
Acidification of the soil by the omides wos clso low compared

to the other two soils,

4,4.2 Plant Nitrogen Uptake

Nitrogen uptake from various amides by maize plants in
the three soils is shown in Table 4.5, The average N uptake
was highest in Bakura soil and least in Mokwa soil, while
Samaru soil was in betwaen. The N uptake in each soil, from
various amides followed the same pattern as that of DMY.

But the ¥ N in the plant material in general was higher
amount of total N present in Samaru soil. There was an
increase in N uptake with increasing N application but each

increment resulted in lower increase in N uptake,
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Table 4.5 N Uptaﬁg_(mgﬁl_by the dry matter in the

——

greenhouse experiment

Treatment N-ru;:T_f;;;;;:_*rﬂ-;;;;;.*‘ Bukuru-_-
e — o —
1. Control 73.99 18.29 26,04
2, Acetamide Ny 104.63 105.36 93.57
3. " No 210.35 143.99 179.75
4, s N3 285.03 194.79 396,10
5, Succinamide N, 120.81 98.53 110.70
6. " Ny 225.41 154,09 251,37
7, g Nj 298.95 207.29 350,28
8. p-acetamide N1 93.96 56,51 123.27
9. " Ny 167.79 97.55 198.39
10, " Ny 163.79 101.27 | 222.18
11. Ureoa N 117.19 97.21 107.86
12, * N2 224.77 134.08 217.88
8 ¢ N, 278.35 189.72 302.88
L. 8.0 16.15 | l
N, = 60 KgN/ha
N, = 120 KgN/ha
N. = 180 KgN/ha
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Generally, N uptoke from ocetomide and succinamide
were not significantly different from that of urea, The
uptake from phenyl acetamide was significantly lower than
other N sources. The results conformed with the incubation
study, where phenyl acetamide gave lower recovery of N. There
is a positive correlation between DMY and N uptoke. The
relotionship between the total DMY ond the N uptoke has olways
been reported to correlote positively (Cantarrelle end Tobateboi,

1983; Steggerda, 1962; DeMent et al, 1961),

4.4.3 Apporent Nitrogen recovery

The percentage recovery of the N from various amides by
maize plant (Table 4.6) was determined by the difference method;
calculated by the equation, (A-B)/C x 100, where A is N mg
taken up by the plants from control pots, and C is N (mg)
applied.

With the exception of phenyl ocetomide that performed
poorly in Mokwa soil, the recoveries ranged from 52 to
103%. The recoveries were similar to those of other readily

available N sources, (Gasser and Jephcott, 1944; Terman et al,

—— ——

1986).
The total amount of the applied N recovered by the

plont averaged over the three rotes, form oll N sources
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Table 4.6 % N Recovered by the Plants from the various
Amides ot different rates of N application in

the greenhouse.

P

Treatment N-rate Mokwa

1. Acetamide Ny 87.8
2. " N, 59.99
3. " Nj 54.11
4, Succinamide N, g2.11
5. " N, 64,2
6. " N3 57.58
7 p-acetamide N 47 .09
1
8. " N, 40.65
9. “ 28.13
NS
10. Urea N,| 81.01
1. " N2 55.87
12. r 52.7
N3
Nl = 60 KgN/ha
N, = 120 KgN/ha
N. = 180 KgN/ha
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was 82,.78% for Mokwa and 39,08% for Bokura. For all
treatments, the highest recovery was obtained from the
lowest rote and least from the highest rute.ie the efficiency
of N decreased with increass in N application roted.

The recovery from succinamide was more than from
urea in the three soils. Urea was better tha1 other amides
in Samarv and Bakura soils while acetamide wos better thon
ureo in Mokwo soil. Generally, the efficiency of omides

as N sources to maize was best in Bakura soil.

4,5 Field Experiment

The anides used in the field were succinamide,
acetamide, urea and CaCNy. They were all applied at one rate
(120KgN/bha). Phenyl acetamide was not included in the field
study because both incubation and greenhouse studies gave

low N recovery fruom this source in Samaru soil.

4.5.1 Dry Matter Yield (DMY)

The grain yield, stover yield and nitrogen uptake
by maize plant are shawn in Table 4.7. All treatments gave
higher yield of groin and stover thon control. Succinomide

gave the highest grain yield followed by urea,
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Table 4.7 gEffect of application of different amides in soil on the yield
N content, N uptake, and N recovery in a field trial ot Samarv
— R ll....i_.ll..v-...-llll..l!.llill-—l-...ll e e et e — — o ——
DMY (KgHa) % N* 'N cv*nxoﬁxmz\rnu Total N uptaoke
\
Treatments #ounw: yield Ptover Grain —w*ocau |Grein Stover KgN/ha
\
-~ I sl M W
| ! — 1
1. Control (no nit- 4 m _ !
rogen) 1700 2300 Fﬂ.wu _o.mu 22.61 | 14,49 37.10
!
2. Acetamide 3600 s000 | 1.26  |0-70 .S.uo "_.:.8 86.66
1
3, Calcium \ 4
nn<a:nawmou 2500 4600 id.uu 0.67 33.25 30.82 64.07
4. Succinamide 5400 6100 —~.»o 0.70 75.70 42,70 118.30
_
5, Urea 4500 7500 fa.»o 0.63 _ow.oo _aw.mw 110.25

ai————— - R

£ N

Recover

o
e
w

22.48

— i — ——

67 .67

60.96
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acetamide and CaCN, in that ordec. But the trend of total
DMY was urea 7y succinamide > acetamide > CuCN2 .
The yield from CaCN2 was very low compared to urea. This
might be due to damage to the seedlings. The application of
CaCN2 is normally done a week before planting to ensure
proper decomposition of the toxic compounds (Tisdale aad
Nelson, 1975) but in the present experiment, it is was
applied at the time of planting. It has been reported that
CaCNp applied a week before planting is as efficieant as

urea (Aroro and Nnodi, 1987). The total N uptake followed

the trend of DMY.

4,5.2 Total N recovered

N recovered by the maize crop from various amides
(Table 4.7) used ranged from 23% (CaCNz) to 68% (Succinamide).
The recovery from urea (61%) closely folloved the recovery
from succinamide. Acetomide hod low recovery of 41%. The
recovery from CalNp was the lowest probably in % N in the grain
and stover yield from CaCN; and other amides.

In the greenhouse study, acetamide and succinamide ware
similar to ureo as sources of N to moize. Howaver, the
field study showed marked differences between these two

sources, This may be due to the different methods
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eenhouse and the field. The

of N application in the gr
amides were mixed thoroughly with the soils befora potting
whereas in the field they were applied by brodcasting.
This can lead to some difference in the volatilization

losses from the va-ious sources. The better response of
plants to succinamide compared to ured could be due to the
formers insolubility in water which might have led to

reduced leaching losses.
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CHAPTER FIVE

SUMMARY_AND CONCLUSTON

on of amides in tropical

The rate of mineralizati

soils, their efficiency as N fertilizers and their
residual effect on the soils were studied. A laboratory
as conducted with soils from

incubation experiment W

Samaru, Mokwa and Bakura to study the rate of

ation of seven amides

minernlization and nitrific
(Acetamide, Calcium cyanamide, Dimethyl formamide, Phenyl
N, N dimethyl acetamide, Succinamide and Urea)

t the rate of 60 }LgN/

t field capacity

acetamide,
g of soil anc

The amides were added a

incubated under aerobic condition Q@
moisture content and at 30°C for 8 weeks, The pattern
of minerolizution of the amides were similar to uyrea 1in

all the soils.

ed (as NH:, NO; + NO;]ut the end

Nitrogen recover
) varied from soil to

(average of all amides

of incubation
ra soil. The range of total

soil and was highest in Baku

N recovered at the end of incubation were 39% (CoCNz) to
inamide) in Samary soil, 35% (Dimethyl formnmidé)

g8% (Succ
n Mokwa soil and 45% (Dimethyl

to 86% (Succinumide) i
formamide) to 93% (Urea) in Bakura soil. The various
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amides had different rates of hydrolysis. Urea,
Succinamide and Acetamide were readily hydrolyzad in the
soils. Ammonification of the amides in the soils
started within the first week of incubation. The
recovery of NH: was also highest during this period.
Nitrification of accumulated NHI started in the first
week of incubation in Samaru and Mokwa soils. The rate
of nitrification was generally slower in Bakura soil.

In all the soils, Dimethyl formamide did not nitrify but
accumulated as NH:. The pH value of the soils

decreased as incubation progressed.

A greenhouse experiment was also conducted with
the same soils and four amides (Acetamide, Phenyl
acetamide, Succinamide and Urea) which gave high
recoveries in the incubation study. Two kilograms of
the soils were used in @ plastic pot, into which all
nutrients except N were added,  There were three rates
of N application (60 mgN/kg, 120mgN/kg and 180 mgN/kg
of soil) and maize as the test crop. The N recoveries
by maize plant at 6 weeks growth ranged from 52% to
103% with the exception of pyenyl acetamide which
performed poorly in Mokwa soil. The recovery from

Succinamide was more than Urea in the three soils.
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In Mokwa soil, acetamide gave higher N recovery than
urea, The efficiency of the amides as N fertilizer to

moize decreased with increase in N application,

Succinamide, acetamide and CuCN2 were also compared
with uvrea in a field study at Samoru using maize as the
test crop, The rate of N applicotion was 120 kgN/ha,
Calcium cyanamide was applied all ot the time of planting
while the other sources were split applied. The
DMY of grain and stover obtained from field experiment
was in the order of urea & succinamide 7» acetamide

> CuCNz. The recovery of N by the maize crop from
various aomides used ranged from 23% (CQCNQ) to 68%

(Succinamide).

The following conclusions can be drawn from the
results of the three experiments:

(i) All the amides undergo mineralization
in soils in the potterm of ureao but

with vorying rotes of hydrolysis,

(ii) All amides except Dimethyl formamide
undergo nitrification with rotes of
succinamide and ocetamide similar to

urea

(iii) The efficiency of omides as N sources

for maize varies with the nature of the



(iv)

(v)
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soil. Their recoveries vary from

35% to 103%.

For maize CTOP succinamide is @ better
source of N than urea whereas acetamide

is as good as urea,

Residual acidity caused by phenyl aceta-
mide, CoCNz, N, N dimethyl acetamide and
succinamide is less than ured and
pimethyl formamide did not cause any

residual acidity.
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during incubation studies in Samaru soil,

HgN/g of soil

Ammonification and Nitrification of the amides

Treatment

No.

NH

Week 1

NO3

Week 2

NH4

s

Week 3

NO4

Week 4

NH4

NO3

Week 8

NH

N e W -

Appendix 2

22,2
4,7
0.0
7.0

27,2

34.7

31.5

26,9
15,2
0.00

9.4

0.0
24.0
18.7

L.5.D0. NH'

12.8
8.7
36.2
2.3
24 .5
11.7
10,5

38,5
19.8
0.00
26,8

9.3
49.0
44,3

4

5.9
0.0
44.0
0.0
14,0
2.4
1.2

46,7
19.9
0.00
32.7
37 .4
61.9
7 .2

0.0
0,0
39.7
0.0
2.3
0.0
0.0

32,7
17.0
0.0
35.0
33.8
44 .5
40.8

is 6,80, Nog is 4,54

0.0
0.0
45.5
0.0
142
0.0
0.0

during incubation studies in Mokwa soil.

JgN/g of soil

51.4
23,4
0.0

32,7
39.7
52, 5
47.9

Ammonification and Nitrification of the amides

Treatment

No.

NH4

Week 1

NO3

Week 2

NH4

NO3

Week 3

NH4

NO3

Week 4

NH4

NO,

Week 8

NH

NO

N O RO N -

35
21
0.0
51.4
47 .9
29.2
30.4

17.5
1.1
0.0
0.0
0.0
21

15.1

12.8

3.5
12.8
42.0
33.8
15,2
17.5

2.2
19.8

0.0
15.2
18.7
25.7
35.0

8.1
2.3
10.8
28.0
21.0
9.3
7.0

4.73

39.7
19.9
0.0
8.2
42 .0
39.7
40.9

243
1.1
12.8

37.3
28.0
0.0

15.1;11.6

4.6
2.3
11.6

50.1
59.5
61.8

0.0
3.3
21.0
1.2
1.2
0.0
0.0

47.9
31.0

0.0
28.0
45.5
51.4
50.0
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Appendix 3  Ammonification and Nitrification of the amides
during incubation studies in Bokura Soil.
JgN/g of Soil

Treatment Week 1 Week 2 Week 3 Week 4 Week 8
No, NH4 NO3 NH4 NO3 NH4 NO3 NH4 NO3 NH4 NO3
1 50,2 | 4.7|22.2(39.7(12.8{32.7| 0.0{47.9{0.00{52.5
2 28,0 2.4{17,5| 3.5{14,1115,2] 2,3|23,4{0.00({28,0
3 21,0} 0.0/18.7} 3.7]21.3/0.00}23,3;0.00}26,8] 0.0
4 49.0| 5.9/21,0{10,5|30,5| 7.0| 5.8/22.0| 2,3{32.,7
5 30,3| 3.5/32,7| 1.2|46,8| 8,2(/12,8(31,5{0,00/39,8
6 42,01 0.0{17.0|25,0| 14,1{43,2| 5.8(42.7| 2.3|49.7
7 46,7 | 8.2{26,8{37,0{11.8{59.5( 2,0{52.5/0.00{56,0

L.S.D. NH; is 8.16 NOZ is 5.84
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Appendix 4 Dry Maotter Weight (g/pot) of maize from
greenhouse experiment using various amides
at 3 rotes, .
Treatment Samaru Mokwa Bakura
1 Control 7.55 2.01 3.72
2 Acetamide N1 15,01 11,04 165,14
3 Acetamide N2 20,31 13,99 _20.58.
. N, 21.37 17.61]  25.43
5 Succinamide N1 15,46 11.92 15.9
| 6 " N2 19.96 17.59 23,71
7 " N3 22.74 19.28 26,88
8 P-acetamide N, 13.88 7.48 11.85
9 " : N2 17.27 11.82 18.86
10 " N3 18,87 2.72 23.64
11 Urea N, 15,80 13.75)  17.39
12 " N2 21.34 17,12 23,23
13 N, 22,16 19.81 27 .41
L.S.D. 0.74
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Experiment,

% N in the Dry Motter of the Greenhouse

12

Treatment Samaru - Mokwa Bakura
i. Control 0.98 0.91 0.70
2 Acetamide N, 1.19 1.12 0.79
3 " No 1.40 1.16 1.00
.4 " N, 1.68 1.21 1,66
5 Succinamide Ny 1.26 0.98 0.86
6 u N, 1.50 0.98 1.17
7 " Nq 1.64 1.17 1.40
8 P-acetomide Ny 1.21 1.00 1.26
9 " N, 1.40 0.98 1.19
10 "o N3 1.26 1.23 1,05
11 Urea N, 1.21 0.84 0.77
" N, 1.40 0.89 1.05
3 Ny 1.59 1.05 1.20
LS. 0.08



