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A. Abstract

Nitrogen transformations were studied in different soil types,
depths and agricultural management practices. Soil N mineralization
and NH, nitrification rates were detefmined in incubation experiments
and the distribution of NH, and NO; were determined under various fer-
tilization and irrigation practices. Mineralization rate decreased
with soil depth , more than did organic N content, however, about 30%
of N mineralized in soil profiles was confributed by soil layers
deeper than 60 cm. This was verified under field conditions in undis-
turbed soil profiles. Potentially mineralizable N (No), obtained from
one-parameter-rate equations,was highly correlated with various soil
N forms (which were all significantly correlated with soil total N).

The best chemical and biological estimates of No were amino acids in

soil acid hydrolyzate and CO, production rate at the 1st week of incu-
bation respectively, both decreasing with soil depth more than total N.
Nitrification rate was well-correlated with the growth rate of the
nitrifying bacteria. The makima] rate and the delay period of nitri-
fication were greatly affected by soil depth, soil pH or HCO§ content
and by previous agricu]tural:management of the soils. Increased
salinity decreased nitrification and promoted ammonia volatilization,

the effect depending on soil type and on the amount and type of salts and
N source added. Application of urea ammonium nitrate to a sandy loam
by drip irrigation produced a remarkable drop in soil pH in the vicinity
of the emitter. Coating (NH4)2504 with Terrazole inhibited nitrification
under field conditions, retaining more NH4 in the soil profi]e and

decreasing movement and denitrification even at high irrigation rates.



B. Objectives of the research

The general objective of the research was to study nitrogen trans-
formation rates in soil, mainly ammonium nitrification and organic N
mineralization, as affected by soil types, soil depths and different
agricultural management practices. Soil types were expressed in terms
of general soil properties such as texture, pH, electrical conductivity,
organic N content, and specific properties, 1ike soil nitrogen forms
and microbial activity, which affect or reflect soil N transformations.
Agricultural management included different irrigation practices, salinity
induced by added salts, fertilizer management and the effect of previous
management of the field on N transformation rates.

The specific objectives, corresponding to the different parts of
the research, were as follows:

1. To study the distribution of soil organic N forms in profiles of
different soil types. To find relations between the various N
forms tested, in order to ultimately choose a suitable index for
predicting the potentially mineralizable nitrogen or N mineralization
rate.

2. To determfne soil N mineralization rate in different soil types and
depths, and to evaluate the contribution of deeper soil layers to N
mineralized in soil profiles. To fit rate equations and to relate
the obtained rate parameters to N availability indices or N fractions
in soil.

3. To verify, under field conditions, the N mineralization rate in soil
profiles and the contribution of deeper soil layers as obtained by

_incubation experiments.
4. To determine the rate of nitrification of added ammonium iﬁ soil pro-

files of differently managed soil types. To relate the rate constants
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to soil properties and soil depth. To determine immobilization of
added N anu mineralization when ammonium fertilizer is added to soils.
To investigate the effect of soil type and soil depth on the growth rate
and potential activity of the nitrifying bacteria. To study the com-
position and activity of the mineralizing microflora in profiles of
differently managed soil types.

To study the effect of soil salinity, induced by chloride and sulfate
salts, on ammonification of urea, nitrification and ammonia volatilization.
To follow the fate of nitrogen from surface and subsurface applied liquid
urea-ammonium nitrate (UAN) added to soil through a drip system and to
determine the influence of UAN on soil pH.

To study N transformations and movement in soil as influenced by water

application rate and Terrazole nitrification inhibitor.



C. Research Report

DEISTRIBUTION OF NITROGEN FORMS AN AVAILABILITY INDICES IN

IN PROFILES OF DIFFERENTLY MANAGED SOIL TYPES

Aviva Hadas, Sala Feigenbaum, A. Feigin and Rita Portnoy
ABSTRACT

" Yarious chemical methods have been used to predict the
nitrogen mineralization potential of scils, but studies were
mostly restricted to surface so0il layers to which N
mineralization is mainly atfributed. In this study the
distribution of N forms, extracted from soil by different
chemical methods, and the relationship between them was
~determined within the profiles of several soil types. All N
parameters tested were‘significantly correlated with total
N. The fractions ofAseveral N pafameters of total N chénged
with soil depth: oxidative release of NH4 by acid KMn04( N
extracted by NaHCO3 and NH4 and hexasamine in soil acid

hydrolyzate increased, whereas amino acids and amidase

- activity decreased with soil depth. Soil type also

influenced some N parameters: acid KMnO4 extracted
relatively more NH4 from calcareous than noncalcareous
soils; a smaller fraction of total N was acid hydrolyzable

in soils with a greater surface area.

Amino acids in the hydrolyzate and amidase activity'

seem more promising_for the prediction of mineralizable N,

when considering the whole soil profile, than the other N
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parametefs, because of their greatest decrease with soil
depth.
INTRODUCTION

' The rate of nitrogen mineralization in soils can be
directly measured by incubating soil samples in controlled
environmental conditions. However, incubation techniques
are time consuming and therefore often not practical for
predicting mineral N contribution from soil organic N and
fertilization planning. Consequently, several chemcial
extraction methods have been sugéested to.either predict the
quantity of mineral N that the soil will release for a
growing crop (Selmer-Oslen et al., 1981; Fox & Piekielek,
1978a), or to predict.the potentially mineralizable nitrogen
of soils (Stanford & Smith, 1976; Stanford & Smith, 1978).
The different empirical methods extract certain fractions of
soil organic N and their effectiveness varies probably with

soil type and mainly with soil pH. Much better defined

- fractions of soil organic N can be obtained by acid

hydrolysis and chemical fractionation of the hydrolyzate
{Bremner, 196%5). These fractions could provide a
comparative basis for evaluating the empirical extractions
in  various soil types or soils from fields with a different
history.

The quantity of decomposable organic nitrogen, which

determines the rate Qf mineralization, also affects the



potential enzyme activity in soil. Correlations have been
found between the activity of several enzymes and
extractable organic N (Spalding & Duxbury, 1977) or
mineralization rate (Abdelmagid, 1982).

The contribution of mineral N from organic sources is
usually attributed to the surface soil only, since microbial
activity in deeper soil layers is much smaller. Therefore
very little information has been collected on the various
chemical indices, as well as enzyme activities, in whole
soil profiles. However, plant roots live, die and decompose
in soil layers as deep as 1 m and more, and indeed some
evidence on N-mineralization in soil profiles has been
reported (Cassman & Munhs, 1980; Powers, 1980).

The objectives of the present work were: (a) to clarify
the distribution of ‘N extracted from soil by means .of
different chemical methods within soil profiles and in
different soil types; (b) to study the relations between
;prganic N fokms, N extracted by chemical methods and amidase
'activity in soils and (¢) to choose a suitable index for
predicting the potentially ‘mineralizable N (Stanford &
Smith, 1972) or N mineralization rate.

MATERIALS AND METHODS

Soils were sampled from various 1locations in Israel,

representing different climatic conditions, soil parent

materials and cropping management. The definition 6f soil

»)
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types and some of the sampling places were determined by the
aid of the soil survey of Israel soils (Dan & Koyumdjisky,
1979; Dan et al., 1981; Dan & Singer, 1973). General
information about the soils is summarized in Table 1. The
Alumim so0il profile was uncultivated and sampled according
to its pedological horizons. Bet Dagan samples were taken
from a 22 year-old "permanent plot" experiment, testing the
response of field crops to N,P,K levels and manure. During
the last 4 years the field was cropped with cotton. Samples
were taken from the control, unfertilized treatment and from
the highest N, P, K treatment with manure very 7 years (2
years prior to sampling). The Gilat soil profile was téken
from an uncultivated field (for at least‘the last 20 years)
near a 20 year-old "permanent plbts“ experiment testing the
effect of N fertilization in combination with manuring on
vegetable crops; Two top soil layers were sampled from that

experiment 1 year 1later, one from an unfertilized control

-plot and the other from a high N and manure treatment. The

Kedma profile was sampled at a clay quarry (formerly a

cultivated field) according to its pedological horizons. All
the soil samples were air—dried, crushed, sieved to pass a
2-mm screen and stored at room temperatﬁre for at least two
months prior to chemical analyses.

Oxidative release of NH4-N by acid permanganate was

determined in 0.05N and in 0.1N KMnO4 after a preliminary



- pxtraction with acid, according to Stanford and Smith
(1978).

Ammnonium-N released from soils was determined after
heating soil samples with 2N KCL in an oven at 80°C for 20 h
according to Oien and Selmer-Olsen (1980).

Nitrogen extraction with NaHCO3 as suggested by McLeah
(1964) to estimate N supplying capability of soils, and fhe
uv absorption of this extract (Fox & Piekielek, 1978), were
slightly modified in this work. In a preliminary test
correlations between organic N content and optical density
at 260 u of NaHCO3 extracts were better when the NaHCO3
concentrations were 0.03 N or 0.1 N vrather than the one
éuggested by McLean (1964) (0.01 N). Furthermore, the
extraction duration of 1/2 hour was preferred over 1/4 hour
due to more consistent and and less time dependent results.

Organic forms of N in the soil profiles were analyzed

in acid hydrolyzate (Bremner, 1965).
' Amidase activity in the soils was determined by the
'ﬁethod suggested by Frankenberger & Tabatabai (1980) using
formamide as the substrate. The incubation temperature was
35 + 0.2°C and NH4—N was determined in soil extracts after
centrifugation and not in soil suspensions.

All extracts were performed in duplicates and ammonium

N was determined by steam distillation.
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General soil propeties were also determined: pH in a
saturated soil paste; EC and HCOB_ 'concentration in
saturation extract; saturation and air dry gravimetric
moisture content; CaCO3 content by the volumetric calcimeter
method (Black et al., 1965); cation exchange capacity by
sodium saturation (Black et al., 1965); organic carbon by
the Schollenberg method (Black et al., 1965); total nitrogen
by semimicro-Kjeldahl (Black et al., 1965).

RESULTS AND DISCUSSION

Several general properties of the soils are shown in
Table 2. The C/N ratio was generally between 9 and 11 with
only a few exceptions, mainly in Gilat, and with no
sjstematic trend with depth. The CEC and air dry moisture
content were highly correlated (Table 5). Both parameters
were used to calcu;ate the specific surface area (8)
according to regression equations found by Banin and Amiel
(1969/70), and the results were very similar. Therefore only
S obtained from the air dry moisture content (Wad) by the
eqﬁation
Wad

was presented in Table 2.

= 0.025 S + 0.488

The results of the nitrogen analyses are presented in
Table 3. The total level N was relatively high in the top
layer of the uncultivated Alumim soil, in theé Golan 37 soil,

which was under very extensive use and in Eden soil. It
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decreased with depth in all soils though not to the same
extent.

The amounts of N extracted from so0il by different
extracts were all significantly correlated with total N in
so0oil (Table 4) and were therefore presented in Table 3 as
the fraction of total N rather than in terms of absolute
content in soil. This made it easier to compare Dbetween
so0il types and soil layer.

The level of oxidative release of NH,-N by acid KMnO

4 4
was in the range of 6 to 10% of total N in the top so0il
layers (Table 3). This coincided generally with Stanford &
Smith (1978), who found that about half of the potentiaily
mineralizable N (No), ‘(which was in most of their soils

10-20% of total N) was extracted by this method. The 0.05N

KMnO4 extracted slightly less NH4—N but they were highly

correlated with each other (Fig. 1, Table 4). More N @as
extracted by this method from soils with high CaCO3 content
;nd pH above 8, like Eden, Gilat, Alumim and Kedma, than
ffom the noncalcareous soils. The permanganate extractable

NH,-N decreased with soil depth but its fraction of total N

4
(Table 3) was larger in deep soil layers. However, Stanford
et al. (1974) found that the ratio of potentially
mineralizable N to total N dropped in soil layers below 30

cm, therefore the acid permanganate extract does not seem to



be a good estimate of No when dealing with whole soil
profiles. -
A very small fraction of total N appeared as ‘hot KC1

extractable NH,-N (Table 3), only about twice as much as

4
exchangeable NH4. It did not show a consistent trend to

change. with soil depth, {ndicating that its absolute‘values
decreased with depth, parallel to total N. Gilat so0il had a
relatively higher content of hot KC1 extractable NH4 than
all other soils, which were mostly in the range of 1.5 to 3%
of total N. This percentage was greater than in the soils
tested by Oien and Selmer-0Olsen (1980), which were richer in
organic matter content. Compared with the acid permangate
eitract, the hot KCl extracted a very small proportion

of the No of our soils. It probably is more suitable to
predict available N in soils of cold climate with a high
organic matter confent (Selmer-0Olsen et al., 1981), and a
relatively low mineralization rate.

The amount of total N extracted by NaHCO3 was less than
tﬁe NH4—N released by acid permanganate. The N extracted by
0.03N NaHC03‘from the top soil layers was about 4% of total
N in soil (Table 3) but its proportion increased below the
depth of 60 cm. A  smaller fraction of N was NaHCO3
extractable in the highly calcareous Eden soil. The highest

fraction was found in Gilat which has also a fairly high

CaCO3 content. The optical density of the 0.03N NaHCO3
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extract at 260 um was in the range of 0.06 to 0.4 and
was highly correlated with the extractable N (Table 4).
Alumim top-soil layer (0-5 cm) had a much higher 0.D., which
deviated considerably from the regression lines of 0.D as a
function of extractable N. The same was true for the O0.1N
NaHCO

3
than the former (Table 4), mainly because of the data of

extract, though the correlation was slightly lower

Alumim 0-5 ¢m which were beyond the range of precise 0.D.
readings (Fig. 2). The correlation between N extracted by
both NaHCO3 concentrations was very high, the 0.1 N

extracting only slightlj more than the 0.03N NaHCO (Table

3
4). A significant correlation was found between the 0.D. of
the extracts and soil organic carbon content (Table §5),
Similar to what Michrina et al. (1982) had shown, thouqh_it
was smaller than the correlation with organic N in the
extracts. |

The acid hydrolyéable N represented a fairly constant
fractidn of total N within the soil profiles (Table 3) in
épite of the decrease of organic N content with depth.
However, the fractions varied considerably among soils: less
than 50% of total N in Eden and in the Golan soils, between
45 and 65% in Akko and Bet Dagan soils (both cultivated clay
soils) about 75% in the uncultivated Alumim and Kedma soils

(differing in texture but initiated from similar parent

material) and up to 95% in the uncultivated Gilat soil. The

%
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two cultivated soil samples from Gilat were closer in their
relative hydrolyzable N content to the cultivated Bet Dagan
soil.

The hydrolyzable N fraction was negatively correlated
with air dry moisture content (or surface area) of ?he soils

(Fig. 3, Table 5), namely a longer time would be required to

‘hydrolyze the same percentage of total N from soils with a

larger specific surface area. The data scattering in Fig. 3
shows that the Golan and Eden soils deviated below thé line.
This may be explained by the clay mineral composition of
these so0ils: mainly kaolinite in the Golan soils and a high
CaCO3 content in Eden. The relation between surface area
and moisture content {Banin and Amiel, 1969/70) is mainly
based on montmorillonite soils, which have a higher moisture
absorbing capacity relative to their surface area. The
deviation of Golan. and Eden could also be partially
explained by their high N content and the significant
negative relation found between total N and the hydrolyzable
ﬁ‘fraction (Table 5). This however does not fit the constant
fraction obtained along the so0il profiles where total N
decreased considerably. |

The concentrations of the different forms of N in the
hydrolyéate were within the ranges reported in fhe
literature (Bremner, 1967; Meints and Peterson, 1977; Smith

et al., 1980). The relative concentration of amino acids
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decreased with so0il depth while all other N forms either
increased or did not change relative to soil total N (Table
3. Of all chemical forms of N measured amino acids in the
hydrolyzate was the only one that decreased with depth more
than total N, indicat ing a decrease in the availability of
organic N to microorganisms with soil depth. There were
considerable differences in the amino acid fraction of total
N among soils. This was partly a result of the relative
amount of .total hydrolized nitrogen that was, as can be seen
in the significant correlation between total N and amino
acid N in the hydrolyzate (Table 5). But even relative to
total hydrolyzable N, the 1evel_of amino acids in the top
soil 1layers of Alumim,.  Gilat and Kedma (all in the southern
part of the country or 1ate1y uncgltivated soils) was a half
or more of total hydrolizable N, whereas in all other soils
it was only about 36—40% of it. This probably indicates some
differences in the composition of the organic N in the
~soils. A small decrease in the relative concentration of
iamino acids in cultivated compared with un-cultivated soils
was reported by Meints and Peterson (1977) and by Keeney and
Bremner (1964), but the main influence of cultivation or of
manuting (Smith et al., 1980) was on the absolute content of
the different N forms as well as total N. A comparison
between Gilat’'s permanent plot samples and the uncultivated

Gilat soil profile revealed a strong influence of intensive

v
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cropping on the composition of organic N, while fertilizer
additions, as shown by the two Bet Dagan and the two Gilat
appropriate samples, had almost no influence.

Amidase activity in the top soil layers ranged between

45 and 325 mg kgt

(Table 3). Values above 250 were
obtained in soils which were either rich in total N or had a
large' specific surface area. Both parameters were
significantly correlated with amidase activity (Table 5).
Amidase activity decreased with soil depth more than total
N, indicating a relation not only to total organic matter
but also to its composition or its mineralizability. There

was however no correlation between amidase activity and the

relative amount of amino acids or NH4-N in the hydrolyzate,

which could be considered as indices of the composition of

organic N. ‘A significant correlation was found between
amidase activity and amino acids in the acid hydrolyzate

(Table 5), but there was a very evident separation of the

soil to two grdups: l. Eden, Bet Dagan and Akko; 2. All the

itest (Fig. 4). Separate calculations for each group

resulted in two very different regression equations with
much higher correlation coefficients. There are several
common characteristics in each group, although none explains
the difference completely: a. Specific surfacé area was
relatively high in group 1 and was indeed positively

correlated with amidase activity and negatively with
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hydrolyzable N or amino acids. b. Group 1 consisted of
cultivated soils, a situation that could enhance amidase
-activity. c. Group 2 included all the southern soils,
which were formed under semi-arid conditions, while group 1
was formed under more humid conditions (Eden was formed
under local hydromorphic conditions) and this could affect
the_cdmposition of organic matter (such as a higher protein
content). On the other hand, there were a few exceptions,
lindicating that not all the soils obeyed the above-mentioned
orders: 1. Kedma had a low amidase activity, although its
surface area was large. 2. Gilat control and NM samples
and Golan soil were cultivated and their amidase activity
was relatively low. 3. The Golan soils represent humid
climatic conditions, yet they belonged to the arid soil
group. The characteristics mentioned  above could be the
reasons for the giouping of the soils and the exceptions
could result from local effects (e.g. microclimate).
Conclusions

All the N parameters tested . were significantly
correlated with total N in soils, which leaves it as a rough
universal indicator of any form of N in soil. Consequently,
all N forms measured were also correlated with each other.
But additionally to total N other soil properties also
affected the amount of N extracted by the different methods:

a large specific surface area reduced the efficiency of acid

‘l
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hydrolyzate; a high CaCO3 content in soil increased the
relative amount of N extracted by acid KMnO4; soil depth
increased the proportion of N extracted by KMn04, by NaHCO3
and the NH4 and hexosamine in acid hydrolyzate, while the
proportion of amino acids and the amidase activity
decreased, indicating changes in the composition of organic
mattér with depth. . The agronomic history and soil formation
had probably also some effect on the organic matter
compositibn.

The 1level of amino acids in soil hydrolyzate and

amidase activity seem more promising than the other N

parameters for the prediction of mineralizable N, when

considering the soil profiles, because they reflect the

decrease in the availability of organic or total N with
depth. The correlation of these éoil properties with total
N was smaller (though significant) than that of bther N
parameters and this could be an advantage indicating that

they might provide a more refined index of mineralizable N.

Literature

1. Abdelmagid, H.M. 1980. Factors affecting nitrogen min-
eralization and nitrate reduction. Ph.D. diss. (M.A.

Tabatabai, instructor) Iowa State Univ.



- 18 -

Banin, A. and A. Amiel. 1969/70. A correlative study
of the chemical and physical propeties of a group of
natural soils of Israel. Geoderma 3: 185-198.

Black, C.A. (ed) 1965. Methods of Soil Analysis.
Agronomy No. 9, Amer. Soc. Agron., Madison, Wisconsin

USA.

-Bremner, J.M. 1965. Organic forms of nitrogen. In:C.A.

Black, ed. Methods of Soil Analysis, Agronomy No. 9.
Amer. Soc. Agron. Madison, Wisconsin, USA. PP. 1238-
1255.

Bremner, J.M. 1967. Nitrogeneous Compounds. In: A.D.
McLaren and G.H. Peterson, eds. Soil Biochemistry.
Marcel Dekker Inc., New Hork. pp. 19-66.

Cassman, K.G. and D.N. Munns. 1980. 'Nitrogen minerali-
zation as affected by soil mbisture, temperature and
depth. Soil Sci. Soc. Amer. J. 44: 1233-1237.

Dan, J., R. Gerson, Hanna Koyumdjisky and D.H. Yaalon.
1981. Aridic Soils of Israel: Properties, Genesis

and Management. Special publ. 190. Div. of Scientific
Publ., Volcani Center, Bet Dagan, Israel.

Dan, J. and 'Hanna Koyumdjisky (eds.) 1979. The
Classification of Israel Soils. Special Publ. 137. Div.
of Scientific Publ. Volcani Center, Bet Dagan, Israel.

Dan, J. and A. Singer. 1973. Soil evolution on basalt

Y



10.

11.

12.

lBI

14.

15.

) 16l

- 19 -

and basic pyroclastic materials in the Golan Heights.
Geoderma 9: 165-192,

Fox, R.H. and W.P. Piekielek. 1978a. Field testing of
several nitrogen availability indexes. Soil Sci. Soc.
Amer. J. 42: 747-750.

Fox, R.H. and W.P. Piekielek. 1978b. A rapid method
for estimating the nitrogen-supplying capability of a
soil. Soil Sci. Soc. Amer. J. 42: 751-753.
Frankenberger Jr., W.T. and M.A. Tabatabai. 1980. Ami-
dase activity in soils: I. Method of assay. Soil Sci.
Soc. Amer. J. 44: 282-287.

Keeney, D.R. and J.M. Bremner. 1964. Effect of culti-
vation on the nitrogen distribution in soils. Soil

Sci. Soc. Amer. Proc. 28: 653-656.

MacLean, A.A. 1964. AMeasuremént_of nitrogen supplying-
power of soils by extraction with sodium bicarbonate.
Nature 203: 1307-1308.

Meints, V.W. and G.A. Peterson. 1977. The influence of
cultivation on the distribution of nitrogen in soils of
the Ustoll suborder. Soil Sci. 124: 334-342,.

Michrina, B.P., R.H. Fox and W.P. Piekielek. 1982.
Chemical characterization of two extracts used in de-
termination of available soil nitrogen. Pl. and Soil

64: 331-341.



17.

18.

19.

20.

21.

22.

23.

- 20 -

Oien, a. and A.R. Selmer-0Olsen. 1980. A laboratory
method for evaluation of available nitrogen in soil.
Acta Agr. Scand. 30: 149-156.

Powers, Robert F. 1980. Mineralizable soil nitrogen
as an index of nitrogen availability to forest trees.
Soil Sci. Soc. Amer. J. 44: 1314-1320.

Selmer-Olsen, A.R., A. Oien, R. Baerug and I. Lyngstad.

1981. Evaluation of a KCl-hydrolyzing method for

"available nitrogen in soil by pot experiment. Acta.

Agr. Scand. 31: 251-255.

Smith, S.J., A.C. Mathers and B.A. Stewart. 1980. Dis-
tribution of nitrogen forms in soil receiving cattle
feed lot waste. J. Environ. Qual. 9: 215-218.

Spalding, B.P. and J.M. Duxburg. 1977. Enzymatic acti-
vities and extractable orgahicvmatter in soil invaded
by Lycopodium tristachyum fairy rinés. Soil Sci. Soc.
Amer. J. 41: 1109-1113. |

Stanford, G., J.N. Carter and S.J. Smith. 1974. Esti-
mates of potentially mineralizable soil nitrogen based
on ;hort—tetm incubations. Soil Sci. Soc. Am. Proc. 38:
99-102.

Stanford, G. and S.J. Smith. 1972. Nitrogen mineraliza-
tion potential of soils. Soil Sci. Soc. Am. Proc. 36:

465-472. ' v



24.

25.

- 21 -

Stanford, G. and 5.J. Smith. 1976. Estimating poten-
tially mineralizable soil nitrogen from a chemical
index of soil nitrogen availability. Soil Sci. 122:
71-76.

Stanford, G. and S.J. Smith. 1978. Oxidative release
of potentially mineralizable soil nitrogen by acid

permanganate extraction. Soil Sci. 126: 210-218.°



22

pajebLadtun ¢pazLiLisatun

‘3eaym yjim paddody  Aeyd A3|ts - weo| £3[1iS JLeseg 056 4 L e4axopoyy LE uelo9
pajeAL3}n) Ae|d - weo| A3{1S 33ni 0s8 3 Les3xopoyy 0L ueloy
SAeIA | eUDAIS pajeAL}LnduUn N -Th! Ke|2 ueljoay (0}127) J4343X0WoUY) o1dA] ewpap
pajebLudt “pajeAt3{n) Ael) alJdew uesL] ove pLyjsoque) oLdA) uap3
pajebtudl .voua>_u_:u 8-The! Ae|d [etAn| |y 08S J4349X0WO4Y) d1dA] oY
eade pajeAL}(noun
‘uoLjes [ejuswLaadx] weo| A3LLs o3 Apues SS30( uel|o3y o2 pLbuaeidey oLdA} e[ty
U03300 pajebLuadl sueak p Aq ,
psmMo| [04 uoljejod doud paL4 Keyn Ke|d (etLAnyly 09% Jdaqaxouoay) o1dA) uebeq 399
pajeAL3naun weo| A3 LS 03} Apues $S30| uelL|ody OLE jreqaxojdey oL (oW oL31e) wwn |y
e
LiejuLed
K14eaf
jJuawabeuett SNOLA3UJ 24N3X3]  |eLJ4djeW Judded abeuaany uoLleoLjLsSse|) uoLiedo| |LoOS

S| LOS 3y3 30 uor3diuosap [edauab pue uoLjedLsLssel)

‘1l °lqel



23 -

(0£/6961 *131wy pue ulueg) JudIUOD 3un3siow AJp Jie ay3 woJy paje(nd|ed,

081 0 $2°0 $0 EL°0 $9°S 66 0°s ?'8 W0 Ov - 02
051 0 22°0 090 910 66°5 S5 2t €6  EU'L 0z2-0 (£ uelon
561 0 20 55°0  91°0 88°9 ¢/ 9t g '8 660 09 -0p
01z 0 {20 §5°0 910 009 6 9°5 1'6 950 Oy - 02
08t 0 £2°0 090 91°0 09°9 IS 9°b €0L 80 0z-0 oL uelon
ov2 81 ¥£0 0£Z €870 098 €6 £9°9 °'tL 0£°0 091 - 98
052 61 17°0 €7 £8°0 [£8 08 2L°9 01l tE'0 98 -85
ov2 {1 £€°0 29°0 9Ll (s i 95°9 L8  0v'0 85 -S2
522 ¥l 82°0 %6°L 970 808 9 0L°9 €6 LS50 Sz-%6
502 {1 82°0 99°2  sL°0 60 u 15 1oL 890 6-0 ewpad
0e2 Ly 90 s2°2 260 $2'8 UL %9 91l L0 09 - Oy
022 6 0£ 0 82°2 260 g U 809 'Ll Z'l oy - 02
0£? 6¢ £2°0 we sl 08 st 229 0°lL  ¥L 0Z-0 uap3
oty L ¥5°0 P2l 85°0 SL°L % vL°01 80l 150 09 - Op
06€ L ¥5°0 sz'L 0570 WL g6 pL-0L 2Ll 990 op - 02
09€ t 95°0 vl 29°0 0L 66 Lv°6 00L 90 0z2-0 oty
0zt 0z (£ SL°0 19'8 €9 Lye v'8 €10 05l - o2l
oLt 2 56°L 802 £€'8 29 8L°€ 9yl 020 0zl - 00!
56 ¥2 80°z  05°L 828 19 882 €6  »L°0 00l - 08
00l 9z 80°2 0070 6€8 09 £6°2 €0l 6L°0 08 - 09
08 0z 6272  £8°0 €28 8y 05°2 S¢  ¥2°0 09 - O
5. 9 1o 8°2 €870 608 It (£ £l 250 0p - 02
5 9 20 85°¢  £0°L ;8L Ly 5€°2 'Sl 290 0z-0 aeqLo
582 8 oL szt %L 58 95° 02l S50 02l - 06
582 6 6L 80l %L I8 09°¢ 'zl 850 06 - 09
52 [ Sl 9l°t 16°, 8 Ly 90l  99°0 09 - O
512 L s8'L 22l 8L 8 €L Lol 18°0 0O - 02
oLz L 6v°0 s’z 8s°1 £8°L €8 0E "L €0l €80 0Z-0  WidN 08
0Lz L ¥ L 850 %L . 83 s2°¢ 80l 20 O - 0z (uebeg 32g)
0Lz L 6v°0 052 £8°0 86°L 48 52'L 0Ll 9°0  0zZ-0 o43u0) (8
sl 9l 020 sz 190 £5°8 19 ¢ 00l £1'0 59l - Szl
ocl £2 L0 §9°L 520 S€'8 LS A€ €0l 220 2 -8
szl 0z 910 95° L  E£°0 628 % 29°€ 10l %20 <8 - 05
st1 st 910 8L £6°0 62'8 S5 e 96  ¥£°0 05 - 02
so1 2l 91°0 §0°Z €60 €18 65 60°¢- 86  [80 02-6
06 ol 1o 08¢ 90 BL 9% 6L°2 §6 9L  §-0 w1y
I-oa%e 6oL/ (BAENetr  cwj  wgp L BooL /6
soejans mouau £ i 2
a13138dg 1elo] M “0oH 73 Hd JUIIU0D UNSLOY N3 oruebug  29Ke] 1108

satjJadoad |L0s {eu3uag

SFAETC



24

c8 9l 9°S 9L 9°¢L % 9€°0 £y le-t 6°9 088 ob - 02
val 61 Ly 6L S°¢ 0S 0 9°¢ 2 A1 $°9 oz2t 02 -0 LE velo®
09 2l b 9°8 ~ 90l Ly 2o 6°¢ 822 $°9 osd 09 - O
L9 st S'b 96 €6 Ly 2o L -2 6°9 029 ot - 02
€6 0¢ 98 4 9°L 27l (34 810 vy 90°¢ 'L 05¢ 02-0 0L uelon
Lt e A L8 L°91 €L 80°0 £°L vee et 042 09l - 98
U 9 0°9 +'8 £l L 80°0 8°9 60°2 S°tl ole 98 - 85
- &bt ¥ §°§ S°L %6l ¥ olLo £°s 7 Z°u 0LY 85 - §2
611 (£ 8°§ L°'s 0°¢el 174 91°0 8t 1971 ¥°6 oL9 $2-6
;148 ¥4/ $°9 6t L'yl A 0€°0 £°S 95°¢ L°01 09 6-0 ewpad
08l 0¢ v 1’9 9zl 09 sL°0 €£°¢ ¥9°2 ¢el 099 09 - 0v
€82 22 Ly 9°6 ' 214 €70 L€ A\ €1l 0g0l oy - 02
1743 6l S°¢ by L6 bt ov°0 L2 ol 2’6 0lvl 02-0 usp3
¥s1L i 28/ L't g2 SS 80°0 1287 X AP 18 oLV 09 - 0%
622 9l L'y 9°6 .S°El 29 - 0l LY 66°2 9°8 08S 0y - 02
152 q1 9°'g $°L A Al 85 yL°0 Ly 1672 €8 09 0z-o0 oy
F44 | 24 t'6 v gLt £9 009 02 -0 WN3RLYD
- 1043U0
11 £2 L0t €¢ 88l u 08y 0z-0 ey
et 12 l's 8°S 0°1¢ 89 s0°C yil 1Le vyl s6l 0sl - o2t
02 ¥ 6°8 ¥'olL 0°s2 58 $0°0 0l 05°¥ 1°8t ot 0zl - oot
2 v 9L 0°9 S°ve 8 900 L2l e L 9°91 0st 00l - 08
9% ot 8°6 61 8712 8L 80°0 L6 SE°¢ §°6l o8t 08 - 09
SL 124 0°6 L9 6°02 G8 S1°0 ¢l £€°¢ 6°01 0lE 09 - 0%
1241 8b 08 v's 8-l £6 20 €9 v8°2 6°8 oby o - 02
14 :34 9°6 6°9 18l S6 ¥°0 €L 6L°S 86 144 02-0 eLl9
Shi €l b 4 {°8 9°1l 95 10°0 Sy 09°¢ 0°0L 09% 0l - 06
861 £l 8°d S°L At 29 60°0 Sy {671 FAR VI 08Y 06 - 09
122 £l 'S 1’9 . 62t £9 Lo 8°t 20°¢ 8°'8 029 09 - 0%
FARS 12 €S L A] [0 21 99 vL°0 8¢ gL°e 9°L 09, 0y --02
L3¢ 124 8°S 8¢ £°91L 9 (10 6°¢ L L8 ols -0 WidN 08
- {uebeg
992 €2 9°S Lt 5°vl €9 e£Lo - 2°¢ 6£°1 2’8 099 0y - 02 12g)
e 24 LS Sy S°vt €9 9l°0 0% £6°1 9°8 0.9 02 - 0 1o43u0) (8
i 0t 29 €0l 902 ¥4 88°L 9yt 0Ll s9l - sl
0t 1€ 59 9°6 vo6l 9 912 9°21 oLe sel -~ <8
£g- £t 9°9’ 0z o6l €L 90°0 6°9 v ya L] 24 S8 - 0§
2L 8¢ 09 Lol 0°91 98 60°0 LS eLe g1t 0%t 0s - 02
861 oY 8's 8°L gt 174 .0€°0 Lt S0°L 6°9 068 02-6
182 6¢ 4 8°'S 2L yol 74 9L°0 6°¢ 13 A | 0°9 0celL S-0 wusnly
(=Y2) B BW -owom-ooooaoo(105 UL N |30} BOQL/B-----e=-  ==--ee=c|10S U} K {2303 B QO[/Beceeme By 6w w
spioe duLucau] Iuiwe huwmcwv NL°O
A31AL39e oulue © JULLIS  -SOXIH v:z {e303  (edy3do N (P30} 193 304 eo::g
9sep Luy - t vc_ uj N
N 31qezAj04phy proy NEQ"0 “0JHeR N-"HN N-PHN  Leaop 43k {1os

N 10303 03 3AL1e(3d - s3|jjoud [10S Uy sutoy uabodyiy

't siqel



25

*,_by bu ‘83ez/A|0upAy proe uL proe outwy = ONIWY
M_-mx Bu ‘N 12303 81qezAL0104PAY PLOY = NIOLH NL°O €0oHeN y3Lm 3ng usuioy 3y} se awes Byl = g0 pue [NIIE
"30R43X3 NEO'C EQIHEN 40 A3Lsusp [ed13dg = moao.m_-mx bu ‘N aiqe3oeaixa Neo-e EooueN = cONIIg
¢ Bu N-PuN a1qe3oeuixe |9y 30H = (9¥10H ¢ (=BA Bu eN-THN By qe3oeusxa Ngor0 Pouwd= soNuy
F1-D% Bu N [e30] = NIoL * By Bu N-Phy 91qe3oeusxa NI-oYoumy = Thuy

2vL°0 6°LL+ 22°0=4FK 8¢ : N10L ONINY
868°0 GL + X06°0 = 4 8¢ NIOL MIOLH
296°0 G€'Z - XgL'L = 4 %€ EoNIs Y pore
G-0uLIN Y 3NOYR LN m 9980 GL'0 - X[10°0 = £ 74 INOIg ._mﬂ Lao
AL qedapLsu0s ( €80 8L°0 - X€10°0 = £ 0L €OND1g . Mm £000
Pa1e1ASD m §28°0 LE°0 - X810°0 = A~ 9/ INJIg ;10
G-0 wiunyy (  £68°0 §2°0 - X910°0 = A 2L EONOIE %’ goao
898°0 €L+ X£20°0 = A pe ©UNIL T gonoIs
659°0 v'9 + X010°0 = £ 9¢  N1Ol LONLOH
§.6°0 9°GL - X29°1'= 4K 8¢ GONW LNW
268°0 8'vl + XG90°0 = £ 9 N10L LNWY
JU3LI144800 e+ Xq=A SUOL3RAUSQO X Iy
S3 ualuwoy uoL3e|aJu0) uotjenba uorssaubay . 40 Jaquny xS3|qeLaep

Sdajoweded |LOS UI3MIDQ SUOLIR|DU JBBULT 'y 91qel



- 26 -

Table 5: Correlations between soil parameters

Variables* No. of Correlation Comments*
observations Coefficient
CEC x HYG 26 - 0.962
HOTKCT x KMN1 36 0.619
BICNT x KMN1 38 0.700 Eden - very high KMNT
BICNO3 x HOTKCI 34 : 0.699
0D03 x C 36 0.744
0Dl x C 38 0.699
PHTOTN x HYG 36 -0.545
PHTOTN x TOTN 38 -0.558
HTOTN x KMNT 36 0.751
HTOTN x BICNO3 ' 34 0.897
PAMINO x PHTOTN 38 0.569
AMINO x KMN1 36 0.630
AMINO x BICNO3 34 0.824
AMIDAS x TOTN 38 0.758
AMIDAS x S ‘ 36 0.497
AMIDAS x AMINO 38 0.543
AMIDAS x AMINO 13 0.856 Bet Dagan, Acco, Eden
AMIDAS x AMINO 25 0.961 A1l the rest
AMIDAS x KMN1 ' 36 0.770
AMIDAS x BICNO3 34 0.558

* In addition to variables described in Table 4: CEC = cation exchange capacity;
HYG = Air dry moisture content; C = Total organic carbon; PHTOTN = Acid hydro-
lyzable N, percentage of total N; PAMIN = Amino acid in hydrolyzate, percent
of total N; AMIDAS = Amidase activity; S = Specific surface area.

+ A1l correlations were significant at a level of 0.01.

e
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Figure 1: Relation between oxidative release of NH,-N from soil by
0.1IN and 0.05N KMnO4 in acid. The line is the calculated
linear regression.
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ITI. NITROGEN MINERALIZATION RATES IN PROFILES OF DIFFERENTLY MANAGED

SOIL TYPES
Aviva Hadas, Sala Feigenbaum, A. Feigin and Rita Portnoy

Abstract

Nitrogen mineralization kinetics and relations between
potentially mineralizafle N and chemical availabililty indices have
been mainly studied in surface soils. In this study the rate of
mineralization was measured, by incubation techniques, in various soil
types and soil depths, in order to evaluate the contribution of
various soil layers to.mineral N of the whole root zone and to relate
the rate parameters obtained to any soil N fraction. Soil layers of
60 to 120 or 160 cm contributed about 30% of the N mineralized in the
whole so0il profile. Ammonium accﬁmulated and its nitrification was
delayed in deeper soil layers of several profiles. Several rate
equations were fitted to the experimental data. The first order rate
constant varied from 0.02 to 0.10 week—l,without any consistent trend.
Similar random variations of rate parameters were observed in other
models with two or more parameters. The potentially mineralizable N
(No) of one parameter models was highly and better correlated with the
amountAactually minealized in 32 weeks of incubation and with various

N forms in soil than No obtained from two or more parameter models.

Hydrolyzable N and amino acid N concentrations in soil were the best
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estimates of No. The percentage of these two N forms of total soil N
increased slightly in soils after 32 weeks of incubation but their
variation among soils were similar to those before incubation
indicating a possible relation between soil type and organic N

composition.
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INTRODUCTION

The mineralization of soil organic ‘N is of considerable
significance in supplying available "nitrogen to crops. Being a
time—dépendent process, the rate of N mineralization, or mineral N
supply by the éoil as a function of time, should be considered for N
fertilization requirements. From 1long term incubation experiments
with many.surface soils, Stanford and Smith (1972) concluded that the
rate of N mineralization follows a first order reaction and that the
rate constant (k) was similar in all soils tested. The similar k was
explained by the similarity in the composition of organic N in soils.
.The differences among soils were mainly in the quantity of the
potentially mineralizable nitrogen (No). The effect of temperature
and moisture on the mineralization rate has been extensivelyv studied
and defined quantitatively (Stanford et al., 1973; Stanford and
Epstein, 1974). Thus the only missing parameter to predict the time
course of mineral N accumulation in a soil is its No. For practical
purposes a chemical iﬁdex or a fraction of organic N correlated with
No should be found rather than determining the value of No from
incubation experiments.

' In subsequent studies that expressed soil N mineralization by
the same exponential rate equation, but used_different methods to
calculate the rate parameters‘(a nonlinear procedure based " on tﬁe
least sum of squres of deviations), different and usually larger
values of rate constants were obtained (Smith et al. 1980).

Furthermore, El-Haris et al (1983) found that values of k obtained for
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soils sampled in the spring were about 3 times larger than for samples
from the same fields sampled in the Autumn, indicating a possible
dependence of k on organic matter composition. Considering the
possibility of different rate constants corresponding to different
decomposable nitrogen compounds, Molina et al. (1980) suggested a
mineralization model consisting of a sum of at least two exponential
equatiops, representing a rapid and a slow reaction rate. The value of
k may also depend on soil depth where the decomposability of organic
nitrogen decreases.

Meagerwinformation exists regarding the rate of mineralization as
a function of soil depth.'Yet, recent data (Cassman and Munns, 1980;
Powers, 1980) indicate that although the top soil is responsible for a
considerable part of mineral N release, deeper soil layers cannot be
"ignored. More information on the rate of the process and the
variations of rate parameters with depth could improve the prediction
of N mineralization in the whole root zone.

~The objectives of this study were to obain.rate parameters of N
mineralization in different soil types and soil depths from incubation
experiments, to relate the rate parameters to chemical indices or any
nitrogen fraction in soil and to evaluate the contribution of deeper

soil layers to the pool of available N in the root zone.

Materials and Methods

Soil profiles were sampled from various places in Israel,

representing different climates, parent materials and managements. The
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soils and their general properties have been fully described in the
previous chapter(Chap. C.I. tables 1, 2, 3). All soils were air-dried
ground to pass through a 2mm sieve and stored at room temperature for
at least 3 months.

The mineralization rate of organic N in 38 different soil samples
was determined in an incubation experiment during 32 weeks at a
constant temperature of 35°C and a moisture content of water-holding
capacity. The water-holding capacity of the different soils was
determined by measuring the moisture held by the top 40g of soil, 24
hours after wetting about 3/4 of 200g soil, placed in a 200 cm3
incubation flask and covered to prevent drying. For the incubation of
40g (dry matter basis) subsémpleS' of each soil, corresponding

3 flasks and the

predetermined amounts of water were placed in 200 cm
air—dfy soils were evenly poured into the water(a technique
recommended by Bremner, 1965a). The flasks were then tightly covered
with thin polyethylene (0.01 mm) to minimize drying and enéble
aeration. Separate dﬁplicate samples for each period of time (0, 1, 2,
4, 6, 8, 12, 16, 24, 32 weeks) were placed in an incubator with a high
humidity created by free water at the bottom.

' Several samples were weighed every 4 weeks and water was added
when the average water loss exceeded 1 ﬁl (7-20% of total water
content). After different periods of time, whole incubated samples

were extracted with 100 ml of KC1l 2N and NH4 and NO3 were determined

in the extract by steam distillation.
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Several soil samples which were incubated for 32 weeks were
leached after the extraction with additional 25 ml KCl solution and 25
ml of water and then freeze-dried. These soils were analyzed for
total N and for organic forms of nitrogen in acid hydrolyzate
(Bremner, 196Sb).

Rate equations of N mineralization in the various soils were
+ NO,1 -

4 37t
ENH4 + N03]O) with time using the nonlinear procedure of SAS (Helwig

calculated from the data of mineral N accumulation (CNH

and Council, 1979).

Results and Discussion

Mineral N accumulated in all soil samples,though to a much
smaller extent in deep. soil layers. (All the crude data of NH4 and

NO3 concentrations in the soils are given in appendix 1II). The
contribution of each so0il 1layer in the different profiles after 16
weeks of incubation ‘(a period in which many agricultural crops
complete their N uptake) is presented in Fig. 1. From 23 to 34% of the
N mineralized in the soil profiles of Alumim, Gilat, Kedma, and Bet
D&Qan ‘accumulated below 60 cm. This 1is certainly not negligible.
- Within the 0-60 cm layer, the relative contribution of the top 20 cm
was from 45% in Accé to 75% in Alumim, with an average of 57% (S.D. =
11). The ratio of the N contribution of the 0-20 cm layer to that of
~the 20-40 cm layer was in the range of 1.1 in Bet Dagan control to 5

in Alumim with an averaée of 2.3 (8.D. = 1.3). The decrease of N
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mineralization with depth in Alumim was more pronounced than in all
other soils because it was a virgin soil, while the other soils were
either cultivated or at 1least disturbed by traffic. Eliminating
Alumim, the proportion of N the mineralized at the top 20 cm out of
the 0-60cm layer decreased to an average of 54% (S5.D. = 8.5) and the
average ratio of the 0-20 cm to the 20-40 cm decreased to 1.9 (S.D. =
0.8). These results were in very good agreement with incubation
measuréments in two Californian soil profiles (Cassman and Munns,
1980; Powers, 1980) where 57-58% of the N mineralized in the 0-60 cm
layer was from the top 20 cm and the ratio of N mineralization between
0-20 cm to 20-40 cm was 2.1-2.2.

The soil layer depth affected the nitrification of ammonium to
nitrate in several soil profiles. Ammonium concentrations decreased
to traces in all the top soil layers within one week_of incubation,
whereas in deeper layes ammonium rgmained in the soil for 2 and up to
12 weeks, depending on the so0il and fhe depth (Fig. 2). This
- phenomenon could expiain why in short term incubation tests, when only
nitrate 1is determined (Brémner, 1965a), no mineralization is detected
in deeper soil layers.

Eate_0£ N mineralization

The rate of N mineralization generally decreased with time, but
in many samples the rate of N accumulation was still considerable
after 24 weeks of incubation (Fig. 3 ). The data fitted very well
(small standard ‘deviations, or roots of residual mean squares) the

first order equation used by Stanford and Smith (1972), namely
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N£ = N, (1 - e kY, where N, is the mineral N (mg kg™!) accumulated at
time t (weeks), NO is the potentially mineralizable N (mg kg-l) and k
is the rate constant (weekvl). The curves in Fig. 3 are calculated
curves, using the above mentioned equation, and the calculated

constants (N0 and k) and standard deviations of the data from the
calculated curves are shown in Table 1. The values of k were in the
range of 0.004 to 0.145 week_1 (with an average of 0.062 and a
standérd deviation of
0.036) and in the top soil layers k ranged from 0.011 to 0.11. The -
value of No was close to « and in some cases less than - the level of
nitrogen mineralized after 32 weeks (N32) when k was greater than 0.1
weeknl, and twice or more than the level of N32 when k was less than

0.02 w i

(which corresponds to a half-life of 32 'weeks). No
consistent trend could be observed in the values of k; it was not
constant in the surface soil layers and it did not decrease:with soil
depth, although biological activity 1is expected to decrease and
organic matter to be less decomposable with depth. The data obtained
during the first two»weeks of incubation often deviated considerably
from the calculated curve, a fact also indicated by Stanford and Smith
k1972). Consequently these data were eliminated in an attempt to
improve the estimation of k. This correction resulted in a slight
decrease of k in 20 curves, where the data were above the curve, and

an increase in 11 curves, where the data deviated below the curve.VYet

the changes were very small and did not really alter the general
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variation of the rate parameters, and they could not be explained by
soil type or previous soil management.

Another attempt was done to improve the estimation of NO by
emphasizing the exponential or late stage of the mineralization
process. Most of the curves were almost linear during the first 8
weeks (Fig. 3), therefore only the data form 12 to 32 weeks were used
to calculate NO. Molina et al. (1980) also indicated that the
expoﬁential model applies only for incubation periods longer than 12
weeks. These NO values, NO (12), were then used as constants in the
rate equations, and the <corresponding rate constants (k) were
calculated wusing all data of 1-32 weeks of incubation. The NO values
obtained from the 12-32 weeks’' data (Table 1) were in many cases
different from those obtained from the 1-32 weeks. They generally
‘decreased where k was very small, like in the wupper soil layers of
Alumim and Gilat, and increased where k was large, like in the deeper
layers of Bet Dagan and Eden soils. The resulting values of k were
less éxtreme than before with an averagé of 0.059 and a standard
deviation of 0.027. The standard deviations of - the mineralization
data from the curves hardly changed, although they were calculated by'
_‘a one parameter (k) equation. Yet the range of k values was still too
‘large to allow k to be considered as constant, and the variations of k
with soil depth or soil type could not be explained.

Two other models havé been suggested for .tteating N
mineralization in soil. Stanford and Smith (1972) showed that the

amount of N mineralized was linearly related to the square root of
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time. Molina et al. (1980) indicated that the potentially
mineralizable N, NO » of the exponential rate equation (with a rate
constant of 0.054 w—l) could be used as the constant of the parabolic
(square root) model when multiplied by a coefficient a, which is
approximately 1/7 for incubation periods longer than 16 weeks, in the
following way: Nt = Noa Vt. Using this equation, curves were
obtained with a standard deviation slightly higher than that of the
exponeﬂtial curves (Table 1). 1In most of the soils the ekperimental
values were smaller than those obtained by the calculated curve at the
short incubation periods and greater at periods longer than 16 weeks,
as if this model did not really fit the mineralization process.
However, Eden soil and Bet Dagan soil layers deeper than 40 cm fitted
this model very well. The NO values obtained from the parabolic
equation, No(/E), decreased with soil depth and were fairly well
related to the amount of N mineralized. They varied from those
obtained by the exponential equatioﬁ according to the values of k,
which is obvious from the assumption that a = 1/7 when k = 0.054 w_l.
In order to better compare thé suitability of the parabolic with
‘that of the exponential equaﬁion to the experimental results, the same
agSumption of a constant k = 0.054 week—1 was used to calculate
another series of exponential curves and corresponding N0 values,
No(k) (Table 1). The standard deviations of these curves were greater
than those obtained when k was not predetermined, and the average SD

was similar to that of the parabolic equation. The NO values

corresponded very well with the parabolic No, being slightly higher,
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because a = 1/7 corresponded to an average k value of 0.058 week_l.
It seems that both models, when only NO varied from soil to soil, were
equally suitable to describe the rate of mineralization.

Another equation, that was used by Stanford and Smith (1972) in
its linear transformation for the first approximation of No' can be
used directly to calculate simultaneously the vpotentially
mineralizable N (No) and the time required for half of N0 ﬁo
+ t).

mineraiize (tllz) as shown by Juma et al. (1984): N, = Not/(t

t 1/2
Curves calculated by this equation (Table 1) had standard deviations
very similar to those of the exponential euation when k was not a
predetermined constant. The N0 values of this equation, No(Jum), were
larger than those obtained by the exponential equation and
unreasonable in three soil samples (larget than total N_ content).
Simialrly, the half 1lives, t1/2, were longer than the half lives of
the exponential model (t:1/2 = In2/k) and did not show any consistent
change with soil depth or with soilntype.

The large variébility of the rate constants or the half life of "
the potentially mineralizable nifrogen certainly did not indicate that
the composition of mineralizable N was similar in all soils. Therefore

the suggestion of Molina et al. (1980), who assumed that two groups of

compounds decompose at two different rates, was also tested:

Nt =5 No [1—exp(—k1t)3 + (1—S)'N0 [l-exp(—kzt)].
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S and (1-S) are the fractions of NO which decompose at the specific
rates of k; and k, respectively. The N, values obtained by this
model, No(Mol), (Table 1) were generally larger than those obtained by
one exponential equation, especially in the deeper soil layers. The
fraction S, the rapidly decomposable N, varied quite randomly among
the different soil samples and did not show any consistent pattern
among soils or within soil profiles. The fit of this model to the
experiméntal data was not better than the single exponential equation
as shown by the standard deviations.

All the two or more parameters’ models fitted the datalequally
well (Table 1), while the standard deviations from the one parameter
models were generally greater. However, the possible counterbalance
between two or more parameters resulted in variations among the
calculated parameters which were difficult to relate to soil
properties. Indeed, the correlations between the No
parameters, calculated wusing different equations, and the amount
acutally mineralized after 32 weeks of incubation (NBZ) were greatest
in the one pérameter equation (Tablé 2), namely No(k) and No(ff).
These two parameters were very highly correlated with each other and
sa' weré NO(IZ) and No(Jum). Correlations of NO with various nitrogen
forms and related soil tests, which were presented previously (Hadas
et al., 1985) were all significant at a level of 0.01. No(k) and

No(yt) were better correlated with N forms in soil, namely total N,
N in NaHCO3 extract, total and amino acid N in acid hydrolyzate, than

No(lZ) and NO(Jum), whereas the latter were very highly correlated
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with the optical density of the NaHCO3 extracts. This was probably due
to the outstanding values for Alumim 0-5cm soil layer, which was also
characterized by a very high OD. The N32 data were best correlated
with the acid hydrolyzate and with the NaHCO3 extract. Amidase
activity showed a low  correlation with mineralization parameters
relative to amino acids. When the soils were divided into two groups,
clay so0ils with high amidase activity and relative low amino acid
concéntfation and the rest of the soils, with a relatively  lower
amidase activity (see previous chapter), the correlation coefficients
within each group greatly increased. .

Linear regressions of NO on various soil parameters are presented
in Table 3. The standard deviations of the experimental data from the
calculated linear regression were much greater for No(12) than for
No(k) or NO(JE), even when the corresponding correlation coefficients
were larger, therefore only the regressidns of the latter were
presented. The differences betweén values of the two NO parameters
were very small and among the soil parameters the ‘'hydrolyzable N or
aﬁino acids seemed to be the best estimates of these N0 values, due to
their smallest SD and largest correlation coefficients. Amidase
aétivity in the second groups of soils was even a better estimate
according.to‘these criteria, but since the definition of the groups
was empirical it could not be recommended for use. Practically, the

NaHCO, 0.03N extract and the determination of total N in soil are much

3
easier to perform than the analysis of acid hydrolyzate, and for

routine prediction of mineralization they might be preferential.
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The decline in total N in soils incubated for 32 weeks
corresponded quite well to the amount of N mineralized. There was,
however, no consistent change in the concentrations of acid
hydrolyzable N and amino acids' in the hydrolyzate after the long
incubation period (Table 4). The variations, relative ﬁo the
concentrations in the soils before the incubation, were in the range
of aboﬁt + 30%. Gilat soil was very outstanding in the decrease of
hydrolyzable amino acids, which was partly due to its very high
initial concentrations of hydrolyzable N forms (Table 3, previous
chapter). The concentrations of hydrolyzable N in Alumim soil was also
relatively high before incubation and decreased considerably
afterwardé. Total hydrolyzable N percentage of total soil N increased
slightly in all soils, except in the ﬁwo samples from the Gilat
profile (Table 4 compared with Table 3 in the previous chapter). The
same was generally true for the amino acids percentagé. The
differences among soils reﬁained, however, almost the same as before
the incubation, namely Eden, Golan and then Akko soils containing
relatively less hydrolyzable N than Bet Dagan, Alumim and Gilat soils.
fhis finding indicates that the composition of organic N is probably
related to soil type. The increase of acid hydrolyzable N percentage
in the incubated soils, not coinciding with the findings of Isirimah
and Keeney (1973), does no£ necessarily megn that the nonhydrolyzable
N fraction, which decreased during incubation, was most susceptible to

mineralization. Only in the Gilat profile the mineralization could'be
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directly attributed to the decrease in amino acid concentration, which
was initially very high. Presumably, a turnover of nitrogen forms took
place during incubation, maintaining a composition typical to the soil
type. The N turnover could possibiy explain why the correlations of N
mineralization with different organic N fractions were not much better

than with soil total N.
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Table 2: Correlation coefficients between potentially mineralizable
N from different models and various nitrogen indices in

soils (data from the previous chapter).

N index” Ny = No(l'e_kt) Ne=(N/P)VE W= %‘1}7‘;’17 I;zr:inera]-
N, (12) N () No(/E) - N_(Jum) Ng,
N, (t > 12) - 0.848  0.835 0.978 0.923
N, (k=0.054) 0.848 - 1.000 0.740 0.985
No(/F) 0.835 1.000 -- -- 0.980
N_ (Jum) 0.978 0.740 - -- 0.838
TOTN 0.647 0.812 0.814 0.519  0.787
KMN1 .0.469 0.758  0.769 . ns 0.693
BICNO3 0.756 0.804 ~ 0.798 0.767 0.821
0D03 0.855 0.802 0.792: 0.818 0.855
oD1 0.944 0.802  0.788 0.923 0.875
HTOTN 0.817 0.866  0.862 0.724 0.885
AMINO 0.862 0.832  0.825 0.796 0.874
AMIDAS 0.463 0.691  0.698 ns 0.648
AMIDAS”* ©0.802 0.716  0.712 0.798 0.754
AMIDAS ' 0.834 0.888  0.888 0.786 0.888

x TOTN = total N; KMNl1 = NH4-N extractablg’bx Acid KMnO4 IN;
BICNO3 = N extractable in NaHCO; 0.03N; - 0Pl = Optical density
of that extract at 260 um; OD1 = Optical density of NaHCOS

0.0IN extract; HTOTN = Total N in acid hydrolyzate; AMINO. =
amino acid in hydrolyzate; AMIDAS = amidase activity

+ Only in Bet Dagan, Eden and Akko soils (13 samples) .

++ The remaining 25 soil samples

ns Not significant
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Table 3: Linear relations between N,, estimated by using the exponential

equation with k =

0.054 w ! and the square root equation, and

several soil N indices.

X .

N index ‘Dependent variable Y (SD*)
X N (K=0.054 w ™) L N OO
mg kg
TOTN (mg kg 1) = 0.127X-15 (30) = 0.121X-13 (29)
KMN1 " = 1.61X -24 (36) = 1.55X -24 (34)
BICNO; " = 4.98X -73 (32) = 4.70X -68 (31)
0D03 = 276X -11 (32) = 260X -12 (31)
oDl = 183X +22 (34) = 171X +22 (33)

HTOTN (mg kg 1)

AMINO

AMIDAS® (mg kg'12h'1)

AMIDAS ™

< o K = = K K K g

1" 1"

= 0.247-31 (29)
= 0.436-3 (29)

= 0.541X-56 (36)
= 0.690X-8 (24)

< K o K < e =

= 0.234X -28 (28)
= 0.411X-2 (28)
= 0.521X -54 (35)
= 0.647X-7 (23)

X, +,++

*

: See footnotes of

Root mean square

Table 2

error
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Table 41 Acid hydrolyzable N in soils after 32 weeks of

incubation.
Soil Depth Total a amino | Total Amino
"hydrolyz, - . acid-N hydrolyz. acid-N

N N o
cm g/100g total N | relative to initial content

Alumim 0-5 79 36 0.82 0.71
5 -20 82 | 36 0.98 0.79
Bet Dagan 0 -20 82 32 1.32 1.35
NPK 20 -40 79 29 1.28 1.26
Gilat 0 -20 80 17 0.81 0.33
20 -40 79 18 0.76 0.33
Gilat cont. 0 220 80 31 1.01 1.27
Gilat NM 0 -20 75 28 1.04 1.05
Akko 0 -20 64 20 0.98 1.13
20 -40 67 18 1.05 1.12
Eden 0 -20. 54 23 1.02 "1.00
20 -40 | 52 23 1.00 0.98
40 -60 49 19 0.91 0.88
Golan 37 0 -20 63 . 21 1.20 1.10
Golan 70 0 -20 56 24 1.09 1.21
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"Alumim
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Figure 3:

Time (weeks)

Nitrogen mineralization in soil profiles incubated

for 32 weeks at 35°C. The symbols represent the experimental
data and the curves are calculated, using the exponential
equation. @&
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IIT. NITROGEN MINERALIZATION IN SOIL PROIFLES IN SITU COMPARED WITH
INCUBATION TESTS
Aviva Hadas, A. Feigin, Sala Feigenbaum and Rita Portnoy
ABSTRACT

Nitrogen mineralization of soil organic N has been exteﬁsively
-studied by incubation techniques but only little has been reported on
mineralization under field conditions. The purpose of this work was
to measure soil N mineralization in undisturbed soil profiles in the
field, to evaluate the contribution of different soil layers and
compare it with incubation tests. |

Measurements were conducted on two plots of a long-term
fertilization experiment in microplots covered with thin black
polyethylene, to minimize water loss and nitrate translocation. The
.accumulation of minefal N was determined in different soil depths,
within 0 to 120 .em, at different time intervals during 16 weeks. Soil
temperature and moisture were also determined. At the same time soil
was sampled from the 0-20 cm layer of the same sites and incubated at
35°C and the field moisture conterit.
‘ During 11 weeks 138 and 77 kg ha—l of mineral N accumulated in
the 0-120 cm soil profiles, 25% and 45% of which were found below &0
cm, in the high NPK and the control plot respectively. The field data
were corrected according to the incubation moisture and temperature
conditions. About 30% more mineral N accumulated in the 0-120 cm soil
layer wunder incubation conditions than in the field. The N
mineralization in the wet incubated soil samples was even greater,

indicating that: (1) drying the soil prior to incubation  did not
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increase N mineralization in long-term tests and (2) some nitrate was
probably lost in the field.
INTRODUCTION

Mineralization of soil organic nitrogen contributes available N
to crops during their growth period and.is therefore an important
component in the considerations that determine fertilizer
requirements. Being a biological time dependent process, many studies
on the rate of N mineralization have been conducted by incubation
techniques, from which rate equations have been developed and used in
models to predict N status in soils (Stanford - and Smith, 1972;
Stanford, 1982; Hadas et al., 1979). However, only a few studies on
soll N mineralization under field conditions have been reported.

Although temperature and moisture vary continuously under field
conditions, their effécts on the rate of N mineralization can be
accounted for quantitatively (Stanford et al., 1973; Stanford et al{,
1975; Stanford and Eptstein, 1974). a major difficulty in measuring N
mineralization in the field is the translocaton of nitrate, the
‘ultimate product of N mineralization, by water, which is added to the
:s0il. To overcome this difficulty soil samples were removed from the
field, homogenized and transferred into polyethylene bags which were
buried at the same 1location (Smith et al., 1977; Westerman .and
Crothers, 1980). By this technique, which was in good correlation.with
mineralization predicted from laboratory experiments or other field
measurements of N, the soil was disturbed (though not dried, crushed
and stored) and then incubated . under the varying temperature and

aeration conditions of the field.
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Nitrogen -.‘neralization, although mainly attributed to surface
soils, has been detected in deep soil layers in incubation experiments
(Cassman and Munns, 1980; Hadas et al., 1985). Different aeration and
soil bulk density in incubated samples compared with in situ
conditions in the field might influence the rate of the microbial

_process.

| The objective of this study was to measure soil N mineralizaiton
in . undisturbed soil profiles in the field, to evaluate the
contribution of the various soil layers and to compare it with results
of a previous incubation eipetiment with soil samples taken from the

same profiles.

MATERIALS AND METHODS

Measurements of soil organic N mineralization in the field were
carried out in a 25—yéar-old fertilization experiment at Bet Dagan, on
a control unfertilized plot and on a highly fertilized and manured
plot. Cotton was grown in the field for the last six years. The
(Chromoxerert clay soil has a pH of 7.8 and a field capacity moisture
content of about 0.30 g/g. Soil sampled from the same plots two years
earlier were used in incubation experiments (Hadas et al., 1985). More
_detailed information on the soils was given in Chapter 6.I. At the
beginning of May, shortly after seedlings’ emergence and two days
after iprigation, 4 microplots of 2m x lm were covered with black
polyeth;lene, 30 um thick, in each of the two plots. The high NPK
level plot was not fertilized during the last 6 months. Plants were
removed from the microplots and from 1 m of the surrounding area. The

purpose of the cover was to maintain soil moisture by minimizing
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evaporation and .o avoid irrigation to prevent nitrate movement in the
soil profile. The cover was anchored into the soil around the
microplot and it moved lightly up and down with every breeze,
indicating that the cover was not airtight.

Soil temperature was measured during the period of the experiment
in an extra covered plot, in order to compare the field conditions
with the standard conditions of 35°9C. Three measuring. bulbs,
connected to a thermograph with steel capillary tubing filled with
mercury, were inserted into the soil at three depths in a vertical

direction, to measure the average tempeatures of the 0-20, 20-40 and

40-60 cm soil layers. It was assumed that the temperature below 60 cm

did not change with depth.

S0il samples from 0 to 120 cm depth were taken several times from
each micro-plot during a period of 16 weeks. Three cores of each soil
layer were combined into one sample. Duplicate moist subsamples were
analyzed shortly after sampling for moisture content and for NH4 and
NO3 in a 1N KC1l extract (Bremner, 1965a).

At the beginning of the field experiment, larger soil samples
were taken from the 0-20 cm layer near each of the 8 microplots. Each
:wet soil sample was gently mixed and 1.3 kg soil was placed in a
élastic container, covered with polyethylene, 12 um thick, weighéd and
and NO

A 4 3
in 1N ﬁkCl extract were determined periodically in samples taken from

placed in an incubator at 35°C. Soil moisture content and NH

the containers. The initial moisture content of the sois was
maintained during the entire period of incubation by adding the
quantity of water missing after each sampling (usually 1-2 ml). This

incubation experiment served as an "intermediate" condition between
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undisturbed conditions in the field and the standard treatment of
drying, crushing, sieving and storing of soils for incubation
experiments, which is expected to increase the rate of mineralization

(Caskey and Tiedje, 1979).

RESULTS AND DISCUSSION

Soil temperature

The recorded soil temperature showed a clear diurnal curve at the
0-20 cm depth, whereas at the 20-40 and 40-60 cm soil layers the daily
fluctuations were rather small, 1less than + 1°C from the average
temperature (Fig. 1). the same pattern was obtained during the entire
period of the experiment, except that the temperatures increased
gradually during the first 9 weeks; from May to July. Weekly average
temperatures (Table 1) were derived graphically from. the weekly
récordings of the thermographs. The highest average soil temperature
was 33°C and the maximal daily temperature never exceeded 37°C. These

temperatures were lower than those recorded in the same soil type

mulched with transparent polyethylene (Mahrer et al., 1984).

Soil moisture content

The so0il moisture content, as measured at the sampling dates
(Téble 2), decreased with soil depth. It also decreased with time,
mainly between 11 and 16 weeks, but also between 0 and 2 weeks. The
field was irrigated at the 6th, 10th and 13th week after covering ' the.
microplots and it could have sliéhtly affected the soil moisture
content through lateral movement of soil water. The gradual drying of
the soil towards the end of the experiment caused very severe cracking

of the so0il and an increase in its bulk density, wunlike the
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surrounding field, that was under drying and wetting cycles,
especially at the top soil layer, and only small and shallow cracks

could be observed.

\/// Mineral N accumulation in soil under field conditions

the concentration of NH4 in the soil was very small and did not
change with time, therefore the accumulation of mineral N is
represented by N03—N concentrations in the soil (Table 3). Nitrate
concentrations in soil were greater in the high NPK level plot than in
thé control plot, where they decreased with soil depth and increased
with time. Nitrate was lost from the soil of the control plot after
11 weeks in all soil 1layers. It could not be explained by
dentirfication occurring due to the compaction of the cracked soil,
because hardly any N loss could be observed in the high NPK plot. It
could, however, be attributed to N uptake by the neighboring plants
(lm of the microplots) which might have been more pronounced in the N
deficient so0il. The Variability of the results increased with time,
especially affer the 4.5 weeks’ samples, during the irrigation and
rapid growth peribd of the cotton in the surrounding area.

The total amount of N mineralized in the various soil layers of
the +two profiles during 11 weeks was 138 and 77 kg ha in the high NPK
- and tﬁe control plots, respectively. The distribution with depth
indicated that the relative contribution of the top 40 cm soil layer
was 60% and 36% of the N accumulated in the 0-120 cm soil profile in
the high NPK and contrOlvplots, respectively, while below 60 cm 25%
and 45% of total N mineralized could be found in the respective ploté.

Cropping for 25 years in an unfertilized soil (control plot) resulted



in a more uniform distribution of N mineralization along the soil
profile.

Comparison between field and incubation conditions

The rate of N mineralization in the field was compared with that
determined previously in an incubation experiment with the same soil
profiles (Chapter C.II). The accumulation of NO3 in the field was
"corrected" for the same temperature and moisturte conditions that
prevailed in the incubator, namely 35°C and optimal water content. The
amouﬁt of nitrate that accumulated in each time period - between
sampling detes was determined for each soil layer. These values were
multiplied by the ratio of optimal to actual soil moisture content, to
correct them for optimal soil moisture conditions, according to
Standford and Epstein (1974). The average soil moisture of a given
period was equal to the mean moisture content of a sample at the
beginning and at the end of the same period (Table 2). The optimal
soil water content was 30 g/100g, as determined in the top 20 cm, 2
days after irrigetion, and was assumed to be the same in all soil
" layers, similar to the same'hygroscopic moisture content and water
holding capacity, as determined previously for the incubation
experiment. The "correction" for temperature was calculated using the
:effect of temperature (T, °C) on the first order mineralization rate
constant (k, day—l) according to Stanford et al (1973):

K(T) = 7.3 10[6—2758/(273+T)]
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If the the amount of N mineralized at a temperature T and a
period of time t is (Hadas et al., 1985) Nj = N_(1-e *‘T)%) than the

corrected amount for 35°C (N35) for the same period of time will be

-k(35)t k(T t

N = Nn(l-e Y/ {(l-e

15 T )

NO was assumed to be the same for both temperatures for all time
periods. The average soll temperatures for each period of time were
obtained from Table 1.

The amounts of N mineralized during each period, corrected for
optimal temperature and moisture content, were recombined into
cumulative mineral N concentrations (Table 4) and compared with the N
mineralized in the previous incubation experiment. The mineralization
in the incubation experiment was generally greater than in the field,
although the ratio between them was not the same in all soil samples.
About 10-20% more mineral N accumulated in the top soil‘layer of the
high NPK level plot' under incubation conditions than wunder field
conditions. Considering a possibility of nitrate transport within the
profiles in the field experiment, the average mineral N accumulation
in the whole 0-120 cm profile was also calculated. The quantity of N
aécumulated NO3 in the whole profile was from 25 to 50% greater in the
incubation than in the field experiment, the difference decreasing
with time. The quantity of N mineralized in the top soil layer of
the control piot in the field was much smaller than under incubation
conditions. It was, however, also much smaller than in the high NPK
plot in the field, whereas below 40 cm the differences between the

plots were not so great. ‘The reason for the greater difference
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between field and incubation results in the control compared with high
NPK plots is not clear.

Incubation of moist surface soils

Ammonium concentrations in the top soil layer samples, taken near
the microplots at the beginning of the field measurements and
subsequently incubated, were very low during the entire period of the
incubation ' experiment (similar to the field results). Therefore only
NO3 concentrations represent the accumulation of mineral N in the soil
(Table 5). The control plot had a lower NO3 content, as well as
accumulation than the high NPK plot. The accumulation of nitrate in
the incubated soils was greater than in the field after correcting the
results to the same temperature anq moisture conditions (Table 4),
This indicates that the conditions in the incubator (besides
temperature and moisture) were more favorable for mineralization than
in the field, or ;hat some nitrate losses from the top soil layer
occurred in the field.

The N mine€ralization measufed in the wet soil samples from the
control plot was very similar to that found in‘the previous incubation
experiment with dried and stored soils (Table 5); it was, however,

considerably greater in the high NPK level plot. Possible exlanations

- for the difference are that the N mineralization potential of high NPK

soil changed during 2 years or that the high initial NO3 content of
the dried soil inhibited the process.

It seems that drying and storing thevsoil increased the rate of
minralization only in the period of 2 weeks, which is commonly used to
evalute available N by incubation (Bremner, 1965b),‘ but not in

long-term incubations.
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Table 1: Average weekly soil temperatures in a covered

microplot.

Time Soil layer (cm)

after '

covering 0 - 20 20 - 40 40 - 60

Weeks °c
1 22 21 20
2 24 23 22
3 27 25 24
4 } 28 26 25
5 29 27 26
6 30 29 27
7 30 28 28
8 31 29 28
9 32 30 29
10 31 30 30
11 32 ‘ 30 29
12 33 : 31 30
13 32 3 29
14 32 30 29
15 32 31 30
16 31 29 29
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Table 2: Soil water content in the covered microplots at different
depths and time of sampling. (means * standard deviations).

Time Soil depth (cm)

after

covering 0 - 20 20 - 40 40 - 60 60 - 90 90 - 120
weeks g/100g

High NPK level plot

0 29.5+0.4 29.2:0.3 28.1%0.7 26.6+0.8 25.5+0.2
2 29.420.6 27.6%0.8 26.6+0.5 25.5+0.2 25.6+0.3
4.5 29.3+0.4 27.6:0.9 26.1+0.3 25.5%0.4 25.5+0.9
8 28.5+1.8 27.91.5 27.241 .1 26.5%1.4 25.9+0.8
11 27.9+0.6  27.5¢1.3 26.2%1.2 25.60.9 25.7+0.4
16 18.8+0.9 18.4:0.4 17.8%0.5 17.5¢1.0 18.8£3.0
Control plot
0 30.441.1 30.0£1.0 29.2+0.7 26.6%1.1 26.4+0.3
2 28.6%1.2 28.6+0.9 27.50.3 25.60.6 25.8%0.4
4.5 28.5¢1.2 26.90.5 25.9+0.4 24.6%1.0 24.1+0.4
8 29.241.5  27.9:0.6 26.3:0.9 24.6:0.5 25.1:0.8
11 29.3+0.5 28.0£1.3 . 27.4+0.5 25.3+0.8 25.240.6
16 18.6+1.8 19.7+1.9 19.7+1.3 20.3+1.3 21.7+2.4
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Table 3: Nitrate-N content of the soil in the microplots at
lifferent depths and time of sampling.
(means + standard deviations).

Time Soil Depth (cm)
after
covering 0-20 20 - 40 40 - 60 60 - 90 90 - 120
weeks mg kg']
Plot of high NPK level
0 12.8+1.2 12.1+1.8 10.6+1.3 8.6£1.0 7.8+1.3
2 17.5+2.6 14.2+0.9 11.6+1.8 8.4+1.2 8.7+1.0
4.5 24.8+1.8 18.4+1.2 11.721.0  10.5#1.5 9.3+2.2
8 29.0+8.2 22.3+5.4 14.9+2.4 12.3#3.2 10.241.1
11 34.6+11.0 24 .1+8.4 17.6£5.0 13.3#1.6 12.4+1.5
16 43.8+4 .4 27.948.1 13.6x0.6 12.6%1.7 16.1£3.2

Control piot
9.3+0.8 8.0+1.0 6.4x1.6 5
10.7+0.2 9.5+£0.3 7.8+0.8 6
13.7¢0.9  10.0#0.9 8.7+1.1 7.21.
12.8+3.6 14.1+3.4 9.1+0.8 7
15.7+3.6 13.0£1.6 12.1+1.2 9
5.1:0.9 4.8+0.8 3.1+0.2 2
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Table 4: Mineral N accumulation in the Bet Dagan field experiment
(corrected for 30% soil moisture content and 35°C) com-
pared with data from a previous incubation experiment.

Soil layer (cm)

Period of Experiment
mineralization 0 - 20 20 -40 40 -60 60 -90 90 -120 0 - 120
weeks : mg kg-l
High NPK level plot
2 field 11. 5.3 2.5 0.6 2.7 3.9
2 incubation 14. 4.0 6.2 5.4 2.0 5.8
4.5 field 22. 13. 2.9 5.3 4.1 8.8
4 incubation 24. 11. 14.1 8.3 8.2 12
8 field ' 28. 20. 8.6 8.7 5.8 13.
8 incubation 34. 20. 20. 1. 8.1 17
1 field 36 22 13 10 7.0 16.
12 incubation 42 24 22 12 8.8 20.
16 field 49 28 5 9 17 20
16 incubation 52 30 28 16 12 25
‘ Control plot
2 field 3.2 4.2 3.8 2.1 3.0 3.1
2 incubation 5.4 5.8
4.5 field 8.1 5.2 5.8 4.9 3.2 5.2
4 incubation 11. 11.
8 field 6.8 12. 6.6 5.1 4.4 6.6
8 incubation 31. 31.
1 field 10. 10. 12. 9.7 7.2 9.6

12 incubation  39. 39.




-80_

Table 5:  Mineral N accumulation in wet top soil layer samples
taken near the Bet Cagan microplots, and
incubated at 35°C (means of 4 microplots). Results

of a previous incubation experiment with soils from
the same plots but dried, crushed and stored prior
to incubation, are presented for comparison.

Time

N03—N in soil Mineral N in soil
wet incubation ' previous experiment
Control high NPK Control high NPK
mg kg-] mg kg']
0 8.0:0.4 12+1.1 10 47
2 11:0.7 21:2.9 15 61
4 19+1.5 41+7.2 21 ' 71
8 40+5.6 65+10.2 41 81
12 46+3.6 73+8.4 49 89
16 53+4.8 83+6.0 : 57 99
20 6016.0 T 93+13.7
24 70+3.8 101+11.0 62 109

32 70£5.0 103+9.8 69 128
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Iv. NITRIFICATION RATES IN PROFILES OF DIFFERENTLY MANAGED SOIL TYPES

Aviva Hadas, Sala Feigenbaum, A. Feigin, Rita Portnoy

Abstract

The rate of nitrification in profiles of various soil types and
under different agricultural management was determined at optimal
temperature and moisture content. Verhulst’'s equation was used to
express the accumulation of No3 with time and modified to describe the
rate of NH4 decrease. The maximal rate of nitrification (Kmx) and the
delay period (t’) were derived from the equation and wused to
characterize the nitrification process in various soil samples. K

1 clay“1 and

mx
and t’' of surface soil -samples were from 5 to 70 mg kg

from 0.2 to 8 days, respectively, Kmx decreased and t’ increased with
s0il depth. Soil factors mostly affecting the rate parameters were: 1.
pH decreasing ftom.7.8 to 6.6 or HCOB_ decreasing below 1 mol m_3. 2.
Previous agricultural management. 3. Soil depth. Data obtained by
means of tagged N(N-15) indicated that mineralization rate of soil
.organic N in NH4 treated soils was not always negligible relative to

nitrification, and in some cases was even enhanced, a phenomenon known

as "priming effect”.



Introduction

The nitrifying population in soil 1is relatively small but it
increases rapidly upon addition of ammonium to the soil.‘Consequently,
the rate of nitrification yields a sigmoidal curve indicating a
presence of a delay phase during which the number of bacteria grows, a
maximum rate phase, and a retarded rate phase due to the depletion of

NH in soil (Sabey et al., 1959; Walker, 1975). Sabey et al. (1969)

4
described nitrate (N) accumulation with time (t) as N = K(t-t’) where

K 1is the maximal rate of nitrification and t’ is the delay period. K
and t’ were constants for different soils at standard conditions and
changed with temperature and moisture. The ratios of these constants’
values at different environmental conditions to their value at the
standard condition were, however, similar in many soils and could
therefore be used as correction cpefficients. This equation describes
only the accumulation of nitrate at the maximum rate.phase.

A microbiological approach to the kinetics of nitrification uses
Michaelis-Menten type equations and describes the rate of
~nitrification as a function of the substrate (ammonium) concentration
'And several biological parameters, such as the number of bacteria and
their specific growth rate (Van Veen and Frissel, 1981; Ardakani et
al., 1974). These equations describe all the phases of nitrification,
but the necessary information regarding their microbiological
parameters makes it difficult to use them for the prediction of the
nitrification process.

The maximal rate phase occurs when ammonium concentration is not

limiting nitrification and soil bacteria have reached their maximal



_8[‘-

activity. The number of bacteria or maximal rate of nitrification
depend on soil properties like pH (Schmidt, 1982; Hagin et al., 1976)
surface area, as suggested by Beek and Frissel (1973) and probably on
some other properties (additional to temperature and moisture,v which
are environmental parameters and their effect has Dbeen well
established).

Ammonium addition to soil involves several other processes
besides nitrification. A decrease in ammonium concentration could be
partially due to fixation by clay (Kowalenko and Cameron, 1976),
immobilization in organic compounds and NH3 volatilization (Van Veen
and Frissel, 1981), whereas an increase 1in nitrate could also be
derived from mineralization of organic nitrogen, which might ewven be
accelerated by the addition of N fertilizer - the phenomenon of
priming effect (Westerman and Tu;ker, 1974; Caskey and Tiedje, 1979).

Labelling of added ammonium will identify nitrate derived from soil
organic nitrogen and ammonium incorporated in the total N pool.

The following nitrification experiments were performed in various
.soil profiles, in order to fit rate equations to the. nitrification
‘process and to evaluate the effect of different soil properties and
depth on the rate parameters. The involvement of processes other than

nitrification in NO3 accumulation and NH, depletion was also tested.

4
Materials and Methods

Soil profiles representing various so0il types and manégements
were sampled from various locations in Israel. The soils and their

general properties have been fully described previously (Hadas et al.,
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1985, Tables 1,2,3). All soils were air-dried, passed through a 2 mm
sieve and stored at room temperature for at least 3 months.

Soil samples of 40g (air dry basis) were poured into a
predetermined quantity of water containing 8 mg N as (NH4)2504 in 200
cm3 incubation flasks. The quantity of water used for each soil was
equal to the molisture held by the top 40g of soil, 24 hours after
wetﬁing about 3/4 of 200g soil placed in a 200 cm3 incubation flask
and covered to prevenf drying. The moisture content of the soils
varied from 14 to 50% (Table 1) which was about 5-6 times greater than

the hygroscopic water content. The incubation flasks containing 40g

1

wetted soil samples and 200 mg kg— NH4~N were covered with a thin

polyethylene sheet (0.0l mm) and placed in an incubator under high

humidity conditions at 35°C.
After various periods of time, depending on the rate of
nitrification, duplicate samples were extracted with 100 ml KCl 2N and

were determined in the extract by steanm

the 1level of NH and NO

4 3
distillation. The initial concentrations were determined immediately

after wetting the soil with the (NH4)2504 solution.
Several soil samples (Bet Dagan NPK profile from a high fertility
treatment of a 1long-term fertilization experiment, Eden and the

surface soil layers of Alumim, soils relatively rich in organic

15

matter, were treated with (NH,) SO4 enriched to 10.6 atom % N These

4°2
samples were washed after the extraction with additional 25 ml KC1l 1N

and 25 ml water, to remove the labeled NH4 from the soil, ‘and then

15

freeze-dried. For the N analysis, NH4 and NO3 were separated from

the KC1l extract by steam distillation and total N in the s0il was
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obtained by Kjeldhal digestion followed by microdifusion (Feigenbaum

and Hadas, 1974). le

15

was detemrined by emission spectrometry with

the Jasco N " -analyser. Recovery of added N in each of the N forms

analyzed was calculated as follows:

15N excess in N form

Added N recovered = Amount N form TE
_N excess in added N

Rate equations of nitrification were calculated using the

nonlinear least square procedure of SAS (Helwig and Council, 1979).

Results and Discussion

The initial concentration of ammonium-N in the soils, after the
addition of (NH4)ZSO4, was in most cases less than 200 mg kg_1 and
decreased with so0il depth (Table 1). The immediate qisappearance of
NH4 was probably due to chemical fixation,  which usuall& increased
with soil depth (Nommik and Vahtras, 1982). The fixation was however
smaller than reported by Kowalenko and Cameron (1976). A further

support of this finding was shown by the le

balance in the Bet Dagan
and Eden soil profiles (Table 4), where the unaccounted for added
nitrogen also decreased with soil depth, and was probably fixed by the
soil minerals. | ‘

The rate of nitrification véried greatly among soils and within
the so0il profiles. The time required to oxidize the NH4, until its
éoncentration was less than 10 mg kg_l, varied from 5 days to much
more than 10 weeks (Table 1). Comparing the different soils, the

nitrification proceeded most slowly in the Golan soils, which -are

slightly acidic, and most rapidly in the cultivated and fertilized
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soils of Bet Dagan, Eden and Gilat NM. Within the soil profiles the
time required to complete the nitrificaiton of ammonium increased with
soil depth.

The accumulation of NO3 and the decrease of NH4 with time in
several soils is shown in Figs. 1-5 (all the data are presented in
appendix IV). The curves obtained were sigmoidal, showing a delay
phasé, a maximal rate phase and a retarded rate phase. In Bet Dagan
NPK and in Eden soils (Figs. 1 and 4) the main effect of depth was
expressed by an extended delay period, while the maximal rate
decreased only slightly. However, in‘Akko and Bet Dagan control (Figs.
2 and 5) these effects were not as evident. The Bet Dagan control
showed a much smallet‘rate of nitrification than the Bet Dagan NPK,
-although both profilgs were taken from the same field and differed
only in their fertilization management (Chapter C.I.) The effect of
fertility was not so pronounced-in the Gilat fertilization experiment
(Fig. 3).

In order to express the accumulation of nitrate with time (t)
quantitavely, the Verhulst equation (dN/dt = kN Ca-N1) which upon
:-integration renders a sigmoidal curve, was used:

: a '
NO5 = a/Cl + (?ES_T— - 1) exp(-a k(t—to))] C11l
3°0
where a and (NO3)0 are the asymptotic and initial values of nitrate,
teépectively, k is a constant and tO is the initial time which equals
zero. A logistic transformation of this equation was introduce& by

Lees and Quastel (1946) for the kinetics of nitrification. The
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parameters a, k and (N03)O were calculated by the least squares fit
of euation [11 to the experimental data of NO3 versus t, and presented
in Table 2, together with the standard deviation of the data from the
curves. The asymptotic value of nitrate, a, depends on the amount of
NH4 added to the soil, while the maximal rate of nitrification, when
NH4 concentration is not rate limiting, is expected to depend on soil
properties. Therefore the maximal rate (Kmx) was calculated as the
slope of the curve at the inflection point (when NO3 = al2):
K=k .a%/s £23

The delay period (t’) was calculated as the value of t when the

maximal slope was extrapolated to the initial value of NO.:

3
1 a (NOB)O—a/Z
t'"' = — In( — -1) + ' -C31]
ak (N03)0 Kmx

The contribution of soil organic N mineralization to NO3 was
assumed to be very little relative to that of nitrification, therefore

the sum of ammonium and nitrate was assumed to be constant and equal

to a:

(NH4)t = a - (NO3)t C41
Thus, the initial wvalue of ammonium was: (NH4)0 = a - (NOB)O'
Combining equations [11 and [41 and substituting (N03)0 by a—(NH4)0,
equationf5]1 was obtained describing the concentration of NH4 as a

function of time:
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a . (NH,) . . exp (-akt)
NH, = 40 P £51

a—(NH4)0 + (NH4)o exp (-akt)

The parameters a, k and (NH4)0 were calculated from the data of

NH versus t, independently from those of nitrate, and presented in

4
Table 2 including the standard deviations of the data from the
calcuiated curve, The maxihal rate of NH4 disappearance, or the slope
at the inflection point (at NH4 = a/2), was Kmx = - k a2/4 and. the
delay period t’ (the value of t when the maximal slope was

extrapolated to the initial value of NH4) was

1 (NH,) (NH,), - a/2
t’ = — 1n 40 4 40 ,

a.k a-(NH4)0 kmx

The calculated maximal rates and the delay periods of
nitrification for the accumulation of nitrate and the depletion of
ammonium are presented in Table 1. The maximal rates and the delay
periods of NO3 " accumulation and NH4 depletion were not exactly the
same, but the differences were relatively small. Moreover, Kmx or t’
obtained from one of the nitrogen forms were not consistently larger
than those obtained from the other form. This supports the assumption
that nitrification was the dominant process and the effect of
mineralization and immobilization on NH4 and NO3 concentrations was
small. In most of the soils the asymptotic parameter ‘a’ (Table 2) was
about 200 mg kg_l, and slightly higher in the NO3 accumulation, as
could be expected from the experimental set up. In soils where the
nitrification was very slo& and uncompleted, ‘a’ was often

.

experimentally unreal, namely considerably less or much higher than
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200 mg kg_l. The model did not really fit the nitrification process
in these cases,although statistically the fitness was not worse than
in the other soils. In those so0il samples the delay period and
maximal rate of NO3 accumulation or NH4 depletion were sometimes very
different from each other (Table 1).

The nitrification was most rapid in the surface 1layers of the
éultivated and fertilized soils of Bet Dagan, Eden and Gilat, with a
maximal rate (Kmx) of 60-80 mg kg-l day.1 and a delay period t’' of 0-2
days. In the top 20 cm of the uncultivated unfertilized soils of

1

Alumim and Qedma Km and t’' were about 20 mg kg da.y-1 and 3-8 days

X
respectively. Unfertilized Bet Dagan was similar to the uncultivated
soils and much slower than the highly fe:tilized Bet Dagan soil,
whereas unfertrilized Gilat was relatively faster and the difference
from the highly fertilized Gilat soil was much smaller. The rate of
nitrification in Akko was smaller than in the other cultivated soils.
A possible explanation could be insufficient aeration due to its very
high water holding capacity. The slowest of all surface soils were

Golan 70 and Golan 37, having a pH of 6.6 and 6.0 respectively. Since

pPH of 6.6 1is wusually not considered inhibitory to nitrification

3—’

the carbon source of nitrifers, in the saturation extract (0.6

(Schmidt, 1982; Hagin et al., 1976), the low concentrations of HCO

mmol/l) of the Golan Soils could explain the 1low rate of

nitrification. The relative slow nitrification rate in Akko soil

could be explained also by its lower HCO3 concentration in the
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surface soil relative to all the other non acidic soils (Chapter C.I.,
Table 2).

A comparison between the present data and nitrification rates
reported in the literature is possible by using available information
concerning soil and environmental conditions. For instance, the
maximal rate of 15 mg kg'l, obtained by Rice and Smith (1983) in a
soil of pH 6.9, when corrected to the temperture of 35°C (Sabey et
al., 1969), would be 23 mg kg_l. This is a lower rate than the one
obtained for cultivated soils in this experiment, but is still much
greater than in the Golan soils.

Within the soil profiles the maximal nitrification rate decreased
and the delay period increased with soil depth (Table 1). In the
unciltivated soils (Alumim and Qedma) the change below 20 or 25 cm was
very great, whereas in the cultivated soils the change with depth was
more gradual. In Bet Dagan and Eden soils the Kmx of NH4 depletion
decreased very little with soil depth and the main effect of depth was
an extended delay period, as was evident in Figs. 1 and 4. The same
could be observed in several other cases like the top 20 cm of Alumim
and Qedma soils or the top 40 cm of Gilat soil, but generally both
parameters were ~ influenced by soil depth. The influence of depth on
t’ was anticipated since the supply of NH4 from organic N
mineralization and from fertilizers decreases with depth and maintains
a smaller population of nitrifers, that needs more time to increase to
its maximal capacity upon the addition of NH4. However, the reason
for the Kmx decrease with so0il depth is not so clear if K is

mx
considered characteristic to the soil, depending on properties as pH,
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surface area, HCO3 content, etc. Nitrification in Gilat soil did not
change very regularly with depth, but the very slow rate at the 60-80
and '100-120 cm layers coincided with a slow rate of mineralization as
well (Chapter C.II), probably due to some unidentified inhibition of
microbial activity. |

The main factors affecting nitrification rate parameters (kmx and
t’) could be summarized as follows: 1) pH, decreasing from 7.8 to 6.6

or less (or very low HCO3 concentrations) greatly decreased Kmx’

2) Previous management like cultivation and fertilization, increased
Kmx and decreased t‘. 3) Soil depth increased t’ and decreased Kmx'
Since management has a very. strong influence on the rate of
nitrification in soil, it seems difficult to predict the rate
_ parameters from soil properties. Microbiological tests are probably
essential for a betterAptediction of nitrification in soil.

The use of 15N in several soil samples provided additional
information on nitrogen transformation processes that occurred during
the incubation of the soils with (NH4)2504. The recovery of added N

in the form of NH4 and NO3 was used to calculate the nitrification

- rate parameters of the added N alone, excluding soil born mineral N

(Table 3). The standard deviation of NO3 concentrations from the
calculated nitrification curve in Alumim soil samples was very large,
therefore the calculated .rate parameters could not represent the
experimental results. The maximal rates and delay periods of NO3
accumulation and NH4 depletion were more similar to each other than
when soil contribution was not excluded (Table 1). Thus the maximal

rate of NH depletion decreased with depth (Table 3) and was not

4
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almost constant in the Bet Dagan and Eden soil profiles as shown
before (Table 1). The rate of NO3 accumulation in Bet Dagan soil was
similar and even slightly greater when the soil contribution was
excluded, indicating that mineralization had no significant effect on
the nitrification rate. However, in the 0-20 cm soil layer of Eden
soil, ﬁhe lower rate of NO3 accumulation from the added source (Table
3) compared with total NO3 accumulated (Table 1) could be attributed
to mineralization, which was very intensive in this soil, and could
not be ignored when calculating the rate of nitrification.

The‘amount of N mineralized from native soil organic N (Table &)
was calculated as the difference between total mineral N in soil and
that recovered from added N after substracting the initial soil
~mineral N. The mineralization of soil N during 1 week in the presence
of 200 mg kg—l of added mineral N greatly exceeded that which was
found in the same so0il samples in a previous long-term incubation
experiment under similar environmental conditions, but with no added
N. This phenomenon is usually referred to as priming effect of added
N on soil N mineralization. However the mineralization without added
- N represented the net N mineralization, whereas in the presence of
labelled N, the calculated soil N mineralization could be considered
as mineralization only, without accounting for the immobilization of
the freshly added ﬁineral N. If the amount of added N that recovered
in the organic N form, representing the immobolization, was
subtracted, the resulting "net mineralization" was still greater than
in the previous mineralizaiton experiment in Alumim soil and in the

top soil layer of Eden. However, the average net mineralization in
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the Bet Dagan so0il profile as well as in the Eden soil profile was
almost the same whether mineral N was added fo the soil or not. On a
soil similar to Alumim the priming effect of N fertilizer has been
shown in a field experiment (Feigenbaum et al., 1983). Since 15N was
used only in a few soil samples, it was not possible to relate the
occurrence of priming effect to any particular soil properties such as

mineralizable N quantity or composition.
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lable 1:  Maximal rates and delay periods of nitrification in soil profiles.

NO43-N accumulati -

Soil Layer Soil Initial  Duration 3 umu’ation Niig-N depletion
moisture NHg-N of nitri- Maximal Delay Maxima)l Delay
content conc. fication rate period rate period:

cm g.g'] mg kg"I days mg kg"day'] days mg kg']day'] days

Alumim 0- s5* 0.184 190 20 20 6.4 -19 7.4

5- 20* 0.184 180 20 25 7.9 -22 : 8.6

20- 50 0.184 195 70 6.3 29 - 8.2 34

50- 85 .0.196 192 >70 4.0 49 - 4. 40

85-125 0.221 186 >70 4.5 28 - 4.4 26

125-165 0.235 191 70 5.8 40 - 6.8 38
Bet Dagan 0- 20 0.375 190 20 19 3.3 -15 2.1
control 20- 40 0.38 190 20 17 3.6 -14 2.6
Bet Dagan 0- 20 0.375 182 5 81 0.3 -67 0.2
NPK 20- 40+ 0.38 178 5 64 0.4 -61 0.4
40- 60, 0.38 166 9 a5 1.1 -52 1.9
60~ 90, 0.375 170 9 39 2.0 -50 2.9
90-120 0.37 168 15 29 2.6 -50 4.0
Gilat 0- 20 0.143 209 9 37 1.8 =37 1.5
20- 40 0.142 204 9 38 2.5 -42 2.8
40- 60 0.154 206 14 28 6.8 -2 6.3

60- 80 0.202 200 >35 7.8 15 -8 15

80-100 0.198 199 35 18 12 -19 13

100-120 0.200 196 >>56 0.3 3.9 - 0.7 13

120-150 0.206 195 20 18 6.3 -20 6

Gilat 0- 20 0.17 201 9 49 3.0 -55 3.3

control '

Gilat NM 0- 20 0.18 200 6 67 1.8 -73 1.9

Rkko 0- 20 0.505 195 15 27 1.4 -23 0.6

20- 40 0.49 193 15 19 3. -16 2.4
40- 60 0.49 188 30 10 6.6 -7 1.0
Eden 0- 20, 0.34 186 5 58 0.9 -60 11
20- 40+ 0.355 182 9 46 1.9 -52 2.7
40- 60 0.35 178 15 36 4.3 -52 5.3
Qedma 0- 9 0.292 200 14 22 2.6 -19 1.4
9- 25 0.306 198 20 21 4.2 -18 3.8
25- 58 0.314 194 >42 4.5 4.8 - 4.7 8.5
58- 86 0.364 192 >56 1.7 9.5 - 3.0 2)
86-160 0.415 - 194 >>56 1.2 19 - 2.3 33
Golan 70 0- 20 0.264 201 >56 5.0 5.8 - 3.5 0.4
20- 40 0.274 188 >70 2.0 17 -7 17
40- 60 0.338 186 >>70 0.5 26 - 0.2 105
° Golan 37 0- 20 0.243 186 >>56 3.4 8.9 - 2.2 7.3
0.9 16 - 0.03 123

20- 40 0.25 184 >>56

: ML NH, added to the soil.



Table 2; Calculated parameters and standard deviations of nitrification rate equations {1] and 5]
for N03-N accumulation and NHQ-N depletion, respectively.

_98-

S011 Layer NO3-N accumulation NHgq-N depletion
(N03) a k100 S0 (MK, 2 k - 10 s
cm mg kg'] kg mg"ida_y"I mg kg;1 mg kg"I kg mg"day'1 mg kg;1
Alumim 0- 5 3 224 16 14 180, 181, 23 8.5
5- 20 0.7 210 22 7.7 179+ ]79+ 28 6.3
20- 50 1.3 232 5.0 14 191 19 9.0 10.
50- 85 13 472 0.7 23 189 190 4.6 14.
85-125 3 214 4.0 - 4.5 190+ 192+ 4.8 4.6
125-145 10 477 10 20 190 190 7.5 12.
Bet Dagan 0- 20 13 229 15 3.8 184 203 15 4.6
control 20- 40 12 225 13 4.0 185 203 13 5.5
Bet Dagan 0- 20 33 237 57 5.0 190 235 49 7.5
NPK . 20- 40 29 230 48 11.8 182 204 57 N
40- 60 14 212 40 10.0 ]70+ 172+ 70 7.6
60- 90 6 197 40 8.2 168 168 n 2.6
90-120 6 192 31 6.5 172 173 69 12
Gilat 0- 20 10 225 29 6.0 203 216 . 32 9.4
20- 40 6 228 29 5.6 202 205 a0 6.8
40- 60 3 302 12 3.8 195 197 21 23
60- 80 1 163 12 14. 200+ 203+ 7.7 14
80-100 0 198 19 17. 187 187 22 15
100-120 5 25 21 1.1 194 248 0.44 4.2
120-150 3 214 16 12. 197 199 20 n
Gilat 0- 20 2 213 43 a2 195 195* 57 6.8
control
Gitat NM 0- 20 3 213 59 5.4 196 197 75 3.7
Akko 0- 20 27 264 15 7.4 192 235 16 4.1
20- 40 17 262 n 8.8 186 202 15 8.7
40- 60 18 288 4.9 1. 194 255 4.5 11.
Eden 0- 20 26 304 25 18. 183 190 67 5.2
20- 40 8 239 32 10.0 ]78+ 179+ 65 7.9
40- 60 1 200 36 8.3 176 176 67 7.5
Qedma 0- 9 16 245 14 9.1 196 222 16 10
9- 25 7 234 16 12 192 200 19 8.8
25- 58 29 215 3.9 14 201 220 3.9 16
58- 85 21 157 2.7 22 200 210 2.8 V7
85-160 8 110 4.0 6.5 197 204 2.3 7.9
Golan 70 0- 20 17 182 6.1 9.7 197 303 - 1.5 11
20- 40 13 168 2.8 7.4 187 209 1.6 5.4
40- 60 10 90 2.3 6.4 193 231 0.12 6.8
Golan 37 0- 20 8 124 8.6 8.4 194 233 1.6 16
20- 40 5 69 7.8 4.8 183 257 0.02 5.4

* a was slightly larger than (NH4)0; Ifac= (NH4)° equation {5] is reduced to NH; « a.
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Figure 1: Nitrate accumulation and amnonium depletion in soil
samples incubated with 200 mg kg‘l NHg-N at 35%%:
Bet Dagan NPK soil
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Figure 2: Nitrate accumulation and ammonium depletion in soil

samples incubated with 200 mg Kg-l NHA-N at 35003 :

Bet Dagan Control
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Figure 3: Nitrate accumulation and ammonium depletion in soil

samples incubated with 200 mg kg™ NH -N at 35°C:

Gilat 0-20 cm

4
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Figure 4: Nitrate accumilation and ammonium depletion in
80il samples incubated with 200mg kg™t NH,-N at
35°%: Eden
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APPENDIA 1V

NH4-N AND NO3-N CONTENT IN SOIL DURING NITRIFICATION (MG KG-1)

BET DAGAN NP K '
0-20 20-40 40-60 60-90 90-120
0 183 39 182 34 166 24 170 14 147 15
O 180 38 173 28 145 23 170 16 168 15
1 134 90 156 b1 147 35 147 22 1466 21
1 133 88 152 62 164 35 162 22 1463 21
2 72 168 70 157 147 353 161 29 1463 18
2 74 166 76 135 145 33 159 29 1463 18
3 15 221 47 170 107 95 143 49 . .
3 15 225 47 172 107 94 1414 50 .
4 8 230 23 214 56 151 113 73 140 49
4 6 231 22 218 53 151 111 76 139 47
S 0 233 0 226 37 1464 65 119 102 75
5 0 235 -0 225 359 142 62 121 104 71
) . . . 23 213 29 149 86 98
6 23 212 29 167 88 9
7 . . . . 45 137
7 . . . 48 136
9. 1 209 3 194 12 178
9 1 204 2 188 12 174
11 1 208 2 193 7 182
11 1 208 1 189 7 181
15 . . . 1 188
15 1 189
——————— E D E N- - GILAT CNT GILAT NM
0-20 20-40 40—-60 0~20 0-20
0 185 29 183 17 179 7 201 6 200 7
0 187 28 181 17 178 7 201 9 200 7
1 166 37 177 23 174 14 189 7 187 13
1 166 33 179 26 175 13 1914 8 188 12
2 126 100 168 40 175 14 . 167 40
2 126 109 169 40 175 13 . 165 41
3 80 118 140 40 . 167 27 118 79
3 76 116 137 63 . 1635 29 119 78
4 22 - 223 115 96 168 24 . 43 157
4 26 220 116 97 168 24 . 48 157
S 3 245 70 142 140 40 104 94 13 191
S 3 246 70 140 145 37 105 93 - 12 192
6 . 11 205 130 &3 . . 0 204
6 12 202 130 60 . . Q 204
7 4 220 ?0 93 21 181 . .
7 4 216 99 83 17 186
9 1 222 18 174 2 204
9 1 222 17 174 2 204
11 . . 8 185 . .
11 9 184
13 0 198
15 0 198
—-— GILAT - KEDMA-—-
0-20 20-40 40-60 120-150 0-9 9-25
0 209 3 204 2 206 2 195 = 3 199 3 198 3
0 209 3 205 2 206 2 194 3 200 3 198 3
1 192 22 202 15 . . . .
1 192 23 200 16 . )
3 140 62 166 44 191 11 192 10 157 42 174 29
3 138 63 166 40 192 11 195 8 156 49 173 28
9 86 122 114 95 . . . . .
9 89 120 115 94 . . . . . .
7 14 193 40 167 15646 37 1714 26 88 119 122 77
7 17 191 28 181 1460 36 171 27 87 118 125 72
4 o 211 2 207 148 83 . 77 139 100 1114
9 o 210 2 207 155 73 63 154 103 106
11 . . . . 79 119 104 99 22 187 65 137
11 77 121 102 99 21 189 67 136
14 3 204 76 116 6 224 10 218
14 4 205 31 158 9 227 9 219
20 . 6 203 . 3 224
20 5 203 2 218
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NH4-N AND NO3-N CONTENT IN SOIL DURING NITRIFICATION (MG KG-1)
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The organic matter in the soil is subliected to biological
degradation. This process is carried out by heterotrophic
microorganisms that use organic materials as energy, carbon and nitrogen

sources. The process is primarily aerobic respiration. Therefore CO,.

o

evolution can be used for measuwing microbial biomass activity (the
total mass of living microorganisms in the soil) (Seto 19873, Sato 1981).
Mitrogen and carbon mineralization in the soil are governed by a number
of ecological parameters, the most important of which are water content
(moisture), pH, temperature, chemical composition of the organic matter

and especially it’s C/N ratio, and availability of other macro and micro

elements (Alexander, 1978) . A wide variety of microorganisms, degrade
and utilize organic materials in the soil. The main groups of these
microorganisms are bacteria, fungi and actinomycetes. The ease by

which organic material is attacked by soil microflora varies drastically
with the material structuwre and composition. Simple materials (like
mono-saccharides and émino~acids) are degraded in a few days. More
complex materials (like lignin and the soil humus) are degraded vslowly
over a period of years (Jenkinson 1977). Changes in soil microflora
are noted due to the composition of the soils organic matter and
ecological conditions (Mitchell 1974).

In this research we studied the activity and amount of
microorganisms during incubation of soil samples from nine Israeli soil
profiles. CC)2 evolution from the so0il was measured daily and
microflora counts were taken before the incubation and at the seventh

and 385th days of incubation.

Nitrification is biological oxidation of ammonium to nitrate. The
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process is divided schematically into two main stages as follows:

NH, " —aNO-3ND .
In each stage the oxidation is done by a different group of autotrophic
(chemolithotrophic) bacteria. Those bacteria that are éctive in the
first stage are ammonium oxidizers (like Nitrosomonas sp.) and in the

second stage Nitrite oxidizers (like Nitrobacter. sp). Nitrification
rates are usually faster than nitrogen mineralization rates. The rate
of stage two (nitrite oxidation) of nitrification is faster than that of
stage one (ammonium oxidation). Therefore there is an accumulation of
nitrates in the so0il as a result of nitrogen mineralization (rather than
ammonium and nitrite), except when there are conditions in the soil that
cause retardation of nitrification. In this research we studied the
growth rate of the population of nitrifying bacteria, during soil

incubation, of profiles from nine Israeli soils. Nitrate accumulation

and ammonium oxidation were also recorded.

2. Nitrification

2.1 Materials and Methods

Sgil Incubation

L

400 g. so0il samples from each profile were incubated in an

incubator. S0il moisture was adiusted to field capacity'zdo ug  N-
NH4+/(;;_1 80il as (NH4)7 804 were added to the soil as a substrate for
the nitrifying bacteria. The incubation temperature was 25%

ammonium, nitrite, and nitrate content in the so0il were studied.

Enumeration of total nitrifying bacterial population in the
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incubated =0il samples was according to the PM.F.NM. technique. The

method used was modification of microtechnique for M.F.N. (Rowe et al

1976) .

.2 Results and Discussion

The results of M.F.N counts of nitrifiers and nitrate accumulation

during incubation of soil profiles is presented in the above figures:

Soil Frofile Eig

Gilat | - la, 1b, 1lc
Golan 70 - 2

Eden - Za, Ib
Acco - 4a, 4b

Bet Dagan - ‘ Sa, Sb. 5c
Alumim - éa, 6éb
Fedma - . 7a, 7b
Gilat No, N2 M3 - -8

The results of incusation studies of Golan 37.5911 profile ére not
represented, since nitrate accumulation was very slow, and the amounts
of nitrifying bacteria were small (SO—IOO/gr—i) and remained so during
35 days of incubation.

The connection between changes in the amounts of nitrifying bacteria
in the soil and nitrate accumulation during the incubation period was
also studied.

The correlation coefficients between nitrate accumulation and the
growth in the number of nitrifying bacteria is presented in Table 1.
Only in the Golan 70 soil profile was there no correlation between

bacterial counts and nitrate accumulation. In this ,SQil the
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nitrification rates were low with relating small numbers of nitrifying
bacteria.

All the other soil profiies showed positive correlation between
changes in the number of nitrifiers and the rate of nitrate accumulation
in the soil. This correlation is expressed by two formulas: y = B x +A
and Y = B 8in % +A when x is the number of nitrificafion bacteria (per
gr-"1 s50il) and vy is N—NDE“ content in the soil (ppm) measured at the
same day from the beginning of soil incubation.

An unusual phenomenon was recorded in the Gilat soil profile. The
accumulation of nitrates was much slower at a depth of &60-120 cm than at
a depth of 120-150 cm. The number of nitrifying bacteria was also
higher at a depth of 120-130 cm than at a depth of 60-120 cm. This
situation is unusual and in all the other soil profiles nitrification
rates and numbers of nitrifying bacteria decreased with depth.

A special study was conducted to get more information about

nitrification retardation found in the Gilat soil profile at a depth of

60-120 cm and in the Golan 37 and Golan 70 soil profiles. Soil samples
were incubated with an additional 200 ppm of N-NH,* and N-NH,*; N-NO, s
N—ND?_ content after 12 days of incubation were measured. The results

~y

are presented in Tabie 2.

The results indicate that the only soil sample with nitrite
accumulation was recorded in the Gilat profile at a depth of 60-80 cm.
In the Golan profiles, nitrification is retarded but there is no
accumulation of nitrite. These results also indicate that the
phenomenon found in Gilat soil profile.is retardation of oxygenation of
NOq_ to NDS_ rather than inhibition of the first step of nitrifiéation

al

+ —_
(oxygenation of NH4 to ND2 >, A general conclusion according to our
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results, from incubation experiments of nine Israeli soil profiles is

that nitrification rates depend on the growth rates of the nitrifying

bacterial population in the soil. There is a decrease in the growth

rate of nitrifying population with the depth in most of the soil

profiles.
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Table 1. Correlation coe{ficientﬁl between the rate of nitrate

e

- A .
accumulation™ and changes in the numbers of nitrifying bacteria™, during

incubation of samples of soil profiles.

Soil Erofile Depth Regression A B R
fem) formula

Gilat 0=-20 1 24.4 11.1 0.53
- ¥ 2 24,73 64,0 0,573
- 20-40 1 25.2 8.6 L 0.35
e e 2 25,0 500.2 0.55
e 40—-60 1 :1.7. b= 0.52
- - 2 21.5 Z70.8 0.53
e LO-8O 1 ~0. 3 0.16 ©0.98
—_ - 2 -0, 3 9.4 0.98
-t 80-100 - 1 2.7 0.03 0.99
-t - 2 % -9.2 ~0.99
e 100-120 1 1.9 0.2 0.86
- _ne 2 1.9 10.4 0.86
Eden 20-40 1 1.9 0.7 0.96
- - 2 1.8 42.6 0.96
Acco 0-20 1 &7.0 46.0 0.58
- - 2 67.0 26IBLZ 0.58
- Acco ' 40-60 1 13.2 10,3 0.76
T ~— 2 .1 593.4 0.76
Eet Dagan N.O. 20-40 1 -15.6 18.1 0.75
- -t 2 -1%5.6 1039.9 0.75
Bet Dagan N.4. 6O-80 | 1 11.6 20.6 0.99
- -t 2 11.5 118B4.6 0.99
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| Alumim 0-5 1 5.5 7.9 1.0
_ e 2 5.5 434,0 1.0
-t 20-50 1 ~Z4,0 21.1 0.3
- - 2 =34.0 1212.5 0.93
- 125-1465 1 ~7.b 49.5 0.99
- - 2 -7.6 2837.6 0.99
Fedma 58--86 1 -8.6 P.2 0.98
- —— 2 -8.6 529.8 0.98
- 86-160 1 -8.6 F.2 0.98
T -t 2 -8.6 529.8 0.98
Giiat N.O. 0—20 1 6.8 .l 0.99

20~40 2 6.9 177.2 0.98
Gilat N.2.M.3E. 0O-20 1 16.6 4.3 0.94
20-40 2 16.1 262.9 0.94

1. formula 1. Y = B x +A

- 2. Y = Sin B » +A

bJ
<
i

N-NOZ content in soil sample

o
>
i

Number of nitrifying bacteria in the soil sample
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Table 2. Content of mineral N forms: Ammonium, Nitrate, Nitrite in
s0il samples after 12 days of incubation (with amendment of 200 ppm N-

NHT  at the beginning of the incubation).

4

Min.er—al N /,tg/g— s0il
Soil profile.  Depth N-NHT,  N=NDTL N=NDT
Gilat 0-20 0.4 157 0.6
- | 20~40 .2 148 4,7
T 4060 15.8 166 2.95
- : - 60-B0 161.2 4.8 27.2
~t— 120-150 5.9 120.6 7.7
Golan 37 O=-20 165.0 15.1 2
Golan 70 0-20 105.0 &67.0 1.6
Eet Dagan N.4. 0-20 0.8 202.0 1.5
Alumim 0-5 9.7 129.2 1.1

Alumim ' 85-125 187, 1 12,7 2.3



No. of bacteria

=117~

No. of bacteriag ppm N/NO:’5
o—— 0-20cm 0———0-20cm
O—— 20-40cm 0——— 20-40 Cm
5 — _ A _
0
4220
1200
- 180
=1 160
-1 140
M
)
1120 2
: N
Z
4 100 =
| a
41 80
<1 60
41 40
1 20
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Z. Mineralization

it
i

Z.1 Materials and Methods

Soil Incubati mn
400 g. samples from each soil profile were incubated (at ESQC, field
capacity moisture). Ammonium and Nitrate content in the soil profiles
were recorded.

Microflora Counts
Microflora counts were done according to plate count methods (Levanon et
al 1982). The microflora counts included: total bacteria, proteolytic
bacteria; fungi. actinomycetes.

COE Froduction
CO., production of incubated soil samples were measured by an infra-red

£

co analyzer (Siemens) . 90 g s0il samples were incubated in plastic

columns and flushed with an air that its CO., was absorbed formally. An
addition of CO, to this air (during its flow through the soil samples)

was computed as production of CU? by the soil samples.

CO., Froduction
Mineralization of the so0il’'s organic nitrogen is accompanied with

mineralization of organic carbon. The production of CO., from incubated

soil samples was measuwred and the results are presented in  Table 3.

-CO, production was highest from the surface layers and decreased with
the depth. The average CO, production was much higher during the first
week of incubation than during the second weéh. The peak of CD?

evolution from the incubated soil, is during the third-fourth days from
the beginning of the incubation.

There is a connection between nitrogen mineralization rates (shown
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in  chapter I1 in this report) and CD2 production of the soil profiles.
In the soils where high mineralization rates were measured we found also
high CO? pfoduction, especially during the first week of incubation
(Table ). Therefore CC}2 production of incubated soils, during the
first days of incubation can be used to predict the mineralization
potential of the soil. By this method a good estimation of
mineralization potential of a soil sample is achieved after a few days
aof incubation (instead of many weeks) with a simple analysis system.
Microflora Counts
Microflora populations of the nine Israeli soil profiles before thé

beginhing of incubation are presented in Table 4. The populations are

highest close to the soil surface with gradual decrease with the depth.

The average counts were 106—107 bacteria and actinomycetes and 103—104
fungi in a gram of air dried soil.

The population counts during incubation of so0il samples are
presented Table 5. The bacterial population increased to 197_108/9—1
s0il. The amounts of proteolytic bacteria were 10%-20% of the total
bacteria. The actinomycetes population increased to 1t’.’é’--1("_)7/<;;_-1 soil.
The +fungal population increased‘to 104—105/9*1 Soil. In Gilat soil

profile at the depth of 60-120 cm where mineralization and nitrification
rates were very low we found a most unusual result of O fungi before the
incubation (Table 4) and very low amounts during incubation (Table 9S5).
‘These results indicate that the low mineralization rates found in Gilat
s01il profile are probably due to the inhibition of the fungal
population. In other soil profiles where high mineralization rates and
high amounts of CD2 production were found, high fungal counts were also
recorded. These results indicate, that the fungal population in these

nine Israeli soil prafiles probably play a dominant role in both carbon
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and nitrogen mineralization. Similar results were found in the study
of the decomposition of the Hula peat soils in Northern Israel (Levanon
et al 1982). Frobably the local ecological conditions (high
temperatures, low humidity) are favourable to the fungal population in

the so0il, rather than to bacteria.
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Table Z. C0, Froduction, samples of s0il profiles during incubation.

a

(Fg/g_l/h 1) average CO, evolution during a week.

Soil Frofile lst Week Znd Week
Golan I7 0-20 8.0 .6
" "20-40 6.0 1.3
Gilat 0-20 20.0 b.b
" 20-40 5.0 1.5
" 40O—-60 2.0 1.0

" 60-80 1.4 1.0

" B80-100 1.0 0.6

" 100-120 2.0 1.0

" 120—150' _ 1.8 0.9
Acca 020 25.0 9.1
" 20~40 5.1 1.7
" 40-60 4.7 1.6
Eden  0-20 T0.1 10.6
" 20-40 ' 6.2 2.2
L 40-60 2.7 - 0.9
Bet Dagan (NO) 0-20 ?.0 .8
" " " 20-40 4.7 1.6
Bet Dagan (N,) 0-20 | 10.2 6.8
" " " R20-40 4.8 2.9
" " 2 4060 1.2 1.1
" " " 60=-90 1.2 ‘ 1.0
Golan 70 0=-20 10.0 b.b
" " 20-3 4.9 3.7

Golan 70 I7-60 4.6 3.5



58-80

80—-160

25-165
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Table 4. Microflora counts of samples of soil profiles.
(propagules/g s0il)

. 80IL FROFILE BACTERIA FUNGI

Gilat cm 0-20 T.6 10 1.5 % 10
W v 20-40 | 4.1 % 10° 0.8 x 107
" o 40-60 2.9 106 0.3 « 104
" " &60-80 5.7 106 0
" " 80~-100 8.8 106 0
M h 100-120 6.2 » 10 0
" " 120-180 6.9 106 0.2 x 104
Golan 37 cm O-20 12.7 u 106 2.7 % 104

= 6 4

" W 20-40 14.5 x 10 1.6 % 10
edma cm Q-9 5.1 106 0.2 % 104
" " g-2g 5.9 x 10° 2.4 x 10?
W v DE-5g 3.2 % 108 0.2 x 10
" " 58-86 ‘ 11.8 x 10° 0.05 x 107
" " B6-160 8.3 x 10° 0.1 % 10?
Alumim cm 0-5 10.5 x 10° 3.9 x 10°
" " 5-20 4.2 % 10° 0.9 x 10°
" 20-50 2.1 x 106 0.2 104
" v 0-85 ‘ 1.6 u 106 0.2 ¥ 104
" " B5-125 4.7 % 10° 0.9 x 10%
Golan cm 70 0-21 8.7 x 10° 3.6 x 107
¥ W o2y-37 11.2 x 10° 1.2 % 10°
" noow Z7-60 ‘28.0 x 10° 0.1 x 10%

Acco cm 0O-=-20 21.7 » 10 5.4 % 10



SOIL FROFILE

ACco

<m

cm

20-40

40—=60

O—20

20-40

4060

- 139 -

BACTERIA
T3 oH 106
8.3 x« 106

14.3 106

8.8 x 106

4.5 x 10

~
Y



Table 3.

33
4.8 x
2.9 %
3.t x
2.8 x
2.6 %
2.8 x
6.1 x
4,1 x
6.1 x
1.9 x
1.4 «
2.2 x
2.8 x
1.9 x
b.b x

5.0 %

7.0 x

5.8

1.0 x
9.7 x
1.0 %
2.5 ¢
2.8 «

2.8 x

106

10

107

10’

106

106

7

4.2 x

2.3«

1.0 x

1.4 x

1.4 x

2.2 x

4.0 x

2.9 %

4.9

4.3 x

3.7 %

3.2 %

2.5

9.6

2.3 x

5.8 x

A b x

4.9 x

7.8 x

6.9 x

7.4 %

8.8

6.9 x

9.1«

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

35

1.1 %

4.3 %

7.1 %

3.2 %

6.3

2.1 x

7.3

9.6

3.3«

2.0 x

9.1 x

.1 %

9.8 «

8.3

6.9 X

1.6 x

1.3 %

4.0

8.0 x

3.1 %

4.9y

2.1 x

1.0 x

1.8 x

104

7
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HICROFLORA COUNTS OF  INCUBATED SOILS

No of Propagueles/g- dry soil}

3

9.6 x 10

1.5 x 10}

3

6.0 x 10

3

1.0 x 10

3

4.7x 10

0

0
9.0 x
1.4 %
9.6 x
3.8 x
3.3«
9.3 %
7.9 x
4.2«

7.6 x

7.9 x

3.7 x

7.1 x
2.7 %
3.4 x
7.9«
6.8 x

8.2 x

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

Proteolytic, Bacteria

35

7.9 x

7.3«

2.0 x

3.2 x

3.3 x

4.1 x

6.2 x

7.0 x

3.4 x

4.2 x

6.0 x

3.8 x

f.] x

9.8 x

9.1 x

1.3 x

1.9 x

1.0 «

2.5 %
2.4 %
3.4 x
3.1 %
3.2 %

Il x

106

106

lOé

10

10°

105

10f

105

106

106

T

10°

7

6.9 %

9.8 x

8.9 x

1.2

1.6 x

1.9 x

2.4 x

3.9 x

1.2 »

3.2 x

.1«

2.6 x

1.0 x

9.1«

1.1z

9.2 x

1.2 x

1.7 %

7.4 x

6.9 x

7.9 %

9.6 x

B.8 x

7.6 x

106

Total Bacteria

2.7

1.4 x

3.0 x

.1y

1.9 %

8.0 x

2.2 x

5.8 x

3.0 x

1.4«

2.4 x

1.2

1.9 x

9.3 x

9.6 x

2.0 x

B.7 x

1.7

8.9 x

1.5 %

3.2 x

(2]
F
b

2.8 x

2.9 x

1.2 %
2.9 x
2.9«
1.3 x
6.2 x
1.9 x
5.9 x
4.2 »
1.1 x
1.3 x
7.0 x
1.2 x
6.3 x
1.4 x

8.2«

6.7 x

9.8 x

7.6 x
7.9«
8.0 x
8.6 x
7.7 %

7.4 %

10

10’

10’

107

10

10’

b

Soil Profile
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0
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20-37

37-40



6.2 x
7.9 x
8.4 x
3.6 x
4.5 x
1.3 &
4.9 x
3.9 ¢
3.7 %
3.3«

9.4 x

10

10

10

10

10

10

10

10

10

10

10

4.3 ¢

4.7 x

4.8 «x

2.8 x

3.1 x

7.2 %

3.4 x

2.9 x

2.8«

2.9«

3.2 x

1.9 x

2.2 x

3.3 x

8.8 x

2.8 x

1.4 «

4.3 x

1.1 x

1.9 «

2.7 x

3.3 x

10
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10
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10
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10

10

10

10

10

1.4 x

1.6 x

§.8 x

9.1 x

1.2

7.2 %

3.1 x

1.0 x

1.0 x

2.8 x

3.6

10
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10

10

10

8.0 x

1.1 x

S

8.2 x
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1;0 H
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3.2 x

1.1 %
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2.9 x

7.1«

1.1 x

1.0 x
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1.0 x

7.0 %

08
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10
10
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10
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10

2.0 x
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VI.

Nitrogen Transformations and Movement

Under Drip Irrigated Tomatoes

R. L. Mikkelsen, W. M. Jarrell and J. Letey
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Abstract

Tomatoes (Lycopersicon esculentum var 6718 VF Petoseed) were grown
in soil columns in the greenhouse with simulated drip irrigation for 60
days. Nitrogen (urea ammonium-nitrate 32-0-0) was édded with every
irrigation at four concentrations (0, 50, 100, 200 mg N/L). The drip
emitters were placed near the base of the plant stem on ﬁhe soilvsurrace
for half of the columns and 2.5 cm below the surface for the remainder.

Ammonia volatilization losses were measured and found to be less than

0.1% of the total N applied. The plants were harvested, weighed, and

analyzed for total N. The soil was sampled at various distances from
the emitter and analyzed for NO'B, NH+N’ urea, and pH. Nitrate concen-
tration was highest near the soil surface while NH+M remained near the
emitter, Less than 5 mg urea-N/kg soil were detected in any given samplé
at the conclusion of the experiment. Soil pH values as low as 5.0 were
measured 5.7 cm beneath the emitter but approached the initial value
(6.8) at increased distance from the emitter. The concentration of N

in the plant increased with higher rates of N application regardless of

emitter placement.
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Achieving efficient, non-polluting use of applied fertilizers has
been a major goal for agriculture. The exact fate of N fertilizers may
be difficult to predict because fertilizer uptake and movement are de-
pendent on factors such as the fertilizer form, rate, method and time of
application, soil reaction, irrigation practices, as well as environ-
mental conditions.

Drip irrigation is a relatively new method of irrigation that
allows great flexibility in the distribution of water over the field.
This irrigation method facilitates nutrient application to the plants
with the irrigation water. The addition of fertilizers through the irrid
gation system can result in improved fertilizer éfficiency, labor and
energy savings, and flexibility in timing (Rolston et al., 1979).

Nitrogen fertilizers are commonly added to vegetable crops-tbrough
drip irrigation systems in frequent applications to maihtain a constant
nutrient supply in the root zone. The N added to irrigation water can
be derived from a variety of watgr-soluble sources such as ammonium sul-
fate, ammonium nitrate, anhydrous ammonia, urea, or mixtures of these
sources such as'urea ammonium nitrate,

Fmitters are often buried 2 to 4 cm below the soil surface to
reduce damage to the drip system due to machinery, field workers, pests,
and temperature fluctuations. The effects of emitter placement on
nitrogen use efficiency have received little attention thus far. In
particular, the pH and the ionic composition of the soil soilution sur-
rounding the drip emitter may be markedly different from the sur}ounding

bulk soil solution.
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A glasshouse study was underaken to determine the fate of N from
surface and subsurface applied liquid UAN-32 (urea ammonium nitrate
32-0-0) added to tomatoes through a simulated dip system and to

determine the influence of UAN on soil pH.
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Mateials and Methods

Hanford sandy loam (Typic Xerorthent) was air-dried, sieved through
a 2 mm screen, and thoroughly mixed with 55 mg P/kg as 3 Ca(H3POh)H20
(Table 1). Plexiglas columns 20 cm in diameter and 44 cm high were
filled to within 3 cm of the top with 19 kg of soil. The top of each
column was sealed with a fitted plexiglass 1id with three evenly spaced
holes in a line. Tensiometers were inserted to depths of 25 and 40 cm
through the two outer holes and sealed to the 1id.

Tomato seeds (Petoseed var. 6718 VP) were germinated in sand with
1/4 strength Hoaglands sélution. Fourteen days after emergence one .
seedling was transplanted through the center hole into each column. The
area around the stem was sealed with cotton and split rubber tubing and
then covered with a paraffin/beeswax mixture. This sealed space above
the soil surface provided an area for gas exchange. Leachate was col-
lected from a drainage tube on the side at the base of.the column. A
portafor intake and exhaust of gas were placed‘on opposite sides of the
column 1.5 cm from the top. Air abovg the soil surface was continually
pulled from the column headspace by vacuum (300 ml/min or 1 exchange/ 180
sec.). The air was bubbled through an HN3 trap containing 100 ml
solution of 20 g H3803/L containing a bromcresol-methyl red indicator.
The acid traps were examined daily for color change and when necessary

titrated with standardized H,S0, to quantitatively determine volatized

NH3.

Solution was applied to the soil columns from 1000 ml Erlenmeyer

flasks hung 45 cm above each column and fitted with 2.4 mm I.D. tubing
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leading to a 5 ml glass syringe with 0.356 mm 0.D. hypodermic needle.
The needle tip was located at the soil surface at the base of the plant
for half of the columns and 2.5 cm below the soll surface for the re-
mainder of the columns.

Nitrogen fertilizer was added with every irrigation at concentra-
tions of 0, 50, 100, and 200 mg N/L as urea'ammonium nitrate 32-0-0
(UAN-32). The UAN-32 was analyzed and found to contain 78 g NH3/L, 76 g
N0-3-N/L, and 164 6 urea-N/L with a pH of 7.95. Columns were irrigated
as necessary to keep the tensiometer readings below 30 kPa and minimize
drainage from the column. All treatments received the same amount of
water. The glasshouse tempepéture was 25C+6. Each emitter placement

was replicated four times at each level of N in a randomized block

design.
The aerial portions of the plants were harvested 60 days after
transplanting and fresh and oven dry weights determined. The fourth

leaf and petiole were analyzed for Kjeldahl total N.

Soil samples were taken from each column at distances of 0, 4, and
8 om radially from the emitter and at depths of 0-2, 2-T7, 7-12, 12-20,
20-30, and 30-40 cm below the soil surface and immediately frozen to
minimize soil moisture loss and soil activity. Ammonium and N03 were
extracted with 2M KC1l and analyzed colimetrically with a Technichon
Autoanalyzer using an ascorbic acid assay. Residual urea was analyzed
in the soil from the 200 mg N/1 treatments using'the modified diacetyl
monoxime method (Mulvaney and Bremner, 1979). Urea concentrations were
less than 5 mg N/kg for all treatments and therefore were not inéluded

in calculations. Soil pH was measured in a 1:1 soil and 0.01 M CaCl2

solution.
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Results and Discussion

The quantity‘or NH3 volatilized was found to be related to both the
emitter placement and the concentration of N applied (Table 2). At each
N rate the above-ground application lost greater amounts of HN3 through
volatilization than the below-ground treatments, although in no case did
the cumulative losses exceed 0.1% of total applied N. This observation
is consistent with the findings of Cummings et al. (1958) who found that
NH3 volatilization losses did not exceed 0.032% of the total N applied
to the soil surface as a 2.5% solution of UAN 32,

The placement of the N below the s0il surface resulted in amaller
NH3 losses. Ernst and Massey (1960) found that a large decrease in NH3
volatilization occurred upon mixing urea with the upper 3.5 cm of soil
compared with surface application. Fenn and Kissel reported that vola-
tilization of NH3 from NHy-N based fertilizers was greatly dependent on
the depth of placement (Fenn and Kissel, 1976) as well as the rate of
application (Fenn and Kissel, 1974). Ammonia volatilization losses as
high as 10.5% of the total applied N were found from bare surface appli-
cations of undiluted UAN 32 (Meyer et al. 1961).

The amount of volatilized NH3 collected in the acid tab is often
related to the air flow rate through the gas exchange chamber. Overrein
and Moe (1967) reported that where both the gas exchange chamber and the
soil atmosphere were continually renewed, the NH3 volatilization rate
was linearly related to the gas exchange rate. Vlek and Stumpe (1978)
found a curvilinear relationship between NH3 loss and the air ex-

change rate of 3.5 to 5 renewal volumes per‘minute was sufficient for




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

- 151 -

maximum removal of NH3. Other researchers using similar methods have
failed to report the rate of air exchange in the containers (Ernst and
Massey, 1960; Meyer et al., 1961). Due to the relatively low rate of
exchange used in this experiment, the total amounts of NH3 volatilized
may be less than if a higher air exchange rate had been used, due to
readsorption of NH3,8as by the soil.

There was no significant difference in dry weight among the treat-
ment (Table 3). However, at any given N concentration, the emitter
below-ground consistently produced a smaller plént than the correspond-
ing above-ground placement.at the 10¢ and 200 mg N/L level. The concen-
tration of N in the petioles increased with increasing concentrations of
N in the irrigation water.

The application of fertilizer through buried drip irrigation sytems
may be throught of as a dynamic, controllable fertilizer band or point
source. Since water and solutes move in a three dimensional pattern
from the emitter, the pH and the ionic composition of the soil surround-|
ing the point source differ from the surrounding bulk soil. The N dis-
tribution at the conclusion of the experiment was.related to the form
of N applied, ibn mobility, and the associated microbiological transfor-
mations. Because these data were collected at a single point.in time,
five days after the final irrigatibn, the dynamics of_N transformation-
urea hydrolysis, nitrification, leaching, NH3 volatilizaiton, and deni-
trification cannot be quantitatively determined.

Nitrate was found throughout the profile with especially high
concentrations in the upper 7 cm (Fig. 1). Nitrate moved freely with

the irrigation water from the emitter (Goldberg et al., 1971) and
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undoubtedly accumulated near the soil surface as water was lost
through evaporation (Luckhardt, 1983).

Ammonium accumulation in the soil varied both with the rate of
application and with the location of the emitter (Fig. 2). The NH, con-
centration was greatest surrounding the emitter due to its relatively
low mobiiity in the soil. Only small amounts of urea were detected at
the time of sampling, again'confirming the common finding that urea is
rapidly hydrolyzed under favorable soil conditions (Broadbent et al.,
1958; Bauder et al., 1980).

Soil pH varied with distance from the emitter, with the degree of
soil acidification dependent on the rate of>N application and emitter
placement (Fig. 3). For the 200 mg N/L treatments, the soil pH was
depressed as much as 1.7 units below that of the control columns. Low-
est pH values in all treatments were 5-7 cm beneath the emitter. Be-~
cause of the relatively éoarse sampling grid, pH changes over short dis-
tances near the emitﬁer could not be measured.

Microbial N transformations in the soil can greatly influence soil
pH (Wolcott et al., 1965). Upon hydrolysis of urea to ammonia, the pH of
the soil may be increased above 9 in the region surrounding the point of
application (Doak, 1952). The potential for NH3 volatilization loss in-
creases with increasing soil pH (Ernst and hassey, 1960) as the chemical

equilibrium shifts to favor NH, over NH4+ (duPlessis and Kroontje,

3
1964). DuPlessis and Kroontje (1964) found that NH3 losses incresed
with increasing soil pH over a range of pH 4.5 to 7.1. In the case of
UAN 32, both the initial NHu and the NH, formed as a result of urea

hydrolysis are subsequently nitrified. During nitrification, hydrogen

ions are released which lowers soil pH (Alexander, 1977). Thus, the
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decreased pH near the emitter reduced the potential for NH3
volatilization losses,

Morrill and Dawson (1967) found that pH was the single best indi-
cator of the nitrification potential of a soil. The conversion of NHM
to NO3 has been generally assumed to occur most rapidly in the range of
pH 5.5-10 (Martin and Focht;_1977).although nitrifiéation will proceed
slowly at soil pH values below 5 (Wolcott et al., 1965; Dancer. et al.,
1973). Although not direcply measured in this experiment, nitrification
rates may be lower where the soil pH is substantially depressed around
the emitter. | |

Drip irrigation encourages the development of a relatively shallow
root systm (Goldberg et al. 1971; Earl and Jury, 1977). 1In this experi-
ment , the greaﬁest depression of s0il pH occurred in the surface 10 cm
Seneath the emitter. Arnon and Johnson (1942) found in solution cul-
tures that tomatoe plants_produced maximum growth between pH 5 to 7,
while Islam et al. (1980) reported a pH optimum between pH 7 and 9.
Although it is difficult to determine the optimal pH for plant growth,
this factor needs to be considered when adding acid-forming fgrtilizers
at a point source. In addition, the rhizosphere pH'has beeﬁ reported to
be a better indicator of nutrient availability and biological activity
near the‘root zone than the bulk soil pH (Sﬁiley, 1974). Smiley, 1974)
found that the rhizospheré pH may Qary as much as 1.2 units from the
bulk soil pH depénding on the source of N fertilizer decreasing with Nﬂu'
and increasing with N03 nutrition (Raven and Smith, 1976).

Because the majority_of the root zone is located in tbe region

surrounding or below the emitter, acid-producing fertilizers should be

applied with caution in drip irrigation systems (Goldberg et al., 1971).
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The effect of the soil pH depression surrdunding the emitter may be even
more pronounced at higher N concentrations, in acidic soils, and in
soils with low pH buffering capaqiﬁy. The increasé in soil acidity may
influence the solubility and availability of plant mic%onutrients in
the soil (Wallace and Mueller, 1978). In particular, acidification of
calcareous soils has been found to cause greater P solubility and in-
creased micronutrient uptake, resulting in increased plant growth (Ryan
and Stroehlein, 1979). Further work is presently being conducted on

soill acidification under drip irrigation emitters.
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Table 1. Physical and chemical characteristics of Hanford

sandy loam.

Ca Mg K Na CEC (NH4HCO3)
----------- mmol/kg --~-ce-----
63 10 ) 12 90
clay Organic-C NO3-N NH4 -N
% % -=--- mg/kg ----

6.3 0.91 7.2 4.3



-160-

AV
Table 2.,fotal MH3-N losses as affected by N solution

conceniration in irrigation water and emiftter placement.
Treatment Total N volatilized % of 3pplied N

volatilized

mg N/L (ug N/column?

0 A 0 o

0 B 0 0

30 A 265 £ 0.09%94

50 B 0 0
100 A 180 + |7s 0.042
1900 B 162 + -, c.c38
20C A 613 £ -arx 0.072
200 B 74 + &5 0.00¢9

A=Above-ground emitter placement

B=Below-ground emitter placement

* ok ok ok %k % K % Kk Kk ¥ x K ¥ % & % K k X Kk Kk ¥ ¥ K K % %
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Table .. ffects of emitter placsment and N
fertilization rate on dry matter production and N
accumulation.

Treatment Dry weight Petiole N
. concentration
méﬁ/L g/nlant g N/kg
0 A 15.6 + 1.1 | 25 .C cc
0 B 14.9 + 1.0 20.3 D
50 A 15.9 + 2.5 34.0 CB
S0 B . 15.7 + 2.2 33.5 CB
100 A ‘ 17.1 + 1.1 39.5 BA
100 B . 16.2 + 1.8 40 .7 BA
200 A , ‘17.8 + 1.6 42 .6 BA
200 B 14.5 + 1.7 19 . 2 A
’ e Rk % N W MK R R K TR RN %

_Nubw' AzAbove-ground emitter placement

) BE=Balow-ground emitter placement

f Means followed with the same letter are not significantly

different 2t the 1% lavel (Duncan's Multiple Range Test)
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Fig. 1 Final NO3-N distribution as influenced by N application rate

and position of emitter.

\ ¢

Lines spaced in incrments of 10 mg NHg-N/kg
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Fig. 2 Final NH4-N distribution as influenced by N application rate

and positidﬁ of emitter.

Lines spaced in increments of 10 mg NH4-N/kg A

‘= emitter
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Fig. 3 Final pH distribution as influenced by N application rate and

position of emitter

Soh

Lines spaced in increments of 0.2 pH

© = emitter
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VII. EFFECT OF TERRAZOLE ON NITROGEN TRANSFORMATIONS AND MOVEMENT

R. L. Mikkelsen, W. M. Jarrell, J. Letey, and S. Whaley

ABSTRACT

A field stud& was conducted on two sandy loam soils to determine.
the effect of Terrazole nitrification inhibitor (5-ethoxy-3-(trichloro-
methyl)-1,2,4-thiadiazole) on N movement and transformations. Sweet corﬁ
(Zea mays L.) was fertilized with (NHu)zsou twice during the season for
a total application of 250 kg N/ha. The N applied to half of the fer-
tilized treatments was coated with Terrazole.i Three levels of irriga-
tion were established for each field. The treatments on Arlington sandy
loam received 55.9, 69.0, and 78.1 cm infiltrated water. The Hanford
sandy loam treatments received 62;0, 76.7, and 88.2 cm infiltrated water
Soil samples were taken throughout the season and analyzed for NO3 and

NH Movement of N was correlated with both the presence of Terra-

uo
zole and the quantity of water applied. Soil NHM was consistently
higher in Terrazole treatments, suggesting that nitrification was reduce#
by the Terrazole. However, there was no significant increase in N tis-

sue concentrations or yield due to Terrazole additions. Denitrification

losses were measured and found to be reduced 64% due to the presence of |

Terrazole.
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Interest in efficient use of N has increased as environmental con-
cerns and fertilizer prices continue to rise. Although NHM added to
the soil is held by the cation exchange complex, it generally converted
quickly to nitrite and then nitrate. Under natural conditions the pro-
portion of N found in the soil as NHM' N02 and N03 is determined by the
factors affecting the rate of nitrification (Focht and Verstraete, 1977).
In the oxidized form, N is subject to leaching and denitrification.

Leaching can cause large losses of N as NO3 moves bélow the root
zone with percolating water (Letey et al., 1978). Nitrate leaching
results in low N use efficiency, an economic loss of an essential plant
nutrient, and waste of a valuable resource. kIn addition, NO3 can accu-
mulate in groundwater and become a potential water pollutant and environ-
mental hazard (Timmons and Dylla, 1981).

There has been considerable interest recently in the use of nitri-
fication inhibitors- (NI) as a means of prolonging the presence of appl%g(
ammoniacal fertilizers in the root zone. Several nitrification 1nhibi:
tors are presently avallable commercially as soil additives to maintain
the NHu form of N (Huber et al., 1977). Nitrapyrin (2-chloro-6-(tri-
chloromethyl)pyridine) in particular has been the subject of extensive
researéh. The effec@s of nitrapyrin on corn yield have been highly varis
abie, with reports ranging from large yield increases (Warren et al., .
1975) to no effect on yield (Hendrickson et al., 1978). The lack of

yield response may result from ineffective inhibition of nitrification

or the lack of substantial leaching (Chancy and Kamprath, 1982).
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VII. EFFECT OF TERRAZOLE ON NITROGEN TRANSFORMATIONS AND MOVEMENT

R. L. Mikkelsen, W. M. Jarrell, J. Letey, and S. Whaley

ABSTRACT

A field sfudy was conducted on two sandy loam soils to determine
the effect of Terrazole nitrification inhibitor (5-ethoxy-3-(trichloro-
methyl)-1,2,l4-thiadiazole) on N movement and transformations. Sweet cornp
(Zea mays L.) was fertilized with (NHu)zsou twice during the season .fbr
a total application of 250 kg N/ha. The N applied to half of the fer-
tilized treatments was coated with Terrazole. Three levels of irriga- |
tion were established for each field. Thé treatments on Arlington sandy
loam received 55.9, 69.0, and 78.1 cm infiltrated water. The Hanford
sandy loam treatments received 62.0, 76.7, and 88.2 cm infiltrated watgf
Sdil samples were taken throughout’ the season and analyzed for N03 and
NHH‘ Movement of ‘N was correlated with both the presence of Terra-
zole and the quantity of water applied. Soil NHll was consistently
higher in Terrazole treatments, suggesting that nitrification was reduced
by tﬁe Terrazole. However, there was no significant increase in N tis-
sué concentrations or yield due to Terrazole additionms. Denitrifiégtion

losses were measured and found to be reduced 64% due to the presence of

Terrazole.
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Interest in efficient use of N has increased as environmental con-
cerns and fertilizer prices continue to rise. Although NHu added to
the soil is held by the cation exchange complex, it génerally converted
quickly to nitrite and then nitrate. Under natural conditions the pro-
portion of N found in the soil as NHu, NO, and N03 is determined by the
factors affecting the rate of nitrification (Focht and Verstraete, 1977)
In the oxidized form, N is subject tobleaching and denitrification.

Leaching can cause large losses of N as N03 moves below the root
zone with percolating water (Letey et al., 1978). Nitrate leaching
results in low N use efficiency, an economic loss of an essential plént
nutrient, and waste of a valuable resource. In addition, NO3 can accu-
mulate in groundwater and become a potential water pollutant and environ-
mental hazard (Timmons and Dylla, 1981). |

There has been considerable interest recently in the use of nitri-
fication inhibitors (NI) as a means of prolonging the presence of appl%ﬁc
ammoniacal fertilizers in the root zone. Several nitrification inhibi:
tors are presently available commefcially as soil ‘additives to maintain
the NHu form of N (Huber et al., 1977). Nitrapyrin (2-chloro-6-(tri-

chloromethyl)pyridine) in particular has been the subject of extensive

L

research. The effects of nitrapyrin on corn yield have been highly varij
able, with reports ranging from large yield increases (Warren et al.,
1975) to no effect on yield (Hendrickson et al., 1978). The laék.of
yield response may result from ineffective inhibition of nitrification

or the lack of substantial leaching (Chancy and Kamprath, 1982).
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Nitrification inhibitors other than nitrapyrin have received much
less attention, and require study to determine their effectiveness in
slowing N transformations in the field. One such inhibitor is Terrazole,
also known as Ethazole, which was originally developed as' a fungicide
for control of pythium and phytophthora (Sijpesteijn, 1977). It was
found that Terrazole also inhibits ammonia oxidation and was suitable

as an agricultural nitrification inhibitor (Hauck, 1980). This experi-
ment was designed to study soil N transformations and monitor N ﬁovement

as influenced by water application rate and Terrazole nitrification

inhibitor.
MATERIALS AND METHODS
Sweet corn (Zea mays L., var. B. Jubilee) was planted in 1982 in
two soils on the Agricultural Experiment Station of the University of

California, Riverside. The two soil types were Hanford sandy loam
(Typic Xerorthent) and Arlington sandy loam (Typic Durixeralf) which
has a weakly cemented pan at depths ranging from 90 to 150 cm. Impor-‘
tant properties.of the surface soils are shown in Table 1.

Seven treatments consisting of four rows replicated three times
in each field received banded nitrogen on both sides of the seedbed
at planiing as (NHu)Zsou ét a rate of 125 kg N/ha except for the control
treatment. Each field was approximately 29 m long with rows spaced
on 76 cm centers. The N applied to half of the fertilized treatments
was coated with nitrification inhibitor (NI) DWELL 4E, also knowh as

Terrazole (5-ethoxy-3-(trichloromethyl-1,2,4-thiadiazole; Olin Corp.,

Little Rock, Ark.) in a cement mixer immediately prior to application
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at a concentration of 418 mL/100 kg (NHM)ZSOM (2.3 L NI/ha). The N
application was repeated 45 days after planting (DAP) In addition, all
treatments received a uniform application of P (27 kg P/ha as 3Ca(H2P0u)2
at the time of the second N application.

To accurately determine the amount of water applied to each field,
the irrigation for each treatment was individually regulated so that
flow rates were controlled and measured for each furrow. Water run-off
for each field was directed throuh a'Repogle flume and measured using
an automatic water-level stage recorder. Three levels of irrigation
were established for each field. Each level of water was applied to
a treatment with NI and a treatment without NI. The unfertilized con-
trol received the intermediate water level. Irrigation was scheduled
to maintain tensiometer readings at >30 KPa for the }ow water treatment.

Field measurements of denitrification were taken for the period of
48-63 DAP using the acetylene inhibition method (Ryden et al., 1979).

Denitrification was only measured on one replication of the treatment

.

4
receiving the high water level on the Arlington sandy loam. Steel

sambling boxes were centered over the fertilizer band, extending from
the plant row §ut into the furrow. |

Soil samples were taken from each treatment at 0, 20, 40, 60, 80
DAP and immediately after harvest. Samples were obtained 0, 9, 18, 28,
and 36 cm from the center of the bed at depth incremenfs of 0-15, 15-30,
30-45, and 45-60 cm. The final sampling also included samples from 60-7p
and 75-90 cm depths at each location.

The soil samples were air-dried, mixed and analyzed for NO.-N and

3

NH, -N KC1 extracts on a Technicon AutoAnalyzer.

y
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Leaf tissue samples were taken-38 and 70 DAP and analyzed for
total-N using Kjeldahl digestion and steam distillation. Plants were
harvested 90 DAP on Arlington sandy loam and 93 DAP on the Hanford sandy
loam. Total N, fresh weight, and dry weight of the ears and stalks were
determined from a subsample of 6 meters of 2 rows harvested from the

center of each replication.
RESULTS AND DISCUSSION -

The irrigation water added to each field succeeded in establishing
three distinct levels of water management (Fig. 1). Since NO3 leaching
and denitrification are intimately related with soil water (Smika and
Watts, 1978; Firestone, 1982), the three irrigation levels allowed evalu
ation of NI effectiveness under different water regimes.

All fertilized treatments were significantly different (P <.05)
from the controls in concentrations of N and total N accumulation in
both ears and stover (Table 2). In addition, the controls yielded sig-,
nificantly less (P <.05) in dry_weight of ears and stover than the feri
tilized treatments (Table 3). However, the fertilized treatments did
not vary significantly from one another in these measurements. Because
of this, plant N uptake from the soil was considered to be equal for
all the treatments receiving N; Therefore, all differences found in N
transformations and movement were assumed to be independent of erop
removal for the fertilized treatments.,

Terrazole was effective in suppressing nitrification and prolong-
ipg the presence of NHu in the soil. The treatments with NI generally

resulted in both higher concentrations of NHM in the soil surrounding
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the fertilizer band as well as reduced downward movement of NO3 through
the profile. Helling et al. (1974) reported that Terrazole is quite im-
mobile in a silty clay loam soil. It is likely therefore in the experi-
ment reported here that the NI remained in intimate contact with the
applied fertilizer and was able to inhibit nitrification for a longer
period than if it were quickly leached. Higher irrigation rates, how-
ever, appeared to hasten the leaching of the soil N03.

The distribution on mineral N iﬁ the soil is represented here

based on the average NO_ and NHu concentrations within each 9 em x 15 cm

3

soil sampling zone. The average concentration found was assumed to be

the value of NO_-N or NHu-N at the center of the zone. Isoquant lines

3
were drawn between the points to complete the diagrams (Fig. 2). Al-
though this method of graphing gives only a qualitative estimate of N

distribution, a comparison among the treatments is nonetheless beneficia

The ratio of the total quantities of N03-N and NHH-N present in

the entire sampling zone of each treatment was determined throughout thej

4

season. The common log transformation of this ratio gives equal weigh%

to the abundance of either NO_-N or NH-N, which was plotted (Fig. 3).

3
The center vertical axis at 0 indicates a N03-N/Nﬂu-N ratio equal to
one while points above or below the vertical axis indicate a NO3-N/NHu-N

ratio greater or less than one, respectively. Throughout the season the

ratio of NO -N/NHu-N generally remained less for the treatments with

3
NI compared to the treatments without NI, regardless of the level of
water applied.

Denitrification losses were measured from thé high water treatment

on the Hanford sandy loam immediately after the second N application.
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Over the time period studied, the treatment with NI evolved Nzo at an
average rate of only 35% that of the -NI tfeatment (Table 4). In addi-
tion, a noticeable increase in N20 evolution, and presumably dgniﬁrifi-
cation rate, was observed immediately following each irrigation. A simij{
lar surge in denitrification following irrigation of California soils |
has been reported by a number of workers (Ryden et al., 1979; Ryden and
Lund, 1980; Stark et al., 1983). At 45 DAP immediately following ferti-
lization the -NI treatment had only a moderate rate of N20 evolution. |
However, 51 DAP, following the next irrigation, the -NI treatment had
greatly increased rates of denitrification compared with tﬁe +NI treat- -
ment. The presence of NI appears to have retarded the‘rate of NHu
oxidation of the newly added fertilizer and thus greatly reduced N20
losses.

By inhibiting nitrification ahd prolonging the presence of NHM in
the crop root zone, Terrazole appeared to reduce N losses due to both
leaching and denitrification. These results show that although use of
a NI may slow nitrification, a yield response does not automatically i
follow. The use of NI is most appropriate under conditions with a
potential of ﬁigh N loss due to N03 leaching or denitrification. It
apéears in these two soils that nitrification was inhibited; however,
rates of N fertilization were high enough that crop yields, even with

the lowest residual N, were not affected.

4
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Table 1. Selected physical and chemical characteristics of Arlington
sandy loam and Hanford sandy loam.

Soil pH Organic Ca Mg K Na
series 1:1 soil water carbon Clay  (NHjOAc-extractable)
------- R cmol (p*) kg—!
Arlington 7.3 1.27 10.5 7.8 1.9 0.3 0.9
Hanford 6.8 0.91 6.3 6.3 1.0 0.5 1.2
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Table 2. Influence of irrigation level and Terrazole on N leaf
concentration during the growing season.

‘ Stover Ears
Soil Infiltrated Days after planting
series water NIt 38 70 90 90
em . ——-oILoot- g N/Kge———mm—mmmem
Arlington 55.9 + 47.8 30.5 17.5 18.6
- 48.3 30.4 19.3 17.8
69.0 + u8.2 31.1 18.8 17.6
- 48.3 30.8 17.2 18.0
control¥ 36.3  20.7 9.6 14,1
79.4 + 47.5 29.4 17.7 19.5
- 48.5 32.1 17.6 22.8
L.S.D. 0.05 - 2.1 2.5 2.7 4.0
Hanford 62.0 + 47.2 31.8 18.2 19.8
- u7.7 31.3 16.7 21.4
76.7 + . 46.4 30.9 15.4 20.7
’ - 45.8 31.2 14.6 21.6
control 38.5  18.9 9.4 16.9 -
88.2 + ' 43.9 33.0 19.3 21.1
- 46.0 29.8 18.3 19.6
L.S.D. 0.05 4.7 2.5 4.0 2.2

'TNI, Terrazole.

*Control received 0 kg N/ha.
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Table 3. Influence of irrigation level and Terrazole on ear and
stover yield.

Yield
Soil Infiltrated
series water NIt Ears Stover
cm : kg/ha g/ear kg/ha g/ ear
Arlington 55.9 + 8457 63.9 4087 76.0
- 8993 56 .4 3817 71.0
69.0 + TUTY 64.2 4516  83.2
- 6807 57.8 4696 87.3
control¥ 4168 44,6 2437 45,2
79.4 + 7901 60.4 4874 90.7
- 6709 55.4 4086 76.4
L.S.D. 0.05 1486 14.3 965 17.8
Hanford 62.0 + nous 434 6471 120.3
- 5106 50.7 6292 96. 14
76.7 + 5926 49.6 5484 102.0
- 6237 53.5 6558 121.9
control 1631 23.2 2043 37.7:
88.2 o+ ' 5010  45.4 6309 117.5
- 6319 52,2 4874 90.8
L.S.D. 0.05 1650  11.9 2181 36.3

1'NI, Terrazole.

*¥Control received 0 kg N/ha.
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Table 4. 1Influence of terrazole on nitrous oxide evolution on
Arlington sandy loam

Sampling
date +N1t -NI
(DAP)F emmmmmmmmeee- g N/hr/ha——e——coomocoe-
45 0.6 3.2
k6 0.4 . : 0.8
47 : 0.2 0.3
51 2.9 17.24
52 2.5 6.5
53 1.6 2.0
55 1.8 3.7
56 3.0 | 8.2
59 : 4,7 5.4
60 2.6 9.1

average ’ 2.0 ' : 5.6

7NI, Terrazole.

*DAP, days after planting.
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VIII. SOIL NITROGEN TRANSFORMATIONS AS AFFECTED BY SALINITY

: _1_/
G. McClung and W. T. Frankenberger, dJr.

Department of Soil and Environmental Sciences,
University of California, Riverside, CA 92521

. ABSTRACT

The results presented in this paper reveal that salinity has a
major influence on soil N.transformations. Studies were conducted to
test the effects of Nazsou, NaCl, and CaClz, applied at rates that pro-
duced electrical conductivities of saturation extracts (ECe) of 5, 10,
15, and 20 dS m", on ammonia volatilization, ammonification of urea,
and nitrification in three diverse soils. The effects of salinity on
ammonia volatilization and nitrification varied depending on the N
source, the amounts and types of salts added, and the soils used. In
two of the three soils in which ammonia volatilization occurred, in-
creased salinity promoted ammonia loss (up to a 3.7-fold increase),
however, calcium-reduced NH3 loss of applied urea was observed in one off]
the two soils. There was no apparent effect of salinity on ammonifica-
tion of urea in any of the three soils regardless of the type of salts

added. Generally, increased salinity progressively decreased

1/
‘_'Graduate Research Assistant and Assistant Professor of Soil
Microbiology and Biochemistry, respectively, Univ. of Calif., Riverside.




10
11
12
13
14
15
16
17
18
190
20
21
22
23
24
25
26

27

-184-

nitrification. Appreciable amounts of NO_,"-N (up to 6.8 ug 3'1 soil;

2
3.4% of the total N applied) were recovered in salinized soils. The
percent of inhibition of nitrification ranged from 8 to 83%, varying
among the soils studied as well as the type of salts added. In most
cases, Nazsou was less inhibitory to nitrification than the chloride
salts. Inhibition of nitrification at ECe values of 20 dS m"1 (NaCl)
were as high as 75 and 83% when (NHu)ZSOu and urea were applied to

soils, respectively.
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INTRODUCTION

Salt addition to soils has been shown to be inhibitory to several
microbial processes including enzyme activities, carbon mineralization,
and nitrification. Frankenberger and Bingham (1982) assessed the
levels of soil enzyme activities that had a specific role in the N, C, -
P, and S cycles of saline soils. Soil enzyme activities decreased with
increasing ECe (up to 22 as m-1); however, the degree of inhibition
varied among the enzymes assayed and the nature and amount of salts
added. Laura (1974) reported that the total microbial activity in

soils (as indexed by CO_ evolution) was generally depressed as soil

2
salinity was increased. McCormick and Wolf (1980) reported that NaCl

1 soil significantly reduced nitrifica-

applied at a rate of 0.25 mg g~
tion in a sandy loam soil.

The objective of this study was to provide a comprehensive report
on the effects of Soth chloride and sulfate salts on N transformations
in soils. A substantial amount of applied N fertilizer may be lost
through ammonia volatilization under certain conditions. Studies
were carried out to assess ammonia loss with increasing soil salinity.
Conflicting views have been reported on the effects of salinization on
ammonification. Some researchers (Singh et al., 1969; Agarwal et al.,
1971) have reported an increase in ammonification, whereas others
(Greaves and Lund, 1921; Greaves, 1922) reported a decrease with

increasing salinity. The process of nitrification appears to be

sensitive to the addition of NaCl, but additional studies are needed
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to test the effects of other soluble salts typically found in saline
soils. We report the effects of increasing electrical conductivity with
Na S0y, NaCl, and CaCl2 added to soils on ammonia volatilization,

2
ammonification of urea, and nitrification.
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iliterature, Table 2 shows the required amounts of salts added to soils

MATERIALS AND METHODS

The three soils used in this study were Domino clay loam (fine-
loamy, mixed, thermic Xerollic Paleorthids), Fallbrook sandy claf loam
(fine-loamy, mixed, thermic Typic Hapioxeralfs) an¢ Hesperia sandy loam
(coarse-loamy, mixed, nonacid;lthermic Xeric Torriorthents). The soil
samples were noncultivated surface (0- to 15-cm) samples selected to
obtain a wide range in pH (5.8 to 8.0), organic C (0.28 to 1.65%), and
texture (18 to 29% élay and 43 to Tu% sand).(Table 1). éharacterization
of the soils were conducted on sieved (<2-mm), air-dried samplés.
according to the methods previously described by Frankenberger and
Johanson (1982). |

Transformations of N were studied by using a procedure similar to
that described.by Frankenberger and Tabatabai (1981). in the incubation
experiments, 10 g samples .(on a dry weight eqﬁi&alent basis) of field-
moist soils were plaée in 250-mL (8 6z) French;square bottles and
treated with 1 mL of the appropriate salt soluiion. The treatments of
Nazsou,.NaCl, and CaCl2 produced electrical conductivity levels of 5, 10

15, and 20 dS o™

in saturation extracts (ECe). These salinity levels
were selected to bracket the range encountered in arid and semi-arid
regions. The nonsalinized soil samples had ECe values of 1.2, 1.6,

and 0.3 dS m'1 for the Domino, Fallbrook, and Hespéria soils, respec-

tivély. To allow a comparison of our results to those reported in the

to produce the desired ECe levels. Several investigators have reported

their results in terms of percentagé or weight basis of soluble salis
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added to soils. This method of reporting, however, fails to allow -
comparison of results among different>soils (Laura, 1976). Table 2
shows that the amount of salt required to produce a specific ECe value

for one soll does not produce the same ECe for another soil. There-

t ¥

fore measurements of EC appears to be a suitable method for comparing
the effects or salinity on soil N transformations.

After the salt solutions were added the bottles were stoppered

hy.

and allowed to equilibrate at 25°C for 7 days. The T-day equilibration

“

period was chosen to allow ample time for the soil microflora to adapt

4

to the salinized condltions. Soils were then treated with (NHH)ZSOH op

urea at the rate of 200 ug N 3'1 soil by the addition of 1 mL (Domino,
Fallbrook) or 0.5 mL (Hesperia) of solutions. , The resultant moisture co

-

tents were 65, 57, and 57% of the water holding capacities for the

X4

Domino, Fallbrook, and Hesperia soils, respectively.

v

The French square bottles were then fitted with an aeration device

s

having an acid trap containing 5 mL of 0.5N H,S0, for absorption of the

d

volatilized ammonia; The soll samples were incubated for 13 days at 30

C and aerated for 20 min every 3 days.

. .
o
- . ] e

The ammonia volatilized .was determined by steam distillation of

nor ' " »

NHM+ after the addition of 5 mL of 1N NaOH to the stou (Bremner and

Edwards, 1965). The incubated soil samples uere extracted with 100 ml

-

of 2M KC1, and the extracts thus obtained were analyzed for NHH *_N and

3

NQZ'-N by the diazonium coupling reaction (Barnes and Folkard, 1951).

For the nonsalinized controls, the procedure described for incubationl

e

NO2 - + NO,"-N by steam distillation (Bremner and Keeney, 1966) and for

of N-treated soil samples was followed, but 1 mL of deionized water was

¢

added instead of the salt solutions.

-
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The percent inhibition of nitrification as defined by Bundy and
Bremner (1973) was calculated by (C~-S/C)100 where C is the amount of

NO3'-N produced in the nonsalinized soil and S is the amount of N03'-N

produced in the treated samples,

All values reported are averages of duplicate determinations ex-
pressed on a moisture-free basis. Each soil was treated as a separate

experiment in a completely randomized design.
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RESULTS AND DISCUSSION

Effects of Salinity on Ammonia Volatilization

Increasing salinity promoted ammonia volatilization from the

Domino soil when treated with (NHM)ZSOR (Fig. 1). With the application

of three salts, a 2.5-, 2.U4-, and 2.2-fold increase in NH_ volatiliza-

3
tion was observed at the highest salinity level (20 dS m'1) of Nazsou,
NaCl, and CaClZ, respectively. Volatilization of NH3 from the (NHM)ZSOM

treated Hesperia soil increased only slightly with increased salinity

(Fig. 1).
Figure 2 shows the effects of salinity on NH3 volatilization from
the Domino and Hesperia soils treated with urea. Similar levels of

NH3 loss were observed from the Domino soil when treated with both N
sources. Increased salinity promoted NH3 volatilizatiop from 4% of the
applied»urea—N in the nonsalinized Domino soil to 12, 15, and 13% when
salinized to 20 dS m™' with Na,S0,, NaCl, and CaCl,, respectively.
Appreciable amounts of NH3 were evolved when the Hesperia soil was
treated with urea (Fig. 2). The amount bf N lost through NH3 volatili-
zation in the nonsalinized Hesperia soil was 81 ug g'1 soil (40.5% of
the total N applied). With increasing amounts of Na,S0,, there was a

progressive increase in NH, volatilization. Up to 58% of the total N

3
applied was lost at the 20 dS m™ EC_ level. There was a slight

increase in NH3 loss with increased NaCl treatments up to 45% of the

total N at the higheét salinity level. However, all levels of CaCl2

added resulted in decreased NHR voiatilization by 8.5;9.5$
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compared to the nonsalinized Hesperia control. Our results support the
work of Fenn et al. (1981) who suggested that Ca-reduced NH3 vola-

tilization of applied urea occurs when the carbonate lon of ammonium carg
bonate (formed during urea hydrolysis) precipitates as CaCO3 in the

presence of CaCl_ as shown by the following reactions:

2

urease
NH?_CONHZ —H————> (Nau)2c03
20

(NH,),CO, + CaCl, —3 CaCO3 L + 2 NH,C1
The resulting product, ammonium chloride, is a weakly acidic compound
which is less conducive to NH3 loss.

Ammonia volatilization that occurred in the Domino soil can most
likely be attributed to the high initial soil pH 8.0, and possibly com-
petition for exchange sites imposed by the added cations. It would
appear that the buffering capacity of the Domino clay loam (CEC = 16.8
cmol [NHM+] kg"1 soil) was sufficiently high to prevent appreciable loss|
of NH3 that would be expected to occur with increased soil pH upon urea
hydrolysis. Apparently, the low buffering capacity of the Hesperia
sandy loam (CEC = 6.6 cmol [NHII+] kg'1 soil) was not great enough to
avoid the rise in soil pH accompanied by urea hydrolysis, and conse-

quently, NH_ loss was greater with urea than with (NHM)ZSOH as the N

3
source. Ammonia volatilization from the Fallbrook soil was € 1% of the
applied N regardless of the N source or salt treatments. The Fallbrook

sandy clay loam was not conducive to NH3 volatilization because of

its acidic pH and high buffering capacity (Table 1).
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Effects of Salinity on Ammonification

There was no apparent effect of salinity on ammonification of urea
in any of the three soils studied regardless of the type or amount of
salt added. Our results confirm the work of Singh et al. (1969),
Broadbent and Nakasha (1971), and Westerman and Tucker (1974) who
reported that ammonification is less sensitive to salinity than nitri-
fication. Furthermore, Laura (1974) found no inhibition of ammonifica-

tion when soil was treated with 5.1% of CaCl, and NaCl salts.

2

Effects of Salinity on Nitrification

Increased addition of Nazsou up to an EC, of 20 dS m"l had no
effect on nitrification of the applied (NHu)zsou or urea-N in the

Domino clay loam as evident by the NHu+-N and N03'-N contents (Fig. 3).

1l

The slight decrease in NO_ -N recovery at 15 and 20 dS m ~ was apparent-

3

3—N loss. In contrast, the chloride salts of both sodium

and calcium markedly inhibited nitrification at Ece levels of 15 and 20

ly due to NH

ds m"1 in this soil. Our results support the wobk of Johnson and Guenzi
(1963), Sindhu and Cornfield (1967), Agarwal et al. (1971), and Heilman
(1975) who reported that chloride salts were more inhibitory to nitrifi-
cation than sulfate salts. Also, this study showed that in most cases,
nitrification was inhibited moreso by CaCl2 than the NaCl treatment whic
is in good agreement to that reported by Westerman and Tucker (1974).
Nitrification of ("Hu)zsou was inhibited by 57 and 68% when NaCl and

CaClz, respectively, were added to the Domino soil at an Ece level of

20 ds ot (Fig. 3). In comparison, nitrification of the Nﬂu+ released

upon urea hydrolysis was inhibited by 41 and 64% when the Domino soil
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was salinized (20 dS m'I) with the same respective salts (Fig. 3.).
Similar effects of NaCl treatments on nitrification have been reported
by other investigators. McCormick and Wolf (1980) found that the ad-
dition of 0.25 mg NaCl g’l soil significantly reduced N03'-N levels in a
sandy loam, but nitrification was not completely inhibited until 10 mg
NaCl g'l soil was added. Sindhu and Cornfield (1967) reported that NaCl
applications of 0.5 to 1.0% completely inhibited nitrification.

In the.Fallbrook sandy clay loam soil, Nazsou was less inhibitory
to nitrification of (Nﬂn)236u when compared to the NaCl and CaCl,
treatments (Fig. 4). The magnitude of inhibition by NaCl and CaCl2 was
somewhat less than that observed with the Domino soil. Inhibition of

1 was 17, 39, and

nitrification of (NH,),SO, at an EC, level of 20 dS m
369 with the addition of~Nazsou, NaCl, and CaClz, respectively.

Figure 4 also shows the effects of salinity on NO3'-N reéovery in
the Fallbrook soil treated with urea. Inhibition of nitrification was
evident at all EC_ levels above 5 dS n~l. The addition of Na_SO, was
less inhibitory to nitrifiqation of urea-N than the chloride salts at

1. The percent inhibition of nitrifi-

EC, levels of 5, 10, and 15 dS m

cation for the Na,S0,, NaCl, and CaCl, treatments at 20 dS nt in

the urea-amended Fallbrook soil were 54, 5S4, and 46%, respectively.
Nitrifiéation occurred slowly in the nonsalinized Hesperia soil as

évidenéed by high NHu+-N recovery when treated with both (NHR)ZSOR and

urea (Fig. 5). Approximately 10 to 35% of the (Nﬂu)zsou was nitrified

in the salinized Hesperia soil during the 1li-day incubation. With in-

creased salinity, there was a slight progressive decrease in nitrifica-

tion of (NHu)zsou. The Na,SO, treatment, again, was less inhibitory to
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nitrification at the lower salinity levels than the chloride salts

(Fig. 5).
Increased salinity resulted in decreased nitrification of urea-N
in the Hesperia soil as evident by the low NO_"-N recovery (Fig. 5).

3
The NaZSOu treatment was, again, slightly less inhibitory to nitrifica-

tion than the chloride salts. The percent inhibition of nitrification

of applied urea-N ranged from 30 to 76%, 39 to 83%, and 40 to 81% with

1

increased ECe levels from 5 to 20 dS m = for the Nazsou, NaCl, and

CaCl2 salts, respectively.

The NHu+-N levels in the urea-amended Hesperia soil varied greatly
depending on the type of salt added as recovery was affected by the
amount of N lost through volatilization. There was more NH3 volatilized

with increasing Nazsou than with the CaCl, treatment (Fig. 2). Con-

2
sequently, less NHu+-N was available to be nitrified in the Nazsou
treated Hesperia soil.

2
in the three soils treated wi;h (NHM)ZSOH and urea. With (Nﬂu)zsou,

Table 4 shows the effects of salinity on the NO. =N accumulation

there were relatively low levels of NOZ'—N (0.1 to 2.5 ug 3'1 soil)

without any-consistent trend of accumulation with increased salinity in
any of the three soils.

Recovery of NOZ'-N was frequently higher in soils treated with ureg
(Table 4). Nitrite oxidizers are sensitive to low concentrations of

NH Both high soil pH and low buffering capacity would promote NH. -

3° 3
loss from soil. In the urea-amended Fallbrook soil, in which little NH

volatilization was observed, the recovery of NOZ'-N was always < 0.4 ug
g soil. The Fallbrook soil had an initial low pH and high buffering

capacity (Table 1) which are not conducive to NH, volatilization. Up tg

~a
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15 and 58% of the applied urea-N was lost as NH3 from the Domino and
Hesperia soils, respectively, at the highest salinity level (20 dS").

There were some relatively high NOZ'-N levels in the salinized Domino

soil treated with urea at the 15 and 20 as™! ECe levels, particularly

with the sodium salts. The highest level observed, 6.8 ug NOZ'-N 3-1

soil, accounted for 3.4% of the total N applied. Appreciable amounts of

NO,"-N (1.3 to 4.8 ug g~

treated with urea. Perhaps the NH3 released in the Domino and Hesperia

soil) were also observed in the Hesperia soil

soils was inhibitory to the nitrite oxidizers.
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CONCLUSIONS

The addition of salts to soils had no apparent effect on ammonifi-

cation of urea, but greatly affected both NH_ volatilization and nitri-

3
fication of (NHH)ZSOH and urea. In the two soils that were conducive

to NH3 volatilization, increased salinity enhanced NH3 loss. There was

one exception where a Ca-reduced NH3 loss of applied urea was observed.
The inhibition of nitrification from salt addition ranged from 8 to 83%
and varied among the soils used as well as the type of salt added.

Generally, Nazsou was less inhibitory to nitrification than either NaCl

or CaClz. Appreciable amounts of NOZ'-N accumulated in two of the

soils, particularly when urea was applied as the N source at the higher

salinity levels. The acidic Fallbrook soil with a high buffering capa-

city showed little NH, loss or N02°-N accumulation with salt addi-

3
tion whereas the Hesperia soil with a neutral pH and low CEC showed sub-

stantial NH3 volatilization and high NOZ'-N levels, Nitrite-N recovery

was greatest in the calcareous Domino soil treated with the highest

levels of Nazsou

properties should be carefully considered with the application of

and NaCl. The results of this study indicate that soill

ammoniacal fertilizers on salinized soils.
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TABLE 3

Initial and final pH values of the salinized solls treated with (NHn)zsou or urea.

Fallbrook Hesperia

Domino

Soil

(Nﬂu)zsou

Soil

(Nﬂu)zsou

Soil

(NHu)ZSOu

Urea

Urea

Urea

1

EC
ds &

Treatment

Initial pH

7.0

5.8

8.0

7.2

5.8

5.4

4.8

7-2

T.1

Nonsalinized
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Figure 1. Effects of salinity on ammonia volatilization from the

Domino and Hesperia soils treated with (NHH)ZSOH' ~



120

-205-

——-"‘A
. "_’_‘ér""—
- ’ ’—"_,ZY"’.’
‘::::::: e o——— —_— - ——— -
N\
N
~
S
~N
N \\T)—"' e = ———— — O———— -0
6 CaClsp ——= HESPERIA SOIL
| O NaCl — DOMINO SOIL
A Nap2SOgq
i m
| 1 | |
S 10 15 20

EC, (dSm™)

Figure 2. Effects of salinity and ammonia volatilization from the

Domino and Hesperia soils treated with urea.
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D. Cooperation

The cooperation between the parties involved in this project was mainly
in exchange of information and ideas and discussion of experimental results
which took place mostly during meetings in Riverside and in Bet Dagan.

Nitrogen transformations in soil have been investigated by all parties
but the general objective of the project has been divided into two main
lines: The transformation of fertilizer N under different irrigation and
fertilization practices or salinity of water added to soils was the main
subject studied by the Riverside group. The Israeli group concentrated on
studying the rate of soil N mineralization and nitrification as affected
by soil depth and soil types receiving different previous agricultural

management.
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E. Benefit to Agriculture

Basic know]edge on N transformation rates and its dependence on soil
properties enables the prediction of nitrogen behavior in soil under
different agricultural practices. Decisions to apply the proper amount
- of fertilizer, at the time it is required, are greatly improved when the
contribution of available N from different soil layers, as a function of
time, can be estimated by means of a chemical extract or a quick biological
assay. The distribution of ammonium and nitrate with time and depth
depends on the rate of nitrification, which has been investigated in
different soil profiles as a function of soil properties and agricultural
practices. Fertilizer use can be improved, minimizing NH4 less by vola-
tilization and NO3 Toss by leaching or denitrification, when knowing the
NH4/N03 distribution and its effect on soil For instance, urea ammonium
nitrate applied by drip irrigation decreased soil pH, which might reduce
NH4 volatilization in alkaline soils and inhibit nitrification in neutral

or acidic soils.
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