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Abstract

In a study on the accumulation of nitrate nitrogen in plants, turnip, rape, oats, Italian ryegrass,
Westerwolths ryegrass, carrot and spinach were used. During growth the production and distribution
of dry matter and the contents of total N and NO, -N were measured. NO, accumulation occurs when
the N uptake exceeds assimilation. The uptake was largely dependent on N supply and plant species,
whereas the conversion was closely associated with production and distribution of dry matter.
Leaf blades contain high organic N and low NO, concentrations. The activity of the nitrate reductase
was mainly located in leaf blades. This activity was highest in a young immature leaf and was lower the
older the leaf. Production of leaves affected the NO, conversion considerably. During the growth
period a gradual decrease of the conversion took place per unit dry matter produced, because of a
smaller demand for proteins. The total N content in the dry matter, above which NO, accumulation
takes place, was high in a young plant, but decreased during growth, whereas an increasing part of the
extra NO, absorbed accumulated simultaneously. Turnips accumulated most NO,, because of their
high N uptake. Other plant species could also reach NO, levels that are toxic for cattle. In rape and
Italian ryegrass this is caused by a high N uptake, in oats and carrot by a poor conversion.

Key words: plant age, leaf age, plant parts, dry matter yield, nitrogen content, nitzate content, nitrogen
uptake, nitrate accumulation, nitrate assimilation, nitrate reductase activity.
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1 Introduction

Much research has been done in the last 30 years into the occurrence of NOj in plants
and the circumstances under which accumulation takes place. Presence of NO; in plants
is important for two main reasons. On the one hand, a large quantity of NO; in plants is
undesirable, because it is poisonous to humans and animals, but on the other hand, the
presence of NOj; in the plant is desirable as an indication of a good supply of nitrogen.

In the Netherlands, high contents of NO; in stubble turnips have caused recurrent signs
of poisoning in cattle since 1966 (Te Velde, 1967). In the USA, this symptom was already
known, particularly in oats, under the name of oat hay poisoning (Gilbert et al., 1946).
Symptoms of poisoning in babies caused by too high contents of NO; in spinach have
also been recorded. However, for a maximal production of dry matter an optimal
N supply is necessary and this is coupled with a degree of NQ, accumulation in the plant.
In field conditions, grasses reach a maximum yield of dry matter only if the content of
NO;-N is at least 0.14% in the crop (Van Burg, 1965).

Accumulation of NO; takes place if uptake of NOj; is surplus to the requirements
necessary for production of dry matter. Because NH, and NO, occur in plants only in
negligible quantities, the accumulation of NO; in the plant can be given as the difference
between the quantities of total N (=N,) and organic N (= org. N).

The content of NOj in the dry matter is the difference between uptake and conversion
of NO; per unit of dry matter and depends therefore on all those factors which influence
these three processes. In many investigations the content of NO; only was measured,
which does not provide enough information to solve the problem of the accumulation of
NOj; in plants and crops. The aim of this research therefore was a closer investigation into
the accumulation of NOj in plants using the production of dry matter in particular as the
determining variable. By means of these productivity studies, supplementary information
was obtained to explain accumulation of NOj. The extend to which special arable crops
accummulated NO; and the circumstances in which this accumulation occurred were also
investigated.

The experiments carried out related te the influence of plant species and nitrogen
fertilization on the nitrate accumulation, Effects of factors such as light, temperature and
drought were not studied separately, but some information on the influence of climate
was obtained by carrying out the trials in different seasons.




2 Review of the literature

The total of N compounds in the plant is often summarized by the term crude
proteins. The majority of these are organic compounds, such as proteins,
aminoacids and amides. Also included are small quantities of a large number of com-
pounds active in the physiology of the plant. Of the inorganic compounds represented
in the crude protein fraction NO, and NHy are only present in small amounts (McKee,
1962; Suzuki & McLeod, 1970). On the contrary, NOj is shown to be found in large
quantities in plants.

Nitrogen is an essential component of proteins. The function of proteins is versatile as
enzymes which are necessary in the numerous physiological processes for maintenance
and further development of the plant. Moreover, proteins can be stored in the plant as a
reserve.

Dry matter production in the plant is ~losely related to nitrogen metabolism. Maxi-
mum production of dry matter requires a sufficient supply of nitrogen and sufficient
carbohydrates for the efficient conversion of NO; to protein. The content of NO3, being
a ratio between the quantity of NOj; and the quantity of dry matter, will be dependent
on those factors which influence the production of dry matter. This chapter will deal
firstly with the production of dry matter and secondly with the uptake and conversion of
NO; as determining factors in the accurnulation of NQO,.

2.1 Production of dry matter

The production of dry matter is determined to a high degree by the difference
between photosynthesis and respiration. Factors which have different effects on photo-
synthesis and respiration will influence the production of dry matter. The most important
factors are light intensity, temperature, nutrients and water. Photosynthesis is largely
determined by light intensity and temperature (Gaastra, 1962), but is also influenced by
the availability of nutrients (Bottrill et al., 1970; Natr, 1972) and water (Baker &
Musgrave, 1964; Murata et al., 1965). Respiration is strongly dependent on temperature
{Murata & Iyama, 1962). An increase in light intensity leads to an increase in dry matter
production, but temperature may increase or decrease dry matter production as each
plant species reacts to an optimal range. Under field conditions the production of dry
matter mainly depends on water and nutrients. Drought brings the production of dry
matter to a halt (Deinum, 1966; Flynn et al., 1957). Shortages of the major nutrients
nitrogen, phosphate and potassium severely restricts the production of dry matter. It
should also be noted that shortages of other nutrients, both macro and micro elements,
can cause considerable yield depressions.

In general, the pattern of production of dry matter during the growing period can be
represented by a S-shaped curve (Fig.1). In the beginning most of the assimilates
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produced is used in the production of leaves. After that, a growing share of the dry matter
is put into other parts, which brings about a decrease in the share of weight of leaves in
the total dry matter production. External factors also influence the distribution of dry
matter. According to Brouwer (1962} the distribution of dry matter between shoot and
root in perennial ryegrass is based on a functional equilibrium reflected in a constant
shoot/root ratio, found for each separate set of external conditions.

2.2 Uptake of nitrogen

Sufficient supply of N is necessary for a maximal production of dry matter. In general,
it can be stated that for the production of one kg dry matter, 15—30 grammes of N, are
required. This means a requirement of about 250400 kg of nitrogen for an annual yield
of dry matter of 15 tons/ha.

The uptake of nutrients depends on the activity of the root system. As the plants get
older, the roots get a corky covering which restricts the uptake of water and nutrients, A
good supply of carbohydrates permits continuous root growth, maintaining a young root
system and thus giving a greater nutrient uptake capacity. Cessation of root growth leads
to ageing of the root system and to a lower uptake capacity {Brouwer, 1968).

Generally, plants absorb nitrogen guickly. Under favourable growth conditions a large
uptake of nitrogen is found especially shortly after nitrogen fertilization in an early stage
of development, In wheat, Italian ryegrass and kale (Spratt & Gasser, 1970b), it was
found that most of the nitrogen was absorbed in the first stage of development of these
crops {Fig. 2). The uptake of N subsequently increased less, because of exhaustion of
N supply in the soil, eventually falling behind the production of dry matter. The effect of
this was a gradual decrease of the N, content.

The uptake of nitrogen by plant roots takes place almost exclusively in the form of
NO; and NH4. Under field conditions uptake of NO; will dominate, because NH, -based
fertilizers undergo nitrification in the soil. Trials with wheat and grasses have showed that
the presence of NO; in the plants after fertilization with (NH,), 80, had to be accredited
to nitrification of NH, (Nowakowski & Gasser, 1967). The high content of NO; after
application of ammonium sulphate in experiments of Balks & Plate (1956) can be ex-
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plained in the same way.

In general the uptake of nitrogen. as the level of fertilizer increases, can be represented
by a saturation curve {Kreil et al., 1965). Figure 3 shows, that the yield of dry matter as
well as the N uptake increases with increasing nitrogen levels up to 400 kg/ha. With
further increase of N application, up to 600 kg/ha, only the N uptake increases still
further. It can be deduced from the shape of both curves that the more nitrogen is
applied, the higher is the N; content. Similar results with various plant species have been
described by others.

The N uptake is the highest under favourable growth conditions, just as is the
production of dry matter, Both are being influenced by almost the same factors such as
light intensity, temperature, supply of water and minerals. The production of dry matter
in general is influenced more strongly by these factors than the uptake of nitrogen is;
application of nitrogen, however, influences the N uptake morte than the dry matter
production. In better growing conditions with sufficient N supply the production of
dry matter increases relatively more than the N uptake, whereas in poorer conditions the
production of dry matter is more affected than uptake, The effect of this is a decrease or
increase of the N, content respectively.

Under circumstances of low light intensities the plant has a high NO; content, but a
small total N uptake and a small dry matter yield (Alberda, 1965; Bathurst & Mitchell,
1958; Deinum & Dirven, 1967; Nowakowski & Cunningham, 1966). With increasing light
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intensity the production of dry matter increases relatively more than the N uptake, so
that the N, content decreases.

The uptake of NO; is also strongly influenced by temperature (Lycklama, 1963). In
experiments with perennial ryegrass on hydroponics under artificial conditions, Alberda
(1965) found a steep increase of the nitrogen uptake with increasing temperature up to
25° C. In this experiment an increase of the N, content was found, because the N uptake
increased more than the dry matter production. However, in general it appears that
rajsing the temperature to its optimum increases the production of dry matter more than
the uptake of N, resulting in a lower N; content (Colman & Lazenby, 1970; Deinum,
1966; Younis et al., 1965). A rise in temperature also stimulates mineralization in the
soil, so that more nitrogen is made available for the plants (Nielsen & Cunningham,
1965).

Shortages of nutrients {Adams & Sheard, 1966; McLeod & Carson, 1969) and water
(Deinum, 1966) restrict uptake of nitrogen. Low yields of dry matter with a high N
content are often found together with shortages of minerals, except for nitrogen deficien-
cy. Conversely a more generous supply of nutrients and water leads to a higher N uptake,
but a lower N, content, due to a stronger increase of the production of dry matter.

2.3 Conversion of nitrate nitrogen

For the building of organic N compounds the absorbed NO; is firstly reduced to NH;
Transformation of NO; into NH; is accomplished in a series of reduction reactions,
which can be represented in simplified form as follows (McKee, 1962; Richter, 1969):

NO,~ 2.,

NO,~ —2&> HNO -2, NH,0H -2, NH,

The intermediate products and the necessary enzymes are not yet completely clear.
This reduction of NO; to NHj is also subdivided as follows (Beevers & Hageman, 1969;
Hewitt, 1970):




1. NOjy reduction: NO3 ™ — NO; under influence of enzyme nitrate reductase

2.NQ; reduction: NO,”—— NH; under influence of enzyme complex nitrite
reductase
The reduction of NQOs is the rate limiting step and determines the rate of the NO;
conversion. In this reduction the negative nitrate ion is changed into non-organic nitro-
gen. The negative charge is transferred to a newly formed organic anion or carboxylate
{Dijkshoorn, 1962). During the conversion the nitrates are replaced by carboxylates as
follows:

K*‘ N03_+8H —_— K++OH_+2H20+(NH3)
CO, 7+OJ-71‘ +”RH —— RCOO™ +H,0

K'NO,” +8H+C0; +RH — —» K RCOO™ +3H,0 +(NH,),

where (NH;) represents the org. N and RH is a metabolite, which is transformed into
carboxylate (RCOO™) by carboxylation.

For a good nitrogen metabolism in the plant, it is important, that enough NO; is
available in those parts of the plant in which intensive NO; reduction can take place. In
that case the possibilities are available for optimal NO, conversion, by which the
production of organic nitrogen is stimulated and the accumulation of NO; is reduced
accordingly.

Transformation of NOj takes place in ali parts of the plant (Sanderson & Cocking,
1964a, 1964b; Wallace & Pate, 1965). Under circumstances of sufficient availability of
nitrogen, much NO; is reduced in the leaves. This was found by measuring the activity of
the enzyme nitrate reductase (NRA). Light activates NRA to 2 high degree (Hageman et
al., 1961). Furthermore, it appears that the activity of the enzyme is genetically defined
(Bowerman & Goodman, 1571).

Accumulation of NQ; or limited reduction of NQ; is often associated with deficien-
ces in a number of micro-elements which are indispensable in the enzymatic reduction
reactions. This is most clearly evident in the cases of molybdenum and manganese
(Hewitt et al.,1949; Mulder et al., 19359), but also to a lesser extent of iron, copper and
zinc (Kessler, 1964; McKee, 1962).

The distribution of org. N in the various parts of the plant is very different. High
contents of org. N are found in the leaves (Dilz, 1964; Houba, 1973). The content is
considerably lower in other parts of the plant, such as roots, stems and storage tissues.

In his experiments with perennial ryegrass Alberda (1965, 1968a) determined the
maximum content of org. N in herbage, stubbles and roots with high N application. In
herbage the upper level of organic nitrogen achieved a value of 3% N in the dry matter.
Research with Italian ryegrass (Darwinkel, unpublished data) also indicated maximal
org. N contents in herbage, stubbles and roots (Fig. 4). This experiment was carried out
with three N levels and two light intensities. The maximum content of org. N in leaves
was found to be related to the age of the tiller. In leaf blades of clder tillers the content
of org. N was significantly lower than in those of the younger tillers.

A clear influence of the age of leaves on the content of org. N was also found in oats
{Dilz, 1964) and sugar-beets (Houba, 1973). In the youngest leaves, the content of
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org. N was significantly higher than in the older leaves.

It can be deduced from this review that the production of org. N is dependent on the
total yield of dry matter and on the distribution of the dry matter. Conversion of NO,
decreases as the plant develops, and an increasing share of dry matter yield consists of
older plant parts with lower org. N contents. From data of Van Burg {1962, 1970) it can
be deduced that for the same high content of NOj;, the content of org. N is considerably
higher in grass cut in a young stage than cut in an older stage.

2.4 Accumulation of nitrate nitrogen

Accumulation of NO; in the plant occurs when the uptake of NO; exceeds its
conversion. The influence of a factor on the NO; accumulation depends on the extent to
which this factor influences uptake and conversion.

Conversion of NO; is linked with the processes of synthesis and transformation of
organic matter, and is not or only slightly influenced by the NO; content, as long as this
is above a certain minimum level. The accumulation of NOj, being the difference
between uptake and conversion, will be determined to a high degree by the amount of the
NO; uptake. The quantity of NO; in the plant per unit dry weight is reflected in the
NOj; content of the dry matter.

From the relationship between contents of N; and NO, in grasses (apGriffith, 1960)
as shown in fig. 5 and also from experiments with thousand headed kale and rape
(apGriffith & Johnston, 1961), it can be deduced, that below a N, content of 3% only
little NO3 occurs in the plants. Similar results were obtained by Alberda (1965) with
perennial ryegrass. Peterson (1968) found in tobacco leaves, that -any increase of N,
content above 3% consisted mainly of an increase of the NO; content. From nitrochores,
introduced by Van Burg (1962), it can be deduced that the relationship between N, and
NOj; content depends on the age of the herbage. At a same NOj content, the N, content
in herbage, harvested in a young stage of growth is considerably higher than harvested in
an older stage.

In review articles, Becker (1967), Nienstedt (1967) and Wright & Davison (1964)
described the factors which influence the NO; content. In general their results indicate
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that high NO; contents are specially found in circumstances which stimulate the NO,
uptake or reduce the production of dry matter.

Accumulation of NOj is closely linked with N supply to the plant from the soil. This
supply is strongly connected with the fertility of the soil {Lovelace et al., 1968), and is
also influenced by previous crops {(Hanway & Englehorn, 1958), a fallow period (Kretsch-
mer, 1958) and mineralisation (Nowakowski & Cunningham, 1966).

High fertilizer nitrogen gifts leads to accumulation of NO3 {Alberda, 1965; Balks & Plate,
1956; Blanc, 1959; Van Burg, 1965; Deinum, 1966; apGriffith, 1959; Murphy & Smith,
1967). The NO; content increases shortly after the application of nitrogen, followed by a
gradual decrease during the growing period (McCreery et al., 1966; Nisberger & Fessler,
1968; Te Velde, 1967). Although plants fertilized with NO; have significantly higher
NG5 contents (Balks & Plate, 1956; Van Burg, 1965; Nowakowski, 1962), after fertiliza-
tion with NH4 considerable quantities of NO; can alse occur in the plant, because of
nitrification (Dijkshoorn, 1960; apGriffith & Johnston, 1961).

Differences in NO; accumulation have been found between plant species (Brown &
Smith, 1966; Gilbert et al., 1946; Lichenow, 1971) and also between plant varieties
(Barker et al., 1971; Gul & Kolp, 1960). The following plant families are reckoned to
belong to the NO; accumulating group: Amaranthaceae, Chenopodiaceae, Compositeae,
Convulvulaceae, Polygonaceae, Solanaceae, Gramineae and Cruciferae by Kingsbury
{1958) and Wright & Davison (1964). Distinguished as NO; accumulators among the
Gramineae, are: oats, maize, rye, wheat and barley; and as non-accumulators timothy,
brome-grass and cocksfoot (Crawford et al., 1961).

Especially high NO; contents are found in grasses in the year of sowing (Thomas &
Willemsen, 1971). According to Kretschmer (1958) high NO; contents occur especially in
annuals, In pot experiments with the perennial grasses, perennial ryegrass and meadow
fescue Balks & Plate (1956) found a high NO; content in the first cut after sowing. The
NQ; content in the second cut was lower and even more so0 in the third one.

In research in the United States, occurrence of high NO, contents in field crops is
often related to drought (Muhrer et al., 1955). In investigations on the effect of drought
on the NO; content higher NOj contents were observed by Deinum (1966} and Flynn
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et al. (1957) but not be Wright & Trautman (1962).

High NOj; contents are often recorded in late summer and in autumn (Carlier &
Cottyn, 1971; Te Velde, 1967), and may be related to lower light intensities at that time
of the year.

Accurnulation of NOj is highest under favourable growing conditions, just as the
uptake is (Deinum, 1966; Nowakowski & Cunningham, 1966), but the nitrate content is
low because of a high dry matter yield. Under unfavourable growing conditions a high
NO; content is often found in association with small dry matter production.

High NO; contents are found especially at lower light intensities (Alberda, 1965,
Bathurst & Mitchell, 1958; Deinum, 1966; Nowakowski & Cunningham, 1966; Scharrer &
Seibel, 1956). The influence of temperature is less clear. Alberda (1965) and Bathurst &
Mitchell (1958) found a higher NO; content at increased temperature; Deinum & Dirven
(1967) and Younis et al. (1965) did not find a clear connection between temperature and
NO; content.

The influence of other nuirients on the NO; accumulation has been investigated
repeatedly, but did not always give similar results. In general, higher NO; contents are
found under conditions of mineral deficiencies (Hewitt, 1970). This is seen most clearly
in cases of deficiencies in molybdenum and manganese (Hewitt et al., 1949; Liebenow,
1972), but also in association with shortages of phosphorus (Scharrer & Seibel, 1956), of
potassium (McLeod & Carson, 1965), of sulphur (Adams & Sheard, 1966) and boron
(Hulewisz & Mokrzecka, 1971). In wheat seedlings, however, Harper & Paulsen (1969a,
1969b) found higher NO; contents, only in cases of deficiencies of molybdenum,
manganese or boron,

Fairly soon after its application NO, is found in almost all organs of the plant. High
NQ; contents are found in stems, petioles and midribs, whereas leaf blades contain rather
low contents (Crawford et al., 1961; apGriffith & Johnston, 1961; Pimpini et al., 1970).
According to Pate (1971} transport organs have a storage function for soluble N com-
pounds. From these organs, the NQj; is transported to the leaf blades, where the
reduction takes place.

Differences in NO; contents also exist between leaves of one and the same plant. The
content is considerably higher in older leaves than in the younger ones (Pimpini et
al.,, 1970). Kelley & Ulrich (1966) arranged sugar-beet leaves according to age and
found a steep increase of the NO;. content with increasing age of the leaves. Most of the
NO; was present in the oider leaves. Data of Coic et al. (1972) and apGriffith
& Johnston (1961) were not in agreement with these results, possibly because
applications of nitrogen were relatively low.

In many plants little or no nitrate is found in organs in which assimilates are stored.
Hardly any NO; was available in the seed of small grains {Crawford et al., 1961; Dilz,
1964}, maize (Walsh, 1971), potatoes, beans (Maynard & Barker, 1972) and in the head
of cauliflower, (Pirnipini, Vetter & Wiinsch, 1970) notwithstanding high NO, contents in
other parts of the plant.

In literature, plant families and species are distinguished on the basis of recorded NO,
contents in accumulators and non-accumulators (Crawford et al., 1961). A straight-
forward explanation of these differences in nitrate accumulation found cannot be given,
as the production of dry matter and the uptake of nitrogen are often not known. Only by
knowing about all these factors a better explanation can be given for the differences in

9
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data of Van Burg (1970).

nitrate contents between plant species.

Accumulation of nitrate nitrogen is illustrated in Fig. 6a with increasing N applica-
tions. The patterns of dry matter production and of nitrogen uptake, which are also given
in the figure, enable a clear picture of the relationships between these components and
nitrate accumulation to be obtained. In grasses it seems that the production of dry matter
achieves a maximum; the production does mot increase any more beyond a certain
N application. N uptake, on the contrary, keeps on increasing with fertilization. Where, in
Fig. 6a, the production of dry matter does not increase any further, the surplus N uptake
is largely not being converted into organic compounds, but is stored as NOy.

In Figure 6b, N uptake is plotied on the abscissa, using the same data as in fig. 6a. In
this graph it is now shown that once the maximum dry matter yield is reached about 75%
of the extra Nuptake is accumulated as NO; and only 25% is fixed as organic N. This
ratio is fairly constant from this point onwards.

By means of this method of graphic representation it is possible to register closely the
effects of plant species and external conditions. This way of representation will also be
used to discuss the causes of differences in nitrate accumulation in Chapter 4.
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3 Research

In this research into the accumulation of nitrate nitrogen in crop situations much
attention has been paid to influences of plant species, nitrogen fertilization and season on
the pattern of dry matter production and the uptake and conversion of nitrate nitrogen.
Separately grown plants were used to study in more detail the distribution and reduction
of nitrate nitrogen.

The research was carried out in 1969, 1970 and 1971 and included field trials as well as
indoor experiments. All trials were carried out on the experimental fields and in the
greenhouses of the Department for Field Crops and Grassland Husbandry of the Agricul-
tural University at Wageningen.

In the field trials, the dry matter yield, the nitrogen uptake and quantity of org. N
were periodically determined, so that the accumulation of NO; in the plant could be well
studied during the growing period. The data of the periodical harvests contributed towards
a better interpretation of the results of the final harvest. Conversion and accumulation of
NO; were looked at more closely in indoor experiments to obtain a better insight into
the nitrogen metabolism of the plant. In these experiments the activity of the enzyme
nitrate reductase was also measured.

The material harvested during the growing period was separated into a number of plant
parts in which the quantities of dry matter, N;, org. N and NG, -N were determined. In
this way it was possible to study the changes in the distribution of these components
during the growing period. With these data a better interpretation can be given for
differences in NO, accumulation found at the final harvest.

In this research, the stubble turnip (Brassica campestris L. Var. rapa (L.) Hartm.) had a
central place because of its strong NO; accumulating character. Oats (Avena sativa L.)
(Bradley et al., 1939) and spinach (Spinacia cleraceae L.} (Van Burg et al., 1968; Nicolaisen
& Zimmermann, 1968) were chosen in connection with high NO; contents found in these
species. The following species were added for reasons of comparison: rape {Brassica
napus L. ssp oleifera (Metzg.) Sinsk.), Italian ryegrass (Lolium multiflorum Lam.), Wester-
wolths ryegrass (Lolium multiflorum Lam.) and carrot (Daucus carota L.).

3.1 Implementation of the research

The research was started in the spring of 1969 with a field trial in which NO;
accumulation was investigated in a number of plant species. After that, several aspects of
NO; accumulation were studied in various field and indoor experiments. A review of the
experiments which were carried out, is given below:

Experiment I: field trial, carried out in early summer — comparative research into the
accumulation of NOj in turnip, rape, oats, Italian ryegrass and carrot in relation to
different nitrogen applications.
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Experiment II: field trial, carried out in autumn — effect of nitrogen ferilization on the
NOj; accumulation in two plant densities of turnip and also in Italian and Westerwolths
TYegrass.
Experiment I field trial — effect of the distribution of dry matter on the conversion
and accumulation of NQ; with three turnip varieties.
Experiment IV field trial — as experiment III with Italian and Westerwolths ryegrass.
Experiment V: indoor trial — research into the distribution of organic N and NO; in the
turnip.
Experiment VI: indoor trial — research into the redistribution of N and the Jocalisation of
the NO; reduction during the development of the turnip.
Experiment VII: indoor trial — 1esearch into the reduction and accumulation of NOjy in
Italian ryegrass, oats and spinach (comparison with experiments V and VI with the turnip).
In the field trials, all plant species were sown in rows at a distance of 20 cm and
N fertilization took place with nitrate of lime (Ca(NO3),). Also in the indoor experi-
ments, nitrogen was applied in the form of NO;. In all trials, the other nutrients were
applied in sufficient quantities,
More extensive information on the implementation of the experiments are given in
section 3.3, where the results of the experiments are presented.

3.2 Methods of analysis

The plants from the field trials as well as the indoor experiments were always
harvested in the mornings between 08.00 and 10.00 hours. This standardization of
harvesting time is desirable because the contents of org. N and NO;, are subject to diurnal
fluctuations (Hageman et al., 1961). The plant material was collected as completely as
possible including the roots and dead leaves. After the harvest all samples were put into
cold-storage space at a temperature of 2—4° C.

The samples were then processed as soon as possible, the first procedure being to
separate the material into a number of fractions. Immediately after separation, the
fraction were weighed and put into a drying oven. Plant parts carrying sand, such as roots,
were first washed as well as possible. The material was dried at 80° C for at least 20 hours
and then weighed. The dried plant material was ground through a 1 mm sieve and stored
in airtight plastic bags.

For the determination of N, inclusively NO3, a modified Kjeldahlmethod was used as
described by Deys (1961). For this analysis 0.3500 to 0.4500 g of dried material were
used.

The content of NOj; was determined potentiometrically with a specific NO; ion
electrode, Orion 92—07 (Paul & Cartson, 1968). For the determination, 0.250 to 0.350 g
of dried plant material were weighed and shaken for half an hour with 25 ml demineral-
ized water and then filtered. To 10 mli filtrate, 10 ml 0.2 M KH, PO, was added and some
Dowex resin {ca. 0.3 g) after which the NO; concentration was measured. Values
mentioned in this report for NO; accumulation and NO; contents, must always be read
as NO3-N. The org. N content was calculated as the difference between N, and NO;-
N contents.

For the determination of the nitrate reductase activity a somewhat simplified method
was used of Sanderson & Cocking (1964a). At a temperature of 2 to 4° C, fresh plant
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material was ground in 25 ml of a solution containing 0.09 M_phosphate (2 KH,PO,/8
Na, HPQ, - pH=7.5}, 0.45 M saccharose, 0.009 M glutathione and 0.0009 M EDTA.
From the suspension thus prepared 2 ml were added to 10 ml of a solution con
taining 0.065 M phosphate, 0.01 M KNO; and 2.5 mg NADH. The reaction took
place at 30° C and was stopped after 30 minutes by adding 1 ml 2 M Ba-acetate. After
centrifuging for 10 minutes at 4000 rpm, the clear liquid thus formed was decanted and
coloured with 5 ml 1% sulphanylamide in 2.5 N HCl and 5 mi 0.02% N-I-naphtylethy-
lene-diamine-HCl. The intensity of the colouring was measured colorimetrically
30 minutes later, at 540 nm and the nitrate reductase activity (NRA) was calculated as
uM NO, /hour per g fresh weight (uM NO, h~!.g™*). For the NRA analysis, 2.0 g fresh
leaf, 6.0'g stem and 6.0 g root were used. _

This method of determination of the NRA is not specifically adjusted to the plant
species investigated, which restricts the usefulness of comparisons between them. A
comparison between organs of one and the same plant species, however, is quite possible.

After each harvest the plant material was separated in some fractions. The choice of
these fractions depended upon the plant species. Leaves of turnip, rape, carrot and
spinach were separated into leaf blade, peticle and midrib. The leaf fraction from oats,
Ttalian ryegrass and Westerwolths ryegrass consisted of laminae, including the parallet
veins, but the leaf sheaths were included with the stems.

3.3 Results of the experiments

The results of all the experiments are presented separately. Just as in the review of
paragraph 3.1, the field experiments will be dealt with first and then the indoor
experiments. In this chapter the results of the experiments have been compared but
only to a very limited extent. In the discussion of the results in Chapter 4, more attention
will be paid to this comparison.

3.3.1 Comparative research into the accumulation of NO in some plant species

NO; accumulation in some plant species has been studied by means of two field
experiments. In 3.3.1.1 a summer experiment (experiment I) is described in which the
influence was analysed of N application and of plant species on the NO; accumulation. In
ather circumstances, a similar experiment (experiment II) was carried out in the autumn
on a smaller scale (3.3.1.2).

Experiment I Uptake and accumulation of NOs in turnip, rape, oats, Italian ryegrass and
carrot. The experiment was carried out in the summer of 1969 on a light, drought
sensitive, sandy soil poor in humus,

Sowing of the crops took place on 15/IV.
N fertilization:

— N; =10 g N/m? (= 100 kg N/ha)
— N, =30 g N/fm? (= 300 kg N/ha)
— N3 =10 +20 g N/m? (= 100 + 200 kg N/ha)
The second application of the Nj treatment was given with the first harvest of each
crop. The crops were sampled on the following dates:
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Harvests 1 11 111 iv v Vi

Plant species

It. ryegrass + oats  28/V 6/V1 16/V1 24/V1 2V 14/VII
turnip + rape 2/V1 11/V1 19/V1 30/v1 9/VIl 21/vIl
carrot 26/VI 7/vil 16/VII 24/VI11 1/VIII 11/VII

On 24/VII, the N, treatment of Italian ryegrass was sampled once again.

The experiment was laid out in a randomized design with four replicates. The net size
of the plots was 1.2 m*. To determine weights of roots and stubble of Italian ryegrass and
oats, 0.2 m? was sampled. Plots were irrigated on 2/VIL, 18/VII, 28/VII and 6/VIII
because of drought.

Results  Carrot showed a very slow growth in the beginning so that the maxium growth
rate occurred about four weeks later than in the other plant species. Because of the
different weather conditions encountered during growth it is not possible to make
comparisons between carrots and the other plant species without complications. There-
fore, in the discussion of the results, carrot witl be omitted at first.

The total dry matter yield and the uptake, conversion and accumulation of NO; from
the final harvest are given in Table 1. At the low level of N application (N, treatment} N
was deficient and dry matter yields lagged behind in all plant species, except in o4ts.

The mineralization of N was low in the soil, with the result that in the low
N treatment total N uptake hardly exceeded the amount applied. In this N; treatment
almost all absorbed nitrogen have been converted in organic form. As regards NOQ5 accumu-

Table 1. Total dry matter yield (g/m®) and uptake, conversion and accumulation of NO,-N (g N/m?)
and the contents of Ny, org. N and NO,-N {£/100 g dry matter) at the final harvest.

Dry N, Org. N NO;-N N, (%) Org. N (%) NO,-N (%)
matter
N, treatment
turnip 777 16.2 9.7 Q.5 1.30 1.23 0.07
rape 798 108 104 04 1.34 1.29 0.05
oats 1017 10.9 106 0.3 1.08 1.05 0.03
It. ryegrass 794 10.1 9.9 0.2 1.27 1.24 0.03
carrot 767 8.9 86 0.3 1.15 1.12 0.03
N, treatment
turnip 863 256 22.2 34 297 2.57 0.40
rape 939 223 20.1 22 2.36 2.14 0.22
oats 915 174 14.3 31 1.91 1.56 0.35
It. ryegrass 899 233 20.8 25 2.60 232 0.28
carrot 913 i8.1 15.7 24 1.98 1.72 0.26
N, treatment
turnip 897 323 242 8.1 3.60 2.70 0.90
rape 981 293 233 6.0 298 2.38 0.60
oats 924 18.2 14.5 3.7 1.97 1.57 0.40
It. ryegrass 907 276 232 4.4 3.07 2.56 0.51
carrot 877 150 15.8 32 221 1.82 .39
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lation this treatment is not interesting and will be therefore excluded from further
considerations.

With the high N applications, differences in dry matter yield between the plant species
and between the N treatments were rather small. Splitting the N application increased the
yield somewhat, more with turnip and rape than with Italian ryegrass and oats. In both of
the high N treatments, the dry matter yield was highest in rape and lowest in turnip.

Differences in quantities of absorbed nitrogen existed between the N treatments as
well as between the plant species. Splitting the N application led to a higher uptake of Ny;
only oats, which took up significantly less nitrogen, did not show any effect. Turnip took
up more nitrogen than rape and Italian ryegrass. The quantity of organic nitrogen was
influenced in the same way by nitrogen fertilization and plant species as was the uptake-
of N;. The differences in quantities of org. N however, were smaller than those in the
quantities of N,. This caused big differences in NO; accumulation. Splitting the N
application caused a greatly increased NO; accumulation; turnip with the highest nitro-
gen uptake accumulated more NOj; than rape and Ttalian ryegrass. In oats org. N
production clearly lagged behind N uptake, so that much NO; was present in the final
harvest.

Big differences in N, org. N and NO; contents existed between the plant species,
caused by differences in uptake and conversion of NQ;. The N contents were increased
by splitting the high N application. It is remarkable that in the N, treatment, the org. N
contents were lower than in the N5 treatment, as there was still much NO, available.

The dry matter production curves of the plant species under the N3 treatment are
presented in Fig. 7. The production curves under the N, treatment were similar to the N;
treatment and are therefore not given. All times were measured from the date of the first
harvest. The development of the species was very similar, which facilitated a good
comparison during the growing period. The maximum time difference in the production
curves between turnip, rape, oats and Italian ryegrass was a week, so that an interaction
between external circumstances and responses must be fairly small.

The dry matter production curve was largely linear with time. Between the plant
species, differences in production rate were rather small. For turnip, rape, oats and Italian
ryegrass, these amounted during the growing period to 150, 171, 160 and 158 g dm-m™2.

Dry matter production

(g/rn’] .
1000 2
x
800 %
600 -
400
= = ltalion ryegrass
* = Dats
| o =turnip
200 ¥ =rape o .
v + =carrot Fig. 7. Trend of the dry matter production of
I i ! 1 1 | turnip, rape, oats, ftalian ryograss and carrot
2 4 7] .
° 10 Dgys after firstharvest during the growing period (N, treatment).
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Nitrogen uptake

(g/m?)
30 ~
|— /.
25 -/° Nl
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9230 g N/m?
e =10+20 g N/m?2

-
g P27 N Fig. 8. Effect of splitting the high N application on

. . A the trend of the N uptake, org. N production and
Dao5 aft 20 f_rsf.?‘ o 5? NO, accumulation diring the growing period
1 . .

Y arves (averages of turnip, rape, oats and Italian ryegrass).

day™! respectively. In the beginning turnip and oats appeared to produce somewhat more
dry matter than rape and Italian ryegrass; at the end of the growing period this was
reversed so that the differences in the final harvest were small,

The total N uptake and the accunmlation of NO3 and org. N is represented in Fig. 8 as
an average for the four plant species in the N, and Nj treatments. This shows that at the
first harvest more nitrogen had been taken up by the N, treatment than was taken up by
the N; treatment. High N uptake in the N; treatment was observed after the second
N application, and at the third harvest this treatment contained considerably more
nitrogen than the N, treatment. After that, uptake of total N started to decrease in both
treatments, so that the difference in the quantities of N; was maintained almost comple-
tely until the final harvest. The pattern obtained was similar to that for the production of
org. N. From the third harvest onwards, the quantity of org. N in the Nj treatment was
higher than that of the N, treatment. However, the differences between the two
treatments in yield of org. N were considerably smaller than the differences in the
N uptakes.

The difference between uptake and conversion of NOj; represents the NO,
accumulation. At the first harvest most NOj appeared in the N, treatment. After the
second application of the N3 treatment, uptake of NO; was clearly higher than conver-
sion, which was shown by a steep increase in the NO; accumulation. At the third harvest
of the Ny treatment, the NO; accumnulation was already clearly higher than in the N,
treatment. After that, the accumulated quantity of NOj slightly decreased in both
treatments,

Although the dry matter yields of the plant species at the final harvest were almost
equal, the quantities of N, and NO; showed clear differences. The effect of the plant
species was most clear in the Ny treatment. N uptake and NOj accumulation in turnip,
oats and Italian ryegrass are shown for this treatment in Fig. 9; the values for rape were
between those of turnip and Italian ryegrass. The graphs show a fairly consistent trend.
The irregularity at the fifth harvest in the turnip may be due to leaching of NO; from the
plants caused by watering, which took place shortly before the harvest.
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Fig. 9 shows that the differences in the final N uptake were caused shortly after
the second N application by differences in rate of the N uptake. The N uptake was
highest in turnip and lowest in oats; Italian ryegrass took an intermediate position. The
rate of N uptake by turnip and, to a lesser extent by Italian ryegrass, decreased because of
exhaustion of available nitrogen in the soil after the third harvest. From that time
onwards N uptake in [talian ryegrass was slightly higher than the uptake in turnip, so that
the difference in the quantities of N, at the final harvest slightly decreased. In oats,
however, N uptake had almost completely ceased after emergence of the panicle on
24/V1.

Nitrate accumulated until the third harvest and remained almost constant after that in
turnip or decreased a little in oats and Italian ryegrass. Conversion of NO; until the final
harvest took place in turnip and Italian ryegrass. In oats, little NO; was converted after
emergence of the panicle. Differences in NO; accumulation between oats and Italian
ryegrass were small during the growing period notwithstanding clear differences between
N uptake in those crops (Fig. 9). :

The org. N and NO;-N contents of the various plant parts are given for the Nj
treatment in Table 2. The contents of the N; and N, treatments differed only in level
(Appendix 1). The distribution of org. N and NO; corresponded well in the various plant
parts of the investigated plant species. The highest level of org. N was always found in the
leaf blades; in all other parts of the plant it was considerably lower.

The distribution of NO; in the various organs deviated clearly from the distribution of
org. N. The highest NO; contents were always found in transport organs and in dead
leaves. In roots and leaf blades the NQO; content was considerably lower and was
completely absent from the panicle of oats. The tap root of the turnip had a high NO,
content and is therefore comparable with stems and petioles.

The behaviour of the carrot plant coincides with that of the other plant species, as can
be deduced from Fig. 7 and Tables 1 and 2. The curve of dry matter production showed
the same trend during the later part of the growing period. The quantity of N, in the
plant at the final harvest was smaller owing to a slower rate of N uptake. Org. N was
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Table 2, Percentage of org. N and NG,-N in the various plant parts of
turnip, rape, oats, Italian rycgrass and carrot at the final harvest
{N; treatment).

Turnip  Rape QOats Italian Carrot
ryegrass
Organic N {g/100 g dry matter)
herbage 3.18
leaf-blades + veins  4.64 4.06 3.44 3.11
petioles 2.24 I.83 0.98
stems 2.09 0.93
panicles 2,10
dead leaves 1.37 0.98 £.53 1.84 1.92
stubbles 2.87
roots 2.59 171 1.50 1.62 1.43
whole plant 270 2.38 157 2.56 1.82
NO,-N (g/100 g dry matter)
herbage 0.60
leaf-blades + veins  0.34 0.19 0.23 0.55
petioles 1.09 0.75 0.81
stems 0.89 0.70
panicles 0
dead lcaves 1.31 1.09 0.36 0.80 0.65
stubbles 0.34
roots 091 0.60 0.40 0.10 0.08
whole plant 0.90 0.60 0.40 0.51 0.39

produced during the whole growing period and at the final harvest less NO; had
accumulated in the carrot than in the other plant species. The distribution of org. N
coincided with those of the other plant species. For the distribution of NO; in the root
of the carrot, a low content was found which was in contrast with the tap root of the
turnip.

In this experiment clear differences occurred between the plant species in N uptake
and NO; accumulation. A similar experiment was carried out in the autumn with turnip,
Ttalian ryegrass and Westerwolths ryegrass, to find out whether the influence of species on
uptake, conversion and accumulation of NO, depended on the season.

Experiment II: Uptake and aeccumulation of NO, in Iralian ryegrass, Westerwolths
ryegrass and turnips  An experiment in 1968 showed that in late sutumn turnips took up
considerably more nitrogen than Italian ryegrass at almost the same rate of dry matter
production. With the autumn experiment in 1971, uptake and accumulation of NO; were
investigated in turnip and Italian ryegrass, for comparison with the results of Experi-
ment I. Westerwolths ryegrass and a second, low plant density of turnip were included to
study the possible influence of the morphological composition of the plant on the NO,
conversion.

The experiment was done on a sandy peat soil which had received an application of
22 tons of stable manure per ha shortly before sowing. The sowing took place on
18/VIII/1971. After emergence, turnips were spaced to 23 and 69 plants per m?,
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respectively.

The N fertilization (g N/m?) and the dates of periodic harvests are mentioned in the

schedule below:

N-treatments

Dates of fertilization
18/VIII 1/X
10 .

10 20
10

20/X

20

Dates of harvests
1/X 20 /X 9/X1
X X X
X b's
X

The late top dressings facilitated research into the NOj; uptake at a late stage of
development of the crop. '

The net size of the plots at the first two harvests was 1 m® and at the final harvest
2 m?. For the determination of weights of stubble and roots of both grasses 0.2 m? was
harvested per plot. The experiment was a randomized block design with 4 replicates.

Results The dry matter yields and the quantities of N, org. N and NO;-N of the four
crops at the final harvest are given in Table 3.
. The data show that the yield of turnips was clearly higher than that of both grasses.
The differences between the two grasses were small. The yield of turnips at a low plant
density lagged clearly behind that at a high plant density. The late N applications did not
influence the dry matter yields significantly. A reaction in yield to the extra N applica-

Table 3. Dry matter yields and the quantities of Ny, org. N. and
NO,-N of Italian ryegrass, Westerwolths ryegrass and turnips (final

harvest).

Italian ryegrass

Westerwolths ryegrass
Nl
N,
N 3

Turnips (23 plants/m*)

i
N,
N,

Turnips (69 piants/m?)

N,
N,
N,

Dry matter Nt
yield @/m*)
(gfm*)

346 117
342 14.0
344 137
314 11.3
328 144
i 146
431 140
457 175
449 170
492 154
519 21.5
511 205

Org. N
G/m?)

10.7
11.3
115

9.8
118
11.8

1.0
125
121

121
143
144

NO,N
(g/m®)

3.3
72
6.1
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Fig. 10. Production of dry matter and uptake of nitrogen during the growing period
in grasses and turnips (averages of all N treatments).

tion should not be expected because of the large quantitics of NO; found in the
N, treatment.

The turnips have clearly taken up more nitrogen than the two grasses, Differences in
quantities of N;, org. N and NO3-N between the two grasses were very small. The turnips
at a low plant density took up less N, than those at a high density, due to the low
N uptake in the beginning of the growing period. The second N-application of the N, and
Nj treatmient clearly increased the quantities of N,, org. N and NO; in all crops, but
more $o in turnips than in the grasses. The date of the late nitrogen dressing hardly
influenced these yields.

The vyield of org. N was influenced by plant species and N fertilization in the same way
as the N yield, but to a lesser extent. Hence a considerable part of the surplus uptake of N
was found in the plant as NO;. At the final harvest the turnips had accumulated
considerably more NO; than both grasses; there were little differences between the two
grasses. NO; accumulation in the dense turnip crop was clearly higher than in the low
density crop. The second N application of both treatments increased the NO; accumu-
lation considerably, but this accumulation was clearly not influenced by the date of the
second application.

Fig. 10 gives the trend of dry matter production and N, uptake of both grasses and of
both plant densities of the turnip. During the growing period the production of dry
matter and the N uptake of the grasses lagged more and more behind those of the turnip.

Fig. 11 shows the uptake and conversion of NO;-N in relation to N application and
time. N uptake took place quicker in turnips than in prasses, especially later in the
growing season. In turnips the N, yield was considerably higher than the yield of org. N,
so that large quantities of NOj; were accumulated. In grasses, the difference between
uptake and conversion of NQ, was considerably lower, so that the measured NO,
accumulation was much less.

With an almost equal dry matter yield in all the N treatments, the yield of org. N in
the N, treatment clearly lagged behind the org. N yield in both other treatments,
natwithstanding the availability of sufficient NO; to reach at least the same amount of
org. N. This effect together with the maintenance of a previously accumulated quantity
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Fig. 11. Uptake and accumulation of NO,-N in grasses and turnips in relation to
time and level of N application.

of NOj3, was also found in Experiment I.

Comparison between grasses and turnips of the N metabolism is, however, complicated
by big differences in the dry matter yields. Therefore, in Fig. 12, N; contents are plotted
against the dry matter yield, whereby it is possible to compare the N metabolism of
grasses and turnips at the same dry matter yield. As, however, the same dry matter yield
was reached on different dates, a possible influence of external conditions and also of
physiological age of the plant cannot be excluded (Van Burg, 1962). At a yield of
300 g dm/m?, the N, contents of grasses and turnips hardly seem to differ. The grasses
however, have converted more NO, per g of dry matter produced and a higher org. N
content and a lower NO; content were found.

Changes in the morphological composition are brought about by changes in the
distribution of assimilates. Table 4 shows the distribution of dry matter as well as the
N content of Italian ryegrass and Westerwolths ryegrass. As both grasses remained in the
vegetative stage, only slight differences occurred in the dry matter distribution.

“% N = turnips
' — == grasses
sl . ¢ =9 total N
v=-0org.N
x = %NC3-N

"‘\
v
2+
x
x \,‘_‘_____\
11 ~ X
..."‘N———x

Fig. 12. Relation between the contents of Ny, org. N and
| L A 1 —1 - s ) .
100 200 300 400 500  NO,-N and the dry matter yields in grasses and turnips
Dry matter yield (g/m")  (averages of all N treatments).
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Table 4. Distribution of the dry matter and N contents
in Italian ryegrass and Westerwolths ryegrass at the final
harvest (average of all N treatments}.

Italian Westerwolths
1yegrass IVgegrass

Dry matter (gfm*)

herbage 252 253
stubbles 67 51
roots 25 22
total weight 344 326
N contents (g/100g dry matter)

herbage 3.83 4.12
stubbles 323 3.36
roots 0.60 0.76.

Relatively more dry matter was present in the herbage and less in the stubbles and roots
in Westlerwolths ryegrass than in Halian ryegrass. The larger proportion of leaf blades,
rich in org. N, in Westerwolths ryegrass, contributed towards a somewhat higher content
of org. N in the whole plant. The N, content in Westerwolths ryegrass was also higher
than in Italian ryegrass, so that no differences in NO; content between both grasses
existed.

The distribution of the dry matter and of N content of the diffsrent parts of the plant
is given in Table 5 for both plant densities of the turnip. The distribution of dry matter
between foliage and tap root was clearly influenced by plant density; production of tap
root was retarded in the high density crop, giving by a higher foliage/root-ratio. In both
densities however, the leaf blades accounted for the same proportion of the total dry
matter, This means that the additional foliage of the high density crop was formed by a
greater production of petioles and midribs.

Table 5. Distribution of the dry matter (%) and N conients (g/100 g
dry matter) in turnip at the final harvest (average of all treatments).

Leaf Peticle [Foliage Root Total

blade  * plant
midrib
23 planits{m®
share of dry matter 292 38.0 67.2 328 100
N, content 498 3.29 396 298 364
org. N content 4.57 1.88 291 223 2.69
NO,-N content 0.41 141 1.05 0.75 0.95

69 plants/m?
share of dry matter 29.8 500 798 20.2 100

N, content 4.89 3.33 394 298 3.75
org. N content 4.45 1.94 2.80 2.13 2.67
NQ,-N content (.44 1.39 1.14 0.85 1.08
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- Large differences in Ny, org. N and NO; content existed between the plant parts. As in
Experiment I, leaf blades had clearly higher contents of N, and org. N and lower contents
of NO; than petioles + midribs and tap roots. The differences in content of org. N
between petioles + midribs and tap root coincide with those in Experiment I, but the
NO, content in petioles +'midribs in this experiment, however, was higher than in the tap
root.

At both crop densities of the turnip, almost equal contents of org. N and NO; were
found in any one organ. The influence of the distribution of dry matter on the contents
of org. N and NO; in the turnip was restricted because of the equal production of the leaf
blades, rich in org. N, in both crop densities and the fairly small differences in N contents
between tap roots and petioles + midribs.

In both experiments it has been shown that accumulation of NO; was closely linked
with the plant species-dependent NO, uptake. A decrease of accumulated NO; during the
growing period occurred only to a certain extent, although the production of org. N was

“not maximal. This aspect of no conversion of NO3, when it seems potentially possible, is
a problem which will be dealt with further in Section 3.3.3.

The large differences in org. N content of the varjous plant parts (Tables 2 and 5),
suggest an influence of the distribution of assimilates on NO, conversion. This influence,
which in Experiment II was shown only to a small extent because of small morphological
differences, will be studied more closely for turnips and grasses in Section 3.3.2.

3.3.2 Effect of distribution of dry matter on NO'5 conversion in the plant

In the foregoing experiment the distribution of dry matter between the various organs
had a slight influence on the org. N content of the plant. As regards the N distribution, it
has already been noticed that leaf blades have a high org. N content and that the other
organs of the plant have a considerably lower org. N content. From these data it can be
expected that crops with a large proportion of leaf blades will convert more NO; than
crops poor in leaf blades.

This influence of the morphological composition on the NO; conversion can also be
important in plant species with morphologically clearly different varieties. In the next 2
experiments, this aspect is investigated with 3 clearly different turnip varieties and with
vegetatively and reproductively developing grasses.

Experiment [II: Influence of dry matter distribution on the NO, conversion of three
turnip varieties The research was done with the varieties Civasto R, Siloga and Jobe.
These varieties differ in tap root production; according the 44th descriptive list of
varieties of field crops (1969) the share of the total dry matter found in the tap root
amounts to 26, 38 and 41% for Siloga, Civasto R and Jobe, respectively. The field
experiment was done on a sandy peat soil. Sowing took place on 18/VIII/1970.

Two N levels were used. The N, treatment received 10 g N/fm? on 18/VIII and the N,
treatment 10 g N/m? on 18/VIII and 20 g N/m? on 28/IX. Dates of harvests were 2/X,
14/X, 2/XI and 25/X1.

The experiment was a randomized block design with 4 replicates. At each harvest the
net size of the plots was 0.3 m?. Emergence of the crop was unfavourably influenced by
drought. The crop showed irregular growth which caused fairly big yield variations.
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Table 6. Yield and distzibution of the dry matier together with the uptake, conversion and accumu-
lation of NO,-N in the turnip varicties Siloga and Civasto R (final harvest).

Yield Distribution Quantities of nitrogen (g/m?)
of dry matter of dry matter (%)
{g/m?) foliage tap root Ny org. N NO,-N
N, treatment
Sitoga 720 84.0 16.0 21.0 18.3 27
Civasto R 814 58.2 41.8 18.5 17.0 1.5
N, treatment
Siloga 747 90.2 9.8 3.6 215 1041
Civasto R 815 7.7 28.3 309 21.3 9.6

Resulrs  Firstly it can be remarked that the differences in dry matter production,
distribution of dry matter and N content between Civasto R and Jobe were minimal, so
that results of the morphologically different varieties Siloga and Civasto R only will be
given.

The production and distribution of the dry matter at the final harvest, together with
the uptake, conversion and accumulation of NO;-N are shown in Table 6. Civasto R
produced more dry matter than Siloga; N, uptake however, was somewhat lower. Both
differences were not statistically significant. The dry matter vield was hardly influenced
by the second N application.

The distribution of the dry matter between foliage and tap root appeared to be
influenced by variety and level of N application. Siloga showed a high production of
foliage, so that at the final harvest the foliage yield was higher but the tap root yield
considerably lower than in Civasto R. Application of a second N dressing stimulated the
production of foliage and suppressed the production of tap roots in both varieties.

The variety effect on the quantities of N, org. N and NO; was not clear in either N
treatment. The nitrogen fertilization, however, strongly influenced the N metabolism.
The second N dressing increased the N uptake considerably. The org. N vield however,
increased much less, so that a large increase occurred in NQj; accumulation. Of the
additional nitrogen absorbed, 11.5 g N/m? or 67% was still present at the final harvest as
NO;.

Table 7 gives the dry weights and the contents of N;, org. N and NO3-N of the various
plant parts from the N, treatment at the final harvest. Data of the N; treatment are
mentioned in appendix 2. Table 7 shows that the higher foliage production of Siloga was
achieved by higher yields of the leaf blades as well as peticles + midribs. The tap root
production of Siloga was low, roots comprising not more than 10% of the total dry
matter produced. With Civasto R the tap root production was almost 30%.

The higher dry matter yield of Civasto R led to a lower N, content, because the N,
uptake was not higher. The org. N content in Siloga was small, but significantly higher
than in Civasto R, notwithstanding the presence of much NO; in both varieties. Under
the same circumstances, Siloga converted more NO; per g dry matter produced but
because of the lower dry matter yield and the same N uptake this did not lead to a lower
NO; content.

Just as in previous experiments, big differences in contents of org. N and NO; were
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Table 7. Dry matter weights, and contents of N, org. N and NO,-N in various parts of turnip
varieties Siloga and Civasto R from the N, treatment (final harvest).

Leaf Petiole+ Dead  Foliage Root  Petiole+  Whole

blader midrib  leaves midrib + plant
deadleaves +
root
Dry weighis (gfm?)
Siloga 204 3 99 674 73 543 747
Civasto R 163 339 82 584 23 652 815
N, contents
Siloga 547 3.99 3.01 4.29 3.7t .77 4.25
Civasto R 542 371 2.66 4.04 317 3.38 3.79
Org. N contents
Siloga 5.16 2.31 1.04 298 1.85 2.01 2.88
Civasto R 5.13 2.30 091 2.90 1.89 1.98 2.61
NO,-N contents
Siloga 0.31 1.68 202 1.31 1.86 1.76 1.37
Civasto R 0.29 141 1.75 1.14 1.28 1.40 1.18

found between plant parts. Similar organs of Civasto R and Siloga had almost the same
org. N contents. The content of org. N was high in the leaf blades but considerably lower
in other organs; the reverse was found for the NO; content. Between the transport
organs, petioles + midribs, and the tap root, differences in contents of org. N and NO,
were limited. In the tap root, contents of org. N were lower and those of NO; higher than
in the petioles and midribs, in contrast to both previous experiments.

From this experiment there appeared no clear influence of the morphological composi-
tion on the conversion of NOj. It is true that a higher content of org. N was found in the
leafy variety Siloga, but this did not lead to a lower NO; content. In this experiment the
total dry matter yield influenced the production of org. N more than the morphological
composition. From the results of this experiment it can be expected that with similar dry
matter yields and N uptakes, a crop with a large quantity of leaf blades will convert more
NO; than a crop which is poor in leaf blades.

Experiment IV: Influence of dry matter distribution on the conversion of NGO, in Italian
and Westerwolths ryegrass This experiment was to study the influence of the morpho-
logical compaosition of the plant on the NO; conversion in closely related grasses Italian
ryegrass and Westerwolths ryegrass. During the growing period, the annual Westerwolths
ryegrass was in the reproductive phase, so that big differences in morphological composi-
tion arose in comnparison with the vegetative Italian ryegrass.

The experiment was laid out on heavy river<lay loam. Sowing took place on
11/V/1971, N fertilization: 22.5 g N/m* (=225 kg N/ha). Dates of periodical harvests:
22/V1, 2/V1I, 16/VIl and 2/VII. In Westerwolths ryegrass, the first ears appeared on
2/VII. The net plots for the herbage yields were 1 m?; for stubbles and roots 0.2 m?. All
samples consisted of five replicates.
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