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Abstract

A pot experiment with spring barley, cv. Trumpf, was conducted in a phytotron. After
spikelet initiation, three light intensities were applied: 6.50, 4.33 and 1.86 MJ m™2. During
the experiment, each pot (15 plants per pot) received 2016 mg N. The three light intensities
hardly affected nmitrogen uptake. For example, for the highest and lowest light levels the
mean uptake was 102 and 114 mg N per plant on day 57, and 86 and 94 mg N per plant at the
final harvest. Light intensity strongly increased DM yield per plant, and as a consequence
raised the efficiency of nitrogen use at final harvest from 101 mg DM per mg N in the low
light intensity to 175 mg DM per mg N in the high light intensity. Higher light intensity accel-
erated leaf senescence and shortened the photosynthetically active period by restricting the
nitrogen concentration. The distribution of nitrogen over the various plant parts was slightly
affected; the nitrogen harvest index was reduced at the lowest radiation. For grain yields
with adequate N content, the supplied amount of nitrogen was probably too small.

Keywords: nitrogen uptake, nitrogen harvest index, dry matter production, radiation, spring
barley

Introduction

The efficiency of nitrogen use as a ratio between dry matter yield and nitrogen
yield, expressed as dry matter production per unit N, depends on supply of nitrogen
and nitrogen recovery (Spiertz, 1980). The rate of leaf-photosynthesis largely de-
pends on the nitrogen content in the leaves (Groot & Spiertz, 1989; Evans, 1983).
For dry matter production the N content of the leaves need not be high, but the
maintenance of a critical N content is important (Spiertz & Ellen, 1978).

A high level of solar radiation with ample supply of water and nitrogen results in
high rates of crop photosynthesis and, as a consequence, high dry matter yields can
be achieved (Spiertz & Allen, 1978). However, nitrogen yield and crop yield often
differ between years, depending on growing conditions (Dilz et al., 1982).

In field experiments with spring barley, high dry matter production per unit N
was found in a year with high, and a considerably lower dry matter production per
unit N in a year with low radiation per unit ground area (J. Ellen, unpubl.).
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In this paper the effects of different light intensities on N uptake, dry matter pro-
duction and efficiency of N use of barley plants given equal applications of nitrogen
will be presented and discussed.

Methods

The set-up of the experiment and the growing conditions were as described in an
earlier publication (Ellen & van Oene, 1989). They will be summarized briefly
here.

A pot experiment with spring barley, cv. Trumpf, was conducted in a phytotron.
Three light intensities were applied: 6.50 (L1), 4.33 (L2) and 1.86 (L.3) MJ m™2 dur-
ing 14 hours a day (these light quantities are synonymous with 129 (L1), 86 (L2) and
37 (L3) W m™?, respectively (Ellen & van Oene, 1989)). From emergence (= day 0)
until day 40, all plants were grown at the same light intensity of 6.50 MJ m™%. On day
40 the different light intensities were established. The accumulated amounts of ra-
diation during the total period of growth for L1, L2 and L3 were 936, 710 and 454
MJ m™?, respectively.

Pots were filled with 5.25 kg clay soil and 20 seeds were sown per pot. Five days
after emergence, the pots were thinned to 15 plants per pot. The pots were placed in
saucers and the plants were watered daily. Water, and with that N, could not run to
waste.

Mineral nutrients were supplied in three equal portions, dissolved in water, two
days before emergence (GS 0) and on the 26th (GS 30) and 48th day (GS 35) after
emergence (growth stages (GS) after Zadoks et al., 1974). The total nitrogen dress-
ing was 2016 mg per pot (= 134 mg N per plant); this quantity was based on the ex-
pectation of about five shoots per plant with an average N uptake of about 17 mg
per shoot. Too much N promotes secondary growth of tillers. The mineral nitrogen
in the clay soil in the pots was not measured.

Before the different light intensities were applied, three pots were harvested per
week. After day 40, two pots per treatment were harvested weekly. On day 144, by
which time all plants were ripe for harvest, five pots per treatment were harvested
as final harvest. The plants were dried and weighed per organ. Replications were
pooled per plant organ for analysis of total nitrogen (N-Kjehidaht).

Results

The total N content in the leaves of the main stem and the total N yield and the N
uptake at different light intensities are presented in Fig. 1 and Table 1. The effect of
the second (day 26) and third (day 48) N application is clearly demonstrated in a
rise of N content and N uptake. About two days after N application there was a
strong increase of nitrogen in the plants (Fig. 1B). Before the third application the
plants showed no visual and no real N deficit (Fig. 1A). It is not known why the
amount of N in the plant fell from day 29 until day 43. The highest nitrogen amount
was found on day 57 (Table 1) at the growth stages 41, 37 and 36 for L1, L2 and L3
plants, respectively. The differences in N yield among the light intensities were
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Fig. 1. A. N content in the green leaves of the main stem (MS) until day 78 at 6.50 (L1), 4.33 (L2) and
1.86 (L3) MJ m™2, respectively; day 144 is N content in dead leaves. B. Amounts of N (mg) in the above-
ground parts of the plant and in the roots (mg per plant) during the pre-floral period of growth and at fi-
nal harvest at L1, L2 and 1.3, respectively. Arrows show times of N applications after emergence.
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Table 1. Distribution of nitrogen amount (in mg per plant) over various parts of the plant. Time of high-
est N uptake (day 57) and N uptake at final harvest (day 144) at 6.50 (L1), 4.33 (L2) and 1.86 (L3) MJ
m™2, respectively.

Light N amount (mg per plant)
intensity

total roots stems green leaves  dead leaves ears'

day 57 144 57 144 57 144 57 144 57 144 144

L1 102 86 14 6 38 12 43 - 7 8 60
L2 104 85 12 5 41 11 45 - 6 8 61
L3 114 94 11 5 44 17 51 - 8 15 57

! Chaff plus kernels.

small, with N yield being somewhat larger in the lowest light intensity (Fig. 1). On
day 57, about 80 % of the N supplied had been taken up by the crop at each light in-
tensity. At final harvest (day 144), the proportions of the amount of nitrogen pres-
ent on day 57 in L1, L2 and L3 plants were 84 %, 82 % and 82 %, respectively
(some uptake of mineral nitrogen from the soil is possible).

Total dry matter production per plant, including roots, and grain production, was
associated with differences in light intensities (Table 2). On day 144 the dry matter
production calculated per mg N was 42 % higher in L1 than in L3 plants. So, sub-
stantially more dry matter per mg N was produced in L1 plants (Table 2).

The N content of the grains was low in all three light intensities (Table 2), espe-
cially in L1 and L2 plants.

The amount of N in the kernels, however, was about the same in all three light in-
tensities: 55, 57 and 53 mg per plant for L1, L2 and L3 plants, respectively.

The nitrogen harvest index (NHI), calculated as the ratio of the amount of N in
the grains and in the total above-ground parts of the plants at final harvest, was low.
Less light (L3) resulted in a lower N harvest index (Table 2).

Dry matter production and number of days of green leaf area (LA) related to

Table 2. Dry matter (DM) yield (inclusive roots) and grain yield in g per plant, nitrogen yield (N) in mg
per plant (inclusive roots), nitrogen use efficiency (inclusive roots), nitrogen content in the grains, and
nitrogen harvest index (exclusive roots) at 6.50 (L1), 4.33 (L2) and 1.86 (L3) MI m~2.

Light Total Grain Total N yield N use efficiency N N
intensity DM yield (mg per plant) (mgDMpermgN) content  harvest
yield (g per in the index
(g per plant) grains
plant) (%)
day 144 144 57 144 57 144 144 144
L1 15.1 6.8 102 86 62 175 0.81 0.69
L2 12.6 6.0 104 85 45 149 0.95 0.71
L3 9.5 3.6 114 94 34 101 1.48 0.60
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Table 3. Dry matter (DM) and grain production in mg per MJ, related to 6.50 (L1), 4.33 (L2) and 1.86
(L3) MJ m~2, respectively, and number of days of green leaf area.

Light DM production Grain production Number of days of

intensity (mg per MJ) (mg per MI) green leaf area
day 57 144 144

L1 16.878 16.119 7.265 107

L2 14.164 17.814 8.442 119

L3 13.331 20.958 7.936 135

light intensity are given in Table 3. More light resulted in dry matter production be-
ing higher on day 57. On day 144, more dry matter per MJ had been produced in L3,
caused by more days of green leaf area and adaptation to changed light conditions
by a lower specific leaf weight (Ellen & van Oene, 1989) between day 57 and day
144.

Discussion

In this experiment the uptake of nitrogen depended more on the physical limita-
tions than on the physiological age of the plants. This is demonstrated in the equal N
uptake at different growth stages (Fig. 1, Table 1). Obviously, production of carbo-
hydrate, necessary for N uptake (Austin et al., 1977) need not to be high, because
at low light level few carbohydrates were produced (Ellen & van Oene, 1989),
whereas the differences in N uptake between light intensities and allocation to dif-
ferent plant parts were small. Only at low light intensity was somewhat more nitro-
gen taken up, especially in the leaves.

The decrease in the total amount of N in the plants between maximum uptake
and maturity is an often reported phenomenon and many explanations for this loss
are put forward (Wetselaar & Farquhar, 1980; Harper et al., 1987). In this experi-
ment, loss of material by decomposition will probably mainly be responsible for the
observed loss of N.

The low N contents of the kernels in this experiment combined with the low N
harvest indices suggest that the supply of nitrogen for L1 and L2 plants was too
small. This suggestion is supported by the high kernel yields (Ellen & van Oene,
1989) obtained under the favourable growing conditions in the phytotron.

The light use efficiency (dry matter production per MJ) was highest at lower light
intensity, because the duration of the green leaf area was longer (Table 3).

The results show that light intensity affects the efficiency of nitrogen (Tables 2,
3). At final harvest, the efficiency of nitrogen, defined here as dry matter produc-
tion per mg nitrogen taken up, was 42 % larger in L1 than in L3 plants. In a pot ex-
periment with spring wheat, Spiertz (1974) also found a higher response in dry mat-
ter production at an increase of light intensity, with no differences in nitrogen appli-
cation. De Vos (1977) found no differences in photosynthesis between winter
wheat crops grown at two nitrogen applications during four weeks after anthesis.
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Various authors (Groot & Spiertz, 1989; Evans, 1983) report a positive relationship
between photosynthesis and leaf nitrogen content. Supply of nitrogen and carbohy-
drates to the grains are interrelated; during grain growth, nitrogen is withdrawn
from the vegetative plant parts, resulting in a decline in leaf-photosynthesis. Plants
at high light intensity with a small nitrogen supply have a short period of growth, but
a high efficiency (Table 2). Evans (1983) found that a large reduction in nitrogen
content per unit leaf area reduced assimilation rate much less, but senescence accel-
erated. Similar kinds of effects were found in this experiment. Under low light con-
ditions, however, differences in photosynthetic rates caused by different leaf nitro-
gen contents are not found (Takano & Tsunoda, 1971). Leaf area values per plant
were about the same till day 60; on day 78 they were 202, 252 and 301 cm? for L1, L2
and L3 plants, respectively (Ellen & van Oene, 1989). So, the lower efficiency of ni-
trogen at low light intensity is probably mainly attributable to relatively more N ni-
trate and less organic N in the plant than at higher light intensities (Felippe et al.,
1975). The production of carbohydrates and with that the availability of reductant
(NADH) for N assimilation by the nitrate reductase enzyme is too limited to enable
more nitrogen to be incorporated into organic compounds (Nicholas et al., 1976;
Aslam & Huffaker, 1984).

The highest nitrogen concentrations are found in the photosynthesizing and
growing parts of the plant, for cereals this is in the upper leaves (Groot & Spiertz,
1989; Spiertz & Ellen, 1978). This inhomogeneous distribution of nitrogen over the
canopy, with high concentrations in the upper leaves and lower concentrations in
the lower layers, favours total assimilation. The aflocation of nitrogen in a crop,
therefore, is almost optimal.

Boosting production of a crop through nitrogen fertilization seems to depend
more on a prolonged nitrogen supply (delaying senescence), on the condition that
light intensity is high and plants can take up nitrogen, than on a high nitrogen level.
An example of this is given by Morgan (1988) for spring wheat. Assimilation rate
only increases slowly with leaf nitrogen content; therefore, high N fertilization,
which increases leaf area and therefore shading, will offset this effect completely
(Evans, 1983). In high-yielding crops, a continued N uptake is generally observed
(Spiertz & Ellen, 1978). For high grain yields with adequate nitrogen concentra-
tions, a prolonged nitrogen supply and uptake are required.
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