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ABSTRACT The fate of '*N in rice plants was investigated after **NO 3 was applied in surface water as
a top dressing fertilizer. From '*N analysis, it was suggested that NO 3 was absorbed mainly by leaf
sheaths for the first one or two days, then roots began to absorb NO 3 thereafter. The absorbed '*N was
more rapidly assimilated into the amino acids and protein of leaf blades and leaf sheaths than those of the
roots. The labelling pattern of glutamine, glutamic acid, aspartic acid and alanine was rapid and very
similar in each organ. Asparagine, a major temporary storage amino compound in rice plants gradually
incorporated '*N, but the initial incorporation rate was relatively slow.

Before NO 3 addition, no NO 3 was detected in all plant parts. Immediately, NO 3 became detectable
in the leaf sheaths within 4 hours after NO 3 addition. However, NO 3 could not be detected in the roots
for one day after NO 3 application.

From the results obtained it was concluded that top-dressed NO 3 could be absorbed by leaf sheaths of
rice plants, and the N was rapidly transported to the leaf blades and assimilated there.
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Introduction

It is generally accepted that rice plants cultured in paddy field usually utilize NH } as a major
N source. However, it was shown that rice plants can absorb and utilize NO 5 if it is added in
the medium.®*!120 In N fertilization for rice in paddy field, the denitrification process is one major
problem to loose N from rice field. The NH 1 is converted to NO 5 in surface thin oxidized layer,
then NO 7 is converted to N, in the reduced layer below. From this point, the practical applica-
tion of NO ; fertilyzer into rice paddy field seemed to be scarecely employed, although rice plants
can utilize NO 3.

Concerning to NH  and NO ;5 assimilation and transport in rice plant, several *N tracer
experiments have been conducted"®~'#?°~2¢ When '"NH { was top-dressed to the rice plants
cultivated with solution culture, the applied **NH + was first assimilated into the amide group of
glutamine and other amino acids and amides in the roots.!*® The assimilated N was transported
to the shoots probably in the forms of glutamine and asparagine.

On the other hand, **NO 3 was shown to be assimilated in the same manner as added NH %
in the roots. However, the assimilation rate of NO ; in the roots was very slow compared with
NH +2- 29 It was suggested that the leaf blades are major site of NO ; reduction and assimilation
in the case of rice plants'".

As for N fertilization for rice, many pot and field experiments have been carried out”!% 1719,
These results suggested that most of all basally dressed N fertilizer is depleted until the end of
June around young panicle formation stage'”. And the top dressing treatment of this stage was
very efficient compared with fertilization at later stage'®. The top dressing of N at about young
panicle formation stage was not only efficiently used but also this treatment promoted the
absorption of soil N. The top dressed ammonium fertilizer at this stage was almost completely
depleted within 10 days, and the fertilizer efficiency was about 509. The percentage of top

*Toyama bulb growers association, 939-13 Tonami, Toyama.
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dressed ammonium N remained in soil accounted for 3 to 109 of applied amount of N. On the
other hand, about 40-509% was estimated to be lost by denitrification. When "NO 3 was em-
ployed for the top dressing in this stage, the fertilyzer efficiency was about 50-609% and not so
different from NH 3 top dressing®.

In this paper, a pot experiment was conducted for elucidating the fate of '*N labeled NO ; in
rice plants grown in paddy soil.

Materials and Methods

Rice (Oryza sativa L. var. Koshihikari) seedlings were transplanted to the a/5000 pots contain-
ing 3 Kg of the surface soil of Muramatsu Experimental Farm belong to Faculty of Agriculture,
Niigata University. Ammonium sulfate (0.5g-N), superphosphate (0.8g-P,0Os) and potassium
sulfate (0.55-K,0) had been applied to each pot as a basal dressing. The pots had been flooded
prior to transplanting. One month after transplanting, one g of '*N labeled calcium nitrate
(171mg-N, 10.3 atom9 '*N) was applied to the surface water at 10:00 AM on June 22nd. Then
the plants were successively harvested at 4 and 8 hrs, 1 day, 2, 3, 4 and 6 days after the onset of
5N feedings. The plants were washed with tap water and separated into roots, leaf sheaths
(including stem) and leaf blades, then they were throughly washed with deionized water.

Some part of fresh tissues were macerated and extracted thrice with hot 809 ethanol, then
separated into the soluble and insoluble fractions. N content was determined by Kjeldahl
digestion method. An aliquot of 809 ethanol extract was evaporated in vacuum, and redissolved
in water. The NO ;3 concentration in this solution was determined by ion chromatography. Each
amino acids and amides was separated by two dimensional thin layer chromatography with Silica
gel G-60 developed successively with phenol-H,O (4:1) and butanol-acetic acid-H,O (4:1:1).
Amino compounds on a silica gel plate were detected by spraying ninhydrin-butanol solution, then
each spot was collected separately in a pyrex glass tube. The *N abundance wan determined by
emission spectrometry'?.

Results and Discussion

At the time of 'N treatment, the growth stage was shortly before young panicle formation
stage. Most of the basal dressed N fertilizer was expected to be depleted or lost until this stage'”.
At the onset of *NO 3 treatment on June 22nd, the shoot length of plants were about 40y, the
number of tillers was approximately 50, and the fifth leaf was observed to be developing.

Table 1. Fresh weight, dry weight and N content of each
part of rice plants treated with '*NO 3 top-dressing.

Leaf Leaf

Roots sheaths blades Total
Fw (g/pot) 37.5 28.8 13.6 79.9
DW (g/pot) 2.2 4.5 4.1 10.8
Total N (mg-N/pot) 53 106 183 342
Soluble N (mg-N/pot) 4.2 17.7 9.5 31.4
Insoluble N (mg-N/pot) 49 88 173 310
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The fresh weight (FW), dry weight (DW), and N content of rice plants was shown in Table 1.
Although the FW of roots was nearly the half of total FW of the plants, but the DW of roots
accounted for only 279% of total DW. The DW of leaf sheaths and leaf blades were almost the
same. Total N content in leaf blades was much higher than that of leaf sheaths and roots.
Nearly 95% of total N in leaf blade was insoluble N (protein N). On the other hand, the leaf
sheaths contained relatively high concentration of soluble N.

Fig. 1 shows the changes in '*N abundance in total N, soluble N and insoluble N in each part
of plants. From the figure of total N (left), it was obvious that *N was most rapidly incorporated
into leaf sheaths among organs. During early period just after '*N addition, only leaf sheaths
showed significant enrichment of !*N. The initial '*N incorporation into soluble fraction of leaf
sheaths was quite rapid and showing hyperbolic curve without a lag-phase (middle). The increase
in *N abundance in total N of roots and leaf blades was initially low, but promptly increased after
4th day of treatment. This result may suggest that some part of the top dressed NO 3 in surface
water was initially absorbed by leaf sheaths, rather than the roots.

Fig. 2 shows the N content (mg-N/pot) from top-dressed '*NO 3 in each part. In leaf sheaths
(middle) *N was mainly distributed in soluble fraction for the first 4 hrs, and *N was evenly
accumulated in soluble and insoluble fractions until 3rd day of '*N treatment, then more *N was
distributed in the insoluble fraction thereafter. The N was readily incorporated into the insoluble
fraction of leaf blades, especially after the 4th day of treatment (right). On the other hand, N
content from *NO 3 in roots was negligible during the first day of treatment (left).

Fig. 3 shows the changes in soluble *N concentration and NO 3-N concentration in each part
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Fig. 1

Changes in **N abundance of total N(left), 80% ethanol soluble N(middle)and insoluble N(right)in each
part of rice plants after'*NO ; addition.

A Roots, O Leaf sheaths, @ Leaf blades

*15N abundance was expressed as percentage of N originating from '*N labeled NO 3 calculated by
following equation:

atom9% excess of sample + atom9% excess of *NO 3 X100

— 103 —



HBRFRFETVRHRSE 435 (199D

mg mg mg
207 20 20
Roots [ Sheaths I Blades

N content from labeled N

Days aﬂer15Ntreatmem
Fig. 2
Changes in N content originating from *NO 3 in soluble and insoluble fraction of roots (left), leaf sheaths
(middle) and leaf blades (right).
oluble fraction, ||||||| Insoluble fraction

based on g FW. No NO ; was detected in the plants harvested just before '*NO 3 addition,
Therefore, all the NO 3 in the plants was exclusively derived from top dressed '*NO ;. In leaf
sheaths (middle), NO 5 concentration increased immediately after '*NO ;5 addition. Moreover,
NO 3-N concentration was almost equal to the ethanol soluble N concentration during initial 8 hrs,
Then NO ; concentration kept constant or rather decreased until at the 3rd day of '*NO;
treatment. Then NO ;5 concentration began to increase again thereafter. Also, after 3rd day,
NO 5 concentration increased in the roots (left). These results may imply that the roots began
to absorb appreciable amount of NO ; only after 3 days of '*Ntreatment. Before this period,
most of NO ; was suggested to be absorbed from leaf sheaths. The second increase in NO 3
concentration in leaf sheaths at 3rd day may be due to the NO ;5 absorption form the roots. The
NO ; concentration in leaf blades increased during initial two days but kept constant value at
around 20 ugN/gFW.

Time course of '*N incorporation into amino compounds was measured. In roots, alanine,
glutamine, glutamic acid, and asparagine were the major free amino compounds. In leaf sheaths,
asparagine was a predominant amide and alanine, aspartic acid were relatively abundant.
Glutamic acid, aspartic acid, alanine and asparagine were major amino compounds in leaf blades.
Fig. 4 shows the changes in !N abundance of free amino acids in roots (left), leaf sheaths (middle)
and leaf blades (right). The initial '*N incorporation rate in every amino acid was highest in leaf
blades compared with roots and leaf sheaths. Concerning to glutamine, glutamic acid, alanine,
aspartic acid in leaf blades, the steep increase in *N was observed within initial 8 h after '*N
application, followed by steady incorporation thereafter. On the other hand, this steep increase
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Changes in NO 5 concentration and N concentration originating from '*NO 3 in soluble fraction of
roots(left), leaf sheaths (middle) and leaf blades(right).

@ NO ;5 concentration, O Soluble N concentration

in N was not observed in asparagine in leaf blades. It was characteristic that the labelling
pattern of each amino compound in leaf sheaths was rather lower than leaf blades, although leaf
sheaths were the primary organ for NO 5 absorption especially for first few days. This seems to
imply that the most of the absorbed NO 3 in leaf sheaths might be directly transported to the leaf
blades, then the NO ; was reduced and assimilated into amino acids and protein in blades. This
agrees with the assumption that leaf blades are major sites of nitrate reduction and assimilation.

The fact that the increase in NO ; was very rapid in leaf sheaths (Fig. 3) but the labelling
pattern of amino acids was rather slower than those in leaf blades might be coinside with the
previous hypothesis that most of all NO 5 was reduced in leaf blades and the assimilated amino
compounds was recycled to leaf sheaths and roots from blades. !'*N incorporation in amino acids
in roots was found prior to NO 3 absorption in the roots. So especially in early stage, most of
all amino acids in roots seemed to be originating from leaves. FUKUMORITA and CHINO? found
that major transport form of N in the phloem of rice was asparagine and other amino amino acids,
although low concentration of NO ;5 was detected*.

Rice roots have ability to reduce NO 3, so after NO ;5 penetrated into rhizosphere, the roots
could reduce some part of NO ; adsorbed. Probably leaf sheaths may have some NO ; reducing
activity. It is unclear how much NO ; was reduced and assimilated in leaf sheaths and roots. The
percentage of NO ; reduced in roots and shoots is known to depend on plant species, NO 3
concentration or the other environmental conditions. In the case of soybean about half of NO 3
absorbed was transported in the form of NOj;and remained half was transported as
asparagine'>'®. The relative importance for NO 5 reduction between roots and shoots of rice
plants are not fully elucidated.
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Changes in '*N abundance of free amides and amino acids in roots(left), leaf sheaths(middle)and leaf
blades(right).

@® Glutamine, O Glutamic acid, A Asparagine,
A Aspartic acid, 0 Alanine
*1*N abundance was expressed as percentage of N originating from '*N labeled NO ; by the same

equation as Fig. 1.

When NO ;5 was applied to the rice roots which had been cultivated in N-free solution culture,
NO 5 absorption occurred linearly without lag-phase®. The initial pathway of NO 5 assimilation
in rice roots depends on GS/GOGAT pathway?" as same as in the case of NH %! 29 The
ammonium pool intimately linked with NO 35 reduction seemed to be very small and about 1 % of

‘total NH 7 pool in rice roots??,

The results obtained here suggested that the major part of NO 7 absorbed by leaf sheaths was
directly transported to the blades then reduced and assimilated there. Generally the remobilized
N from mature leaves are suggested to play an important role for supplying N for the growing
parts in rice??-2¥ as well as sunflower® and soybean plants'¥. The recycle N is considered to be
transported via phloem either downward to the roots or upward to newly developing leaves or
reproductive parts,

Fig. 5 shows a model for the initial events of NO 5 absorption, transport and assimilation
after NO ;5 was applied as a top dressing N fertilizer. Before NO ; penetrated into rhizosphere,
NO ;5 is mainly absorbed from leaf sheaths contact with surface water, probably because NO 3
penetration might be slow in paddy soil. After NO 35 penetrates to the soil where roots had been
distributed, roots become a major site of NO 3 absorption.

The absorbed NO 3 is rapidly transported to the leaf blades, and it is photochemically reduced
and assimilated there. Then the N was recycled to leaf sheaths and roots probably as in the form

of amino N via phloem.
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Fig. 5
A Model for initial absorption, translocation,and assimilation process of NO 3 in rice
plants cultivated with soil.

The top dressed NO ; was efficiently used for the protein synthesis of leaf blades and leaf
sheaths.
The advantage of NO ; top dressing to rice plants may be speculated as follows. First, the
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high concentration of NO 3 is less toxic than that of NH %, and plants can accumulate NO 3 in
vegetative parts. Second, the elongation of shoots and lodging may be less severe with NO 3 top
dressing than NH 7 application. It was suggested that '*N originating from '*NH % was preferen-
tially transported to the growing leaves, but *N from '*NO ; was translocated to the mature
leaves. Third, NO 3 is hardly fixed in the soil and the movement of N to the rhizosphere may be
easier than NH . The biggest disadvantage of NO 5 top dressing to paddy rice field is N loss by
denitrification. Further researches are required for NO 5 top dressing to the rice cultivaiton in
paddy field.
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