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Abstract : The allocation pattern of carbon (C) and nitrogen (N) with aging among several organs of rice
seedling was investigated with particular attention to the difference in seminal root axis (SRA) and concomitant
lateral roots (LR). Rice (Oryza sativa L. cv. Aichiasahi) was grown in root boxes under submerged conditions
for 35 days after sowing (DAS). Overall C and N concentration of LR were higher than those of SRA, and the
difference was more pronounced in N concentration. In the seminal root portion of the same age, C and N content
decreased in both SRA and LR with progression of age, however a trend of declining N content in LR was
alleviated by the rooting of higher (2nd order) LR. The ratios of root length to C content and dry weight in LR
were 27 times that of SRA, and the ratio of root length to N content in LR was 12 times that of SRA after Day
21. These results suggest that the aging patterns of LR and SRA are different, and LR plays a more important
role in controlling the metabolic activity of the whole root system than SRA. Moreover, increase in N content in
SRA after Day 12 and the increase in the number of LR up to 35 DAS suggested that the seminal root of rice
was alive and maintained its metabolic activity for at least 35 DAS.
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Carbon (C) and nitrogen (N) needed for = Considerable amounts of N taken up by roots

plant growth are translocated from absorbing
parts to the other plant parts. Large amounts
of carbohydrates translocated into roots are
used for root respiration, and the energy
obtained by root respiration is mainly utilized
for root growth, nutrient uptake and root
maintenance?. As the root system ages, root
respiration activity generally decreases®, and
the proportion of respiration for root growth
and nutrient uptake decreases rapidly, where-
as that for root maintenance increases'?.

* An outline of this paper was presented at the 198th
meeting of the Crop Science Society of Japan held in
August, 1994.

are translocated to leaves, and large amounts
of organic N needed for root growth are sup-
plied through re-translocation from leaves®”.
As plant ages, the ability of reduction into
organic N in both roots and leaves, and N
uptake by roots generally decreases.

As mentioned above, C and N metabolism
and their translocation patterns in roots are
affected by ages. Therefore, it is of great inter-
est to study the changes in these processes
within the root system as plant age progresses.
Tatsumi and Kono®!'? demonstrated that old
nodal roots and leaves of rice plants were the
major supply source to the actively growing
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young nodal roots with nitrogenous com-
pounds, and concluded that the roots with
different ages have different N metabolism.

In addition to nodal roots, the cereal root
system is composed of several other compo-
nent roots, and the major part of a root system
is accounted for by lateral roots (LR) emerged
from seminal and nodal roots. It was report-
ed'? that root surface area of the LR reached
up to 909, of the total root surface area of the
entire root system and about 909, of water
was taken up by the LR. Most probably, LR
would also be greatly responsible for nutrient
uptake. Therefore, high respiration rate in a
root system is closely associated with prolifer-
ative growth of LR?. These observations indi-
cate that LR would have an important role in
controlling the translocation pattern and meta-
bolic activities of C and N in a root system.
Thus it is very important to estimate C and N
allocation pattern in root axes and LR sepa-
rately.

In the study concerning translocation of C
and N in a root system, many researchers have
employed hydroponics because of the conve-
nience of the sampling of root systems®"!2.
Since hydroponically-grown roots are very
much different from soil-grown roots in their
development and function, it is seemed that
they are also different in C and N metabolism.
Therefore, in this study, we investigated the C
and N dynamics in seminal root axis (SRA)
and concomitant LR of the rice seedling
grown in soil to evaluate the relationship of the
activity of G and N metabolism and aging in
SRA and LR.

Materials and Methods

The experiments were conducted in an
environment-controlled phytotron, which was
the natural irradiance type, and maintained at
30°C day/25°C night temperature and 809,
relative humidity. A total of 90 root boxes (40
cmX25cmX2cm) were filled with loamy
sand soil and submerged in water. Seeds of
rice (Oryza sativa L. cv. Aichiasahi) were
pre-germinated at 30°C for 2 days, and were
sown in the root boxes on July 15, 1993. Three
to ten plants were grown in each root box
depending on the growth period without any
fertilizer. At each sampling, plants from ten
replicate root boxes were sampled. Seedlings
were sampled at 2-day intervals from 4 to 14

days after sowing (DAS), and thereafter 7-day
intervals until 35 DAS. To ensure intact sam-
pling of the root system, the revised root box
pin-board method was employed?. Using this
method, the root system can be sampled with
minimal disturbance and loss. In the present
study, we conducted two experiments sepa-
rately. The allocation pattern of C and N in
relation to aging was compared among several
organs in Exp. 1, and between SRA and LR in
greater details in Exp. 2.

1. Experiment 1

Each sampled seedling was divided into the
above-ground part (shoot), endosperm, nodal
roots and seminal root. Moreover, all of the
LR emerged on SRA was separated from SRA
using fine forceps. Each divided organ was cut
into pieces and mixed for homogeneity. These
were divided into three masses for the three
replicate measurements of C and N concentra-
tion, and dry weight. Each organ, except for
SRA and LR, was milled using a vibrating
sample mill (T1—100, Heiko Co. Ltd.).

2. Experiment 2

In this experiment, we focused on a given
portion of seminal root, and attempted to
evaluate the age effects on the C and N
content and dry weight. For this purpose, only
the same portion of seminal root, which elon-
gated during the first 4 days with exception of
3 mm-root tip, i.e. a portion of 11.7 cm from
the root base, was used at each sampling (Fig.
1). In the root portion, all of the LR emerged
was separated from the SRA using fine for-
ceps. Some of the seminal roots were fixed with
FAA (Formalin, Acetic acid, 709, EtOH ; I :
1:18 parts by volume) for the measurement
of the number and length of LR.

All of the organs sampled in Exps. 1 and 2
were dried for 3 days in a drying oven at 80°C,
and preserved in desiccators to prevent mois-
ture until analysis. The dry weights of each
plant organ were measured using micro bal-
ance (MT-5, Mettler), and then C and N
concentrations were determined using a CHN
corder (MT-5, Yanaco Co. Ltd.).

Results

1. Experiment 1

The seminal root elongation pattern is
shown in Fig. 1. Since the patterns were almost
the same between Exps. 1 and 2, data only
from Exp. 2 is shown for simplification.
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Fig. 1. Schematic diagram of the seminal root

elongation pattern in Exp. 2. Shade parts
show the seminal root portion which was used
for analyses in Exp. 2. This portion elongated
during the first four day after sowing and 11.
7 ¢cm in length.

The concentration of C and N in individual
plant organs, including the SRA and LR, are
shown in Fig. 2. The pattern of changes of C
concentration in shoot and endosperm were
contrastingly different from that of N concen-
tration. Namely, the concentration of C in
shoot was almost constant during the experi-
mental period, whereas that of endosperm
increased drastically up to about 559, at 10
DAS, and thereafter maintained the high level.
In contrast, the concentration of N in shoot
was the highest level of all the organs
examined until 14 DAS, but thereafter gradu-
ally decreased to about 2.59, at 35 DAS.
However, that in endosperm was almost con-
stant, and maintained the lowest level during
the experimental period.

In the case of SRA and LR, although only
slightly higher concentration was observed in
LR, there were no marked differences in the
value of C concentration between them until
21 DAS. However, thereafter the value of SRA
decreased rapidly, whereas that of LR was
constant. As a result, the C concentration in
LR was 69, higher than that in SRA at the
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Fig. 2. Changes in carbon (a) and nitrogen (b)
concentration with aging in several organs of
rice seedling in Exp. 1. The values are dry
weight bases, and represent 3 replicate mea-
surements. Vertical error bars indicate stan-
dard deviation. shoot ([J—0) ; endosperm
(m—m) ; lateral roots (O—O) ; seminal
root axis (@—@) ; nodal roots (&—2),

end of the experiment. In the concentration of
N, the value of SRA was gradually decreased
to about 297 at 14 DAS, and thereafter
maintained at an almost constant level.
Although the concentration was also de-
creased up to 12 DAS, there was a tendency
for further increase in the concentration in LR
from 14 to 21 DAS. Therefore, the N concen-
tration in LR was about twice that of SRA
from 21 to 28 DAS, and was the highest of all
the organs examined after Day 21.

In nodal roots, in which root axes and their
lateral roots were mixed for the analysis, the
concentration of C exceeded that of SRA
during 28 to 35 DAS (Fig. 2). However, the
concentration was always lower than LR of
seminal root during the experimental period.
In the case of N concentration, nodal roots
showed higher levels than SRA during 4 to 21
DAS, whereas the concentration showed
higher levels during only 8 to 10 DAS than LR
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Fig. 3. Changes in the content of carbon (a) and
nitrogen (b) in the whole SRA (@—@) and
LR (O—0) with aging in Exp. 1. The values
of LR represent the sum of all of the LR
attached on the SRA. Arrows indicate the

mean time when the contents in LR exceeded
those in SRA.

of seminal root.

As for the content of C and N, there were
also differences of C and N allocation patterns
(Fig. 3). As the seminal root grew, LR emer-
ged vigorously on the SRA, and soon the
contents of C and N in LR came to exceed
those in SRA. However, the point in time
(DAS) when the contents in LR exceeded
those in SRA was somewhat difterent between
C and N. The time was 12 DAS for C content
and 8 DAS for N content. The contents of C
and N in LR gradually increased, except for
the values at 35 DAS. In the case of SRA, the
content of C constantly increased. However,
that of N decreased till 12 DAS, and thereafter
exhibited a pattern of increase.

2. Experiment 2

In the seminal root portion of the same age,
i.e. 11.7 cm in the length from the root base,
the content of C and dry weight in SRA and
LR showed no marked differences during 8 to
28 DAS, whereas N content gradually de-
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Fig. 4. Changes in dry weight (a), C (b) and N
(C) content in SRA (@) and LR (1) in Exp.
2. Vertical error bars represent standard
deviation from three replicate measurements.

creased in both organs (Fig. 4). At first, N
content in SRA was higher than in LR.
However, thereafter the content gradually
decreased to 259, of original content at the
end of the experiment. In the case of LR,
however, N content also showed a decreasing
pattern at first, and then no significant change
was observed from 8 to 14 DAS. Therefore, N
content was always higher in LR compared to
SRA after 8 DAS. In this period, higher (2nd
order) LR emerged vigorously on the 1st order
LR. The number of 2nd order LR increased
2569, from 8 to 10 DAS, and 569, from 12 to
14 DAS (Fig. 5). The emergence of new LR
had the effect of alleviating the decrease of N
content in LR overall. As the age of LR
proceeded from 28 to 35 DAS, the effect
disappeared. However, the N content in LR
was still about twice that in SRA at the end of
the experimental period.

In the case of C/N ratio, LR was always
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Fig. 5. Changes in the number of total and 2nd

order LR (a) and C/N ratio in SRA and LR
(b) in Exp. 2. Vertical error bars in the upper
graph represent standard deviation from
three to ten replicate measurements.

lower as compared with SRA, and only 449,
of that of SRA at 35 DAS (Fig. 5). These
results suggested that the activity of N metab-
olism was much higher in LR than in SRA.
Now, to determine how these resources (G,
N and dry matter) are utilized for the root
growth, we calculated the ratio of root length
to C content (L/C), N content (L/N) and
dry weight (L/D). We termed these ratios as
conversion efficiency to length. When the
conversion efficiency of root length was calcu-
lated, including both SRA and LR, the values
at 4, 14 and 35 DAS were 2.032, 5.528 and 6.
745 (mm/yg) in L/C;21.917, 87.343 and
162.572 (mm/yg) in L/N;0.812, 2.339 and
2.995 (mm/ug) in L/D, respectively. When
efficiency was calculated separately for SRA
and LR, however, considerable differences
were noted between them (Table 1). The
values of L/C, L/N and /D in LR, and L/N
in SRA showed a gradual increment during
the experimental period. In contrast, the L/C
and L/D in SRA was almost constant after

Day 8 as the same pattern in its C content and
dry weight shown in Fig. 4. Comparing the
absolute values, the LR were about 8 to 12
times higher than SRA at the beginning of the
experiment. Thereafter, the difference
between the two organs gradually increased in
the case of L/C and L/D, and at the end of
the experimental period, the values in LR were
about 28 times those in SRA. As for L/N, the
values in LR were consistently about 12 to 15
times those in SRA.

Discussion

In this study, we focused on the C and N
metabolisms of LR, whose physiology is
scarcely known. When C and N concentra-
tions were compared among several organs, N
concentration in LR was the highest levels
among several organs after Day 21 (Fig. 2).
And when C and N metabolisms were
compared between LR and SRA in a given
portion of seminal root, N metabolism in LR
was also greater than SRA, especially in the
later growth period (Fig. 4). This fact strongly
indicates that LR have an important role in
controlling metabolism in a root system.

It is very difficult to estimate how long a
root system is alive, and to evaluate its func-
tional activity. In fact, such information is very
limited. In this work, we found that even the
elongation of SRA almost stopped after Day
28 (Fig. 1), the content of N after Day 12
showed an increase pattern up to the end of
the experimental period (Fig. 3). In the case
of LR grown on SRA, the concentration of C
and N maintained high levels up to 35 DAS
(Fig. 2), and the number of LR continued to
increase even at 35 DAS (Fig. 5). We inter-
preted these results in such a way that the
seminal root was alive and sustained metabolic
activity until 35 DAS, although its activity
seemed to decrease with aging.

In general, protein-nitrogen in plant tissues
is easily decomposed with progression of age,
and translocated to other active plant parts®,
whereas C, which is firmly bounded in cell
walls, is hardly decomposed, even if the cells
are dead. Based on this phenomenon, Helal®
proposed that the protein content of soil-
grown roots could be used as an index for
estimating active root parts. Therefore, our
results strongly indicate that LR are
physiologically more active than SRA, though
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Table 1. The ratio of root length to C and N content, and dry weight in SRA and LR (mm/yg) in Exp.
2. Values are means of three replications + standard deviation, and the values in parentheses

represent the ratio of LR to the SRA.

Days Dry weight Length/C Length/N Length/Dry weight
after (ug) (mm/ug) (mm/ug) (mm/pg)
SOWIE  SRA LR SRA LR SRA LR SRA LR
4 778+366 491+44  038+0017 45+004  48+020 404035 015+0007 18400l
(120 (8.3) (12.4)
6 685+186 578+120 043+0017 824024 734025 954206 01740005 35+007
(19.1) (13.0) (20.7)
8 490+116 541+146 0500008 874023  83+012 110+331 02040003 37+0.10
(174) (133) (18.7)
10 610+131 558+17 0480008 98+002  87+012 1284056 019+0004 42+00l
(20 5) (14 8) (22 4)
12 581+123 559+13 05040010 1014001  95+018 1354010 02040004 43+001
(19.9) (14.2) (21.7)
14 585+299 536+63  048+0017 107+009  97+030 140+094 02040011 47+005
(22.3) (14 5) (23.3)
21 568+237 510460  048+0026 1154003 128+060 159+537  020+0010 52+006
(23.9) (12.4) (26 3)
28 588+174 554+18  047+0014 124+004 1504010 201+079 02040006 55+0.02
(26 4) (13.4) (27 5)
35 5294231 449475 05040022  138+001 196+079  238+813 022+0010 624011
(27.6) (12.0) (28.4)

we only measured the total content of N, not
protein content directly.

In paddy rice, aerenchyma generally
develops in axile roots, through which oxygen
is supplied from shoot to roots for respiration.
In this study, it was found that dry weight and
content of C and N in SRA decreased gradu-
ally from 4 to 12 DAS (Fig. 4), and subse-
quently N concentration in LR slightly in-
creased (Fig. 2) and 2nd order LR emerged
vigorously on the 1st order LR (Fig. 5). These
facts suggest that the decrease of dry weight
and the content of C and N in SRA during
this period would be mainly caused by col-
lapse of the cortical cells and development of
aerenchyma, and the released C and N from
SRA would be utilized for the metabolism and
development of the LR. In addition, the rela-
tively low C/N ratio in LR indicates that the
translocation rate from SRA to LR may be
higher for N than for C. And from this, we
speculate that the senescence of SRA took
place earlier than the LR, and the LR
maintained a higher metabolic activity
throughout the experimental period.

In conclusion, we attempted to determine
the aging pattern of the root system of rice

seedling grown in soil, based on the C and N
allocation pattern among several organs in
general, and between SRA and LR in particu-
lar, and found that the aging pattern of LR
was quite different from SRA, and LR play a
key role in controlling the whole root metabo-
lism in a root system of rice seedlings. More-
over, we observed that the seminal root was
alive and functioning for at least 35 DAS.
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