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Abstract : The root system of rice nursling seedlings is composed of a seminal root and crown roots from
coleoptilar node. The roots were cut at various locations, and the treated seedlings were grown for seven days after
transplanting to clarify the role of the crown roots in the rooting and development. Even when the roots were cut
at 1.5 cm from the base of the root, growth of the seedlings was similar to that of the control. However, growth
was significantly reduced when cut at a length of 0.5 cm from the base. The growth of transplanted seedlings,
including the emergence rate of the third leaf, was barely influenced by excision of the root tips of a seminal root
and four crown roots, but growth was severely reduced by cutting at the bases of a seminal root and the longest
crown root.
remaining after the treatments. These results indicate that the rooting and development of transplanted nursling
seedlings are reduced according to the total length of the root remaining after treatment. It is conjectured that
the crown roots from the coleoptilar node play a large role in the absorption of water and nutrients just after
transplanting, and promote the rooting and development of transplanted nursling seedlings through emergence
of the first nodal roots.

Key words : Coleoptilar node, Crown root, First node, Nursling seedling, Rice, Rooting, Root pruning, Trans-
planting.

The growth of the transplanted seedlings decreased in accordance with the total root length
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In recent years, the transplanting of cul-
tured rice (Oryza sativa L.) nursling seedlings
has become more spread. This is of consider-
able practical concern, because more cost-
saving techniques cause a reduction in work-
ing time and cost??. Several studies have been
conducted to determine the optimum method
and duration for raising the nursling seed-
ling®+19. We have classified nursling seedlings
as green nursling seedlings, which are raised in
light, and yellow nursling seedlings raised in
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Experiment Station, Joetsu, Niigata 943-01, Japan,

darkness!?. The rooting of transplanted rice
seedlings, including nursling seedlings,
depends on the growth of new roots®%®. This
is associated with the characteristics of seed-
lings®!” and the amount of damage in-
curred®!”?®. Root pruning, which accom-
panies the transplanting, is the principle cause
of this damage. There have been several
research papers published concerning the
influence of root pruning on the growth of
transplanted rice seedlings!?1314.15.23,24,25)
However, few studies have been performed on
the root pruning of nursling seedlings!®29, It is
therefore necessary to understand the effect of
root pruning on the rooting and development
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of transplanted nursling seedlings.

The root system of nursling seedlings is
composed of a seminal root and crown roots
from a coleoptilar node. Hoshikawa and
Shoji® reported that the coleoptilar node’s
crown roots were the key roots involved in
rooting and development of transplanted nurs-
ling seedling. A knowledge of the influence of
cut crown roots from coleoptilar node on the
rooting of transplanted nursling seedling is
needed to evaluate the role of the crown roots
in the rooting and establishment of nursling
seedlings.

This study was undertaken to determine the
effect of various root cutting treatments on the
growth of nursling seedlings, and to clarify the
role of crown roots from the coleoptilar node
in the rooting and development of transplant-
ed nursling seedlings.

Materials and Methods

Experiment 1.

Pre-germinated rice seeds, cv. Sasanishiki,
were sown in nursery boxes (58 X283 cm)
which contained nursery soil (Kureha-
ryujyou-baido, Kureha Chemical Co., Ltd.)
May 12 in 1993. The soil was thoroughly
watered before sowing. Two hundred and
forty grams of imbibed seed was scattered on
the soil surface of each box. Before being
covered with a thin layer of the soil, the seeds
were sprayed with a fungicide (Daconil-1000)
in order to prevent infestation of seedling
blight. The boxes were placed in a dark nurs-
ery chamber and maintained at a temperature
of 32°C. After 2 days, the seedlings had devel-
oped 1cm bud. The seedlings were subse-
quently raised under natural light (5-day-old
green nursling seedling ; 5d-GNS) and in the

dark (5-day-old yellow nursling seedling ; 5d-
YNS) at a mean temperature of approximate-
ly 25°C for 3 days.

At the end of this growth period, seedlings
were selected from both 5d-GNS and 5d-YNS,
and were then washed free of soil. The roots
were cut at 3.0, 1.5 and 0.5 cm from the base
of the root. On May 17, the treated and
non-treated seedlings were transplanted, 10
seedlings per plastic case (15X 5.5X 10 cm) in
unfertilized soil. Two plastic cases were used
for each treatment and a total of 16 cases were
used. The soil was flooded prior to transplant-
ing. After transplanting, the cases were placed
into containers in a temperature-controlled
greenhouse set at 30/25°C with a day/night
cycle of 12/12 hrs. The humidity in the green-
house was not controlled. Water was kept 2
cm above the soil surface for 7 days after
transplanting.

Twenty other seedlings were sampled to
measure plant length, leaf length, number of
roots, and dry weight. The total root length
was recorded to calculate the length of root
remaining after the treatment. Seven days
after transplanting, all of the transplanted
seedlings were sampled, and were then washed
free of soil. Plant length, plant age in leaf
number, the longest root length, number of
roots and dry weight were measured.

Experiment 2.

The cultivar and the method of sowing and
emergence of seedlings were identical to those
described in experiment 1. The seeding date
was Sept. 2, 1994. After emergence, the seed-
lings were raised for 3 days under natural light
in a temperature-controlled greenhouse with
an air temperature of 30/25°C and a day/
night cycle of 12/12 hrs.

Table 1. Characters of two kinds of nursling seedling (Exp.1).
Plant Second leaf Third Number Residual ratio
length Sheath Blade leaf # of roots of endosperm
Seedling (cm) (cm) (cm) (cm) (/plant) nutrients (%)
5d-GNS 6.3 4.3 2.1 0.4 5.3 40.6
5d-YNS 8.9 4.9 2.2 0.1 5.9 32.2
t-test *E *E ns - * -

# . Length of the third leaf as it emerged from the second leaf sheath. *, ** ! Significant at
the 5% and 1% levels, respectively. ns : Not significant at the 5% level. The rasidual ratio

of endosperm nutrients was calculated by dividing the residual mass of seed (dry weight
basis) by initial seed dry weight. 5d-GNS : 5-day-old green nursling seedling. 5d-YNS :

5-day-old yellow nursling seedling.
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Prior to transplanting, two kinds of root
cutting treatments were conducted as follows ;
cutting the root off 2 mm from the root tip
(Treatment I), and cutting the root off at its
base (Treatment II). The first treatment was
performed on a seminal root (RT-1), a semi-
nal root with two (RT-3), or four longer
crown roots (RT-5) in order of root length.
The second treatment was performed on a
seminal root (RB-1) only, or a seminal root
with the longest crown root (RB-2).

On Sept. 7, the treated and non-treated
(control) seedlings were transplanted four
seedlings per hill - three hills per plastic case,
15X 5.5X 10 cm. The cases contained soil with
chemical fertilizer (N, P, K ; 0.2 g/case each).
The soil in the cases was flooded prior to
transplanting. Two cases were used for each
treatment in a total of 12 cases. After trans-
planting, the seedlings were grown in the same
way as described in experiment 1. The meas-
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Fig. 1. Frequency of root length distribution of

5d-GNS (n=20) and 5d-YNS (n=20) (Exp.
1).

urement parameters for the seedlings and the
plants grown for 7 days were similar to those
described in experiment 1. In addition, the leaf
elongation rate of the third leaf was deter-
mined by the daily measurement of a single
plant from each hill. In experiments 1 and 2,
the plant age in leaf number was designated
including incomplete leaf.

Results

Experiment 1.

Table 1 shows the characters of 5d-GNS
and 5d-YNS. The plant length of 5d-YNS was
2.6 cm longer than that of 5d-GNS. The sec-
ond leaf sheath of 5d-YNS was 0.6 cm longer
than that of 5d-GNS. However there was no
significant difference in the length of the sec-
ond leaf blade. It is well known that the
second internode elongates when a rice seed-
ling is raised in darkness®?%21). We observed
this elongation of the second internode of
5d-YNS; its length was 2.1+0.2 cm. The dif-
ference in plant length between 5d-GNS and
5d-YNS was primarily due to the elongation of
the second internode. If the elongated second
internode is discernibly longer compared to
the first leaf, it would be impossible for such a
seedling to be transplanted with accuracy by a
machine.

As the frequency of root length distribution
in Fig. 1 shows, the distribution of the root
length is separated into two parts, i.e. crown
roots from the coleoptilar node, and seminal
root. About 959, of the crown roots was less
than 30 mm in both 5d-GNS and 5d-YNS,
and 90 to 959, of seminal roots had a root

Table 2. The total root length remaining after the treatment and the number of roots cut by the
treatment (Exp. 1).
5d-GNS 5d-YNS
Total root length Number of Total root length Number of
Treatment # remaining* roots cut* remaining* roots cut*
(cm) (/plant) (cm) (/plant)
Control 12.4(100) ** 0.0 11.6(100) 0.0
3.0 cm 88( 71 1.1 8.0( 69) 2
1.5 cm 5.9( 48) 2.6 5.7( 49) 1.9
0.5 cm 2.5( 20) 4.3 2.6( 22) 4.1
# : Control=the roots were not cut; 3.0 cm, 1.5 cm and 0.5 cm=the roots were cut at 3.0 cm, 1.5

cm, and 0.5 cm from the base of the root, respectively.

: The total root length remaining and the nu
distribution (Fig. 1).

* %

mber of roots cut were calculated by the root-length

: Figures in the parentheses are calculated as a percentage compared to the control.
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Table 3. Effects of root cutting treatment on the growth of nursling seedlings 7 days after
transplanting (Exp. 1).
Plant Plant age Longest Number
Treatment # length in leaf root length of roots
(cm) number (cm) (/plant)
5d-GNS
Control 21.3 3.4 18.4 11.2
3.0 cm 21.7 3.3 17.6 10.3
1.5 cm 21.1 3.3 17.5 10.2
0.5 cm 19.7%%* 3.3 16.8 11.0
5d-YNS
Control 18.5 3.7 16.1 12.0
3.0 cm 18.8 3.7 16.2 10.3**
1.5 cm 18.6 3.6%* 16.1 11.7
0.5 cm 17.2%* 3.5%** 13.9** 1L.5

# Refer to Table 2.
** and *** indicate significant difference from the control on a LSD test at the 19§ and 0.195 levels,

respectively.

Table 4. Increase in shoot dry weight (mg

ment and the control, were observed for both

/plant) for 7 days after transplanting nursling seedlings (Table 3). For the 0.5-cm

(Exp. 1). treatment, however, the plant length and the
Treatment* 5d-GNS 5d-Y NS longest root length were lower compared with
Control 11.3(100)**  9.9(100)** the conn:ol,'but the pumber of roots was not
3.0 em 10.9( 97) 9.9(100) lower. Significant differences in plant age
15 cm 10.6( 94) 9.6( 97) between the treatments and the control were
0.5 em 8.9( 79) 7.5( 76) not observed for the 5d-GNS, but observed for

* . Refer to Table 2.
** : Figures in the parentheses are calculated as a
percentage compared to the control.

length ranging from 60 to 75 mm in 5d-GNS,
and from 50 to 80 mm in 5d-YNS. The num-
ber of roots to undergo the root cutting treat-
ment, and the total length of the root remain-
ing after treatment were calculated using the
frequency distribution of root length (Table
2). The total length of remaining root de-
creased, and the number of roots cut increased
as the cutting position neared the root base.
The total root length for 5d-GNS and 5d-YNS
with the 3.0-cm treatment was assessed as
709, of the original seedlings. It was calculated
that 8097 of the total root length was removed
by the 0.5-cm treatment.

Seven days after transplanting, no signifi-
cant differences in plant length and the long-
est root length between the 3.0-cm treatment
and the control, or between the 1.5-cm treat-

5d-YNS. It was restricted to 0.1-0.2 lower
compared with the control by the 1.5-cm and
0.5-cm treatments.

Table 4 shows the increase in shoot dry
weight for 7 days after transplanting. The
incease of the seedlings with the 1.5-cm treat-
ment and the 3.0-cm treatment was more than
949, of the control. The increase in shoot dry
weight of the seedlings with the 0.5-cm treat-
ment was 76 to 799, of the control.

Experiment 2.

The plant length and the plant age in leaf
number of the transplanted seedlings was 7.5
cm and 2.2, respectively. The residual ratio of
endosperm nutrients of the seedlings was
41.49%,. Table 5 shows the number of roots to
undergo root cutting treatments and the total
root length remaining after the treatments.
The total root length remaining after the treat-
ments was calculated using the distribution of
root length (data not shown). Modification by
cutting the root base reduced the total root
length to 329, (RB-2) or 539, (RB-1) of the
control, while the total root length was barely
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Table 5. Number of roots cut by the root cutting treatment and total root length

remaining after the treatment (Exp. 2).

Number of roots

Total root length

Treatment cut (/plant) remaining**
Seminal Crown Total (cm)

Control 0 0 0 14.1(100)
Cutting the root off 2 mm from the root tip

RT-1 1 0 13.9( 99)

RT-3* 1 2 13.5( 96)

RT-5* 1 4 13.1( 93)
Cutting the root off at its base

RB-1 1 0 7.5( 53)

RB-2* 1 2 4.5( 32)

* Longer crown roots in order of root length were selected for the teatment.

** Total root length remaining after the treatment was calculated by the root length

distribution of the original seedling. Figures in the parentheses are calculated as

a percentage compared to the control.

changed by cutting the root tip.

The length of the third leaf as it emerged
from the second leaf sheath (Fig. 2A) was
scarcely changed by the RT-1, RT-3 (data not
shown) and RT-5 treatments during the first 5
days after transplanting. Seven days after
transplanting, however, there was a significant
difference in the plant length between the
RT-5 and control (Table 6). This difference
was due to the length of the third leaf blade.
On the other hand, the RB-1 and RB-2 treat-
ments restricted the length of the third leaf as
it emerged from the second leaf sheath to a
shorter value compared to the control after
transplanting (Fig. 2B). The emergence rate
for the third leaf decreased in proportion to
the total root length until 3 days after trans-
planting. As a result, seven days after trans-
planting (Table 6), the plant length of seed-
lings with the RB-1 treatment was 1.2 cm

lower than that without the treatment. The

plant length of seedlings with the RB-2 treat-
ment decreased by 3.4 cm compared to those
without.

A reduction in the number of roots, the total
root length and the longest root length for
each of the treatments by cutting at the root
tip was not observed (Table 6). Cutting the
base of the root also did not reduce the num-
ber of roots and total root length. However the
longest root length was restricted to a lower
value compared with that of the control by the
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2. Effects of two kinds of root cutting treat-
ments (A, cutting the root off 2 mm from the
root tip ; B, cutting the root off at its base) on
the length of the third leaf as it emerged from
the second leaf sheath and the emergence rate
of the third leaf (Exp. 2). Vertical bars repre-
sent the standard error of six plants.

Control (O, ), RT-5 (@,HA), RB-1 (A, H),
RB-2 (&, W). Data of RT-1 and RT-3 treat-
ments were omitted.
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Table 6. Effects of the root cutting treatments on some morphological characteristics of the plants 7 days

after transplanting (Exp. 2).

Treatment # Plant Third leaf Plant age Number Total root Longest
length Sheath Blade in leaf of roots length root length
(cm) (cm) (cm) number (/plant) (cm) (cm)
Control 27.5 13.5 14.1 3.1 9.0 39.9(2.8) 8.4
Cutting the root off 2 mm from the root tip
RT-1 27.1 13.6 13.5 3.3%* 9.2 41.6(3.0) 9.3
RT-3 28.4 14.4** 14.0 3.2 9.2 42.3(3.1) 9.1
RT-5 26.2* 13.3 12.9** 3.3%* 10.0** 42.1(3.2) 8.6
Cutting the root off at its base '
RB-1 26.3* 13.4 13.0** 3.2 8.5 39.1(5.2) 7.4%
RB-2 24.1%* 12.2%** 12.0%* 3.2 8.3 36.4(8.1) 7.1%*

# Refer to Table 5.

*,** and *** indicate significant difference from the control on a LSD test at the 59, 194 and 0.195 levels,

respectively.

Figures in parentheses indicate the relative values to the total root length at transplanting shown in Table 5.
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Percentage of total root length remaining
to the control (%)

Percentage of total dry weight to the control (%)

Fig. 3. Relationship between the percentage of
total root length remaining after the root
cutting treatments compared to the control
and the percentage of the total dry weight
(shoot and root) compared to that of the
control 7 days after transplanting. Open circle
and circle with dot indicate the data of 5d-
GNS and 5d-YNS in Exp. 1, respectively.
Closed circle indicates the data obtained in
Exp. 2. *** : Significant at the 0.19} level. ns :
Not significant at the 59, level.

RB-1 and RB-2 treatments.

The total (shoot and root) dry weight
obtained in experiment 1 and 2 was calculated
as a percentage compared to that of the con-
trol, and the data was then plotted against the
percentage of the total root length remaining
after the treatments compared to the control

in Fig. 3. The total dry weight percentage
decreased with the decrease in the percentage
of the total root length. The values match a
exponential function.

Discussion

The noteworthy observations in this study
are ; (a) even when the roots of rice nursling
seedlings are cut off 1.5 cm from the root base,
seven days after transplanting the growth of
the seedlings with the 1.5-cm treatment is
similar to those seedlings without the treat-
ment, and (b) the rooting and the growth of
transplanted nursling seedling is reduced
through the total length of the root remaining
after the treatment.

Root pruning often accompanies the trans-
planting of rice seedlings™?®. This causes an
imbalance between water absorption and tran-
spiration?®. Transplanting injuries primarily
occur due to this imbalance?®. In experiment
1, when the roots of yellow nursling seedling
were cut off 3 cm from their root base, the
number of new roots which emerged during
the week after transplanting decreased against
the control. However, the difference in root
number between the treated plant and the
control was only 1.7 per plant. The plant
length, the plant age in leaf number, the long-
est root length and the increase in the shoot
dry weight was barely affected by the treat-
ment. Thus, it can be stated that the growth of
transplanted nursling seedlings is not substan-
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tially affected by the 3.0-cm treatment. These
findings are identical to the results obtained
by several other studies!>!3141524 In addition,
in the present study, no significant differences
in growth were observed between the nursling
seedlings with the 1.5-cm treatment and those
without the treatment. This is probably related
to the root system and the leaf area of the
nursling seedlings. Even when the roots of the
nurling seedlings were cut off 1.5 cm from the
base of the root, 509, of the total root length
remained after the treatment (Table 2). The
expanded leaf blade of the nursling seedlings
was only the second leaf at transplanting.
Consequently, it would appear that an imbal-
ance between water absorption and transpira-
tion did not occur. Moreover, the transplanted
seedlings left 30-409, of their endosperm
reserves (Table 1), but substantial photo-
syntesis did not occur even in 5d-GNS as well
as 5d-YNS'. Therefore it is likely that the
residual endosperm reserves make up for a
lowering of nutrient absorption caused by the
root-cutting treatment and promote rooting of
the transplanted seedlings.

Contrary to these observations, the meas-
urement of plant length, the longest root
length and the increase in the shoot dry weight
showed that the 0.5-cm treatment caused a
significant reduction in the growth of seedlings
one week after transplanting. The total length
of the remaining root after treatment was
calculated to be approximately 209, of that
without the treatment (Table 2). Thus, it is
conjectured that the reduction in growth is
attributable to an insufficient supply of water
and nutrients received from the remaining
root. It was expected that three crown roots
from the coleoptilar node would be partially
cut by the 0.5-cm treatment. Hoshikawa and
Shoji® reported that the crown root from the
coleoptilar node was the root for the rooting
and development of transplanted nursling
seedlings. It is not clear whether the influence
of the 0.5-cm treatment on the growth resulted
from the total length of roots cut by the treat-
ment, or from restricting the selongation of
coleoptilar nodal roots by the treatment.

In experiment 2, therefore, two kinds of root
cutting treatments were performed to clarify
this point ; (I) cutting off the root tip to
restrict the elongation of the root, and (II)
cutting the base of the root to reduce total root

length. The root tip region includes the root
apex, the root cap and the cell division zone of
the root®'®. A daily measurement of the
length of the third leaf as it emerged from the
second leaf sheath (Fig. 2) showed that the
emergence of the third leaf was not inhibited
by Treatment I, but it was inhibited by Treat-
ment II. This observation suggests that the
emergence of the third leaf is basically not
sensitive to the excision of the root tip of the
crown roots from coleoptilar node, but it is
sensitive to the total length of the roots remain-
ing after root cutting.

The length of the third leaf blade was
reduced by cutting the base of a seminal root.
However the 1.5-cm treatment did not reduce
the length of the third leaf blade (data not
shown). About 509, of the total root length
was removed by each treatment. The differ-
ence of the effect of each treatment may result
from the amount of branch root removed by
these treatments. Because the seminal root had
branch roots emerged from the basal side of it.
The cutting at the root base of the seminal
root and longest crown root reduced the total
root length to 309,. As a result, the extension
of the third leaf sheath, as well as the exten-
sion of the third leaf blade, was inhibited. Cell
enlargement and cell division are markedly
reduced by water stressV). Thus inhibition may
be due to an imbalance between water absorp-
tion and transpiration.

When a seminal root and four crown roots
from coleoptilar node were cut at their root tip,
it was expected that the reduction of the total
root length would be less than 109;,. However
the treatment inhibited that enlargement of
the third leaf blade, while promoting root
emergence. The cause of this effect is not
clear. However it is well known that plant
hormones, such as abscisic acid, which
increases following water stress? or cytokinins,
are produced at the root tip. An increase in
root growth may be related to these hormonal
effects.

The effect of these treatments on root
growth was considerably smaller than on shoot
growth. In general, root growth is favored
relative to shoot growth, although total plant
growth is reduced during water stress?. The
emergence of crown roots from the first node
following the coleoptilar node was not inhib-
ited by any treatments. Although approxi-
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mately 509, and 709, of the total root length
of the original was removed by the RB-1 and
RB-2 treatments, respectively, seven days after
transplanting the total root length was un-
affected by the treatments. The dry matter to
root distribution ratio depends on the degree
of the root-cutting treatment?¥, i.e. the length
of root cut. Consequently it is suggested that
the positive distribution of dry matter to root
recovered rapidly the root system after trans-
planting, even though a considerable part of
root is removed.

The increase in the total dry weight (shoot
and root) during the early period after trans-
planting depend on the percentage of the total
root length remaining after the treatments
compared with the control (Fig. 3). The
results obtained in the two experiments sug-
gest that the crown roots from the coleoptilar
node play a large role in supplying water and
nutrients just after transplanting, and promote
the rooting and development of transplanted
nursling seedling due to the emergence of the
first nodal roots. In our previous report*®, we
suggested that the substantial photosynthesis
of nursling seedling raised in the light after
emergence occurs when the plant age in leaf
number attains 2.4. We deduced that the
transplanted nursling seedlings with this age
developed using the emerging crown roots
from the first node. This idea is supported by
findings obtained in this study.
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