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Lodging Pattern of Rice Plant in Broadcast-Seeded
and Hand-Transplanted Cultivation
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ABSTRACT : Broadcast-seeded rice in submerged paddy frequently lodge in the field. In general,
the causes of lodging in rice cultivation differ with different cultural methods. This study was
conducted to investigate the causes of lodging in broadcast-seeded rice (BSR) and
hand-transplanted rice (HTR) under four nitrogen (N) levels.

Lodging in BSR was mainly a root lodging due to shallow root distribution, while that in HTR
showed a bending type owing to deep rooting system. At the upper soil layer (0~5cm from the
surface of ground) the root distribution of BSR (65.2%) was much larger than that of HTR (51.
62), whereas at the 5~10cm soil layer the root distribution of BSR (18.5%) was much smaller
than that of HTR (28.0%). The depth of buried culm base was much shallower in BSR (1.2cm)
than in HTR (4.0cm).

The plant height, fresh weight, lodging index, culm diameter and thickness in HTR were much
greater than those in BSR, and the breaking strength of lower internode was similar in the two
cultivation methods indicating that HTR would have more lodging causes than BSR. In spite of

- the more advantages to lodging resistance in BSR it severely lodged in the field. The main lodg-
ing-inducing factors of BSR were the shallow root distribution and shallow depth of buried culm
base. Besides these, the higher ratio of gravity center of culm was an important factor. This re-
sult suggested that for the fundamental prevention of lodging in BSR, an ideotype of rice plant
with “a deep-rooted behavior” should be developed.

Lodging in rice cultivation is one of the of the culms®, root distribution® and cultural
major causes of yield reduction and poor grain practices™® as well as environmental factors®
quality, especially in direct-seeded rice. The 9, Among the plant characteristics associated
degree of lodging depends on morpho-anatom- with lodging, culm traits of the rice plant are
ical characteristics®?79, chemical composition the most important lodging-inducing factors.
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The lodged plant had longer internodes par-
ticularly the 4th and 5th internodes from the
top® than the normal one. The increased
length of internodes is accompained by a re-
duction in their diameter and wall thickness,
thus lodging resistance is decreased. Many
scientists!359 reported that lodging resistance
depends not only on the diameter of culm but
also on the thickness of culm wall or cross
(1967)
observed that the roots of lodging-resistant

sectional area of culm, Pinthus

wheat were extensively spread in a horizontal
direction.

Recently, with the expansion of cultivation
area of direct-seeded rice, there has been
gradual increase in vyield reduction due to
lodging. The lodging of the rice plant is
mainly associated with N application and
planting or seeding density. High N appli-
cation and dense planting or seeding result in
a longer culms and longer lower internodes
which are thinner and weaker, thus lower
lodging resistance. The lodging mechanism of
rice plant would also differ depending on cul-
tural methods, BSR and HTR,

This study was conducted to observe the
changes in plant characteristics associated
with lodging resistance after heading and to
investigate the pattern and causes of lodging
in BSR and HTR under four N levels.

MATERIALS AND METHODS

The field experiment was conducted at Crop
Experiment Station (CES),
1991 ~1992. We used Hwaseongbyeo, a japon-
ica rice cultivar. The experiment was laid out

Suwon, in

in a split-plot design combining two cultural
methods (BSR and HTR) and four N levels
(50, 100, 150 and 200 kg /ha) with three

replications,

For HTR, the pregerminated seeds were
sown uniformly on the seedbed with 80g seeds
per m? and 40—day—old seedlings were
transplanted in the spacing of 30x15cm by
hand. And, for BSR the pregerminated seeds
were broadcasted with 50 kg seeds per hectare
on the submerged paddy that was uniformly
leveled.

Phosphorus and potassium were also applied
at 70 and 80 kg /ha, respectively. Nitrogen in
HTR was split with 50% at pretransplanting,
20% at 2 weeks after transplanting (WAT),
20% at panicle initiation and 10% at heading
stage. Nitrogen in BSR was split with 30% at
preseeding, 20% at 3rd leaf stage, 20% at Sth
leaf stage, 20% at panicle initiation and 10%
at heading. _

The plant characteristics associated with
lodging were observed on the basis of hill unit
at 10, 20, 30, 40 and 50 days after heading
(DAH). At heading, the amount of root was
sampled with paddy soil by a monolith
(35 x5xdepth 45cm) and after removing the
soil by water the roots were cut at the
intervals of 5cm from the ground surface.

The lodging index was determined by the
method of Seko (1962) which is expressed by
“plant height x fresh weight per tiller x 100
/breaking strength”. The culm length~+pan-
icle length is called “plant height” in the
paper. The breaking strength was determined
at the mid-point of 10cm internode from culm
base by a breaking strength meter. At ma-
turity, the grain yield and its components
were estimated from a sample of 5m? in each
plot.

All data were analyzed by the least signifi-
cant difference test or Duncan’s Multiple
Range Test.
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RESULTS AND DISCUSSION

1. Length of internodes

The internode characters of BSR and HTR
were observed at 20 DAH (Table 1 and Fig,
1). The culm length of HTR was significantly
longer than that of BSR in all N levels except
at 100 kg N/ha. The difference in culm
length between HTR and BSR ranged from
3.0 to 8.8cm. As the N level increased the per-
centage of 1st internode from the top
decreased gradually, especially in BSR (Fig.
1). The proportion of the 5th internode in
BSR was higher as compared with that in
HTR. The higher proportion of the lower
internode would be one of important causes of
lodging in BSR.

Matsushima (1980) reported that the 4th
and 5th internodes from the top were the most
closely related trait to the actual lodging of
rice plant due to their abnormal elongation,
IRRI (1964) also observed the greatest bend-
ing stress at the two lowest elongated
internodes.

2. Changes of plant characters associated
with lodging

The morpho-physiological and mechanical

properties of the culm affect the magnitude of

the lodging-inducing torque. Figure 2 shows

the changes in the plant characters after

Table 1. Culm length as affected by different
cultural methods and nitrogen levels

Culm length{cm)
Cultural method Mean
50N 100N 150N 200N

Hand-transplanted 77.0 79.0 835 859 8l.4
rice
Broadcast-seeded 68.2 76.0 77.6 80.2 75.5
rice

* 50kg N /ha, LSD .05 in a column is 3.8,

Ratio of internode length(%)
100

80 I

60

40 |

Fig. 1. Distribution of internode length as af-
fected by different cultural methods
and nitrogen levels. (H : Hand-trans-
planted rice, B : Broadcast-seeded rice)

heading associated with lodging under four N
levels.

Plant height. The plant height (culm length
+ panicle length) slightly elongated up to
10—20 DAH and then leveled off (Fig. 2—A).
Plant height of HTR was higher than that of
BSR in all N levels. In most cereal crops plant
height is a critical lodging-inducing factor,

Fresh weight. The fresh weight of culm
reached the maximum at 20 DAH in both BSR
and HTR and it decreased sharply up to har-
vest (Fig. 2—B). The culm weight of BSR
was much smaller than that of HTR due to
the shorter culm length. The culm weight of
10cm from the base decreased from 10—20
DAH (Fig. 2—C).

Similarly Matsushima (1980) reported that
at about 21 DAH the rice plant attained at the
maximum fresh weight and its accumulated
starch in the culm completely disappeared.

Panicle weight. After heading, the panicle
weight increased linearly up to about 30 DAH
with the advance of grain filling (Fig. 2—D).
Therefore, the gravity center of the rice plant



moved upward which 1is an important
lodging-inducing factor, especially in BSR.

Height of gravity center. The ratio of height of
gravity center of culm increased linearly up to
40—50 DAH in both BSR and HTR (Fig.
2—E). At higher than 100 kg N /ha, the field
lodging occurred at about 50% of height of
gravity center in HTR and at 40—45% in
BSR. The plant height or culm length was
always shorter in BSR, however the ratio of
gravity center in BSR was higher than that in
HTR regardless of N levels.

Breaking strength. The breaking strength
refers to the force required to break a section
of 10cm length of the basal culm internodes at
its mid-point, The Dbreaking strength
decreased rapidly up to 40 DAH in both BSR
and HTR, and then increased slightly at 50
DAH due to dryness of culm following final
drainage (Fig. 2—F).

Breaking strength of BSR and HTR were
not clearly different, however up to 30 DAH it
tended to be slightly higher in BSR, It is poss-
ible that the number of tillers per hill in HTR
was much higher as compared with that in
BSR, hence solar radiation in HTR may not
penetrate near the culm base where breaking
strength was measured.

Sachs (1965) reviewed that light intensity is
a decisive factor in internode elongation and it
controls the balance between longitudinal and
transverse development of vascular tissues.
Pinthus (1973) cited that shading promotes
internode elongation and reduces culm-wall
thickness resulting in the decreased solidness
of low internodes and lodging resistance.

Leaf sheath of rice plant has an important
lodging resistance. Takaya and
Miyasaka (1983) showed that the contribution
of leaf sheath to the breaking strength was
about 50% and the value maintained for about

role in

30 DAH,

Lodging index. Seko (1962) proposed the
“lodging index” by which lodging resistance of
the plant can be expressed numerically. The
larger the index value, the more the rice plant
is liable to lodge.

The lodging index reached the maximum
value at 30—40 DAH in both BSR and HTR
(Fig. 2—G), and the index of HTR was much

higher than that of BSR., The breaking
strengths of the cultural methods were simi-

lar, while the plant height and fresh weight of
HTR were much greater than those of BSR
resulting in higher lodging index in HTR.
Matsushima (1980) and Lee and Kim (1988)
reported that the rice plant started lodging at
about 15 DAH and attained the critical stage
approximately at 21 DAH.
Matsushima also cited that the rice plant is li-
able to lodge progressively as the ripening
advances. Therefore, based on the present
results the critical stage of lodging of rice
plant could be between 20 to 40 DAH and it
would depend on N levels and cultural

However,

methods as well as environmental factors.

Field lodging. Lodging is highly affected by
N supply and cultural practices, No lodging
was observed in HTR except at 200 kg N /ha
in which a little bending type of lodging oc-
curred, In BSR severe root lodging developed
especially at more than 150 kg N /ha (Fig.
2—H). Field lodging in BSR started from 10
DAH at 150—200 kg N /ha, 20 DAH at 100 kg
N, and 30 DAH at 50 kg N. Generally, lodging
started at the lodging index of about 80 in
BSR and 100 in HTR.

Stem lodging commonly occurred in HTR
while root lodging generally developed in BSR
owing to broadcasted-seeds in the surface of
submerged paddy, and bending type lodging
could be induced in both BSR and HTR,
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3. Causes of lodging associated with lodging, especially in lower
Different cultural practices or methods of internodes,
rice cultivation would be show various lodging Root distribution. The spread of root system
patterns. Nitfogen could also affect the mor- affects the anchorage of the plant in the soil
phological and anatomical culm characters and therefore is a major factor in determining
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Fig. 3. Vertical root distribution as affected by diffe.rent cultural methods. (Values are the average
of four nitrogen levels, 50, 100, 150 and 200kg /ha)

resistance to root lodging.
At the upper soil layer (0~5cm), the root

distribution of BSR (65.2%) was much larger -

than that of HTR (51.6%), whereas the root
distribution of the 5~10cm soil layer in BSR
(18.5%) was much smaller as compared with
that in HTR (28.0%) indicating a shallow root
distribution in BSR and a deep root distri-
bution in HTR (Fig. 3). Moreover, the depth
of buried culm base was much deeper in HTR
{4.0cm) than in BSR, 1.2cm (Table 3). Thus,
when the gravity center of rice plant moves
upward with intensive grain filling, the roots
of BSR could not strongly support the upper
part of the rice plant. The shallow root distri-
bution in BSR could be the major factor of
root lodging in BSR. This shows that the root
distribution of HTR was
deep-rooting system, while that of BSR is

similar to a
closely related to a shallow-rooting system.
Therefore for the prevention of lodging in
BSR, a lodging-resistant variety having
deep-rooting habit should be developed.

Water regimes and percolation have a sig-
nificant effect on root elongation and distri-

bution. In BSR the shallow or intermittent
drainage is needed for deeper root growth and
prevention of lodging.

Pinthus (1967) reported that the roots of
lodging-resistant wheat were spread more ex-
tensively in a horizontal direction than those
of the susceptible cultivar. This indicated that
lodging grade was negatively correlated with
the spreading angle of the roots. He also
summarized the positive relationships between
lodging resistance and number of coronal roots
or its diameter (Pinthus, 1973).

Plant characteristics. The causes of lodging in
rice would differ depending on the cultural

practices or methods. The plant height, fresh
weight, panicle weight, lodging index, the
outer diameter and cross sectional area of
culm internode (Table 2 and 3) were much
greater in HTR than in BSR. Moreover, the
breaking strength of BSR and HTR were simi-
lar (Table 2) indicating that HTR had more
lodging-inducing factors than BSR. In spite of
the more advantages to lodging in BSR, it
severely lodged in the field.

The reason for the severe lodging in BSR
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could be explained by the root distribution,
depth of buried culm base and gravity center
of culm. It was observed that in BSR the shal-
low root distribution and shallow depth of
buried culm are the most important lodging-in-
ducing factors (Fig. 3 and Table 3). On the
other hand the ratio of gravity center of culm
in BSR was always higher than that in HTR '

although the plant height of BSR was shorter
(Table 3). During the period of intensive grain
filling, the gravity center of culm moves
upward and is one of important causes of lodg-
ing in cereal crops.

The number of internodes exposed above
the ground surface was much greater in BSR

compared with HTR (Table 3). The average

Table 2. Plant characters and lodging as affected by different cultural methods and nitrogen

levels at 20 days after heading

Cultural Nitrogen Plant Fresh Panicle  Breaking Lodging Field
method applied (kg /ha) height(cm) weight(g /tiller) weight(g) strength(g) index  lodging(0-9)

Hand- 50 91.1b 9.5b 1.23c 907a 94c 0
transplanted 100 93.9b 10.9a 1.20c 885a 116bc 0
rice 150 102.1a 10.9a 1.35b 705b 148a 0
200 103.8a 11.0a 1.49a 755b 151a 1

Mean 97.5 10.6 1.32 824 127 0—1
Broadcast- 50 83.5b 7.9b 1.17b 952a 69¢c 2
seeded 100 86.5b 8.6ab 1.12b 886b 84bc 4
rice 150 92.1a 8.8a 1.27a 816bc 99ab 8
200 94.8a 9.0a 1.32a 760c 112a 8

Mean 89.2 8.6 1.22 854 91 28

* Within columns in a cultural methods, means followed by the same letter are not significantly different

P=0.05 according to DMRT.

Table 3. Characters of culm internode, height of gravity center and internode number above the
ground as affected by different cultural methods and nitrogen levels at 20 days after

heading
Nitrogen Culm! Culm walll Cross Ratio of? Depth of Internode
Cultural : . . . . .
method applied diameter thickness sectional gravity buried number above
(kg /ha) (mm) (mm) area(mm?) center(%) culm base(cm) the ground
Hand- 50 3.97a 0.68a 6.99a 43.4a " 4.0a 3.3a
transplanted 100 3.86ab 0.61ab 6.18b 42.9a ' . 4.0a 3.5a
rice 150 3.72b 0.57b 5.63bc 42.5a 4.1a 3.7a
200 3.55¢ 0.54b 5.11c 43.7a 3.9a 3.82
Mean 3.78 0.60 5.98 43.1 4.0 3.6
Broadcast- 50 2.91a 0.62a 4.43a 45.3a . 1.4a 4.7a
seeded 100 2.93a 0.59ab 4.29ab 45.1a 1.1a 4.8a
rice 150 3.04a 0.51c 4.04b 45.2a l.1a 5.1a
200 3.05a 0.55bc 4.08b 45.4a 1.0a 5.4a
Mean 2.98 0.57 4.21 45.3 1.2 5.0

1 Average value of the major and minor axis in the center of 4th internode from the top.

Height of gravity cneter

x 100

2 The ratio of height of gravity center(%) =

Culm length + Panicle length
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number of the internodes in BSR was 5.0, but
actually most of the internodes were above
the ground resulting in severe root lodging.

In case of HTR, the rice seedlings were
transplanted at about 4~5cm depth into the
paddy soil, therefore the internodes lower
than 4th internodes from the top were under
the ground and could support the rice plant
from lodging. On the other hand, for BSR the
rice seeds were broadcasted in the surface of
submerged paddy, so that the rice roots were
distributed near the soil surface, and most of
the internodes were exposed above the
ground.

4. Grain yield and its components

The effect of lodging on grain yield is de-
pendent on its severity and on the time of its
occurrence., Among the yield components,
panicle number per unit area of BSR was
higher than that of HTR but spikelet number
per panicle was much lower in BSR, thus
spikelet number per unit area which is the
most prescise indicator of grain yield was simi-
lar with each other, However, the percentage

of ripened grain was much lower in BSR due
to lodging, The average grain vyield of four N
levels in BSR was 82% as compared with that
in HTR indicating that the yield limiting fac-
tor of BSR is the reduced percentage of
ripened grain due to lodging (Table 4).

Lee et al. (1986) reported that in the exper-
iment with artificially induced-lodging at dif-
ferent ripening stages, the ratio of vield re-
duction was 34% at milky, 22% at dough and
20% at yellow stages. This indicates that the
earlier the lodging after heading, the more
severe is the yield reduction, Lodging of rice
plant during the early stage of grain filling
would be the major cause of poor grain quality
due to the lower percentage of ripened grain.,

1 E:3

A ABE ¥ BAREERHE (UTe #X
EiF) oA 7HE MEYE He ek FRS
SHBEE S i, R3] A5t R R
HEEBNA 1991~19924 #BATH AL #HR
anfES XU 7] FERHE o] &3M AL, W Husg

Table 4. Grain yield and its components as affected by different cultural methods and nitrogen

levels
Cultural Nitrogen Panicles Spikelets per Ripened 1,000 Yield in
method applied (kg /ha) perm? panicle grain(%)  grain wt.(g) brown rice(t /ha)
Hand- 50 313c 71.9c 89.3a 21.5a 4.84b
transplanted 100 364b 75.2bc 88.3ab 21.7a 5.10b
rice 150 401a 78.4ab 86.1b 21.2b 5.56a
200 420a 82.4a 79.8¢ 20.8¢c 5.83a
Mean 375 77.0 85.9 21.3 5.33(100%)
Broadcast- 50 322b 64.0b 80.7a 21.9a 3.69c
seeded 100 404ab 69.7ab 76.0b 21.7a 4.42b
rice 150 445a 73.8a 73.6bc 21.2b 4.78a
200 474a 72.8a 71.9¢c 20.1b 4.63ab
Mean 411 70.1 75.3 21.7 4.38(82%)

* Within columns in a cultural method, means followed by the same letter are not significantly different at

P=0.05 according to DMRT.,
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