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ABSTRACT

The growth, development, and morphological characteristics of Echinochloa colona (L.) Link were deter-
mined through one life cycle. E. colona emerged 2 to 3 days after seeding (DAS) and reached the two-leaf
stage by 8 DAS. During the early growth stages, root length was greater than plant height, but the relationship
was reversed from 4 weeks after seeding (WAS). Tillering started from the third leaf of the main culm as the
sixth leaf on the main culm emerged. The unfolding of the leaves and tillering followed a regular pattern during
the vegetative growth period. This resulted in the production of 19 tillers (5 primary, 12 secondary, 1 tertiary,
and 1 nodal) at the 14-leaf stage. Shoot-root weight ratio was highest just before panicle initiation. The second
spike from the top of the panicle was the shortest and produced the fewest seeds. Thereafter, spike length and
the number 6f seeds per spike generally increased, the lower the position of the spike on the panicle. Seeds on
the lower spikes weighed less and had lower germination ability than those from the upper spikes. Adventi-
tious roots arose from the leaf sheath bases of a flowering stalk. The ability to produce adventitious roots was
greater in a younger stalk than in an older stalk.
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INTRODUCTION

E. colona, an annual grass, is considered the
fourth worst weed in the world® and is serious in
serveral major crops as rice (Oryza sativa L.)®) and
maize (Zea mays L.)¥- Holm et al.3) reported that
it is associated with 35 crops in more than 60
countries. ’

It is believed to have originated from Africa or
Indial'% and is confined to the termal tropical
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E. colona has a very short vegetative period,
resulting in flowering as early as 5 WAS7). Maxi-
mum tillering capacity occurred in 4 to 6 weeks5).
Although the principal means of propagation is
by seeds, adventitious roots often emerge at the
lower nodes®. Ramakrishnan®) observed that
adventitious roots occur whenever nodes come
in contact with the soil.

This paper describes experiments with E. colona
to determine (a) seedling growth and tillering,
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(b) panicle morphology, and (c) the formation of
adventitious roots at the leaf sheath bases of a

flowering stalk,
MATERIALS AND METHODS

Seeds were collected from E. colona plants
growing in a maize field at the International Rice
Research Institute, Los Banos, Philippines, and air-
dried in a greenhouse. Five seeds were planted on
the soil surface in a plastic pot (14 x 14 cm) which
contained sieved sandy clay loam. Before the
seedling reached the two-leaf stage, the number of
seedlings was reduced to one per pot. After removal
of the extra seedlings, urea equivalent to 100 kg
N/ha was applied. The pots were subirrigated for
the first S DAS and then the soil was maintained at
saturation during the rest of the experimental
period by frequent watering. At 1-week intervals
four seedlings were selected at random to determine
the growth behavior of E. colona. After all the
panicles were completely formed, they were har-
vested to determine the panicle morphology.

To determine seed weight and germination
ability of seeds on different spikes, 100 mature
seeds were selected at random from each spike.
After taking 100-seed weight, the seeds were plant-
ed on the soil surface in a plastic pot (9 x 9 cm).
There were four replications. The number of germi-
nated seeds were recorded 10 DAS.

Formation of adventitious roots of the leaf
sheath bases was also examined. A flowering stalk
was cut before, during, or after panicle formation
to obtain a nodal piece. The flowering stalk cut
before panicle formation was younger than that
obtained after panicle formation. Each nodal piece
was placed on a piece of filter paper in a 250-ml
Erlenmeyer flask with 3 ml of distilled water.
Adventitious roots were considered formed when

they reached a length of 1 cm.
RESULS AND DISCUSSION

Seedling growth and tillering £. colona emerged

2 to 3 DAS. The young seedling reached the two-
leaf stage by 8 DAS. Unlike rice which produces the
first leaf without a leaf blade, the first leaf of E.
colona had a well-developed leaf blade and grew
abopt 2 cm long. The length of the root at this
stage was greater than the plant height but this
relationship was reversed from 4 WAS (Fig. 1).
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Fig. 1. Shoot and root lengths of Echinochloa
colona throughout its life cycle,

Fig. 2. Six leaf stage of Echinochloa colona (1P
and 2P denote first- and second-primary
tiller, respectively).

There was no tillering until the 5-leaf stage of the
main culm.

Tillering started from the third leaf of the main
culm. The first and second leaves did not produce

tillers. When the sixth leaf of the main culm em-



erged, the first leaf of the primary tiller arose from
the axil of the third leaf of the main culm (Fig. 2).
The first leaf of the primary tiller was always
produced in the same direction as the third leaf of
the main culm. As expected, the direction of the
second leaf of the primary tiller was opposite that
of the first leaf of the same tiller. This was when
the seventh leaf of the main culm and the second
primary tiller between the fourth and the sixth
leaf of the main culm were elongating smultane-

ously.

The unfolding of the leaves and the tillering of
E. colona followed a regular order. The leaf stage,
the number of tillers, and the position of each
tiller are indicated in Table 1. Elongation of the
first secondary tiller from the first primary tiller
started at the 8-leaf stage of the main culm. Sub-
sequently another secondary tiller was produced
from the second primary tiller. When t%’le second
primary tiller completely emerged, the main culm
had reached the 9-eaf stage and at the same time
had started to produce the fourth primary tiller

Table 1. Number and position of the tillers in relation to the leaf stage.

Leaf Number of tillers*

stage Primary Secondary Nodal Total
6 1 0 0 1
7 2 0 0 2
8 3 1(1-1P) 0 4
9 4 2 (1-1P,1-2P) 0 6

10 4 3(2-1P, 1-2P) 0 7

11 5 6 (3-1P, 2-2P, 1-3P) 0 11

12 5 8 (3-1P, 2-2P, 2-3P, 1-4P) 0 13

13 5 8 (3-1P, 2-2P, 2-3P, 14P) 1 (1-MQ) 14

* In parentheses, the number of tillers followed by the position of the tillers are indicated. 1P = first primary
tiller, 2P = secondary primary tiller, MC = main culm.

between the sixth and the eighth leaf of the main
culm.

The production of primary tillers ceased when
the main culm reached the 11-eaf stage, but the
production of secondary tillers continued along
with the elongation of the internode from the base
of the main culm. Internode elongation indicated
the start of the reproductive stage. As the first node
was detected, the tip of the flag leaf, which was
the 14th leaf arising from the main culm, also
became visible, A panicle emerged from the axil
of the flag leaf with further extension of this leaf.
During this time the first nodal tiller was being
produced from the first node of the main culm. At
the 14-eaf stage, one F. colona plant consisted of
5 primary, 12 secondary, 1 tertiary, and 1 nodal
tiller (Fig. 3).

As the plant aged, there was a corresponding
increase in the number of roots and fresh and dry
weight of the shoots and roots (Table 2). A great
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Fig. 3. A schematic diagram of Echinochloa

colona showing number and position of
tillers. Numbers indicate the order of tiller
production and P, S, and T denote prim-
ary, secondary, and tertiary tiller. The
broken line represents a nodal tiller (NT)
arising from the axil of the 8th leaf of the
main culm.



Table 2. Growth and development of one Echinochloa colona plant.*

Weeks Leaf Roots Fresh weight (g) Dry weight (g) Shoot-Root
after stage (no.) ratio**
seeding Shoot Root Total Shoot Root  Total
1 20 1.0 — - - - - — -
2 3.5 22 0.09 0.05 0.14 0.01 0.01 0.02 2.2
3 5.0 38 0.15 0.16 0.31 0.02 0.02 0.04 1.1
4 6.7 8.1 0.50 0.32 0.82 0.08 0.04 0.12 2.3
5 8.4 11.3 1.30 0.75 2.05 033 0.13 0.46 2.5
6 9.9 11.9 342 091 4.33 0.86 0.16 1.02 5.4
8 — 17.5 7.14 147 8.61 1.81 0.36 2.17 5.0
10 - 25.5 9.47 2.15 11.62 3.04 0.62 3.66 49
12 - 385 11.53 481 16.34 3.71 1.19 4.90 3.1
* Average of four replications. — = Not measured.

** Dry weight basis

increase in shoot weight occurred 5 WAS as se-
condary tillers were being produced. From 6 WAS
the number and weight of roots increased greatly.
Shoot-root weight ratio was highest at 6 WAS when
panicle initiation began.

Panicle morphology The inflorescence of E.
colona is a panicle. The spikes are alternately
arranged on the panicle rachis, except for the
uppermost spike. However, two or three spikes
sometimes arise from one point on the rachis, The
sheath of the flag leaf is usually closed and the leaf
blade is almost 90° to the uppermost internode.
The specific measurements of the panicle formed
in the main culm are given in Table 3. Great varia-

Table 3. Morphological characteristics of the pani-
cle of Echinochloa colona.

Characteristic Measurement *
Panicle length (cm) 98+ 1.1
Length from uppermost node to 172+ 24

panicle tip (cm)
Length of flag leaf (cm) 163 64
Number of spikes/panicle 85+ 1.0
Number of seeds/panicle 2003429
100-seed weight (mg) 1179+ 3.1

* The data were taken 11 weeks after seeding.
Numbers after means indicate standard error.

tion was found in the number of seeds produced
per panicle. The seed weight of E. colona was less

Table 4. Length of spikes, number of seeds per spike, weight of 100 seeds, and germination ability of seeds
as affected by position of the spikes on the panicle.

Spike number Length No. of Weight of Germination

(from the top of (mm)2 seeds/spike? 100 seeds ()b

the panicle) m s/spike (mg)b ¢
1 206+39 340£8.5 129.5a 724 a
2 7019 12847 125.1 ab 68.1a
3 88t22 16,1 6.7 125.0 ab 454H
4 10827 203%6.6 121.1 be 475b
5 11.1x2.4 225%6.1 121.3 be 37.2¢
6 106 £3.1 230%6.5 1185 ¢ 322¢
7 12826 268171 1173 ¢ 15.34d
8 158235 326%6.5 111.44d 32e
9 14325 266 1.5 108.2d 6.1e

a Numbers after means indicate standard error.

b In a column, means followed by a common letter are not significantly different at the 5% level by Duncan’s

multiple range test.



than that of Echinochloa crusgalli (L.) Beauv.
Pons”) reported that E. crusgalli seed weighed
1.5 mg.

The length of the spikes and number of seeds

per spike varied with position on the panicle (Table
4.) Except for the topmost spike, the length of the
spikes tended to increase, the lower their position
on the panicle. A similar trend was observed for the
number of seeds per spike. The highest number of
seeds per spike was associated with the longest
spike. However, seed weight and germination
ability were lower with seeds from the lower spikes
(Table 4). The higher the position of the spike in
the panicle, the heavier was the seed weight and the
greater was the germination percentage. The dif-
ferences in seed weight and germination ability were
related to the order of emergence of the spikes.
The topmost spikes always preceded the others in
emergence and maturation and shattered earlier.
According to Yoshioka er al.19), Echinochioa
phyllopogon (Stapf) Koss. seeds which shattered
early were heavier than those which shattered after
heading. Mean weight of the shattered seeds de-
creased as the time of heading was delayed. Dif-
ferences in germination percentage between seeds
from different spikes were probably due to either
variability in dormancy or sterilization. More
sterile seeds were found in the lower than in the
upper spikes.
Formation of adventitious roots A flowering
stalk of E. colona has four or five nodes along its
length. When the flowering stalk was cut into small
pieces containing one node each before, during, or
after panicle formation, adventitious roots arose
from the leaf sheath bases. Depending on the stage
of panicle formation and the position of the leaf
sheath bases, the formation of adventitious roots
varied (Table 5).

The lower nodes (up to the 3d node from the
ground) in a flowering stalk before or during panicle
formation were always able to produce adventitious
roots after excision, whereas the formation of
adventitious roots in the upper nodes of a younger

stalk and the lower nodes of an older stalk was

Table 5. Formation of adventitious roots from
nodes of a flowering stalk.

Stage of panicle  Position of node (from ground )*

formation 1st 2d 3d  4th Sth
Before + + + + +
During + + + + —
After + + + + Rk

* + = formed, *
- = not formed,
** The node was the lowest leaf sheath base of a
nodal tiller originating from the 4th node of the

main culm,

either formed or not formed,

erratic between the nodal pieces examined. How-
ever, the fourth nodal piece of a flowering stalk
and the first nodal piece of a nodal tiller originating
from the fourth node of the flowering stalk, which
were obtained after panicle formation, had the
ability to form adventitious roots. The ability to
form adventitious roots was greater in a younger
stalk than in an older stalk. With one nodal piece

of the stalk, an independent plant of F. colona

could be established (Fig. 4). Adventitious roots

Fig. 4. Establishment of an individual plant of

Echinochloa colona from a nodal piece of
the flowering stalk obtained during panicle
formation.

are a means of vegetative propagation in E, colona.

The results revealed that E. colona possesses
rapid growth through the vegetative phase, discon-
tinuous seed production, and formation of adventi-
tious roots, features which are the bases of its

success as a weed.
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