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To manage the sorghum crop for maxi-
mum production it is necessary to under-
stand how the plant grows and develops.
Once the basic growth pattern of grain
sorghum plants is understood, it is much
easier to judge the merit of changing a
management practice. Also, possible effects
of entirely new practices can be much better
predicted.

The growth of plant organs at different
growth stages and under various growing
conditions has well been reported, but the
growth relations between plant organs during
the growth process is unknown. VANDER-
Lip and REEVES? stated that the time re-
quired to reach each growth stage depends
both on the hybrid and the environment.
They identified several growth stages for
grain sorghum hybrid RS 610 at Manhattan,
Kansas and reported that, while other
hybrids growing at other locations would
follow the same general growth pattern, the
specific timing between growth stages and
total number of leaves developed during the
growing period may vary among hybrids,
seasons, or locations.

On the other hand, external and internal
factors affect growth of plant organs and
cause retardation and/or acceleration in their
growth. To understand the effect of these
factors on the growth of plant organs, some
standard of measurement is necessary for
effective comparison.

The objective of this investigation was to
determine the growth process of various
plant organs and the relationship between
the growth of these organs in grain sorghum

hybrid H-726.
Materials and Methods

Pot experiments were conducted in the

Nagoya University Experimental Farm
under glasshouse conditions. The seeds of
grain sorghum (Sorghum bicolor (L.) Moench)
hybrid H-726 were sown in 1/2000 a Wac-
NER’s pot on April 5, 1977 (first planting)
and thinned to 2 plants per pot. The soil
was fertilized prior to planting using 2 g
urea, 10 g fused phosphatic fertilizer and
6 g potassium chloride. 'The additional urea
application was made at 6th and flag leaf
emergence stages at the rates of 3.2 g and
1.3 g per pot, respectively. Ten plants were
sampled at the time of each leaf emergence
until flag leaf was emerged and after the
heading which occurred on June 9 sampling
was done 7 times, once a week. After
measuring the plant height, the plants were
separated into different parts and length
and width of leaf blades, length of leaf
sheaths, internodes, peduncle and panicle
were measured. The roots were referred
as P;, Py and E according to the process of
root growth, P, as initiation of root primord-
ium, E as initiation of root elongation and
finally P;, i.e. the stage between initiation
of root primordium and root elongation®.
Young panicle formation stage was identified
by microscopic observations using freezing
microtome. The experiment was repeated
twice in the same year; the seeds were sown
on July 21, and heading occurred on
September 7.

Results

The first and second experiments showed
almost the same growth patterns. The
total number of leaves per plant in the
first planting (14 leaves) was less than that
obtained in the second planting (16 leaves).
Hence, the data of the second planting are
discussed in the present paper. Interval of
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leaf-emergence was about 3 days and it
took about 7 days from flag leaf emergence
stage to heading stage.

Table 1 shows the plant height and length
of panicle and peduncle at each growth
stage. After germination, the plants grew
slowly until 5th leaf emergence stage and
then grew rapidly. Plants were found to
reach about 509, of maximum height at
10th leaf emergence stage. The plants con-
tinued to grow and reached maximum
height, approximately 140 cm at two weeks
after heading stage. Microscopic observa-
tions of longitudinal section of the growing
point showed vegetative state at 10th leaf
emergence stage (Fig. 1) and it became
larger, and primordia of primary branches
of panicle were visible (Figs. 2 and 3) at
11th leaf emergence stage. Hence, we called
11th leaf emergence stage as young panicle
formation stage.

Total lengths of peduncle and panicle
were measurable at 13th leaf emergence

Table 1.

stage and then began to grow rapidly.
Panicle including peduncle was found to
reach about 509, of maximum length at
heading stage, and maximum length 2 weeks
after heading. When the growth of panicle
and peduncle was measured separately at
heading stage the former reached 869, of
its maximum length, however the later was
only 369, of the maximum length. After-
wards, peduncle grew rapidly and reached
maximum length 2 weeks after heading as
well as that of panicle.

Table 2 shows the growth of leaf sheaths
with the growth periods. The number of
leaf sheaths growing in each of the earlier
growth stage were less than that in later
growth stage. For instance, at 4th leaf
emergence stage, while second leaf sheath
had reached its maximum length, only the
3rd and 4th leaf sheaths were elongating,
but at 12th leaf emergence stage, while 7th
leaf sheath had reached maximum length,
the sheaths number 8 to 13 were growing.

Development of panicle, peduncle and plant in grain

sorghum at various stages of growth.

Growth Plant height Panicle length Peduncle length Panicle+Peduncle
stages length
mm % mm % mm % mm %
2w 1391 100 219 100 558 100 777 100
1w 1263 98 211 96 526 96 737 95
H 1278 92 189 86 202 36 391 50
16 1196 86 59 27 3 1 62 8
15 1127 81 27 12 2 29 4
14 1080 78 11 5 1 12 2
13 1019 73 2 1 2
12 946 68
11 835 60 Y
10 671 48
9 575 41
8 427 31
7 335 24
6 227 16
5 145 10
4 83 6
3 42 3
2 23 2
2-16 : Leaf emergence stages.
16 : Flag leaf emergence stage.
H : Heading stage.
W : Weeks after heading stage.
Y : Young panicle formation stage.
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Fig. 1—3. Longitudinal sections of the growing point of grain sorghum at 10th
leaf emergence stage (Fig. 1, x 95 approx.) and 11th leaf emergence stage
(Figs. 2 and 3, x 230 approx.).

G, : Growing point (vegetative).
G:: Growing point (reproductive).
P : Primordia of primary branches of panicle.

Table 2. Length of leaf sheath expressed as percentage of maximum
length in grain sorghum at various stages of growth.

Growth Leaf number
stages 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1w 100 100 100
H 100 100 100 95 92 82
16 100 97 96 86 77 57 30
15 100 98 94 89 60 25 12 7
14 100 99 96 85 72 13 7 2 1
13 98 95 89 67 14 4 1 1
12 100 93 88 57 10 6 1
11 7 89 53 6 2 1
10 100 86 58 6 2 1
9 93 53 9 1
8 100 74 6 2
7 100 75 14 1
6 100 88 12 2
5 85 27 1
4 100 52 B
3 10 6
2 27

Symbols are the same as in Table 1.

NII-Electronic Library Service



Miruapi et al.—The Relationship Between the Growth of Different Plant Organs of Grain Sorghum 423

On the contrary, the growth of leaf sheaths
was faster in lower leaves than in upper
leaves. The leaf sheaths grew slowly at the
beginning and end of growth, but there was
a .rapid increase in growth during these
two periods.

Table 3 shows the length of leaf blades
with the growth stages. The elongation of
leaf blade followed almost the same pattern
as that of leaf sheath. Comparison of
lengths of leaf sheath and leaf blade showed

that each leaf blade reached its maximum
length one leaf emergence stage earlier than
the corresponding leaf sheath in lower leaves,
but in the upper leaves, although leaf
sheaths began to elongate later than in
corresponding blades, the two of them
reached maximum length simultaneously, i.e.
there was an acceleration in growth of leaf
sheaths in upper leaves.

The width of leaf blades were obtained
by measuring the widest point of the leaf

Table 3. Length of leaf blade expressed as percentage of maximum
length in grain sorghum at various stages of growth.

Growth Leaf number

stages 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1w 100 100 100
H 100 100 95 91 88
16 100 99 98 88 75 67
15 100 98 96 92 82 56 28
14 100 99 95 94 83 62 31 13
13 100 99 93 93 90 61 27 6 2
12 98 97 94 88 58 28 5 1
11 100 93 91 79 50 26 1
10 91 86 80 48 20 3 1
9 100 86 62 40 14 2
8 94 77 29 12
7 100 81 36 9
6 100 86 32 5
5 83 31 3
4 100 37 1
3 100 32 2
2 34 4
Symbols are the same as in Table I.

Table 4. Length of internode expressed as percentage of maximum
length in grain sorghum at various stages of growth.

Growth Internode number*

stages 5 6 7 8 9 10 11 12 13 14 15 16
2w 100 100 100 100
1w 100 100 98 97 93 91
H 100 100 99 98 89 86 81 67
16 100 95 93 89 81 67 32 10 4
15 96 85 81 54 44 30 17 6
14 100 75 62 59 27 11 5 4
13 82 51 37 28 8 5 4 3
12 100 41 34 22 15 6 4 3
11 96 22 13 7 4
10 100 88 13 6 5

Symbols are the same as in Table 1.

* Internode between node n and node (n+1) is referred to as internode (n+1).
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blades. The growth of leaf blade with
regard to the length and width followed
the same pattern and reached their maxi-
mum length simultaneously.

Length of internodes are shown in Table
4. The length of internodes below the 5th

Table 5. Root development at various
stages of growth in grain sorghum.

Growth Node number
stages § C 1 2 3 4 5 6 7 8

H P:
16 E p.
15 Pz P
14 E Pz Ps
13 Pz Pi

12 E p: p

11 P2 P

10 E p: p

9 Pz P

8 E p: p

7 P: pP:

6 E p: ps

5 Pz P:

4 E Pz P

3 Pz P:

2 E p: p

1 E p: ps
1-16 : Leaf emergence stage.

16 : Flag leaf emergence stage.

S : Seminal root.

C : Coleoptile root.

P, : Initiation of root primordium.

P, : Stage between initiation of root primor-

dium and root elongation.
E : Initiation of root elongation.

Table 6. Relationship between development of roots

and internode at various stages of growth.

internode was not presented in the Table
since the measurement was difficult. Com-
parison of the growth of internode (Table 4)
with the growth of leaf sheath, leaf blade
(Tables 2 and 3) showed that the time
required to reach maximum length was
longer for internode than that for sheath
and blade. In other words, when the leaf
reached maximum length or width, at the
same growth stage, the corresponding inter-
node still continued to grow. Also at the
same growth stage, the number of growing
internodes was more than the number of
growing leaves. In upper leaves, the length
of leaf sheath and leaf blade and width of
leaf blade reached maximum at one week
after heading stage, while upper internodes
were still growing. These internodes reach-
ed the maximum length at 2 weeks after
heading stage, i.e. 1 week later than that
in leaf.

Table 5 shows the development of roots
during the growing process. During the
growing season, when 2 leaves appeared on
the plant, the roots of a node, referred to
as node n in ascending order, began to
elongate (E), and the roots of the next
node, node (n+1), reached P,, while the
roots of the node (n+2) reached P;, but
there was an exception for seminal root and
the roots belonging to node number 8.
The growth of roots which belong to node
number 8 stopped before elongation under
present experimental conditions.

Table 6 is a combination of Table 4, i.e.
internode growth and Table 5, i.e.
root development. From this Table
it was observed that when each

Growth 5 6 7 3 9 I:Sf;%g?f lower internode reached maximum
. : — 4 length, the roots began to elongate
stages 4 5 6 7 8 mll\I;b(ér from the base of the internode.
u p0 . )
16 E 100 p: 95 Discussion
15 pP: 9 p; 8
14 E 100 p: 75 p. 62 The total number of leaves per
13 p: 82 p; 51 37 plant in the first planting (14 leaves)
12 E 100 p: 41 p: 34 22 was less than that obtained in the
11 p: 9 p, 22 13 7 second planting (16 leaves). This
10 E 100 p, 8 p, 13 6 5 might be due to differences in tem-

* See the note for Table 4.
Symbols are the same as in Table 5.

perature in the two experiments,
The average daily temperature from
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seeding to heading was 19.1°C for first plan-
ting, and 34.3°C for second planting. Hes-
KETH et al.® reported that in sorghum, leaf
numbers increased as temperature rose and
as the day became longer. The leaf num-
bers per plant were greatest at the higher
temperature, least at lower temperature, the
average difference was almost six leaves per
plant in their experiment. EscaLapa and
PLuckNETTY also reported that in grain
sorghum, low light intensity, short photo-
period and low temperature, resulted in
reduced number of leaves. Hence, the data
of the second planting are discussed in this
experiment.

In this investigation the growth of plant
organs was observed throughout the growth
cycle. The plants grew slowly at early
growth stages and rapidly at the later
stages. Eleventh leaf emergence stage was
identified as young panicle formation stage.
VanperrLiP and REEVES? in Manhattan,
Kansas for grain sorghum hybrid RS 610
reported that formation of young panicle
occurred at approximately 8 leaf stage by
their measuring criteria. They counted a
leaf when the collar (the point where the
leaf blade and leaf sheath are attached)
was visible without tearing the plant apart,
and the lowest leaf (first leaf) having a
rounded tip was not counted. But by our
measuring criteria (a leaf was counted when
the leaf tip was visible, and the first leaf
was also included) it was 11th leaf emergence
stage as we found for hybrid H-726. After
the 11th leaf emergence stage, panicle grew
rapidly until heading stage and the growth
was faster than that of peduncle, and at
heading stage panicle reached 869, of the
maximum length. Peduncle grew slowly
until heading stage. At flag leaf emrgence
stage peduncle reached only 19% of its
maximum length and at heading stage 369,
of maximum length. Afterwards, peduncle
grew rapidly and reached maximum length
simultaneously with panicle. In other
words, after heading stage, peduncle began
to grow rapidly resulting in exertion of the
panicle from flag-leaf sheath. INuvamA et
al.®» reported that drought affected plant
height and especially when imposed at

booting stage, the peduncle length was
shortened. As we observed in this experi-
ment, there was a rapid growth of peduncle
at flag leaf emergence stage (approximately
booting stage), therefore it seems that
drought at the beginning of growth of
peduncle retarded growth of peduncle very
severely.

Comparison of the data for corn plants®
with that of present experiment shows that,
in general the growth patterns of the leaf
blade and sheath are similar for both plants.
Detailed comparison of growth shows that
there i3 a linear relationship between
emergence of leaves and longitudinal growth
of leaves in corn plants, while this relation
is sigmoid for grain sorghum.

The leaf blade began to grow earlier than
leaf sheath, therefore when leaf blade reach-
ed its maximum length, leaf sheath was still
growing. Leaf sheath reached its maximum
length about one leaf emergence stage later
than leaf blade. The relation in the growth
between leaf blade and leaf sheath is similar
to that of corn plants®.

There was some relationship between the
growth of internodes and rooting behavior
in grain sorghum plants, i.e. with emergence
of two leaves on the plant, one of the lower
internodes reached its maximum length, and
at this time the roots primordium began to
elongate from the base of the internode.
This phenomenon was regular in lower
internodes and similar to that of corn
plants® but there is an exception for upper
internode in grain sorghum. KoBavasHI
and Mizutani® also reported that in corn
plants when the internode begin to elongate,
root differentiation soon occurs.  This
phenomenon is also the same as in grain
sorghum.

However, observation of growth patterns
in general and the growth of plant organs
attached to any node shows that, at first
the leaf blade begins to grow in length and
width, followed by the leaf sheath, therefore
leaf sheath reached its maximum length
later than in leaf blade. 'The internode
begins to elongate later than the leaf sheath.
The internode began to elongate and root
differentiation soon occurred and when the
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internode reached maximum length, the roots
began to elongate. The above order in
growth occurred in each node with the
process of growth.

Summary

The basic growth patterns and the relation-
ship between the growth of plant organs
was examined in grain sorghum (Sorghum
bicolor (L.) Moench) hybrid H-726. Leaf-
emergence interval was about 3 days and
about 7 days were necessary from flag leaf
emergence to heading. The results ob-
tained are summarized as follows:

1. Transformation from vegetative to
reproductive phase was found to occur at
11th leaf emergence stage. At the heading
stage, panicle reached 869%, of maximum
length although peduncle developed only
369,. Afterwards, those two organs reach-
ed maximum length simultaneously. There-
fore, peduncle grew rapidly after heading
stage resulting in exertion of the head from
the flag-leaf sheath. All length of panicle
and peduncle as well as plant height reached
their maximum at two weeks after heading.

2. Length of leaf sheaths, leaf blades and
the width of leaf blades in upper leaves
reached maximum one week after heading
stage. Length and width of leaf blades
reached their simultaneously.
The leaf sheaths began to elongate later
than the corresponding blades. Although
leaf sheaths reached maximum length ap-
proximately one leaf emergence stage later
than leaf blade in lower leaves, they reached
maximum length simultaneously in upper
leaves. Therefore, there should have been
an acceleration in growth of leaf sheaths in

maximum

upper leaves.

3. The time required for the upper
leaves to reach maximum length was longer
than for lower leaves, and the number of
leaves growing in each of the later stage of
growth were more than that in the earlier
growth stage.

4, Length of internodes reached maxi-
mum after the corresponding leaf blades and
leaf sheaths reached their maximum. Up-
per internodes reached maximum length
two weeks after heading, i.e. one week later

than the leaf.

5. Relationship was found to exist be-
tween root development and growth of
lower internodes, i.e. when an internode
began to elongate, root differentiation soon
occurred at the base of the internode and
when the internode reached maximum
length the roots began to elongate. In this
case, root elongation took place at the nodes
lower than 8th node, at which the roots
stopped at the primordium stage.
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