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Abstract

During the period from May to August 1980, potted seedlings of kudzu vine were grown at four
levels of shade (0, 35, 66, and 83% shade) under a glasshouse condition to evaluate their growth responses
to reduced light. Leaf emergence of the main stem was delayed, and emergence and growth of branches
tended to be suppressed as the degree of shade increased. Decrease in dry weight of plant tops with
increasing amount of shade was dependent more largely on decrease in dry weight of the primary branches
than that of the main stems and the secondary branches. Out of total dry weight of the plant top, the
percentage of leaflet dry weight was higher in lower light intensities and that of the stem dry weight had a
reverse relationship. Root dry weight and diameter at the base of the main root decreased with incraesing
shade, and shade reduced main root weights more remarkably than latreals. Under the deepest shade (83%),
root growth was affected to a greater extent than top growth.

Introduction

In high-rain areas of the tropics and subtropics,
a large variety of crops can be cultivated by
making use of abundant sunlight and water. A
number of workers, however, have pointed out
that too much solar energy and water have been
a dangerous power destroying arable land. In
fact, there are many tragic examples in many
places with respect to the soil erosion in upland
fields. Planting of cover crops which develop
their leaf canopies rapidly and cover the ground
surface completely is desirable for the purpose of
preventing soil erosion. Tropical kudzu(Pueraria
phaseoloides Benth.), a close relative of kudzu
vine (P. lobata Ohwi), has given excellent re-
sults as a cover crop in rubber, oil palm, citrus
and clove plantations in many parts of the
tropics.

Kudzu vine is considered to be very suitable for
soil cover and erosion control in humid tropics and
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subtropics beause it can grow in these climates,
having a wide range in soil adaptability and
vigorous propagating power, improving the
nitrogen status of soil, and covering the soil
surface rapidly by means of expanding their
broad leaves. However, solar radiation in the
tropics may be quite low due to a dense cloud
cover during the wet season and may be inter-
cepted by the partial shade of tree crops in many
areas where these crops are grown. For these
reasons, influence of shade on the growth charac-
teristics of kudzu vine seedlings was examined
in this study.

Materials and Methods

Seeds of kudzu vine were collected from wild
plants in a campus of Kobe University in early
December, 1979. Mature and large-size seeds
were selected. Scarification for hastening germi-
nation of the seeds were conducted according to
the procedure described in previous peper!®.
On 10 May 1980, six germinated seeds were sown
in a 1/5,000 are Wagner pot filled with 4 kg
of sandy loam soil which had been screened
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through a 5-mm sieve. The amount of applied
fertilizers was 0.16 g N, 0.66 g P,O; and 0.38 g
K,O per pot. Pots were placed in a glasshouse
of the faculty of agriculture, Kobe University.
Shade was imposed by steel frames of 1-m
height, which were covered with one layer of
a white cheese cloth (35% shade), two layers
of a white cheese cloth and a black one (66%
shade) and two layers of a white cheese cloth
and a baron screen (The Koizumi Jute Mills
Ltd.) (83% shade). While full light intensity
inside the glasshouse averaged 79% of full sun-
light outside the glasshouse, it was used as a
control (0 % shade) for comparing all other
treatment. Fifteen pots were alloted for each
treament. All pots were watered with 300 ml
of tap water at 2 to 4 day-intervals until early
July and were watered daily thereafter.

Emergence dates of the leaves on main stems
and of primary branches were recorded. We
considered that a new leaf had appeared on a
stem when the tip became visible outsible the
stipules and that the primary branch had emerg-
ed when the first leaf to appear on the branch
became visible. Plants were thinned to one on
June 10 (32 days after seeding). For each shade
treatment, plants were harvested about 7 days
after ceasing to produce leaves on the main
stem, namely on August the 14th (96 th day
after seeding) for 0 %, 18th for 35%, 21st for
66% and 25th for 83% shade. Stem length, leaf
area and dry weight of each organ in plant tops
were measured separately for the main stems,
the primary and the secondary branches. Dry
weight of plant roots was determined separately
for the main roots and laterals, and diameter at
the base of the main roots was measured.

Results

1. Weather conditions

Mean daily temperature inside the glasshouse
and outdoor level of solar radiation during the
experimental period are given in Fig. 1. The
data on the solar radiation used for drawing the
Fig. 1 and on sunshine hours were cited from the
observations of Osaka District Meteorological
Observatory situated about 25 km east of Kobe
University. The sunshine hours of 1980 were
12% longer than normal for May and were 20,

29 and 50% shorter for June, July and August,
respectively. The solar radiation was 14% and
2% higher for May and June when compared
with normal and was 5% and 17% lower for
July and August. As shown in Fig. 2, mean
daily temperature tended to become slightly
lower with increasing amounts of shade.

2. Leaf emergence of the main stem

As seen in Fig. 3, the differences in leaf
emergence interval started occuring among
treatments around 7 days after the onset of shade
(20 days after seeding) , and leaf emergence
tended to be delayed as the amount of shade
increased. It was diagnosed from Fig. 3 that
a turning of leaf emergence rate occured at the
9th leaf in 83 % shade. However, the turning
point was not so obvious in 0, 35, and 66% shade
as that in 83% shade. Average leaf emergence
interval between the 3rd leaf at which the differ-
ence in the interval began to appear and the 9th
leaf was 3.8, 4.4, 4.9 and 7.1 days for 0, 35, 66
and 83% shade, respectively. The differences
in average leaf-emergence interval disappeared
among four shade treatments in the latter half.
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Fig. 1. Mean air temperature inside glasshouse and
outdoor level of solar radiation during grow-
ing period.
Solar radiation was drawn from the data in
the monthly original record of Osaka District
Meteorological Observatory.
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The main stems had 15 to 20, 17 to 23, 16 to
24 and 15 to 23 leaves with the averages of 18.3,
19.5, 20.0 and 18.6 leaves for 0, 35, 66 and 83%
shade, respectively. Thus, the number of leaves
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Fig. 2. Relationships in mean daily temperature
between 0 % shade and 35, 66, and 83%

on the main stems tended to increase slightly
under intermediate shades.

3. Emergence percentage and date of

the primary branches

Axillary buds of kudzu vine stand three
abreast on a node. In general, branches arise from
the median buds in the first year of growth, and
the right and/or left buds occasionally produce
the branches after the median buds had sprouted
(unpublished). In this study, the branching from
the right and left buds was found only on 3
main-stem nodes in 0% shade.

Emergence percentage of the primary branches
is shown in Table 1. The primary branch from
the cotyledonary node (C) was observed in
only one plant (6.7% in emergence percentage)
at 0% shade and in two(13.3%) at 35% shade.
No plants produced the branches from C nodes
under 66 and 83% shade. There was no emer-
gence of the branches from unifoliolate nodes
(P) in all treatments and up to the third node
in 83% shade. Emergence percentage of the
primary branches increased from basal toward

shade.
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Fig. 3. Leaf emergence dates of the main stem in four shade treatments.
C and P indicate the cotyledon and the unifoliolate leaf, respectively.
Values show mean + 95% confidence limit.
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intermediate nodes. The emergence percentage
on comparable nodes among treatments tended
to decline with increasing shade. The number
of emerged primary branches per plant was 11.6,
11.2, 8.6 and 4.3 in 0, 35, 66 and 83% shade,
respectively.

Emergence dates of the primary branches are
presented in Table 2. The primary branch was
observed at first on a C node at 0 % shade.
The branches arose from the Ist to 7th nodes of
the main stems between 43 and 53 days after
seeding in 0% shade. The branch emergence
for lower and intermediate nodes of the main
stems generally tended to be delayed in heavier
intensities of shade.

4. Stem length and leaf area of the
main stem and the branches per
plant

Table 3 shows stem length and leaf area of

the main stem, the primary and the secondary

Table. 1. Emergence percentage of the primary
branch at each node on the main stem

(%)
Node Shade intensities

orders 0% 35% 66% 83%
C 6.7 13.3 0.0 0.0
P 0.0 0.0 0.0 0.0
1 53.3 40.0 26.7 0.0
2 80.0 60.0 40.0 0.0
3 100.0 80.0 66.7 0.0
4 100.0 93.3 86.7 6.7
5 100.0 100.0 86.7 26.7
6 100.0 100.0 100.0 53.3
7 93.3 100.0 100.0 53.3
8 73.3 86.7 86.7 100.0
9 86.7 80.0 53.3 93.3
10 93.3 100.0 40.0 40.0
11 93.3 93.3 46.7 20.0
12 73.3 60.0 53.3 26.7
13 53.3 40.0 20.0 6.7
14 33.3 40.0 26.7 6.7

15 13.3 20.0 13.3

16 6.7 6.7 6.7

17 6.7 0.0

18 6.7

C=Cotyledonary node, P=Unifoliolate node.

branches per plant. There were significant
differences in the main stem length between 35
or 66% shade and 83% shade and the main stem
length was about 20 cm shorter in the latter
than in the former two. The length of primary
branches per plant under 83% shade was only
one fifth of that in 0 % shade. No significant
difference in the length of secondary branches
was found among 3 shade levels of 66% and
below. Total stem length (including the main
stem and branches) per plant averaged about
780 cm in 0% shade, being about 3 times as long
as that in 83% shade.

Stem length partitioning of the primary branch-
es to the total stem length was a maximum of
75% in 0% shade and declined progressively to
a minimum of 47% in 38% shade. Inversely,
stem length partitioning of the main stem in-
creased in heavier intensities of shade, ranging
from 19% in 0% shade to 51% in 83% shade.
That of the secondary branches was small, rang-
ing from 7.1% to 1.3% in all treatments One
tertiary branch 1.5 cm long arose from the 6th
node on the main stem of a plant under 66%
shade.

Leaf areas of the main stem per plant did not
differ among all four treatments. The primary
branches had more leaf area at shade levels
below 66%. Leaf area of the primary branches
in 83% shade was only one eighth of that in 0%
shade. Total leaf area per plant declined in
shade levels above 35%. At 83% shade, the
total leaf area was 37% of that in 0 % shade.
Leaf area partitioning of the primary branches
to the total leaf area per plant occupied more
than 50% in shade levels of 66% and below,
whereas 23% in 83% shade. Only one plant
produced a tertiary branch with 0.3 cm? of leaf
area in 66% shade, this value being omitted in
Table 3.

5. Distribution of dry matter in the
main stem and branches

Distribution of dry weights (including leaflet,
petiole and stem tissues) of the main stem,
primary and secondary branch per plant is
given in Fig. 4. The dry weights of both the
main stems and primary branches were smaller
in deeper shade treatments. The dry weight of
the main stems was cut nearly in half from 49 ¢g
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Table 2. Emergence date of the primary branch at each node on the main stem

(days after seeding).

Shade intensities

Node orders

0% 35% 66 % 83%

C 30.0 54.51+ 16.1

P

1 43.6 = 8.0 56.5+ 6.6 63.3 + 9.0

2 45.4 + 5.9 56.1+ 6.2 65.0 + 7.9

3 46.1 + 3.9 55.8+ 5.7 69.0 = 9.2

4 4.5 + 2.9 56.3+ 5.1 68.2 + 7.2 91.0

5 45.3 + 2.5 55.6+ 5.2 62.5 + 5.8 79.5 £ 9.9

6 45.6 = 1.5 53.91+ 4.1 61.4 + 5.7 87.6 £ 7.1

7 52.1 £ 5.1 56.9+ 4.7 62.3 £ 5.5 82.6 + 8.8

8 63.1 £ 8.1 64.2+ 6.7 69.3 + 7.7 84.9 + 4.2

9 69.7 £ 4.4 70.3+ 7.7 81.4 + 6.3 90.6 + 3.9

10 70.0 = 4.4 72.5%& 5.3 88.7 1 10.0 91.3 = 4.0

11 72.9 + 4.3 78.9+ 7.6 87.6 + 8.3 9.7 £ 9.6

12 74.3 + 4.6 82.0+ 8.9 85.9 + 6.3 94.5 + 11.5

13 78.1 + 6.7 83.7+ 6.2 79.7 + 16.9 95.0

14 77.6 £ 12.9 89.0+ 7.8 86.3 + 11.8 96.0

15 89.5 1+ 18.6 87.71+ 13.5 87.0 & 17.0

16 81.0 97.0 93.0

17 100.0

18 95.0

C=Cotyledonary node, P=Unifoliolate node.

Values show mean+95% confidence limit.
in 0% shade to 2.4 g in 83% shade, while that of 20
the primary branches was reduced to about one I . -;gfg&"hdﬂf y
tenth from 12.6 g to 1.3 g. No significant diffe- H Bri
rence in dry weights of the secondary branches = :: B ) ,—_—]:b:clxr:gr:y
was found among shade levels of 66% and below. = o .,
Total dry weight of top per plant in 0% shade E 2r a B4 Main stem
was a maximum of 18.3 g and was 5 times as i loF
large as that in 83% shade. Dry weight parti- - a
tioning of the main stems to total plant tops a c
increased as the degree of shade increased, but g
that of the primary branches was reversed. For L c q
83% shade, the main stems exceeded the primary 3’5% es z

branches in dry weight partitioning.

6. Distribution of dry matter in each
organ of plant tops
As seen in Fig. 5, stem-, petiole-, and leaflet-
dry weights in 83% shade were approximately
one eighth, one fifth and one third of those in
0% shade, respectively. Thus, the decrease in
stem dry weight was especially pronounced.

Shade intensities

Fig. 4. Distribution of dry weights of the main stem,
primary and secondary branch per plant.
Bars having the same small letter within each
plant part are not significantly different at
the 5% level according to Duncan’s multiple
range test. Total dry weights (capital letters)
were also compared using the same method.
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Table 3. Stem length and leaf area of the main stem and the branches per plant.

Shade intensities

Plant
parts 0% 35% 66% 83%
Stem length(cm)
Main stem 145.4 162.2 162.1 138.1
ab a a b
Primary branch 586.1 463.8 361.2 127.3
a b b c
Secondary branch 46.0 22.0 39.9 3.4
a ab a b
Total 777.5 648.0 563.2 268.8
a b b c
Leaf area(cm?)
Main stem 906.5 900.4 947 .4 900.5
a a a a
Primary branch 2,203.0 1,848.7 1,251.2 274.1
a a b c
Secondary branch 85.9 62.2 99.3 12.8
a ab a b
Total 3,195.4 2,811.3 2,297.9 1,187.4
a a b Cc

Means within a rank followed by the same letter are not significantly different
at the 5% level according to Duncan’s multiple range test.

Dry weight partitioning of leaflets to total plant
tops increased gradually from 47% at 0% shade
to 62% at 83% shade, while that of the stems
decreased from 42% to 26%. Dry weight par-
titioning of the petioles changed slightly with
the range of 10% to 12%.

7. Diameter and dry weight of root

Table 4 shows diameter at the base of the
main root and dry weight of the main and lateral
roots per plant. Root diameter averaged 1.1 cm
in 0% shade became smaller as shade increased,
and in 83% shade it was only about a half of
the value in 0% shade.

Dry weight of both the main and lateral roots
was highest in 0 % shade and decreased pro-
gressively as the shade became more intense.
Total root weight per plant in 0% shade was 5.9
g compared with 0.9 g in 83% shade. Plants
produced larger dry matter in the lateral roots

than in the main roots for each treatment, and
the percentage of dry weight of the lateral roots
ranged from 82% to 89%. For the main root,
compared to the dry weight in 0% shade as 100
%, that in 35, 66 and 83% shade was 48, 31 and
14% respectively and for the lateral root, that
in 35, 66 and 83% shade was 85, 52 and 15%,
respectively. Top-root ratio had a value of 3.1
in 0 % shade and 3.0 in both 35% and 66 %
shade, whereas it had the largest value of 4.2
in 83% shade.

Discussion

O1zum1!®, working with soybeans (Glycine
max Merr.), reported that the leaf emergence
interval became longer in the early stages of
growth under deep shade of 75%, however the
leaf emergence were hastened after the turning
time of leaf emergence rate and differences in
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the leaf emergence intervals disappeared within
the range of 0% to 75% shade. In this study,
we obtained basically similar results as that
reported by Oi1zumi!® on the difference in the
leaf emergence inteavals before and after the
turning time. We reported that leaf emergence
dates of the main stem were presented in a
straight line for unshade-grown seedlings of

20r
C;
E
© b
2
>
o b c
()
b d
35% 66 % 83%

Shade Intensities

Fig. 5. Distribution of dry weights of each organ

in plant top per plant.

Bars having the same letter within each
organ are not significantly different at the
5 % level according to Duncan’s multiple
range test.

kudzu vine'®. The previous result was slightly
different from the result obtained in this study.
This is thought to be associated with difference in
weather between growing seasons in both years.
Shaded plants of soybeans!® and blueberries®
have been reported having less branches than
plants with no shade. Kudzu vine was also found
to be placed at a disadvantage for emergence
and growth of their axillary shoots by shade.
Smaller top dry weight and leaf areas per plant
in heavier shades are obviously attributed to
more decline in emergence percentage and more
growth suppression of the primary branches.
Reduction in dry matter yields of both top and
root due to shade have been observed for several
gramineous*®!? and leguminous’ 11:!® plants.
LanciLLE and Mckee” reported that in crown-
vetch (Coronilla Varia L.) dry weight of plant
tops under 69% shade decreased to 40% of that
under 0% shade, whereas root dry weight only
decreased to 22%. PricueTT and NELSON!'" and
Gist and MorT® noted that for both alfalfa
(Medicago sativa L.) and bromegrass (Bromus
sp.) under shaded conditions root growth was
affected to a greater extent than top growth.
MitcHeLL® also found similar results for
ryegrass (Lolium sp.). Top-root ratio at 83%
shade is largest in this study, indicating that the
root growth of kudzu vine was suppressed more
strongly compared with top growth under deep

Table 4. Diameter at the base of main root, and dry weight of the main and

lateral roots per plant.

Shade intensities

Characters of root

0% 35% 66 % 83%

Diameter(cm) 1.14 0.83 0.60 0.41
a b c d

Mai_n-root 1.07 0.51 0.33 0.15
weight(g) a b b c

Lateral-root 4.86 4.13 2.51 0.74
weight(¢) a a b c

Totgl 5.93 4.64 2.84 0.89
weight(¢) a b c d

Means within a rank followed by the same letter are not significantly
different at the 5% level according to Duncan’s multiple range test.
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shade. As Brackman and TEMPLEMANY interpret-
ed for Astria bent (Agrostis tinuis Sibth) and red
fescue (Festuca rubra L.), the restriction in root
growth of kudzu vine by shade can be also at-
tributed to lack of mobilization of carbohydrates
into the root.

Miyaura and Hosoxawa® reported that in
sugar beets (Beta vulgaris L.) root diameter at
the base of main root decreased by shade treat-
ment. Similar result was showed from the data
of kudzu vine. In addition, the findings of this
study showed that the reduction in dry weight
of the main roots was more striking than that
of the laterals. Accordingly, it was speculated
that the main root growth was affected to a
greater extent by shade than the lateral root
growth.

As mentioned above, the top and root growth
of kudzu vine seedlings was adversely affected
by shade. Howerer, the seedlings are found to
be able to grow even under considerably deep
shade of 83%. Additional research is needed to
examine growth response of kudzu vine to other
stresses such as drought and overwetness of soils
in evaluating the usefulness of kudzu vine as
cover crop.
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