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Physiological and Ecological Studies on Oxalss corymbosa DC,
a Perennial Weed in Upland Fields

1. Relation between soil depth and bulb formation,
germination and growth of the weed

Yukio ISHIMINE** and Yoshifumi TAKAESU***

I. INTRODUCTION

Oxalis corymbosa DC is a serious perennial weed of upland field which is widely distributed in
the Kanto district and southward in Japan. It has vigorous propagation and stunts crops very
severely (Kasahara, 1947). The fact that the weed reproduces by numerous bulbs formed deep in
the soil adds to the difficulty of obtaining complete control. In Okinawa Prefecture, as well as in
other prefectures of Japan, the weed causes considerable reductions in potential crop yields, thus
there continues to be a strong demand for the establishment of effective control measures. To
the author’s knowledge, however, there has been little carried out on the physiological and
ecological characteristics of the weed, the only reports available at the writing of this paper being
those of Kataoka et al. (1963), Urasaki (1967) and Nakama (1974). In the present study, there-
fore, consideration was given to the necessity of investigating into these least studied aspects for
more proper control of the weed, and the experiments conducted covered the following subjects;
vertical distribution of bulbs in soil, effects of planting depths on germination and growth, satura-
tion levels of soil, germination and growth of bulbs, frequency distribution of different weights,

and germination of bulbs of different weights.

II. MATERIALS AND METHODS

Trial 1. Vertical distribution of bulbs in soil: A field infested uniformly with moderate

sugar cane), was selected for this investigation. Sample plots of 1 m2 were removed every 5 cm

depth in the upper 35 cm layer of the soil extending from ground surface to subsoil and the
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profile of each plot was investigated as to the number of bulbs present. This investigation was
carried out in the two representative soils of Okinawa, a limestone type called ‘“Maage” and a
marlstone type called ““Jaagaru’.

Trial 2. Effects of planting depths on germination and growth: In September 1972 a set of
1/2000 a Wagnel pots were filled with Maage and each pot was planted with 10 bulbs (0.3 - 0.5
g) every 5 cm depth of the 30 cm soil contained. This trial was replicated thrice and the bulbs
at various depths were observed for germination and growth.

Trial 3. Saturation levels of soil: In January 1973 a set of 1/5000 a Wagnel pots were filled
with Jaagaru and each pot was planted with 5 bulbs (0.5 g). Using the method described by Ueki
et al. (1946), the pots were saturated with tap water to various, predetermined levels 5 cm, 10
cm, 15 c¢cm, 20 cm and full (soil surface) taken from the bottom. This trial was replicated twice
and observations were made.

Trial 4. Frequency distribution of bulbs of different weights: In October 1972 bulbs in
their early growth stages of Oxalis corymbosa DC were collected randomly from the upper 20
cm layer of the Jaagaru soil. The bulbs were weighed and investigated to determine their
frequency distribution on a weight basis.

Trial 5. Germination of bulbs of different weights: In October 1973 bulbs of different
weights were placed on moistened cotton and filter paﬁer laid out in 15 cm-diameter Shares and
transferred to an incubator kept at 28 C. This germination test was repeated twice. The number
of the bulbs in each weight class, which were placed on the cotton-filter paper Shares, was 235 in
the 0.1 - 0.2 g, 99 in the 0.3 - 0.5 g, 85 in the 0.6 - 1.0 g, 56 in the 1.1 - 1.5 g, 57 in the 1.6
- 2.0 g and 41 in the 2.0 - 2.5 g. This trial was continued for 28 days after the placement of
the bulbs on the cotton-filter paper Shares.

I. RESULTS AND DISCUSSION

The vertical distribution of parent and daughter bulbs in Maage and Jaagaru is shown in Fig.
1. In both soils, the distribution showed increased concentrations with shallower depths. Some
72% of the daughter bulbs were found to be occurring within the upper 10 cm of the soil profile
while the parent bulbs showed a 56% distribution within the top 5 cm of Maage and a 73%
distribution within the same depth of Jaagaru, respectively. In both soils, these percentages
decreased gradually with commensurate increases in depth, as given by the corresponding approxi-
mate exponential functions in Fig. 1.

The number of daughter bulbs per parent, as encountered in various depth, is set forth in
Table 1. There were more individuals in Maage than in Jaagaru with the occurrence always high
in both soils, especially at depth 25 cm or deeper. This suggests that ploughing, as a means of
dispersion, can break up only a small proportion of the daughter bulbs encountered in these

depth below plough-level with the result that most of the bulbs remain concentrated around the
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parents and their weak growth delays the formation of new parent populations.
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Fig. 1. Relationships between soil depth and depth at
which bulb formation of Oxalis corymbosa DC
cccurs

Table 1. Daughter bulb numbers per parent

Depths (cm)
- 0-5 5-10 10-15 15-20 20-25 25-30 30-35
Soils
Jaagaru 6.3 24.1 24.2 274 35.8 202.0 168.0
Maage 31.0 38.7 48.6 58.1 59.7 132.8

The germinationgrowth relationship between bulbs in various depths is set forth in Table 2.
In this Table, days prior to germination, daughter bulb numbers and leaf numbers are expressed,
respectively, as corresponding regression lines which indicated better degrees of growth with shal-
lower depths. The straightline decreases in bulb numbers showed different trends from those
indicated by the exponential decreases in Fig. 1. This suggests that the favorable effects of shal-
lower depths on growth trends had been spread in the field by earlier cultivations and built up
over a considerable number of years.

The correlations between these characters are set forth in Table 3. Strong correlations were
evident between the days prior to germination, leaf numbers, daughter bulb numbers and varying
depths. The correlation of the leaf numbers with the daughter bulb numbers was found to be
much stronger, as given by the form r= 0.983, indicating that increases in the leaf numbers are
involved, to a greater degree, in the formation of the daughter bulbs. On the other hand, a

contrasting trend was noted in the correlations between the germination percentage, plant height,
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fresh weight, and varying depths. A possible explanation for this is the significant balance existing

between the mean values obtained for two layers adjacent to depths 25 cm or deeper.

Table 4 sets forth the effects of various saturation levels of the soil on bulb germination and
growth. The complete non-occurrence of bulbs at the full saturation level (soil surface) led us to
arrange various lower levels for observation of germination and growth under different conditions
of saturation. The degrees of germination and growth increased with lower saturation levels and it
was also found that the saturation level conditions worked in favor of growth at the 5 cm but

less at both the 10 cm and the 15 cm. There was a further fall in growth at the 20 cm and no

bulbs were to be seen under the full level conditions.

Table 2. Effects of planting depths on germination and growth

Depths  Germination Days prior Plant Leaf Fresh Daughter
(cm) %) to germina- height numbers weight bulb
tion (cm) ) numbers
1 100 12.9 8.7 26.4 12.0 92.4
5 97 13.6 8.9 21.9 12.3 75.9
10 97 21.2 8.6 13.5 11.5 46.2
15 100 25.7 8.5 10.3 10.7 37.6
20 90 34.8 8.4 4.9 11.0 26.0
25 90 53.4 5.1 24 9.4 12.6
30 57 62.9 44 1.4 6.9° 8.9

Table 3. Correlations between various characters based on varying planting depths

Days prior to Leaf Bulb Germination Plant Fresh
germination  numbers numbers  percentage height weight
Depths —0.964**  -0.964** _-0.930** _0.662** 0.721* —0.795**
Days prior to —0.883**  —0.844** _0.704** -0.795** _(0.829%*
germination
Leaf numbers 0.983**  0.525%  [0.606**  0.733**
Bulb numbers 0.476 0.542 0.784**
Germination 0.706** 0.659**
percentage
Plant height 0.574**

*  Significant at 5% level

**  Sjonificant at 1% level
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Table 4. Effects of varying saturation levels of soil on germination and growth
Saturation Germination Days prior to Fresh Daughter bulb
level (%) germination weight numbers
(cm) ®)
Full 0 - - -
20 20 20.0 2.1 0
15 100 14.1 45 25.0
10 80 14.6 48 18.4
5 100 14.8 9.3 43.1

Fig. 2 gives the weight distribution of bulbs. Bulbs in their early growth stages fell in the
range from 0.1 to 2.5 g and gradual weight reductions started at 0.3 g as a peak until individuals
above 2.0 g showed a marked decrease to 0.4 %. A relationship in the mode of logarithmic
normal distribution was found to ef(ist between the bulb numbers and the bulb weights, as shown
in Fig. 2.

In Okinawa, the aerial parts of the weed die during the April-August period and new shoots
emerge and grow in September. The presence of numerous small bulbs observed in this investiga-
tion might be accounted for by the coincidence of the investigation with the early growing phase,
that is, October.

Fig. 3 gives the results of the germination test run on a weight basis. Most of the bulbs
tested germinated within a period of 3 to 4 days after the bulbs were placed on the cotton-filter
paper Shares. Individuals varying from 0.3 to 2.0 g showed a final germination percentage as high
as 80 to 100. The diurnal germination percentage recorded 4 to 8 days after the placement of
bulbs on the cotton-filter paper Shares ranged from 60 to 80‘, a considerably high performance for
any such short period. In contrast, bulbs 2.1 g or above were low in both the diurnal and final
germination percentages. Nevertheless, in view of the individuals in this weight class comprising less
than 1% of the whole population under observation, it is probable that a large percentage of the
bulbs, with the exception of those 0.2 g or below, germinate approximately at the same time.
Kataoka et al. (1963) and Urasaki (1967) stated that dormant daughter bulbs during the summer
sprout upon issuance from dormancy between the fall and the following spring. This statement is
related to the fact that in the present investigation small individuals varying from 0.1 to 0.2 g
showed a germination percentage as low as 18, suggesting the possibility that a considerable
number of such immature bulbs still remained dormant in October when they were in their early

stages of growth.
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IV. SUMMARY

In the present study, an attempt was made to elucidate certain physiological and ecological
characteristics of the bulbous perennial weed of upland field Oxalis corymbosa DC in both soils of
Maage and Jaagaru of Okinawa. In addition, the effect of each weight of bulbs on germination
was studied. The results obtained are summarized as follows:

1. Approximately 72% of the bulbs under observation occurred within the upper 10 cm of the

soil with the percentage as low as about 2 to 3 at depths 20 cm or deeper.
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2. There were more daughter bulbs in Maage than in Jaagaru with a high percentage in both
soils at depths 25 cm or deeper.

3. As to the days prior to germination, leaf numbers and daughter bulb numbers, there was a
strong correlation between these three characters and varying depth. These same three characters
were also correlated strongly among themselves, the correlation of the leaf numbers with the
daughter bulb numbers being especially prominent, as given by the form = 0.987.

4. Highest values. on the germination percentage, fresh weight and daughter bulb numbers
were obtained at the 5 cm saturation level with the degrees of growth progressively lower toward
higher levels. No trace of germination was observed under the full saturation level conditions.

5. Bulbs in their early growth stages fell in the range from 0.1 to 2.5 g. A relationship in the
mode of logarithmic normal distribution was evident after the peak 0.3 g.

6. The germination percentage in bulbs varying from 0.3 to 2.0 g ranged between 60 and 80
at the end of a 4-day period following the placement of the bulbs on the cotton-filter paper
Shares, a considerably high performance for any such short period. In contrast, the diurnal
germination percentage recorded for the weight classes below 0.2 g and above 2.0 g was

significantly low.
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