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Physiological and Ecological Characteristics of Weeds
of Sugarcane Fields in the Ryukyu Islands

11. Effects of Soil Moisture on the Growth and Seed Production of

Rottboellia exaltata L. {. and Solanum alatum Moench.

Misao Nakama*, Yukio Isumvine* and Seiichi MURAYAMA®?

Summary

Seeds of two important sugarcane field weed species, Rottboellia exaltata L. . and
Solanum alatum Moench. were sown and grown in Wagner pots of 1/5000a under
different soil moisture intensities, namely, pF2.0, 2.5, 3.0, 3.5 and saturation, in
order to determine what effect soil moisture will exert on the growth and seed
production of these weeds.

1. The plant height and plant length increased with increasing soil moisture
intensity and reached maximums at pF2.0. The figures were smallest at pF3.5 (Fig.
1.).
2. The number of tillers per plant and number of branches per plant increased in
a similar manner and were largest at pF2.0. The number of tillers per plant was
smallest at saturation and the number of branches per plant was smallest at plF3.5
(Fig. 2).
3. The leaf area per plant increased as the soil moisture intensity was increased,
the value being largest at pF2.0 for both Roltboellia and Solanum. The smallest
value was seen at pF3.5 for Rotthoellia and at saturation for Solanum (Fig. 3.).
4. Lower soil moisture intensities reduced the T/R ratio in both Roef#tboellia and
Solanum (Table 1).
5. The total dry weight increased at larger pF, the value being largest at pF2.0. At
plF3.5 the total dry weight was reduced so severely that practically no seeds were
produced in Roftboellia and no fruits formed in Solanwmn, indicating that both of the
weeds can not survive under excessively dry conditions (Fig. 4.).
6. The longest delay in heading and flowering took place at saturation or under
excessively moist conditions. The seed production characters (number of spikes
per plant, weight of spike, length of spike, number of fruits per plant, weight of
fruit) increased with increasing soil moisture intensity, values being largest at
pF2.0 and smallest at pF3.5 (Table 2).
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Introduction

The increasing extensive application of irrigation water in the cultivation of sugarcane in
Okinawa Prefecture is coupled with simultaneous occurence and vigorous growth of weeds in the
irrigated fields, while the high temperature that prevails in this part of the subtropics contributes in
part to this situation. In a report dealing with the problem of weed infestation encountered in the
efforts toward increasing upland field crop yields in Southern kyushu, Japan, through utilization of
irrigation water, Yamamoto and Ohba'® pointed out that irrigating the fields increases weed growth
and therefore care should be exercised in irrigation along with the control of weeds in the fields.
Nishida and Kasahara” indicated that temperature and soil are the enviromental stresses that exert
the greatest physiological and ecological effects on the growth of weeds.

In this study the effects of soil moisture on the growth and seed production were assessed for
Rotthoellia exaltate L. f. and Solanum alatum Moench., annual weed species most abundant in
sugarcane fields, hereafter referred to as Rotthoellia and Solanum, respectively.

Materials and Methods

The experiment was conducted from 20 March throuh 18 July 1987 in the glasshouse at the
Experimental Farm of the Faculty of Agriculture, using 60 Wagner pots of 1/5000a. The seeds used
in the experiment were collected from 1 plant in the field at the Experimental Farm and air-dried
indoors and kept in the desiccator at room temperature for 9 months. The soil type was the typical
dark-red (pF 6) . On 20 March the pots were filled with 4.5kg/pot of the soil and fertilized with 5g/
pot of compound systhetic fertilizer (N : 4, P 3, K : 8). Each of the pots was then broadcast with
10 seeds and 17 days later hand-thinned to a uniform stand of 1 plant per pot.

Five plots for this study, namely, pF2.0, pF2.5, pF3.0, pF3.5 and saturation, were established. The
pk curve was determined by the centrifugation method. Losses of water caused by evaporation were
weighed using the gravimetric method'" and supplemented at 15 : 00 every day starting 17 days after
seeding in order to maintain soil moisture as constant as practicable. The pF values, 2.0, 2.5, 3.0 and
3.5 immediately before watering were +0.3, £0.4, £0.4 and 0.3, respectively.

For sampling 3 pots were randomized daily after seeding and top dry weight, root dry weight,
number of branches per plant, leaf area per plant, number of spikes per plant and number of fruits
per plant were recorded. For measurement of root dry weight, roots were washed free of debris, care
being taken to prevent breaking. Plant height, plant length, number of tillers per plant were
recorded at 10-day intervals after seeding. Data were also taken on number of days before heading
and number of days before flowering. Dry weight was measured for the root, stem, leaf and seed
which were dried in the electric drying oven at 95°C for 48 hours. Leaf area was measured with the
aid of Hayashidenko Model AAM-5 leaf area meter.

Results
Plant height and plant length data are presented in Fig. 1. In Rotiboellia the plant height increased

at smaller pF or with increasing soil moisture intensity and a quick increase took place at pF2.0 and
2.5 at 20 days after seedsng. In Solanum the plant length similarly increased at smaller pF and a
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quick increase occured as late as at 40 days after seeding. The plant height and length values were

largest at 90 days after seeding, the plant height being 120em at pF2.0 and 100cm at pF2.5. The plant
length was 76cm at pF2.0 and 60cm at pF2.5. Values at pF 3.0 and 3.5 were small from the beginning
of treatment and markedly small compared with pF 2.0 and 2.5 figures. At saturation a considerable

difference in increase was noted between plant height and plant length ; the plant height at the last

sampling (at 120 days after seeding)
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Tiller number and branch number data are presented in Fig. 2. In Rotthoellia the number of tillers
per plant increased at smaller pF and a quick increase occurred at pF2.0 and 2.5 during the first 30
days of seeding. The value was largest at the last sampling ; 13 at pF2.0 and 9.5 at pF2.5. In Solanum
the number of branches per plant was largest at 90 days after seeding ; 65 at pF2.0 and 55 at pF2.5.
At pF3.0, 3.5 and at saturation, the number of tillers per plant and number of branches per plant at
the last sampling were 6 at pF3.0, 2.5 at pF 3.5, 1.5 at saturation, respectively, while the number of
branches per plant at pF2.0 was 27, that at pF3.5 was 5 and that at saturation was 7.

Leaf area data are presented in Fig. 3. In Rottboellia the leaf area per plant increased little during
the first 30 days of seeding but then started increasing quickly, the value at the last sampling being
1,350cm? at pF2.0 and 1,150cm? at pF2.5. At saturation the figure was 250cm? at pF3.0, 100cm? at
pl3.5, 500cm?®. In Solanum the leaf area per plant similarly showed little increase during the first 30
days of seeding but started to increase quickly at 60 days after seeding until a quick drop occurred
at 90 days after seeinng, values at the last sampling being 1,100cm?® at pF2.0, 800cm? at pF2.5. The
figure was 500cm? at pF3.0, 200cm?® at pF3.5, 100cm? at saturation.
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Fig. 3. Changes in leaf area per plant of Rottboellia exaltatu
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moisture intensity
Table 1. Efect of soil moisture on T/R retio in Roftboellia exaltate L. f. and
Solanum alatum Moench
Saturation 8.0¢ 6.3°
pF2.0 3.5v 3.6°
pF2.5 4.2v 3.8°
pF3.0 2.7v¢ 3.00
pF3.5 1.5¢ 2.0

Note : Means not followed by the same letter are different at the 1% level of

significance, as determined by Duncan’s multiple range test.
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T/R ratio (ratio of top to root) data are presented in Table 1. In both Rottboellia and Solanum
the T/R ratio decreased with decreasing soil moisture intensity, except that in Solanwm the ratio
was larger at pF2.5 than at pF2.0.

Total dry weight data at the last sampling are presented in Fig. 4. In Roltboellia the spike weight,
stem-leaf weight and root weight increased at smaller pF and largest at pF2.0, values being 55g for
the spike wekight‘ 50g for the stem-leaf weight and 30g for the root weight. At pF3.0 a quick drop
took place, values being smallest at pF3.5 ; Ig for the spike weight, 2g for the stem-leaf weight and
2g for the root weight. Values at saturation were 10g for the spike weigh, 30g for the stem-leaf
weight and bg for the root weight. In Solanum the spike weight, stem-leaf weight and root weight
similarly incresed with decreasing pF and were largest at pF2.0, values being 40g for the fruit
weight, 65g for the stem-leaf weight and 30g for the root weight. At pF3.0 a quick drop took place,
values being smallest at pF3.5 ; 2g for the stem-leaf weight and 1g for the root weight. No fruits
formed under this soil moisture intensity. Values at saturation was 3g for the fruit weight, 17g for
the stem-leaf weight and 2.5g for root weight.
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Table 2 illusterates data at the last sampling on number of days before heading, number of days
before flowering, number of skikes per plant, number of fruits per plant, length of spike, weight of
spike, weight of fruit. Heading and flowering were delayed longest at saturation. The number of
spikes per plant and number of fruits per plant decreased at larger pF and no fruit formation was
seen at pF3.5. Reductions were significant at the 1% level. The length of spike, weight of spike,
weight of fruit, and number of fruits per plant similarly decreased with increasing pF. Reductions

were significant at the 1% level.
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Table 2. Effects of soil moisture of various characters of Rottboellia exaltata L. f. and Solanum
alatum Moench,

Rotthoellia Solanwm

Treatment Number of days Number of spikes Length of  Weight of Number of days Number of fruits  Weight of

before heading  per plant skipe skike before flowering per plant fruit
Saturation 4.7 35" 6.1% 0.29¢ 51.6" 60° 0.05¢
pF2.0 44.4* 110° 6.9¢ 0.50° 47.8° 626" 0.09"
pF2.5 43.6" g7 6.4* 0.48> 477" 591° 007
pF30 43.1% 40° 320 0.26° 47.0" 106° 0.03¢
pF3.5 43.9* 16¢ 1.4¢ 0.09¢ 50.4% 0 0
Note : Means not followed by the same leter are different at the 1% level of significance, as determined by Duncan's multiple range

test.
Discussion

Soil moisture data obtained for Roitboellia and Solanum of the present investigation may be
summarized as follows : The optimum soil moisture for plant height and plant length lies between
pF2.0 and '2.5. At pF 3.5 or under excessively dry conditions, these characters were reduced
considerably. The plant height and length values were largest at pF2.0 in the last stage of treatment.
The optimum soil moisture for number of tillers per plant and number of branches per plant
similarly lies between pF2.0 and 2.5. It is characteristic of these characters that the tiller number
was reduced considerably at saturation or under excessively moist conditions, while the branch
number was reduced appreciably at pF3.5 or under excessively dry conditions, The tiller and branch
number values were largest at pF2.0 in the last stage of treatment. The optimum soil moisture for
leaf area per plant also lies between pF2.0 and 2.5. In Rot#tboellia this character was reduced
considerably at pF2.0 and 2.5. excessively dry conditions, while in Solanum it was reduced appre-
ciably at saturation or under excessively moist conditions. In both Rottboellic and Solanwm the leaf
area value was largest at pF2.0 in the last stage of treatment. The quick drop in leaf area in
Solanum, that took place after the first 90 days of seeding, may be accounted for by the simultaneous
occurrence of defoliation. In the case of T/R ratio, the root increased more with decreasing soil
moisture intensity than the top increased. The total dry weight also increased the most at pF2.0—
2.5, At pF3.5 or under excessively dry conditions the seed, stem-leaf and root weights were reduced
remarkably, while these characters were smallest at pF2.0. The remarkable growth difference
between pF2.5 and 3.0 may be attributed to the fact that the pF value 3.0 had increased to 3.4 due
to evaporation before the water loss was supplemented, resulting in excessive drying that reduced
growth. A possible explanation for the growth reduction after the first 90 days of seeding is the fact
that these weeds die in about 5 months (150 days) and growth begins declining after the reproductive
period of growth. The seed production characters such as number of spikes per plant increased the
most at pF 2.0 and were reduced considerably at pF3.5. Heading and flowering were delayed longest
at saturation or under excessively moist conditions. These results suggest that Rotltboellia and
Solanwm grow better and produce more seeds at pF2.0-2.5 and both species possess a high degree
of tolerance to soil moisture stress.

Iwata and Takayanagi®, Noguch and Nakayama® and Yamémoto and Ohba'®, reporting the
effect of soil moisture on the germination and emergence of weec seeds, indicated that Digitaria
citiaris Koel. an Portulaca olevacea L. grow better at 70-100% soil moisture and the optimum soil
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moisture intensities in these weeds are higher than in other species, Yamamoto and Ohba'” indicat-
ed that post germination growth of Digitaria and Porlulaca is better when soil moisture is 70-80%
of the maximum water holding capacity. The present experiment with Rottboellic and Solanum
yielded similar results. Terasawa et al¥. reported that the optimum soil moisture is 50% of the
maximum water holding capacity for Digitaria and 25% for Poriudaca. The optimum soil moisture
Paspalwm wrvillei Steud® was 64% of the maximum water holding capacity, while that for Bidens
pilosa var. radiala Scherff” was 42%. The relation between crop growth and soil moisture has also
been described by several investigators, Miyazato et al.” indicated that the optimum soil moisture
for sugarcane is pF2.8 and Fisher and Hagan® found the optimum soil moisture for wheat and soy
bean to be 60-70% of the maximum water holding capacity. Jarvis and Jarvis®, reporting the effect
of soil moisture on young tree plants of four species, indicated that the optimum soil moisture lies
between the maximum field water holding capacity and pF2.7.

Sugarcane with the optimum soil moisture at pF2.8-3.6 is considerably less tolerant to moisture
stress than Roftboellia and Solanum having the optimum moisture at pF2.0-2.5. This fact seems to
emphasize the importance of controlling irrigation in the cultivation of sugarcane in order to avoid

the problem of excessive soil moisture.
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