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Abstract. Lakitan B, Kartika K. 2020. Population density, multiple harvesting, and ability of Ipomoea reptans to compete with native
weeds at tropical wetlands. Biodiversitas 21: 4376-4383. Despite as a nutritious, fast-growing, and well-adapted leafy vegetable at
tropical wetlands; Ipomoea reptans has not been intensively cultivated yet. This study was designed for increasing productivity of this
vegetable by optimizing population density, extending harvesting period, and its ability to compete with native weeds at tropical
wetlands. Bottom wet culture system (BWCS) was implemented by placing all pots within 2 m x 4 m experimental pool filled with
water to 2-cm depth to make sure bottom part of the substrate within each pot was continuously water-saturated. Results of this study
indicated that despite fluctuated yield at each harvest, accumulative yields after five consecutive harvests were not significantly different
among population densities from 14 to 71 plants per m2 Yet, quality of yield in most cases was better in lower population density
treatment (14 plants per m?), as indicated by SPAD value and marketable size of individual plants. Frequent NPK fertilizer application
was effective for increasing yield. The first harvest was done at 4 weeks after seed sowing; thereafter, the plants were routinely re-
harvested at about every week. This fast-growing vegetable also exhibited ability to compete with native weeds commonly found at

tropical wetlands at density up to 11.3 mg cm™.

Keywords: bottom wet culture, Ipomoea reptans, plant-weed competition, population density

Abbreviations: BWCS: bottom wet culture system; DAS: days after sowing; NPK: nitrogen-phosphorous-potassium; SPAD: index for

leaf chlorophyll content; WAS: weeks after sowing

INTRODUCTION

Ipomoea reptans is commonly named as water spinach
in English and has been cultivated as leafy vegetable in
many Asian countries (Hong and Gruda 2020); however, it
has not been intensively cultivated. In Southeast Asia, this
plant is popularly known as kangkong. Water spinach is an
amphibious plant, adapting well to wetland ecosystems. It
can float on water surface, grown on muddy soils, or on
non-flooded lowlands. Besides as green vegetables, water
spinach has been used in pharmaceutical industry (Chen et
al. 2018; Hefny-Gad et al. 2018) and for phytoremediation
of contaminated soil, especially in wetland ecosystem
(Chanu and Gupta 2016; Tang et al. 2017). Water spinach
is rich in amino acids and vitamins. It gives benefits via
antioxidant and a-glucosidase inhibitory activities (Lawal
et al. 2017).

Water spinach is a fast-growing leafy vegetable. This
vegetable can be cultivated in many ways. Farmers in
Indonesia mostly grow water spinach by directly broadcast
the seeds on lengthy rectangular raised beds. The plants are
harvested at once every month and then immediately
replanted again. Water spinach can also be planted in wider
spaced rows, in this case, the first harvest is conducted
within a month after planting and thereafter re-harvested
regularly every week if water and nutrients availability are
well managed. The other way is by free-floating stem

cuttings on water. Water spinach has hollow stems, make it
float on water (Kaur et al. 2016). Water spinach has also
been used for purifying water polluted with some
agrochemicals (Zhang et al. 2014); before the water was
used for fish cultures, such as tilapia (Guo et al. 2019) and
comet goldfish (Saaid et al. 2013) in an aquaponic system.

Multiple harvest system relies on rapid plant regrowth
after each of previous harvest. Many crops have been
cultivated with multiple harvest system. Fresh stalk
biomass of sweet sorghum could be harvested three times
annually, i.e. the first cut and two ratoon crops (Rolz et al.
2017). The stalk is used as raw material for ethanol
production. Rice crops could be harvested twice, i.e. main
harvest and ratoon crop (Wang et al. 2020). Sugarcane was
commonly harvested several times over a stretch of several
consecutive years (Marin et al. 2019). Multiple harvests in
Gramineae genus or Cerealia crops have been more
commonly practiced.

Meanwhile, multiple harvests in annual vegetables are
rarely exercised. Fertilizer application after harvest is
expected to enhance growth of the axillary stems in water
spinach. Competition between water spinach at different
plant population densities and native weeds at tropical
wetlands has not been intensively studied.

Objectives of this study were to increase productivity of
water spinach by optimizing plant population density from
1 to 5 plants per pot, equivalent to 14, 28, 42, 57, and 71
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plants per m?, respectively; extending harvest at least up to
the fifth consecutive harvest; and for evaluating ability of
water spinach to compete with native weeds in limited
growing space. Yield was not only evaluated based on
quantity but also on quality of harvested leaves.

MATERIALS AND METHODS

Plant materials and experimental procedure

Water spinach used in this study was Light Green
cultivar. Seeds were sown in seedling trays filled with soil-
manure mix. At 10 days after sowing (DAS), seedlings
were selected for uniformity. The relatively uniform
seedlings were transplanted into 30-cm diameter pots,
equivalent to 707 cm? surface area. Height of the pot is 30
cm, but height of the soil-manure mix within each pot was
set at 25 cm. In this study, the BWCS was employed. The
BWCS was developed after tolerable depth of water table
had been recognized (Meihana et al. 2017; Lakitan et al.
2018; Susilawati and Lakitan 2019; Kriswantoro et al.
2020a,b). Immediately after transplanting, all pots were
placed in 2m x 4m outdoor experimental pool filled with
water to depth of 2 cm, for assuring water penetration into
growing substrate via bottom holes of each pot.

Base fertilizer was applied at rate of 5 g per pot to each
experimental unit. Plant protection from insect pests was
done by following organic vegetable protocols. No disease
symptom was observed throughout life cycle of the plant,
form seed sowing to the last harvest. Substrate moisture at
depth of 15 cm was daily measured using soil moisture
meter (Lutron PMS-714; Lutron Electronics Inc.,
Coopersburg, PA, USA). This research simulated the
raised-bed and multiple harvest cultivation systems.

The first harvest at 30 DAS was done by cutting the
main stem at position two nodes above base of the plant,
for allowing axillary stems to grow at the nodes. At the
second harvest, each axillary stem was cut at two nodes
above base position of the respected primary axillary stem.
Thereafter, the next harvests followed a similar procedure.
In water spinach, each node can arise more than one
axillary stem. The axillary stems were consecutively
harvested 5 times during period from 30 to 60 DAS, i.e. at
30, 40, 48, 55, and 60, respectively. These dates of harvest
were decided based on availability of the stems that had
reached the standard marketable size, i.e. length of stem is
at least 35 cm. Additional NPK fertilizer at rate of 5 g per
pot was applied during extended harvesting period, i.e. the
sixth and seventh harvest for additional exclusive
evaluation on plant response to NPK fertilizer. Frequent
and continuous harvests prevented the plants from
developing their reproductive organs.
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Figure 1. Arrangement position of Ipomoea reptans plants in
each population density treatment. Star represents position of each
plant.

Experimental units were arranged by following the
Completely Random Design with 5 different population
densities consisted of 5 replications for each treatment.
Growth parameters were compared among population
density treatments based on plant average within each
treatment (for evaluating growth of individual plant) and
compared based on total yield per pot, regardless of
number of plants per pot (for evaluating productivity).
Population densities evaluated were 1, 2, 3, 4, and 5 plants
per pot, equivalent to 14, 28, 42, 57, and 71 plants per m?,
respectively. Positions of each plant within pots for each
population density treatments were arranged by placing
them in specific pattern for creating more equally spaced
position within each pot (Figure 1).

Data collection

Yield organs of water spinach are terminal and axillary
stems which consist of young leaves, stem, and terminal
bud. In this study, yield organ was divided into two
components, i.e. (1) leaf blade and (2) stem, including
terminal bud and petioles. Growth-associated data were
collected at the same time with harvest data. Total stem and
leaf fresh weight per pot; average stem and leaf fresh
weight per plant; total leaf area per pot; average leaf area
per plant; leaf SPAD value; leaf water content; dry weights
of stem, leaf, and shoot per pot; and number of axillary
stems per plant were collected during the first five harvests.
Data for comparing growth and yield between plant grown
on weed-free and weed-invested conditions were collected
during the last four harvests, i.e. the fourth to seventh
harvests based on total dry weight per pot data. SPAD
value was measured using chlorophyll meter (Konica-
Minolta SPAD 502 Plus) and leaf area was measured using
digital image analyzer developed by Easlon and Bloom
(2014).
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Data analysis

Growth and vyield data were analyzed using the
Analysis of Variance, followed by mean comparison
among levels of treatment using the Least Squared
Difference at p<0.05 (LSD.05). Competition between water
spinach and weeds was evaluated based on regression and
correlation procedures.

RESULTS AND DISCUSSION

Effects of population density on growth and yield

Total of leaf and stem fresh weights is the yield of
water spinach. The vyield per individual plant was
consistently higher at the lowest population density;
conversely, lower yield per plant was found at the highest
population density. However, total yield per pot was not
consistent during harvesting period from 30 to 60 DAS
(Table 1). Harvesting was conducted five times during the
30-day period. At the second and third harvests, yield of a
single plant per pot was higher than average of multiple
plants per pot. This yield difference was associated with
faster growth of the single plant which occupying the
whole spacious 707 cm? growing space, compared to many
plants per pot that competing for the same space.

Total accumulative yields for the first five harvests
were not significantly different amongst all population
density treatments; however, as expected due to
competition amongst water spinach plants at high
population density, average yield per individual plants was
significantly low if population density was high and vice
versa (Figure 2).

Leaf water content was not affected by plant population
density in every harvest (Table 2). Despite differences in
leaf area, leaf water content in all plants was relatively
similar, or insignificantly different. Differences in water
transpired by each plant were balanced with water uptake
by their roots due to continuous availability of water within
the rhizosphere. In bottom-wet culture, water can move
upward into and within the rhizosphere due to capillarity or
water potential difference. This culture system successfully
provided water as required by hydrophilic water spinach
plants, as proven by high leaf water content in each plant.
There was no significant difference in leaf water content;
therefore, stem, leaf, and shoot dry weight were following
pattern of fresh weight.

Earlier or later, each main and axillary stem eventually
reached the 35-cm market standard before being harvested:;
therefore, higher number of harvested axillary stems also
indicated faster growth of the specified plants. Single plant
per pot produced axillary stems earlier and faster than
multiple plants were grown per pot (Table 3). Axillary
stems are important in water spinach, since axillary stems
are the harvestable part of water spinach after they reach
the marketable size.
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Response of water spinach to NPK fertilizer

After the third harvest, NPK fertilizer at rate of 5 g per
pot was applied to all experimental units as a non-treatment
practice. Amazingly, at the fourth harvest, the most densely
populated treatment, i.e. 5 plants per pot, regained status as
the most productive treatment, i.e. the highest total yield
per pot. This is a clear indication that soil nutrients were
rapidly depleted if five plants grown in a single pot. In the
fifth harvest, the highest yield was exhibited by treatment
with four plants per pot. At this point, there is an indication
that if five plants were grown in an area around 707 cm?,
NPK fertilizer should be applied more frequently or at
about every week, in order to achieve the highest possible
yield.

Table 1. Fresh weight per pot and per plant at five harvests of
Ipomoea reptans grown at 5 different population density

Population  Total fresh weight (g Fresh weight (g per
(plant per per pot) plant)
pot) Stem Leaf Stem Leaf
First harvest (30 DAS)
1 5.58d 4.63 ¢ 5.58 a 4.63 a
2 8.31cd 6.36 c 416 b 3.18b
3 12.03 be 9.49b 401b 3.16 b
4 14.59 ab 10.90 ab 3.65b 2.72b
5 16.54 a 12.59 a 3.01b 251b
LSD.05 3.76 5.27 1.36 1.07
Second harvest (40 DAS)
1 13.26 a 11.55a 13.26 a 11.55a
2 6.10 a 6.78 a 3.05b 3.39b
3 570 a 5.88 a 190b 196 Db
4 6.49 a 6.82 a 1.62b 170 b
5 7.46 a 7.90 a 1.49b 158D
LSD.05 6.88 5.12
Third harvest (48 DAS) *
1 11.72 a 10.96 a 11.72 a 10.96 a
2 9.33 ab 9.35a 466 b 4.68 b
3 9.81 ab 10.60 a 3.27 bc 3.53 bc
4 8.55 ab 9.90 a 214 ¢ 2.48 cd
5 7.62b 8.69 a 152 ¢ 1.74d
LSD.05  3.52 2.07 1.77
Forth harvest (55 DAS)
1 8.00 ¢ 8.09b 8.00 a 8.09 a
2 10.66 bc 10.30 b 5.33 ab 5.15 ab
3 10.02 be 10.20 b 3.34b 3.40b
4 15.49 ab 14.35 ab 3.87b 3.59b
5 20.24 a 20.16 a 4.05b 4.03b
LSD.05 7.06 6.35
Fifth harvest (60 DAS)
1 8.18 a 9.46 a 8.18 a 9.46 a
2 11.04 a 12.28 a 5.52 ab 6.14 ab
3 10.34 a 11.87a 3.45 be 3.96 bc
4 1131 a 12.55a 2.83 be 3.14 be
5 8.3la 10.37 a 1.66 c 2.07c
LSD.05 2.90 3.40

*) NPK fertilizer application at rate of 5 g per pot
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Figure 2. Accumulative yield per pot (blue bars) and average yield per plant (orange bars) in Ipomoea reptans after five harvests.

Table 2. Total leaf area per pot and per plant, leaf SPAD, and leaf
water content at five harvests of Ipomoea reptans grown at 5
different population density

Table 3. Stem, leaf, and shoot dry weight and number of
harvestable stems at five harvests of Ipomoea reptans grown at 5
different population density

Population Leaf area (cm?) Leaf Leaf water  Population Dry weight (g per pot) Total
(plant per Total Average content (plant per harvestable
pot) per pot per plant SPAD (%) pot) Stem Leaf Shoot stems per pot

First harvest (30 DAS) First harvest (30 DAS)
1 233.05¢ 233.05a 40.88a 89.4la 1 0.30d 0.51c 0.80c 3.2a
2 323.08 ¢ 161.54 b 36.16 b 89.38a 2 0.47 cd 0.68c l14c 1.3b
3 465.35b 155.12 b 36.44b 89.16a 3 0.70 bc 1.02 b 1.72b 1.93 ab
4 573.46ab  143.37b 37.24ab 88.73 a 4 0.85ab 1.23 ab 2.08 ab 1.95 ab
5 667.98 a 133.60 b 35.10b 88.93a 5 1.02a 140 a 242 a 1.04b
LSD.05 118.01 45.63 4.16 LSD.05 0.24 0.29 0.52 1.27

Second harvest (40 DAS) Second harvest (40 DAS)
1 583.70 a 583.70 a 36.42a 88.07a 1 097a 15a 247 a 2.80a
2 363.10 a 18150 b 35.62ab 89.19a 2 0.43b 0.77 b 1.2b 2.20a
3 322.20 a 107.40b 33.62b 87.65a 3 0.45b 0.73Db 1.18 b 2.80a
4 357.60 a 89.40 b 35.00ab 87.99a 4 0.46 b 0.81b 1.27b 340a
5 420.00 a 84.00b 34.30ab 88.45a 5 0.56b 095D 151b 3.00a
LSD.05 260.83 2.67 LSD.05  0.39 0.48 0.73
Third harvest (48 DAS) * Third harvest (48 DAS) *

1 553.67 a 553.67 a 3750a 85.0la 1 0.95a 1.65a 2.60 a 4.40 ab
2 490.87 a 245.44 b 37.46a 85.58a 2 0.76 a 1.36a 212a 4.00b
3 536.93 a 178.98bc  37.44a 84.89a 3 091a 1.60 a 252a 6.00 ab
4 565.06 a 141.27bc  3490b 84.73 a 4 0.83a 151a 2.34a 6.20 a
5 430.85a 86.17 ¢ 35.18b 84.85a 5 0.77a 132a 2.09a 5.20 ab
LSD.05 105.47 2.15 LSD.05 2.04

Forth harvest (55 DAS) Forth harvest (55 DAS)
1 411.25b 411.25a 42.36a 89.65a 1 0.41c 0.86 Db 1.27b 3.00c
2 510.06 b 255.03ab 42.18a 89.95a 2 0.55 bc 1.10 b 1.65b 3.80¢c
3 510.16 b 170.05 b 37.08b 91.60a 3 0.52 bc 0.84 b 1.36b 5.60 bc
4 72448 ab  181.12b 4152a 88.75a 4 0.83 ab 1.61 ab 2.44 ab 7.00b
5 1031.81 a 206.36 b 4054ab 89.11a 5 1.10a 222a 3.32a 10.40 a
LSD.05 361.77 201.18 3.62 LSD.0O5  0.39 0.83 1.19 2.69

Fifth harvest (60 DAS) Fifth harvest (60 DAS)
1 503.12a 503.12 a 3894a 883la 1 0.50a 114 a 1.64a 4.60 c
2 667.28a 33364 ab 39.30a 88.44a 2 0.63a 141a 2.03a 6.80 ab
3 64597a 21532 bc 38.88a 8842a 3 0.63a 1.36a 1.98a 6.60 bc
4 679.42a 169.85 bc 38.36a 88.36a 4 0.69a 1.45a 214 a 8.80a
5 563.67a 11273 ¢ 38.26a 88.70a 5 0.49a 1.18a 1.67a 7.00 ab
LSD.05 182.57 LSD.05 2.08

*) NPK fertilizer application at rate of 5 g per pot

*) NPK fertilizer application, at rate of 5 g per pot
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The highest total leaf area per plant was consistently
observed in single plant per pot at every harvest. Similar
trend was also observed on SPAD value, except for the
fifth harvest. Therefore, single plant was not only growing
more vigorously but also greener. Meanwhile, at the
highest plant density treatment, total leaf area was
responded to NPK fertilizer application at a week before
targeted harvesting, as indicated by significantly higher
total leaf area at the fourth harvests (Table 2).

NPK fertilizer application effectively increased number
of axillary stems as shown in the fourth harvest (Table 3).
Increase in total fresh yield (Table 1) and dry weight per
pot at a week after NPK fertilizer application was
associated with increase in total number of harvestable
axillary stems.

Effectiveness of NPK fertilizer application at rate of 5 g
per pot at a week prior to harvest was only short-lasting in
densely populated treatment, i.e. 5 plants per pot. After
abrupt increase of total yield at the following week after
fertilization, the total yield dropped back to level similar to
single plant per pot and other population density
treatments. The NPK effect was repeatable as shown at
Figure 3. Application of NPK at similar rate after the fifth
harvest also increased shoot dry weight of water spinach
grown at high population density at the sixth harvest, but at
the following week (the seventh harvest), the yield leveled
back with the yield of all other plant density treatments,
similar to case of fertilizer application after the third
harvest (Figure 3).

Dominance of water spinach over native weeds

In some reported cases, weeds reduced yield of
agricultural crops since they competed for water, nutrient,
light, and growing space. However, weed density at rate up
to 11.3 mg cm? (weed dry weight per surface area) did not
directly affect yield of water spinach and there was no
significant correlation between yield of water spinach
grown under weedy and weed-free condition (Figure 4).
Water spinach grew rigorously and fast. It took only 30
days to harvest after planting. In most cases, water spinach
germinated earlier and grew faster compared to native
weeds at tropical wetlands.

Total shoot dry weight per pot was heavier in higher
population density treatment. The total dry weight at
density of 4 or 5 plants per pot was significantly higher
than those at density of 1, 2, or 3 plants per pot. Heavier
total dry weight in higher population density was partly
associated with suppression of densely populated water
spinach on growth of native weed (Figure 5). However,
total accumulative vyields for five harvests were not
significantly different across all population density
treatment as mentioned in Figure 4. Total roots dry weight
per pot exhibited similar pattern as total shoot dry weight.
Higher total roots dry weight per pot was observed at
higher density treatments of 4 and 5 plants per pot.
Reversely, longest roots were found in single plant per pot
treatment (Figure 6).
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Discussion

Substrate surface area within pot used in this study was
707 cm? and the plants were about equally spaced (Figure
1) therefore, densities of 1, 2, 3, 4, and 5 plants per pot
were equivalent to 14, 28, 42, 57, and 71 plants per m?,
respectively. Results of this study indicated that highest
total yield was achieved at the highest population density
of 71 plants per m? at the first harvest and the other
harvests immediately a week after NPK fertilizers were
applied; however, lowest density at 14 plants per m?
consistently yielded highest fresh weight per individual
plant (Table 1). Selamat et al. (2012) also reported that
water spinach cultivated at lower densities (< 55 plants per
m?) produced better quality yield than those cultivated at
higher densities (> 112 plants per m?). Similar trend was
reported by Sarkar et al. (2014) regarding effects of
planting density on yield in water spinach. Cultivation at
lower density produced larger individual plants but lower
total yield per unit area.

Dense population caused low-quality plants, i.e.
slimmer stem due to etiolation and smaller leaves, caused
by competition amongst plants for water, nutrients, and
sunlight. Ahmed et al. (2013) found that at a similar
population density, yield was higher in water spinach
directly exposed to full sunlight than those grown under
lower light intensity. Therefore, water spinach can be
classified as sun plant.

There are several systems used for water spinach
cultivation (Enriquez 2017). This experiment was designed
for multiple harvests on weekly basis up to seven harvests,
starting in the fourth week. After each harvest, the plants
developed axillary stems that can be harvested at the
following week if the stems had reached marketable size
(25 to 30 cm long, measured from cutting position). Plants
occupied larger areas (lower density) developed more
axillary stems per plant (Table 3) and grew faster as
indicated by increase of yield fresh weight per plant (Table
1); therefore, they could be harvested at 5 days after every
previous harvest. Meanwhile, densely populated plants
required full of 7 days to harvest.

It was unexpected that cumulative yields after five
harvests were almost similar for all population density
treatments (Figure 1). This fact led to conclusion that it was
better to grow water spinach in multiple harvest cultivation
system using one seedling per pot or with population
density of 14 plants per m?. Low-density planting produced
better quality, less seeds, and seedlings to start with, and
can be more frequently harvested.

Axillary stems were developed more and earlier in
single plants per pot than multiple plants were grown per
pot. Axillary stems are important in water spinach, since
axillary stems are the next harvestable part of water
spinach after they reach marketable size. Some other crops
behaved similarly to water spinach; for instance, Rondanini
et al. (2017) reported that low plant density was
compensated by strong vegetative plasticity, including
producing more axillary stems in well-watered and
fertilized rapeseed.
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Figure 6. Higher population density increased total root dry
weight per pot but the longest root was exhibited by lower
population density in I[pomoea reptans

In bottom-wet culture, water was never been a
constraint since rhizosphere was continuously wetted by
upward water movement from 5-cm saturated layer at base
of the perforated pot. However, fertilizers should be
regularly applied if multiple harvest system was
implemented. Application of NPK fertilizer at rate of 5 g
per pot per week was appropriate for water spinach. Luyen
& Preston (2004) recommended 30 kg N ha?, equivalent to
65 kg Urea ha? for maximum vyield in water spinach.
Furthermore, Xiang et al. (2020) recommended to use NH,
(ammonium), instead of NOs (nitrate) in order to minimize
nitrogen loss due to leaching.

This research was conducted during dry season.
Therefore, depletion of nutrients was mostly due to
absorption by plants since water movement within the
potted soil was mostly upward due to capillarity force
rather than downward due to gravitation. The plants in
bottom-wet culture were never been watered from upper
surface of the substrate. However, during rainy season,
nutrient losses due to leaching could be a problem if the
plants were grown in the field or outdoor condition. Zhao
et al. (2019) suggested to add biochar in growing substrate
for limiting nutrient loss due to leaching.

Overall, across population density treatments, SPAD
values were increased at the fourth harvest. The increase
was due to reapplication of NPK fertilizer a week earlier.
Leaf SPAD value was directly related to nitrogen content
(Li et al. 2019; Yue et al. 2020). This is a clear indication
of immediate nutrient uptake (within less than a week),
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especially N, by water spinach in response to the nutrient
application. SPAD values were measured base on intensity
of green color. Intensity of green color in leafy vegetables
is generally preferred by consumers; therefore, high SPAD
value can be used as indicator for quality of green leafy
vegetables, such as water spinach.

Weed density at rate up to 8 g dry weight per pot,
equivalent to 114 g m?, did not affect yield of water
spinach (Figure 4). Water spinach grew vigorously in
tropical riparian wetlands and well-adapted to wetland
conditions. It grows well on moist soil, shallow soil water
table condition, fully water-saturated soil pores, temporary
flooding, or completely floating on body of water. In many
countries, water spinach is considered as a weed in rice
cultivation (Caton et al. 2010), potential feed for fish
(Adedokun et al. 2019; Ali & Kaviraj 2018), but it also has
been long known as vegetable in many Asian countries
(Yousif et al. 2010). Recently, more studies have been
conducted on uses of water spinach as functional food and
pharmacological purposes (Chen et al. 2018; Dhanasekaran
et al. 2015) and for remediation of chemically polluted
lands, especially heavy metals (Tang et al. 2017; Wang et
al. 2013).

Water spinach successfully suppressed weed growth as
indicated by lower total dry weight of the weeds at higher
density of water spinach (Figure 5). Seeds of water spinach
germinated earlier and grew faster at earlier vegetative
stage. It reached 30 cm height in about 4 weeks; therefore,
late-emerging weeds grew under or between canopies of
water spinach. Weeds were unable to compete for light,
water, and nutrients under these circumstances. No
significant difference in dry weight amongst water spinach
grown under controlled and uncontrolled weeds. This
finding justified that water spinach was not affected by
presence of weeds (Figure 4).

In conclusion, accumulative vyields from multiple
harvests of 5 consecutive weeks were relatively similar in
water spinach cultivated at population densities varied from
1 to 5 plants per pot or equivalent to 14 to 71 plants per m?.
Yet, quality of the yield was better in lower population
density (1 plant per pot or 14 plants per m?) as indicated by
SPAD value and number of marketable size stems. Weekly
NPK fertilizer application at rate of 5 g per pot was
effective in increasing yield as the yield immediately
increased after 1 week of application; yet, the beneficial
effect was lasting only about a week. First harvest of water
spinach can be executed at 4 weeks after seed sowing. This
fast-growing water spinach also exhibited ability to
compete with native weeds commonly found at tropical
wetlands, as its yield was not significantly affected by
weed density up to 11.3 mg cm?2.
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