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ABSTRACT

Okra is a plant of many benefits and high economic value, originating in Africa, so it
holds good prospects for intensive cultivation. Okra plants have good adaptability to
various climatic conditions, crop yields are still low, however. One of the causes of
low yields is the occurrence of intra-specific competition between okra plants and
inter-specific competition between okra plants and weeds. Therefore, it is necessary
to determine the proper spacing and effective weed control. The purpose of the study
was to determine the effect of spacing and weeding frequency on the growth and
yield of okra. The experimental design used was a randomized complete block
design, consisting of two factors, namely spacing and weeding frequency. Spacing
treatment consists of two levels, namely 40 cm x 40 cm and 40 cm x 60 cm. Weeding
frequency treatment consists of four levels, namely weeding once (2 weeks after
planting / WAP), weeding twice (2 and 4 WAP), weeding three times (2, 4, and 6
WAP), and weeding four times (2, 4, 6, and 8 WAP). The results showed that the
spacing of okra did not affect the growth and yield per plant, but it affected the yield
per plot due to the different number of plants per plot. The highest number of fruits
and weight of okra fruits per plot were obtained at a spacing of 40 cm x 40 cm,
namely 251.25 pieces and 3.67 kg, respectively. The frequency of weeding does not
affect the growth and yield of okra. Weeding once at 2 weeks of age after planting
can suppress weed growth just as well as weeding twice, three times, and four times.
Based on the results of the study, it is recommended that okra be planted with a
spacing of 40 cm x 40 cm and weed control with one-time weeding at the age of 2
weeks after planting.

Key words: okra, spacing, weeds, weeding frequency, intra-specific competition,
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INTRODUCTION

Okra (Abelmoschus esculentus L.) is a plant in the family Malvaceae that is used as
vegetable, for industrial raw materials, and in medicinal materials. Okra contains
carbohydrates, proteins, fats, vitamins, and minerals. Okra fruit has mucus, which is
used as an industrial ingredient and treatment material, among others, for dysentery
and recovery for diabetics because it can reduce the body's blood sugar levels [1].
Okra fruit contains 88% water, 2.1% protein, 0.2% fat, 8% carbohydrates, 1.7% fiber,
and 0.2% ash [2, 3]. The okra plant is native to Africa, but today it has been widely
cultivated in many countries in Asia, Southern Europe, and America [4].

Okra fruit which has many benefits, has good prospects for cultivation because it
has high economic value [5, 6]. Okra plants have a fairly good adaptability to various
climatic conditions, but the yield of okra plants is still low. One of the causes of low
okra yields is the presence of weeds that grow with plants, which causes a decrease
in crop quality and quantity. The presence of weeds causes competition in fighting
for nutrients, water, light, and growing space. Slower plants mastering the growing
space cause weeds to grow faster, so the competitive ability of plants decreases if
weed control is not carried out.

Heavy weed investment is a limiting factor in okra cultivation due to the wide okra
plant spacing and slow early growth [7]. According to Sing et al. [9], weeds reduce
okra yield by 50-90% [8], and, therefore, it is necessary to do weed control. Weed
control in okra is generally done mechanically and culturally, one of which is by
weeding because it is the most effective method. However, this method requires
more time and energy than other methods. The fastest way is to use herbicides,
although the use of chemicals alone continuously causes environmental damage [7].

Weed control is an effort to reduce weed populations to a level that does not cause
harm to plants. Weed control should be carried out during critical periods of plants
for effective and efficient control, because the presence of weeds after critical
periods does not cause harm to plants [10]. Several methods of weed control can
be done, namely (1) mechanical/physical control (tillage, weeding, removal, clearing,
inundation, and burning); (2) cultivation control (use of high-yielding varieties against
weeds, selection of planting time, spacing / heavy seeding, multiple cropping, crop
rotation and use of mulch); (3) Biological control (procurement of natural enemies,
manipulation of natural enemies and management of natural enemies in an area);
(4) Chemical control with herbicides [11].

The issue of environmental damage today due to the use of chemicals in the control
of plant-disturbing organisms encourages environmentally friendly non-chemical
control to be prioritized over chemical methods [12, 13]. The use of herbicides to
control weeds causes environmental damage; so, it is necessary to strive for non-
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chemical weed control to suppress weed growth. Environmentally friendly ways of
weed control include technical culture with spacing plant treatment and mechanical
weeding.

Spacing planting aims to provide growing space for each plant to grow well. Spacing
planting will affect competition between plants for light, water, and nutrients. In
addition to competition between species, plants also compete with weeds
(interspecific competition), thus further suppressing plant growth. Optimal planting
spacing is expected to minimize intra- and interspecific competition. Diana et al. [14]
stated that narrower planting spacing not only increases crop yields but also reduces
weed density due to faster canopy cover.

In addition to spacing planting, weed control can be carried out mechanically through
weeding. Weed control by weeding does not require heavy equipment because it is
done by pulling weeds or using simple tools. Weeding is expected to reduce weed
populations to suppress plant and weed competition for light, water, and nutrients
between weeds and plants. The effectiveness of weeding is determined by the
accuracy in setting the timing of weeding, that is, before weeds rival plants in
obtaining growth factors.

Land optimization as an effort to increase okra production can be done by adjusting
planting spacing and weeding frequency. At a wider spacing, competition or
competition between plants to obtain growth factors will be smaller, but the higher
the potential for weeds to grow the frequency of weeding must be more frequent.
Conversely, tight spacings cause competition between plants to be higher, but the
potential for weed growth is getting less so it is expected that the frequency of
weeding can be reduced.

Given the increasing environmental damage due to the use of chemicals for
agriculture including excessive use of herbicides to control weeds, a study was
conducted that aimed to determine the effect of spacing planting and weeding
frequency on the growth and yield of okra plants (Abelmoschus esculentus L.).

MATERIALS AND METHODS

The study was a factorial experiment that used a randomized complete block design
consisting of two factors and repeated three times. The first factor was the spacing,
consisting of two levels, namely spacing of 40 cm x 40 cm and 40 cm x 60 cm. The
second factor was the frequency of weeding, consisting of four levels, namely once
weeding at the age of 2 weeks after planting (WAP), twice weeding at the age of 2
and 4 WAP, three times weeding at the age of 2, 4 and 6 WAP, and four times
weeding at the age of 2, 4, 6 and 8 WAP. The observed data was analyzed using R
software version 3.1.1 and continued with the Duncan Multiple Range Test at 5%.
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Tillage is carried out one week before planting and plots are made with 200 cm x
240 cm size. The okra seeds used are Greennie Variety hybrids, planted with a
spacing of 40 cm x 40 cm (50,000 plants/ha) and 40 cm x 60 cm (33,333 plants/ha).
Fertilizing with NPK compound fertilizer dose of 400 kg/ha, which is given twice,
namely 0 and 4 WAP.

Okra harvesting is carried out gradually every three days starting from 43 days after
planting to 9 harvests. The harvested okra fruits are those measuring 9-13 cm.
Observations were made on plant height at the ages of 2, 4, 6, and 8 WAP when the
first flowers appeared, the number of fruits per plant, the weight of fruits per plant,
the number of fruits per plot, and the weight of fruits per plot.

RESULTS AND DISCUSSION

The results showed that there was no interaction between spacing and weeding
frequency on okra plant growth and yield.

The effect of spacing on okra growth and yield

The results showed that spacing did not affect the growth and yield per okra plant,
but spacing affected the yield of plants per plot. Plant spacing did not affect plant
height at 2, 4, 6, and 8 weeks after planting (Table 1), the appearance of the first
flowers, the number of fruits, and the weight of fruits per okra plant (Table 2).
However, spacing affects the number and weight of fruits per plot (Table 3).

Plant spacing is one way to increase okra yields. Proper planting spacing can reduce
the level of intra-specific competition between plants and inter-specific competition
between plants and weeds for sunlight, nutrients, and water [15, 16, 17, 18]. Spacing
will also reduce the risk of pests and plant diseases. Planting with tight spacing leads
to competition between plants and the risk of pest and disease attacks due to high
humidity. Conversely, the wider spacing causes weeds to thrive, thus reducing the
yield of okra plants. Determination of proper plant spacing is needed to support
photosynthesis. Plant spacing determines the efficiency of growing space utilization,
making it easier to maintain and harvest. Plant spacing is influenced by plant type,
soil fertility, and soil moisture [16].

The results showed that okra plants planted with a spacing of 40 cm x 40 cm and 40
cm x 60 cm provided growth and results that were not significantly different. Thus, it
can be said that at a spacing of 40 cm x 40 cm, there has not been intraspecific
competition between okra plants, so there is no difference in growth and yield per
plant with a wider spacing. Intraspecific competition is competition between
individuals of the same species who have similar ecological requirements, whereas
the environment is unable to provide sufficient quantities. Makinde & Macarthy state
that the effects of competition between plants may not occur until population density
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reaches a certain threshold at which resources become limited [19]. Thus, okra
planted with a spacing of 40 cm x 40 cm does not cause competition between plants
for sunlight because the headers do not cover each other, nor does competition for
nutrients and water occur because root growth is not close to each other. This follows
the research of Maurya et al. [17] and Parmar et al. [18] which showed that a
minimum spacing of 40 cm x 60 cm or wider provides higher growth and yield
compared to a tighter spacing (30 cm x 40 cm).

Maurya et al. [17] stated that the wider spacing will reduce competition between
plants so that an optimal photosynthesis process occurs. Brar and Singh add that
wider spacing provides more growing room, thus increasing crop yields [20].

Although spacing does not affect growth and yield per plant, spacing does affect
okra yield per plot. The highest number and weight of fruits was obtained at a
planting distance of 40 cm x 40 cm, namely 251.25 pieces and 3.670 kg, respectively
(Table 3). The highest yield per plot at a tighter planting distance was due to a higher
plant population at a planting distance of 40 cm x 40 cm (50,000 plants/ha) compared
to a planting distance of 40 cm x 60 cm (33,333 plants/ha). This result is in line with
the research of Imoloame & Usman which shows that with a tighter spacing, which
is 60 cm x 30 cm, it gives a higher total number of pods/plots and fresh weight of
okra compared to a spacing of 60 cm x 50 cm [21]. The highest yield per plot at
tighter spacing compared to wider spacing, as a result of increased plant population
numbers, was also reported in spacing studies on okra [17, 18, 22, 23, 24, 23].

The effect of weeding frequency on okra growth and yield

The frequency of weeding does not affect the growth and yield of okra plants (Tables
1,2, and 3). The results showed that one-time weeding at the age of 2 WAP was not
significantly different from weeding 2, 3, and 4 times. Thus, for okra, it is enough to
do weeding once at the age of 2 weeks after planting (WAP) because it can suppress
weed growth until harvest.

Imoloame & Usman stated that if weeds on okra are controlled from the beginning
of plant growth, it will minimize/suppress the growth of subsequent weeds [21]. Along
with plant growth, the okra canopy, which is a plant with wide leaves, will close over
each other so that weed growth is hampered due to a lack of sunlight. Based on
these results, it is suspected that the critical period of competition between okra
plants and weeds occurs from planting until the okra plant is 4 weeks old, because
at that time, the land was still open, the okra leaves had not closed to each other, so
the weeds still got sunlight for their growth. At the age of 4 WAP onwards, when the
next weeding is done, the okra canopies close each other so that weeds do not get
sunlight for their growth, and the presence of weeds after the age of 4 WAP does
not affect the growth and yield of okra.
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It is said by Furtado et al. [26] that weeds compete with plants in obtaining sunlight,
nutrients, and water, besides also inhibiting plant maintenance and harvesting
activities. Weed control carried out earlier will further increase the competitiveness
of plants against weeds. Research by Karnas et al. [27] on sesame shows that weed-
free conditions must be maintained from the second week after the emergence of
sesame plants, and must be maintained at least until nine weeks of age, so that yield
losses are not more than 5%. This is because sesame has a narrow leaf morphology
[27], in contrast to okra, which has wide leaves that are immediately close to each
other, so weed control is enough to be done once at the age of 2 WAP.

As mentioned by Coleman et al. [28], control time is an important factor in weed
control. Weed control carried out at the beginning of plant growth risks the
emergence of weeds again; on the other hand, delays in weed control result in
greater crop and weed competition. Therefore, integrated weed control is required
by combining two or more control techniques [28]. In okra, applying a planting
distance of 40 cm x 40 cm followed by weeding once at the age of 2 WAP can
suppress weed growth, increase yield per plot, reduce weed control costs, and
ultimately higher profits obtained by farmers.

CONCLUSION AND RECOMMENDATIONS FOR DEVELOPMENT

The results showed that a planting distance of 40 cm x 40 cm did not cause intra-
specific competition between okra plants, but was able to minimize plant competition
with weeds and increase the number of fruits per plot and the fresh weight of okra
per plot. The frequency of weeding does not affect the growth and yield of okra, once
weeding at the age of two weeks after planting can suppress weed growth as well
as twice, three times, and four times weeding, so that in okra is enough to do
weeding once at the age of two weeks after planting.
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Table 1: Okra plant height at the age of 2, 4, 6, and 8 weeks after planting (WAP)
due to spacing treatment and weeding frequency

Plant height (cm)
Treatment

2 WAP 4 WAP 6 WAP 8 WAP

Plant spacing

40 cm x40 cm 16.70 a 4783 a 76.14 a 96.72 a
40 cm x 60 cm 1723a  4931a 7730 a 96.50 a
Weeding frequency

1 time on 2 WAP 17.44 x 47.67 x 7511 x 95.67 x
2 times on 2 and 4 WAP 17.13 x 49.22 x 77.06 x 96.61 x
3 times on 2, 4, and 6 WAP 16.33 x 46.89 x 76.84 x 96.72 x
4 times on 2, 4, 6, and 8 WAP 16.97 x 50.50 x 77.89 x 97.44 x

Note: Numbers followed by the same letter in the same column do not differ based on 5% DMRT

Table 2: The appearance of the first flowers, the number of fruits, and the
weight of fruits per okra plant due to spacing treatment and weeding

frequency
The appearance of the  Number of Fruit weiaht
Treatment first flowers (days after fruits per or Iantg( )
planting) plant perp g
Plant spacing
40 cm x40 cm 38.67 a 31.92a 468.29 a
40 cm x 60 cm 38.75a 31.83a 493.55 a
Weeding frequency
1 time on 2 WAP 39.00 x 32.50 x 511.38 x
2 times on 2 and 4 WAP 38.33 x 32.00 x 483.80 x
3 times on 2, 4, and 6 WAP 39.33 x 31.33 x 459.51 x
4 times on 2, 4, 6, and 8 WAP 38.17 x 31.67 x 469.00 x

Note: Numbers followed by the same letter in the same column do not differ based on 5% DMRT
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Table 3: Number of fruits and fruit weight per plot due to spacing treatment

and weeding frequency
Treatment Number of fruits per plot Fruit weight per plot (kg)
Plant spacing
40 cm x40 cm 251.25a 3.670a
40 cm x 60 cm 220.00 b 3.287b
Weeding frequency
1 time on 2 WAP 231.25x 3.452 x
2 times on 2 and 4 WAP 232.08 x 3.444 x
3 times on 2, 4, and 6 WAP 236.11 x 3.467 x
4 timeson 2, 4, 6, and 8 WAP 243.06 x 3.552 x

Note: Numbers followed by the same letter in the same column do not differ based on 5% DMRT
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