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ABSTRACT

Objective: The field experiment was conducted with the aim of evaluating the response of sowing dates and a combined
Phosphorous and potassium fertilizers (PK fertilizer) on growth and yield of okra (4belmoschus esculentus .L).
Methods: The experiment involving two factors and the field was laid out fitting a randomized block design (RBD)
with each treatment being replicated three times. The first factor (sowing date) was composed of three different sowing
dates which were set at 20 day interval and the three sowing dates were late-July (27 July), Mid-August (August 16)
and early-September (September 5). The second factor PK fertilizer constituted five different rates (0 kg/ha, 125 kg/ha,
150 kg/ha, 175 kg/ha and 200 kg/ha).

Key Findings: Results of the study showed that sowing date was found to have a significant effect on phonological,
growth and yield parameters. Seeds sown during late-July produced the highest total yield (12.09 t/ha) whereas the
early-September sowing date produced the highest percentage of marketable yield (99.03%). In addition to this, the PK
fertilizer application also resulted in to a significant improvement of all the growth parameters and some of the yield
based parameters like total yield and number of pods. The highest significant values of number of fruits (35.95) and
total yield (12.6 t/ha) were obtained from 200 Kg/ha of PK fertilizers.

Conclusion: In this study, the suitable sowing date and also the best dose of the PK fertilizers were discovered. Hence
it can be concluded that it is better to sow okra seeds during the late-July and the PK fertilizers should be applied at a
rate of 200 kg/ha in the ratio of 3:2 for maximizing the yielding potential of the crop.
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INTRODUCTION

Okra (4belmoschus esculentus (L.) Moench) belonging to the family of Malvaceae, is an economically important annual vegetable
grown from seed in tropical, subtropical and warm temperate regions "2, Abyssinian center (Ethiopia) is believed to be the center
of origin ). Despite this, the wild types of this crop have also been found around India ). Okra requires a long, warm and humid
growing climate for better yield . It is sensitive to frost and extremely low temperatures, with an optimal temperature range of 21—
30°C, maximum temperature of 35°C and a minimum of 18°C Bl Okra is the most heat and drought tolerant vegetable and can

tolerate heavy clay soils and intermittent moisture but the crop is vulnerable to frost as it may harm pods ©!.

Okra is mainly grown for its edible fruit that can be used both in green and dried forms. Okra is a major source of vitamins A, B, C,
K, and a mineral, including iron and iodine and it is an important vegetable source of viscous fiber "], The tender fruits are those
to be harvested and can be utilized as a cooked vegetable [*]. It also accounts for its appreciable medicinal values as it is capable of
curing many ailments like peptic ulcer as indicated by Uka et al. [9] and other diseases like chronic dysentery, urino-genital disorders
and goiter ['%. World average yield/ha of okra was estimated at 8.55t/ha, 10.28t/ha and 10.56t/ha in the years of 1992, 2007 and
2010 respectively [l In Eritrea it is mainly grown in the lowlands and the mid-lowland areas i.e. in the regions of Anseba, Debub,
Northern Red Sea and Gash Barka with Gash Barka accounting for the largest area under cultivation (514 ha) with an average yield
of 10t/ha [2]. As per the statistical data obtained from 2010 up to 2014 ['3]; the average yield/ha in Eritrea is 8.82t/ha). This low yield
is possibly due to lack of inputs (fertilizers, irrigation water and quality seed) coupled with lack of awareness about the proper dates

of sowing.

Sowing date has a great impact on the productivity of okra. With the availability of various cultivars that can do well in diversified
climatic conditions, it is possible to produce okra all the year round especially in the tropics. However, proper date of sowing has to
be considered for every cultivar ['4], Selection of improved varieties and knowledge of precise sowing time is very crucial in okra
cultivation as the plant meets favorable environmental conditions at all the growth stages, growth duration is increased, and early

vegetative growth ['). The delay in sowing exposes okra crops to a period of high proliferation of pests and diseases [11.

Fertilizer is one of the most important inputs contributing to crop production because it increases productivity and improves yield
quantity and quality [']. NPK fertilizer application is a major input that can regulate the growth and development of plants where it
can enhance the leaf area ['8. Adequate NPK application can result in to production of better yield of fresh fruits 1. Besides some
nutrients like Phosphorous can also improve the resistance of the plant to cold weather and root rot diseases %! and also helps to
promote flowering and more fruit production 7. Nitrogen, phosphorus and potassium is the basic requirement for a good/healthy
crop @ 120, 90, and 60 kg/ha respectively !, According to Uwiringiyimana et al. (2024), okra needs 50 kg of Nitrogen per Ha, 80
kg of P,Os, and 50 kg of K,O.

Therefore, this study was conducted using Pusa sawani cultivar to determine the optimum sowing date and appropriate rate of the

combined fertilizers of phosphorous and potassium applied at the ratio of 3:2 for increasing production of okra.

Citation: Yakob BK and Saleh BK (2025) Effect of Sowing Date and Combined Phosphorous-Potassium Fertilizer rates on Growth, Yield and
Yield Attributes of Okra (Abelmoschus esculentus. L monech). Curr Tren Agron & Agric Res 1(3): 1-12.
2



MATERIALS AND METHODS

Study Location

The experiment was conducted at the experimental fields of Hamelmalo Agricultural College (HAC), located at 15° 55°
12.92°°N latitude and 38° 27°46.9”’E longitude with an altitude of 1280 meter above sea level. Average annual rainfall

and temperature of the area are 459 mm and 24°C respectively, while soil is sandy loam with pH ranging 6-7 (MoA,

2005).

Field Preparation, Seed Sowing, Fertilization and other Operations

Land was ploughed and harrowed using tractor mounted equipment. Then the land was divided into three blocks each
having 15 plots. Plots were sunken beds of 3 x 3.6 meter dimensions forming plot size of 10.8 m?. At the final stage of
bed preparation nitrogen in a form of Urea was applied at a rate of 60 kg/ha and the whole PK (Mixed phosphorus and
potassium) fertilizer treatment was added and well incorporated to the soil. A second split dose of 60 kg/ha of nitrogen

was applied as raw band just before flowering.

One week before sowing date; plots were well watered, then according to the different sowing date treatments; two seeds
of okra (cultivar Pusa sawani) were sown manually in every hole of depthl.5 cm. Inter and intra-raw distance was 50

and 30 cm resulting 72 plants per plot. Thinning was applied after germination for keeping one plant per hole.

Treatments and Experimental Design

The study involved two factors and the field was laid out in such a way fitting a randomized block design (RBD) with
three replications. The two factors were date of sowing and PK fertilizer rates. Sowing date composed of three dates at
20 days interval. The first sowing date (Si) Late- July (July 27), the second sowing date (S») mid-August (August16)
and the last date (S3) was early-September (September 5). While the five PK rates; (PK);= Okg/ha (control), (PK),=
125kg/ha, (PK)s= 150kg/ha, (PK)4= 175kg/ha and (PK)s=200kg/ha, where the P:K ratio is maintained to be 3:2 for all
the PK rates.

Data Collection
Six sample plants were selected using simple random sampling technique from the central four rows excluding those
plants located around the border lines to minimize the border effect. These sample plants were used to measure the data

on the parameters of the study.

Seedling Emergence
It was recorded by counting the number of emerged seedlings from all the seeds sown in every plot.

Seedling emergence % = Number of healthy seedlings emerged *100

Total seeds sown

Plant Height

Plant height was recorded by measuring the distance between the basal portion of the stem and the tip of the plant.
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Leaf Number and Branch Number

The leaves that were fully open and those branches comprising distinct leaves were counted.

Leaf area
It was recorded by measuring the width and length of the mature leaves and finally the leaf area was calculated by

multiplying the width and length with a coefficient for broad leaves (0.85).

Leaf area (LA) = L¥*W*0.85

Earliness of Flowering
Tit was recorded by counting the number of days when more than 50% of the plants in every plot started to produce

flowers.

Duration of Harvesting

It was measured by counting the number of days from the start to the end of harvesting.

Number of Fruits and Total Yield
The total number of fruits and the total weight obtained from throughout the entire period of harvesting were summed

up to represent the parameters number of fruits and total yield.

Individual Fruit Weight
It was computed by dividing the total weight of the harvested fruits divided by the total number of fruits harvested.

Marketable Yield

It was computed by weighing those fruits with little or no blemishes with respect to the total yield obtained.

MY= Weight of fruits with little or no blemishes *100
Total yield

Pod Dry Weight
Pods were dried by chopping the pods in to fine pieces and then dried in shade.

Data Analysis
Once the data was collected, it was subjected to Genstat software (2011, VSN international Ltd) for analysis and the

mean comparison was made using LSD at 5% level of significance using analysis of variance (ANOVA).

RESULTS AND DISCUSSIONS

Seedling Emergence

Significant variation was observed on the seedling emergence percentage among the different sowing dates. The
maximum (91.3%) and minimum (76.9%) seedling emergence percentage values were recorded from okra seeds sown

during mid-August and early-September respectively (Table 1). Upon comparing the values obtained from the late-July
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and early- September, there was no significant variation between them whereas the values from these sowing dates were
found significantly lower as compared to the seeds sown during mid- August. This could be due to temperature and
humidity conditions being favorable in August for okra seed germination as it requires warm (25-30°C) and humid
conditions ¥, The results were similar to the findings of Amjad et al. [21] who found changes in seedling emergence
percentage due to fluctuation of temperature and humidity in different sowing dates. Combined application of
Phosphorous and potassium fertilizers did not produce significant effect on the seedling emergence of okra seeds. The
insignificant effect of the PK fertilizers obtained from the current study was found to contradict the results of Bhende et

al. [22] who found PK rates to have significant impact on germination percentage.

Earliness of Flowering

In the current study days to flowering was significantly influenced by sowing date. The earliest flowering (61.73 days)
was recorded from plants whose seeds were sown during the late-July, and delayed flowering (68 days from sowing)
was recorded from early-September sowing date (Table 1). This could be due to longer exposure of the plants to warmer
conditions experienced by the plants whose seeds were sown during late-July as compared to mid-August and early-
September sowing dates, giving rise to faster accumulation of sufficient thermal units and consequently leading to earlier
initiation of flowering ). This finding was in dis-agreement with the results of Amjad et al. [21] who have reported
insignificant difference on the earliness of flowering among the sowing dates. Aphid incidence as well as powdery
mildew could be the reasons of shortened duration of harvesting in the okra plants sown on July and September
respectively. Since powdery mildew is favored under moist and low temperature condition ranging 10 to 15°%, it could
have resulted in to shortened duration of harvesting on the plants of the September sowing date as compared to the others
(23] Tn spite of this, aphids which remain active if there exists erratic rainfall followed by hot weather >4, afflicted the
former sowing date plants resulting in to shortening of harvesting duration. Whereas plants of August sowing date partly
escaped from both. Unlike to the sowing date effect, the application of the PK fertilizer rates did not show any significant

effect on earliness of flowering of okra plants (Table 1).

Seedling Flowering Harvesting
Treatment emergence % earliness duration
genee 7 (days) (days)
Sowing dates
Late-July 80.3 61.73 48.53
Mid-August 91.3 62.67 62.67
Early-September 76.9 68 55.87
LSDO0.05 6.4 1.37 2.72
PK fertilizer rates (Kg/ha)
0 (control) 87.4 63.33 55
125 79.3 64.56 55.11
150 79.3 64.33 54.56
175 81.8 64.33 55.78
200 86.3 64.11 58
LSDo.os NS NS NS

Table 1: Phonological parameters affected by sowing dates and PK fertilizer rates.
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Duration of Harvesting

In spite of the insignificant effect of the PK fertilizer rates on the duration of harvesting of okra pods, the effect of sowing
dates was found to be significant (Table 1). The most extended duration of harvesting (62.67 days) was recorded from
mid-August sowing date. The shortest duration of harvest (48.53 days), was obtained from early-September sowing date.
Aphid incidence as well as powdery mildew could be the reasons of shortened duration of harvesting in the okra plants
sown on late-July and early-September respectively. Since powdery mildew is favored under moist and low temperature
condition ranging 10 to 15%, it could have resulted in to shortened duration of harvesting on the plants of the September
sowing date as compared to the others %], In spite of this, aphids which remain active if there exists erratic rainfall
followed by hot weather 4, afflicted the former sowing date plants resulting in to shortening of harvesting duration

whereas plants of August sowing date partly escaped from both.

Plant Height

Both sowing date and PK fertilizer rates showed significant effect on the plant height. Plants raised from mid-August
sowing were significantly taller (206.5cm compared to late-July (189.8cm) and early-September (176.9cm) sowing
dates. However, there was no significant difference between the latter two dates (Table 2). The variations observed could
possibly be attributed to the differences in biotic stresses resulted due to weather changes. According to Naheed et al.
[25] aphid and powdery mildew stresses were also the most determinant biotic stresses that have suppressed the plant
height of July and September sowing dates respectively whereas August sowing dates could have allowed the plants to
somehow escape from both the biotic stresses. In line with these findings of Bake et al. [15] who have reported significant
effect of the sowing dates on the growth of okra plants. In addition to this, the current outcomes were found to be in
agreement with Chattopadhyay et al. [26] and Tandel et al. [27] who have reported the increase in plant heights for those
sown during the incipience of the warmer periods. Similarly, plants treated with PK fertilizer at the rate of 200kg/ha
were significantly taller (205.4 cm) compared to the others and the lowest value (167.7cm) was recorded from the
control. This difference in plant height is possibly due to the difference in cell division and cell elongation resulted by
increasing of P and K rates by being the integral components of the photosynthesis and respiration processes 2°!. The
results of this experiment was in disagreement with the findings of Thakur et al. [28], who found maximum plant height

from lower PK rate (90:50 kg/ha).

Leaf Number

Results of the present study showed that sowing dates did not have any significant effect on the leaf number per plant
(Tables 2). Contrary to this result, Amjad et al. [21] and bake et al. [15] reported significant variation among sowing
dates on leaf numbers and on the overall growth parameters respectively. On the other hand PK rates showed significant
variation in number of leaves with 150kg/ha of PK showing the highest leaf number (24.5), whereas the lowest leaf
number (18.6) was recorded from the control. Unlike the current results, Omottoso and Shittu [29], Gloria et al. [30]

reported insignificant effect of NPK rates on leaf number. Application of PK was applied (Table 2).
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Leaf Area

The results as presented in Table 2 showed that both sowing date and PK fertilizer treatments had significant effect on
leaf area of the plants (P>0.05). The largest leaf area (334.4cm?) was obtained from late-July sowing compared to mid-
August (221 cm?) and early-September sowing (229 cm?) sowing dates. This is probably due to the fact that plants raised
from those seeds sown during late-July had longer exposure to warmer conditions resulting in to better photosynthetic
efficiency Naheed et al. [25]. In addition to this, leaf area was observed to increase with increase of PK fertilizer rates.
Significantly largest leaf area (294.6 cm?) was recorded when 200kg/ha of PK was applied, whereas the least (205.3
cm?) was obtained from the non-treated plants (Table 2). Compared to the non-treated plants all the PK fertilizer rates,
except 125 kg/ha, showed significant variation on the leaf area value. In the study conducted by Iyagba et al. [18]
application of NPK fertilizer was observed to have a significant effect on the leaf area. Similarly, Omottoso et al. [29]
found an increase in NPK up to 450kg/ha tend to increase the leaf area. Even though Omottoso et al. [29] reported that
it was the sole effect of nitrogen on the leaf area when applied in NPK form, Olaniyi [31] forwarded the effect of P and
K on the growth aspects.

Branch Number

Results of the study revealed that the Branch number of okra plants was not significantly affected by the sowing date
treatment. In line with the current findings, Mike [19] and Ashoks et al. [32] found insignificant role of sowing dates on
the number of branches. The impact PK fertilizer rate was found to be significant and out of the four different rates of
PK applied, 200kg/ha dose of the fertilizer recorded the highest value (6.4) whereas the lowest number of branches (4.4)

was recorded from control (Table 2).

Treatment PH (cm) LN BN LA (cm?)
Sowing dates
Late-July 189.8 23.9 55 3344
Mid-August 206.5 20.2 55 221.7
Early-September 176.9 22.5 6.1 229.6
LSDo.os 15.38 NS NS 37.69
PK fertilizer rates
(Kg/ha)

0 (Control) 167.7 18.6 4.4 205.3
125 185.4 20.4 54 245.5
150 199.2 24.5 5.9 285.2
175 197.7 23.8 6.3 278.9
200 205.4 23.8 6.4 294.6
LSDy.05 19.85 4.5 1.05 48.65

Table 2: Growth parameters influenced by sowing date and PK fertilizer rates.
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Number of Pods

Significant variation was noticed in the number of fruits per plant among the sowing dates, with mid-August sowing
date recording highest value (34.97) followed by late-July sowing date (33.21) and the lowest number of fruits (28.13)
was recorded from early-September sowing date (Table 3). Though the difference between those higher values was
insignificant, they varied significantly when compared with the lowest value. The lowest number of fruits exhibited by
the latest sowing date might have been due to the accumulation of insufficient thermal units that could result in to low
number of flowers. This result was seen to be in harmony with research results of Dilruba et al. [33] who reported that
sowing dates had a significant impact on the increment of the fruit numbers, with those sown during the hotter periods
experiencing the highest values. Besides this, it was also found to be in agreement with the outcome of Naheed et al.
[25] whose report was that August sowing date experienced better flowering and hence higher fruit number. Similarly,
effect of PK fertilizer was also seen to influence the number of fruits significantly despite the insignificant differences
obtained when making the comparisons among the four different rates other than the control. The highest number of
fruits (35.95) was recorded from 200kg/ha of PK followed by 150kg/ha PK attaining a value 34.18, whereas the least
number of fruits (25.04) was obtained from the control (Table 3). The marked effect of fertilizer application noticed in
this research is due to the translocation of sufficient PK nutrients to the sinks assuring the fruit setting and its subsequent
development. This result is found to be in disagreement with the finding of Thakur et al. [28], who have reported
maximum fruit number in 150kg/ha of PK. However it was matched with the finding of Amjad et al. [21] and Firoz [34]
where a significant variation occurred among the various NP fertilizer levels on the number of fruits. The effect of PK
fertilizers for the increase of fruit number of okra in the present investigation was found consistent with the findings of
Ahmed and Tullock-Reid [35] and Philip et al. [36] and Rahman et al. [19] reporting significant influence of NPK on

number of fruits.

Individual Pod Weight

The significant variation recorded on individual fruit weight was merely attributed to the sowing date alone. The highest
individual fruit weight 8.29 g was recorded by late-July sowing date followed by mid-August sowing date exhibiting
7.35 g and the minimum value (6.9 g) was obtained from early-September sowing date (Table 3). In agreement with the
finding of this experiment, Dilruba et al., [33] reported that seeds sown during the warm period and subsequently exposed
to warmer climatic condition tend to produce heavier fruits. The outcome of this research was also found to be in
agreement with the findings of Rahman et al. [19] who have found insignificant influence of NPK on individual fruit

weight.

Total Yield

Total yield was significantly influenced by the sowing dates. Although the first two dates recorded statistically similar
results, both were found to exhibit a significant difference as compared to the latest date of sowing. Maximum total yield
of 12.15 tons per hectare was recorded from late-July followed by mid-August attaining a value of 11.35 tons per hectare

whereas the minimum value 8.69 tons per hectare was obtained from early-September sowing date (Table 3). The highest
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yield obtained from July sowing date is due to the increased vegetative growth, flowering and fruit development favored
by the prevailing weather conditions but August sowing having been exposed to less favorable weather conditions than
the former sowing it was expected to record less yield but due to the fact that it escaped from the attack of the notorious
pests namely; Aphids and powdery mildew unlike the July sowing which was afflicted by aphids, it has recorded similar
yield with July sown plants. The plants sown in September however experienced the lowest yield because of the
unfavorable weather conditions coupled with the severe attack of Powdery mildew. In line with the current results, the
outcomes of Bake et al. [15] and Zeb et al. [3] showed significant effect of the sowing dates on the yield of okra plants.
The findings of the present study also fits with the result of Mike [19], Hossain et al. [37] and Dilruba et al. [33] who

reported that okra sown during the warmer months significantly gave better yields as compared to cooler months.

There existed a significant difference in the total yield of okra fruits among the PK fertilizer rates with the maximum
value 12.67 t/ha being recorded from 200kg/ha PK followed by 150kg/ha of PK attaining a value of 11.44 t/ha, whereas
the lowest value (8.44t/ha) was recorded from the control (Table 3). The PK rate that used to experience the highest total
yield was found to vary significantly only with the two lowest PK rates. The result of this experiment was observed to
be in agreement with findings of Bhende et al. [22] who expressed that an increase in PK levels resulted in to increased
yield of okra. The increment of total yield, which was affected by the increase of PK rates, is due to the fact that
insufficient P and K results in low vegetative growth that is reflected on the total yield [31]. In contrast to the finding of
this experiment, Thakur et al. [28] have reported that, the highest yield was obtained by application of 90:60 kilogram
per hectare of P,Os and K,O respectively. Firoz [34] agreed with this experiment’s outcome expressing a significant
effect of NP levels on total yield of okra. Mitra (1990) forwarded contradictory statements to the findings of this research,
expressing insignificant impact of NPK levels on the total yield of okra. Iyagba et al. [18] expressing a significant
influence of NPK on the total yield of okra was found to have results which are at par with result of this experiment.
Rahman et al. [19] reported results which are in line to the finding of this experiment, where total yield was significantly

influenced by different NPK levels.

Marketable Yield

Though the marketable yield was not found to be influenced by PK fertilizer application, sowing date was observed to
have a significant effect on the marketable yield of okra fruits (Table 3) and (Table 8). The highest marketable yield
(99.03%) was recorded from early-September sowing date followed by mid-August sowing date recording a value of
95.26% and the least marketable yield (89.36%) was recorded from late-July date of sowing (Table 3). The lowest value
of the marketable yield obtained from late-July sowing date was due to the insect attack predominantly aphids which

were favoured by the warmer climate prevailed during flowering and fruiting resulting in to blemished pods.
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Treatment NF/P | IFW (g) | TY (t/ha) | MY (%) | DW (%)
Sowing dates

Late-July 33.21 8.29 12.09 89.36 15.26

Mid-August 34.97 7.35 11.3 95.26 14,2
Early-September 28.13 6.9 8.64 99.03 13.62
LSDo.05 3.56 0.58 1.35 2.69 0.41

PK fertilizer rates (Kg/ha)
0 (Control) 25.04 7.5 8.39 94.1 14.73
125 31.81 7.18 10 93.39 14.08
150 34.18 7.48 11.37 95.87 14.01
175 33.54 7.39 10.99 94.99 14.47
200 35.95 8 12.6 94.4 14.41
LSDo .05 4,59 NS 1.75 NS NS

Table 3: Yield and yield based parameters affected by sowing date and PK fertilizer rates.

Pod Dry Weight

Unlike the effect of PK fertilizer application, the sowing dates resulted in to the production of okra pods whose dry
weights are significantly different. The significant variation was observed upon comparing all the three sowing dates
among each other. The highest dry weight (15.26%) was recorded from late-July sowing date followed by mid-August
sowing date with value 14.2% whereas the lowest dry weight (13.62%) was obtained from sowing date held in early-
September (Table 3). The investigation carried out by Dilruba et al. [33] and Yadav and Dhankhar [38] reported that
maximum dry weight of okra was observed from 06™ April sowing as compared to those sown in the month of March
which was found to be in line with the outcome of this experiment and the increased dry matter could be probably due
more exposure of plants to warmer periods. Thakur et al. [28] and Omottoso et al. [29] expressing insignificant impact

of various NPK levels on dry weight where it tends to be in line with outcome of this experiment.

CONCLUSION

Results of the present study revealed that all the parameters considered in this study except the number of leaves and
numbers of branches were found to be significantly influenced by the sowing date differences. Out of the three dates of
sowings, Late-July sowing date led to the production of the highest total yield (12.09 t/ha). A combined application of
the Phosphorous and potassium fertilizer led to significant effects on all the growth traits and also on the total yield of
okra pods. Yield was increased by 50.18% by applying the combined PK fertilizer at a rate of 200 Kg/ha. Thus, according
to the current study, the combined phosphorous and potassium fertilizer should be applied at a rate of 200 Kg/ha in the

ratio of 3:2 to maximize okra pod production.
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