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ABSTRACT

A field survey was conducted during the rainy season in June to September, 2023 in the research
garden of Biological Science Department of Al-Qalam University, Katsina, Nigeria. Five levels of
GAg3, namely; 0, 10, 15, 20 and 25 ppm were sprayed at 2 weeks after sowing. A randomized block
design was used to lay out the treatments (RBD). GAj treatments significantly increase the plant
height than control plants. GA3; with 20 and 25 ppm significantly increase in terms of number of
leaves. Okra treated with 15ppm showed highest weight of (94.58g) with 8 total numbers and lowest
(38.5g) in 10ppm. Whereas, in Clemson spineless, the highest plant height (17.5cm) was recorded in
20ppm and the lowest height was (5.2cm) of the control in NPK. While in GA3 20ppm recorded
(28.9cm) and the lowest 10cm. Okra treated with 10ppm showed the highest weight of (47.09g) with
5 total number and the lowest is 0 at 20ppm. The significant means were calculated using Analysis of
Variance (ANOVA) where the calculated P-value of local variety (0.003975) and (0.009687) for
Clemson Spineless are lower than (0.05). This implies that, there is a significant difference in the
means of all the tested parameters. Therefore, the research recommends the use of local seeds during
plant and growing Okra plant.
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INTRODUCTION Due to its storage sensitivity, Okra is used

) fresh, cooked, or as a chemical additive in
Okra (Abelmoschus L.) is a popular vegetable soups, salads, and stews. Fresh Okra is mostly
in tropical and sub-tropical countries around preserved by freezing, and in some countries
the world. It is available all year round and is the fruit is dried for later use. Okra has high
also planted for its pods (Abdulrahman et al., economic value, good nutritional and
2019; Behbahai et al., 2020). It is a member of functional properties, and can improve food
Malvaceae hibiscus family and shares the safety (Agatonovic et al., 2020). Okra can be
trop_ical flora traits of that family nativg to grown in large plots, but fertile, well-drained
Africa. In many parts of the world, especially soil with sufficient organic matter ensures
indeveloping countries, it is used as a high yield (Abdulrahman et al., 2023). To
vegetable (Abdulrahman et al., 2022; Ali et al. develop edible young fruit, Okra needs a
2018). It grows best in warm weather (around moderate, well-distributed rainfall of 80 to
26°C). The main Okra growing countries are 100cm. An average temperature between 20°C
India, Nigeria, Pakistan, Ghana and Egypt. is considered optimal for growth, flowering
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and fruiting (Da Silva et al., 2021;
Abdulrahman, 2018). Okra plants responded
with significant increase with increase in NPK
application, this could be because most
vegetable crops require NPK fertilizer of
about 40-60 N, 20- 40 P and 20-40 K (kg ha-1
) for optimum growth and yield development,
however, where these nutrients are insufficient
or inadequate, application of the deficient
elements through fertilization are well
encouraged and recommended under different
agromatic ~ conditions  which can  be
manipulated to maximized production from a
unit land area. Therefore, the increase in
growth with increase in NPK fertilizer.
Babatola and Olaniyi (1999) f Musa et al.
(2017) and Smith et al. (2001) who reported
that the use of NPK under good environmental
conditions significantly influenced the growth
of okra and cowpea. The crop requires
adequate supply of nutrients particularly
nitrogen, phosphorus and potassium for
optimum growth and yield. Another study had
shown that the application of N and or NPK
led to significant increase in the growth of
okra (Katung et al.1996). Growth characters
such as plant height, shoot fresh weight,
number of leaves per plant, number of primary
branches per plants are maximized either at 60
or 90 kg N ha-1 at early stage of growth.

All plants naturally produce hormones that
regulate metabolism, growth and development
(the shape, size, and function of plants) in
response to their environment. Hormones (or
chemical messengers) are produced in
different places (shoots, leaves and roots) and
travel through the plant system until they bind
to receptors and trigger reactions in the target
cells (Ginovyan, 2019; AL-Taey & Saadoon,
2021). Hormones affect cell division, cell
expansion, cell structure and function, and
have the ability to control the plants’ response
to environmental stress (Ferguson & Grafton-

Cardwell, 2014; AL-Taey, 2018). The
environmental protection agency (EPA)
defines plant growth regulator as any

substance or mixture of substances designed
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by physiological action to accelerate or slow
the rate of growth or maturation, or otherwise
alter the behavior of plants. Furthermore, plant
growth regulators are characterized by low
application rates, while high doses of the same
compounds are often considered herbicides.
Plant hormones are naturally produced by
plants and are essential in regulating their own
growth. They act by controlling or altering
plant growth processes such as leaf, flower
formation, stem elongation, fruit development
and ripening (Davies, 2010; AL-Taey, 2017).
Plant growth hormone levels have been
measured to positively improve plant
germination, growth and development by
altering plant hormonal activity (Oladunmoye
et al., 2018). Plant growth hormones are
widely used in agriculture, viticulture and
horticulture, for example, to promote growth
under non-ideal or stressful conditions; low
soil fertility, disease short growing season
(Abdulrahman, 2019), and to increase yields
and facilitate harvesting of plants, for
example, by preventing fruit drop before
harvest and accelerating ripening (Da Silva
2021; AL-Taey, 2020). The application of
fertilizer is necessary for enhancing the soil
nutrient status and increasing crop yield. Okra
requires nutrients such as nitrogen (N),
phosphorus (P), potassium (K), calcium (Ca),
sodium (Na) and Sulphur (S) for fertility
maintenance and crop production. These
nutrients are specific in function and must be
supplied to plants at the right time and at the
right quantity. Lack of sufficient amounts of
these nutrients result in poor performance of
the crop with growth been affected resulting to
low vyield (Shukla and Naik, 1993). The
present research was designed to find out the
influence of Gibberellic Acid (GA3) on
growth and yield parameters of Okra.
(Abelmoschus  esculentus)  through  the
following objectives

I.  To determine the difference in
physiological parameters of Okra in
NPK
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Il.  To access the performance of two Okra
varieties under different treatment of
Gibberellic Acid.

MATERIALS AND METHODS
Study Area

The research was conducted in the Biological
garden and Biological laboratory of Al-Qalam
University, Katsina, north-western of Nigeria
in the period, between the months of June to
September, 2023.

Site Clearing

The site that was used as nursery was properly
cleared, all stumps were removed. The grasses
and other weeds were cleared and packed
away. The site was properly leveled. The
nursery appeared as a plane surface. Adequate
artificial drainage was facilitated, so that the
nursery was not water logged during the work
(Erhonoyta et al., 2020). Sand used for the
nursery operation was river sand preferably
sandy loam to facilitate aeration and proper
root development within the pitting mixture.
Clay soil was has not been used, this is
because of its poor aeration and root
development (Jaberian, 2013).

Sample Collection

The Okra seeds samples were collected from
seed vendors in Katsina Central Market. The
samples were transported to Biological
Science Laboratory of Al-Qalam University,
Katsina, Nigeria. After which, they were
stored in the oven for later use.

Planting

Before planting of the seeds, they were soaked
overnight for 18hrs in warm water. This is to
break the seed dormancy and speed up seed
germination. Two seeds samples were sown
per hole at a depth of about 2cm.

Experimental Design

Randomized block design (RBD) was
employed as an experimental design during
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the research. The treatment were: (A) Okra
with GA3 at 10ppm, (B) Okra with GA3 at
15ppm, (C) Okra with GA3 at 20ppm, (D)
Okra with GA3 at 25ppm, and (E) Okra at 0%
without any treatment, which was the control
of the experiment. The experiment (treatment)
was conducted in triplicate. 26 polythene bags
were used during the trials.

Preparation of Gibberellic acid (GA3)

1mg of GA3 with 100ml of distilled water —
>10ppm

1mg of GA3 with 95ml of distilled water—
>15ppm

1mg of GA3 with 90ml of distilled water—
>20ppm

1mg of GA3 with 85ml of distilled water —
>25ppm

Control

Fertilizer Application

The fertilizer applied was NPK20:10:10, it
was applied for 14days after planting (DAP).
Whereas, the Gibberellic Acid (GA3) was at
48 DAP. This coincided with the time of floral
bud initiation.

Data Collection

Growth parameters such as plant height,
number of leaves, number of pods, and weight
of pods have been recorded. Number of leaves
and plant heig;ht were noted for up to 3 weeks.
That was; 3, 4" 5" week after planting the
seedlings in the garden.

Data Analysis

The data collected were subjected to Analysis
of Variance (ANOVA), to find out the
significant means at P value +0.05.

RESULTS AND DISCUSSION

In our research, the height of Okra plant
treated with NPK was significantly increased
throughout the treatment. The magnitude of
increase of plant height was found to be more
pronounced in treatment with 25 ppm NPK.
This is followed by 20 to 10 ppm,
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respectively, at the same concentration (Table the lowest plant height (95.5cm) was recorded
1). In the 3", the highest plant height, (914.7 in the control sample.
cm) was recorded for 25 ppm NPK, whereas

Table 1: Effect of NPK Fertilizer (20: 10: 10) on growth parameters of local variety at the
same concentration

Treatment  weekl week2 week3

N.L P.H N.L P.H N.L P.H
10ppm 7.3 7.4 4.3 9.7 3.7 10.8
15ppm 6.7 7.8 10 94 10 143
20ppm 7 6.4 5.3 9.1 8.7 11
25ppm 3 8.1 7.7 12.2 6.3 14.7
Control 3 4.5 3 5 4 55
Mean 5.4 6.84 6.06 9.08 6.54 11.26
STD 2.20 1.45 2.79 2.59 2.79 3.69
Variance 3.87 1.69 6.25 5.37 6.24 10.90

P-value = 0.0003
Key=N.L (number of leaves) P.H (plant height)

From Table 2, the growth gradually increased from 1% week to week 2™week for all the treatments.
In the 2" week, the highest plant height (28.3cm) was recorded for 20 ppm whereas the lowest plant
height (10cm) in the control.
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Table 2: Effect of Gibberellic Acid on different growth parameters of local variety at different
concentration

Treatment week1 week2 week1 week2
N.L P.H N.L P.H N.P N.P
10ppm 10.3 18.8 10.7 20.7 2.7 3.7
15ppm 9.7 24.1 13 25 3.7 3.3
20ppm 13.3 24.7 16 28.3 2 3.7
25ppm 12.7 24 10.3 25.3 2 4.3
Control 6 10 5 10 1 1
Mean 10.4 20.32 11 21.86 2.28 3.2
STD 2.89 6.24 4.04 7.16 0.99 1.28
Variance 6.71 31.16 13.11 41.03 0.79 1.31

P-value=0.003975
KEY: N.L= Number of Leaves, P.H= Plant Height, N.P= Number of Pods

Yield Parameters of Local Variety

Okra Treated with 15ppm showed significantly highest weight of (94.58g) with 8 Total number of
okra, followed by treatment 20ppm with (87.47g) and 25ppm with (65.47g) and the lowest weight
recorded (38.59) is by treatment with 10ppm.
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Table 3: Yield Parameters of Local Variety

Treatment Number of okra Weight(grams)
10ppm 3 38.5

15ppm 8 94.58

20ppm 7 87.47

25ppm 5 65.47

It was noted that, the height of Okra plant
treated with NPK significantly increased. The
magnitude of increase of plant height was
found to be more pronounced in treatment
with 20 ppm NPK, followed by 25ppm,

15ppm and 10 ppm respectively, at the same
concentration (Table 4). In the 3", the highest
plant height, (17.5 cm) was recorded for 20
ppm NPK, whereas the lowest plant height
(5.2cm) was found in the control.

Table 4: Effect of NPK Fertilizer (20: 10: 10) on growth parameters of Clemson spineless at the

same concentration

Treatments week1 week?2 week3

N.L P.H N.L P.H N.L P.H
10ppm 3 4 2 5.7 5 6.7
15ppm 4.7 8.5 5.3 10.4 8.7 12
20ppm 5.3 10.7 8.3 14.8 15.7 17.5
25ppm 3 8.1 7.7 12.2 6.3 14.7
Control 3 4 2 5 3 5.2
Mean 3.8 7.06 5.06 9.62 7.74 11.22
STD 1.11 2.96 3.01 4.20 4.90 5.21
Variance 0.99 7.02 7.25 14.16 19.26 21.76

P-value=1.74E-05

KEY: N.L= Number of Leaves, P.H= Plant Height

From Table 5, the growth of Okra was
gradually increased from 1% to 2"week for all
the treatments. In the 2" week, the highest
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plant height (28.9cm) was recorded in 20ppm

whereas the lowest plant height (10cm) for the

control.
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Table 5: Effect of Gibberellic Acid on different growth parameters of Clemson spineless at
different concentration

Treatment week1 week?2 week1 week?2
N.L P.H N.L P.H N.P N.P

10ppm 7.7 13 6.3 14.3 1 1.6

15ppm 9 18.7 8 25.3 2.7 3.3

20ppm 8.7 29 9.3 28.9 1.3 2.3

25ppm 12.7 24 12.3 25.3 5 27.3

Control 5 9 4 10 1 1

Mean 8.62 18.74 7.98 20.76 2.2 3.1

STD 2.77 8.07 3.12 8.13 1.71 2.49

Variance 6.14 52.15 7.81 52.99 2.35 4.99

P- Value = 0.009687
KEY: N.L= Number of Leaves, P.H= Plant Height N.P= Number of Pods

Ny

Plate 1: Number of Okra on 15ppm Plate 2: Number of Okra on 20ppm

Okra Treated with 10ppm showed significant weight of (47.09g) with 5 Total number of okra,
followed by treatment with 15ppm with (23.4g9) and 25ppm with (11.13g) and the lowest weight
recorded is O by treatment with 20ppm
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Table 6: Yield Parameters of Clemson Spineless

Treatment Number of okra Weight(grams)
10ppm 5 47.09

15ppm 1 23.4

20ppm 0 0

25ppm 4 11.13

Based on the findings from this research, the
height of Okra plant treated with GA3 was
significantly increased. The magnitude of
increase of plant height was found to be more
significant in treatment with 25 ppm GAS3,
followed by 20 to 10 ppm of the same (Table
1). At Week 3, the highest plant height, (14.7
cm) was recorded for 25 ppm NPK, whereas
the lowest plant height (5.5cm) was found in
the control. GA3 enhances growth activities of
plant, stimulates the rate of cell division, cell
elongation, and thus, also contributes to
internodes and stem elongation (Azwanida
2014; Sasidhraran et al., 2011). The results of
the research are in agreement with that of
mustard plant reported by Davies, (2010).
They recorded the highest plant height (95.77
cm) with the application of 50 ppm GA3,
which was statistically similar to 75 ppm GA3
treatment and, the lowest (77.63 cm) was
found in the control. Table 2 revealed that, the
growth gradually increased from week 1% to
2" weeks for all the treatments, there is also
significant increase in the control following all
the GA3 treatments at different growth stages.
20 ppm has highest plant height (28.3cm) and
lowest 10cm in the control. Okra Treated with
15ppm showed significant highest weight of
(94.58g) with 8 Total number of Okra,
followed by treatment with 20ppm with
(87.47g) and 25ppm with (65.47g) and the
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lowest weight recorded was on treatment with
10ppm. The finding is in agreement with
Emongor, (2007) for Hibiscus sabdariffa L.
where application of GA3 increased the shoot
and the root dry weight compared to other
treatments. Significant increase of fruit yield
in many crops due to the application of
different concentrations of GA3 was reported
by many investigators like; Peervan et al.
(2020); Ferreira et al. (2022). The height of
Clemson Spineless of Okra plant treated with
NPK was significantly increased. The
magnitude of increase of plant height was
found to be more pronounced in treatment
with 20 ppm NPK, followed by 25ppm,
15ppm and 10 ppm respectively, at the same
concentration (Table 4). In the 3 week, the
highest plant height, (17.5 cm) was recorded
for 20 ppm NPK, whereas the lowest plant
height (5.2cm) was found in the control.
Positive influences of GA3 on HI were
reported by Emongor, (2007) for Cowpea. As
presented in Table 5, the growth gradually
increased from Week 1% to 2" week for all the
treatments. There is significant increase on
the control following all the GA3 treatments at
different growth stages. In the 2™ week, the
highest plant height (28.9cm) was recorded in
20ppm, whereas the lowest plant height 10cm
was found in control. GA3 may induce the
development of xylem and phloem and in turn,
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increase the flow and deposition of
assimilation products in seeds (Abdulrahman,
2022). Table 6 results revealed that, Okra
treated with 10ppm showed significant highest
weight of (47.09g), with 5 total number of
Okra, followed by treatment with 15ppm with
(23.4g), and 25ppm with (11.13g) and the
lowest weight recorded was 0 by treatment
with 20ppm. The findings of the research are
in line with that of mustard plant reported by
Davies, (2010).

CONCLUSION

Based on the findings from the present
research, it is apparent that GA3 had
significant effects on all the growth and yield
parameters of Okra, both local variety and
Clemson Spineless. GA3 at 20 ppm was found
to be the optimum concentration for the
highest growth and yields of Okra. On the
other hand, the research recommends that
Gibberellins acid (GA3) should be used under
strict control. A periodic monitoring of GA3
concentration in the soil and on the plant need
to strictly put in place. Further research is
necessary to explore other hazardous effects of
GA3 on body system and organs of animals.
In addition, more studies with prolonged
periods of administration of GA3 are
recommended to have more knowledge on the
toxic effects of GA3.

REFERENCES

AlTaey, D. K. A. (2017). Alleviation of
Salinity Effects by Poultry Manure and
Gibberellin Application on growth and
Peroxidase  activity in  pepper.
International Journal
of Environment, Agriculture and

Biotechnology :2(4) 1851-
1862http://dx.doi.org/10.22161/ijeab/2
4.49

Abdulrahman MD, ALl A, Fatihah HNN,
Khandaker MM, Mat N. 2018.
Morphological and anatomical studies
of Syzygium polyanthum (wight)
walp.(Myrtaceae). Malayan Nature
Journal. 70: 309-322.

Abdulrahman MD, Bradosty SW, Hamad SW,
Ibrahim MT, Lema AA, Sunusi N,
Usman M, Ashiru I, Ahmad NB, Wada
N. 2022. Traditional methods for
treatment and management of measles
in northern nigeria: Medicinal plants

and  their  molecular  docking.
Ethnobotany Research and
Applications 23:1-18.

DOI:10.32859/era.23.33.1-18.
Abdulrahman MD, Hasan NN, Khandaker
MM, Ali AM, Mat N. 2019. In vitro
biological investigations on Syzygium
polyanthum cultivars. International
Journal of Agriculture and Biology
22:1399-1406.
DOI:10.17957/1JAB/15.1214.
Al-Taey, D.K.A. (2018). The Role of GA and
Organic Matter to Reduce the Salinity
Effect on Growth and Leaves Contents
of Elements and Antioxidant in
Pepper. Plant Archive. 18(1): 479-488.
Abdulrahman MD, Harmand AH, Mehmet O.
2023. Biological evaluation of Acacia
nilotica (L.) Wild.ex Delile: a systemic
review. Advances in Traditional

Medicine 8(2). DOI:
10.106/j.scp08002.
AL-Taey, D.K.A, Saadoon, S.AH.,

ALAzawi, S.S.M. (2021). STUDY OF
KINETIN TRAETMENT ON
GROWTH AND ACTIVITY OF
SOME ANTIOXIDANT ENZYMES
OF SPINACH UNDER SALT
STRESS. Current Trends in Natural
Sciences, 10(19), 457-465.
https://doi.org/10.47068/ctns.2021.v10
119.061

Ali MT, Haque ST, Kabir ML, Rana S, Haque
ME. 2018. A comparative study of in
vitro antimicrobial, antioxidant and
cytotoxic activity of Albizia lebbeck
and acacia nilotica stem bark. Bulletin
of faculty of pharmacy, cairo
university 56: 34-38.

Agatonovic KS, Doyle E, Gegechkori V,
Morton DW. 2020. High performance
thin-layer chromatography linked with

ISSN 2072-3857



https://doi.org/10.47068/ctns.2021.v10i19.061
https://doi.org/10.47068/ctns.2021.v10i19.061

Euphrates Journal of Agricultural Science-15 (2). 573-583 , (2023)

Halliru et al.

(bio) assays and FTIR-ATP
spectroscopy as a method for discovery

and quantification of bioactive
components in  native  Australian
plants. J. Pharm Biomed Anal
184:137-147. DOI:

10.1016/j.jpba.2020.113208.

Azwanida N. 2015. A review on the extraction
methods use in medicinal plants,
principle, strength and limitation. Med
Aromat Plants 4: 2167-0412.
DOI:10.4236/ajPs.2021.1211119.

Babatola, L. A and Olaniyi, J.O (1999). Effect
of N P K 15:15:15 level and plant
spacing on performance and shelflife
of okra. Annal of Agricultural
Sciences. (1): 24-29.

Behbahani AB, Falah F, Lavi Arab F, Vasiee

M, Tabatabaee Yazdi F. 2020.

Chemical composition and antioxidant,

antimicrobial, and antiproliferative

activities of Cinnamomum zeylanicum
bark essential oil. Evidence-based
complementary and alternative

medicine 2020:

DOI:10.1155/2020/5190603.

PJ. (2010) Plant Hormones:
Physiology, Biochemistry and
Molecular Biology. Kluwer Academic
Publishers, Dordrecht, the
Netherlands; Norwell, MA, USA.

Da Silva BD, Bernardes PC, Pinheiro PF,
Fantuzzi E, Roberto CD. 2021.
Chemical composition,  extraction
sources and action mechanisms of
essential oils: Natural preservative and
limitations of use in meat products.
Meat Science 176:
DOI:10.1016/j.meatsci2021.108463.

Emongor,V. (2007). Gibberelicacid(GA3)influ
enceon vegetativegrowth, nodulation a
nd yield of cowpea (Vigna unguiculate
L.). Walp. Journal of Agronomy. 4:50
9-517.

Erhonyota C, Edo GI, Onoharigho FO. 2023.
Comparison of poison plate and agar
well diffusion method determining the
antifungal activity of protein fractions.

Davies

582

Acta Ecologica Sinica 43:684-689.
DOI:10.1016.2022.08.006.

Ferreira OO, Cruz JN, de Moraes AAB, de
Jesus Pereira Franco C, Lima RR,
Anjos TOd, Siqueira GM, Nascimento
LDd, Cascaes MM, de Oliveira MS.
2022. Essential oil of the plants
growing in the brazilian amazon:
Chemical composition, antioxidants,
and biological applications. Molecules
27: DOI:10.3390/molecules27144373.

Ferguson L, & Grafton-Cardwell, EE, (2014).
Citrus production manual. University
of  California, Agriculture and
resources, Richmond, CA.

Ginovyan M, Trchounian A. 2019. Novel
approach to combat antibiotic
resistance:  Evaluation of some
armenian herb crude extracts for their
antibiotic modulatory and antiviral
properties.  Journal of  applied
microbiology 127 :472-480.
DOI:10.1111/jam.14335.

Hussain Al., Al-Taey, D. K.
A.and Kadhum, H. J.(2023). Biochar
Application Increases the Amount of
Nitrogen, Phosphorus and Potassium
in the Soil: a Review. IOP Conf.
Series: Earth and Environmental
Science. 1213  (2023) 012023.
doi:10.1088/1755-1315/1213/1/012023

Jaberian H, Piri K, Nazari J. 2013.
Phytochemical composition and in
vitro antimicrobial and antioxidant
activities of some medicinal plants.
Food chemistry 136:237-244.
DOI:10.1016/j.foodchem.2012.07.084.

Katung, M.D., Olanrewaju, J.D. Gupta, U.S.
and Kureh, 1. (1996). Fruit and Seed
yields of okra as influenced by Farm
yard manure and Nitrogen fertilizer.
In:Proc. 14th HORTSON Conf; Ago-
Iwoye, 1 -4 April, 1996.

Musa, M., Bashir, K. A., Tadda, S. A. (2017).
Response of  cowpea (vigna
unguiculata 1. Walp) varieties to
phosphorus levels in Sudan savanna of

ISSN 2072-3857



https://doi.org/10.1016/j.foodchem.2012.07.084

Euphrates Journal of Agricultural Science-15 (2). 573-583 , (2023)

Halliru et al.

Nigeria. International Multidisciplinary
Research Journal. 7: 23-29.

Oladunmoye M, Ayantola K, Agboola A,

Olowe B, Adefemi 0. 2018.
Antibacterial and ftir spectral analysis
of methanolic extract of Gliricidia
sepium leaves. Journal of Advances in
Microbiology 9:1-10.
DOI:10.9734/JAMB/2018/40580.

Perveen R, Shujaat S, Qureshi Z, Nawaz S,

Khan M, Igbal M. 2020. Green versus
sol-gel synthesis of zno nanoparticles
and antimicrobial activity evaluation
against panel of pathogens. Journal of
Materials Research and Technology
9:7817-

7827.D0I:10.1016/j.jmrt.2020.05.004.

Pawel M, Begum T, Gogoi R, Pandey SK, Lal

M. 2020. Chemical composition of
Citrus limon L. Burmf Peel essential
oil from North East India. J Essent oil
bear plants 23: 337-344.
DOI:10.1080/0972060X.2020.175751
4,

583

Sasidharan S, Chen Y, Saravanan D, Sundram

2011. Extraction,
isolation and characterization of
bioactive compounds from plants’
extracts. African journal of traditional,
complementary and alternative
medicines 8: 81-10.

K, Latha LY.

Shukla, V.and L. B. Nalk. 1993. Agro-

Smith,

Technique for Malvaceae Vegetables,
In: Ifovance in horticulture vol 5.
Malhotra publishing house, New
Delhi, India, PP 399-425.

M.A.K., Tolorun, T. P. and Aneji, O.
S. (2001). Effect of combine mulch
and fertilizer on weed growth and okra
(Abelmoschus esculentus L. Moench)
yield in the humid tropical
environment, Proceedings of the 35th
annual conference of the Agricultural
society of Nigeria, University of
Agriculture Abeokuta, Sep. 16-20,
2001, 43-50 p.

ISSN 2072-3857




