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INTRODUCTION 

Herbicides according to (Holt, 2013), are 

chemicals used to promote the growth of specific 

plants by reducing the population of unwanted 

plants in the ecosystem. They usually attack 

plants through the sub-terminal parts or above the 

ground, leaving behind some traces of toxins 

which impinge on both the plants they were 

meant to maintain and some soil microbes. Apart 

from being weed killers, herbicides have been 

variously used to change the soil's physical, 

chemical and biological properties, besides 

altering the genetic structure of organisms. The 

effect of herbicides includes regulation of the 

cell, regulation of specific enzymes such as RNA 

polymerase, and alteration of protein and nucleic 

acid synthesis. Lores et al., (2005), reported that 

herbicides produced a pronounced effect on the 

structure of the chromosome, which carries 

genetic factors or genes. Besides being weed 

killers, most herbicides undergo photochemical 

adjustment to release metabolites that are 

injurious to both man and the environment 

(Koleet al., 1999).  

Herbicide enhances food production, but in most 

cases, they result in harmful effects on soil 

properties (Bassey et al., 2019; Omar.and Tasi^u, 

2020). Numerous brands of herbicide are on the 
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Abstract 

A field study was carried out at the Teaching and Research farm of Akwa 

Ibom State University ObioAkpa Campus, between January and 

February 2025, to evaluate the effect of gramoxone herbicide on selected 

soil properties, germination, and growth parameters of okra in 

ObioAkpa. The experiment was carried out in a randomized complete 

block design, replicated three times in 3x4 factorial arrangements. 

Factor ‘A’ was an okra variety (East West Safa), while treatments were 

four (4) rates of gramoxone herbicides (0, 3, 4 and 5l/ha). Data collected 

from the growth parameters were subjected to analysis of variance. 

Significant means were compared using least significant difference (P < 

0.05). Results showed gramoxone herbicide applied at 3L/ha enhanced 

a high germination rate (89.00% at 5 days after planting (DAP)). Also, 

3L/ha of gramoxone herbicide promoted a high number of leaves each 

week after planting: 2WAP(5.10), 3WAP(3.89), 4WAP(3.89), 

5WAP(4.11), 6WAP (4.33), and 7WAP(4.33). In plant height and leaf 

area, 3WAP of gramoxone herbicides indicated a significant difference 

(p<0.05) with high leaves of plant height and leaf area, followed by 

5L/ha. The least plant height and leaf area were recorded in 4L/ha of 

gramoxone. The study therefore recommended gramoxone herbicide 
application at 3L/ha to farmers in ObioAkpa and its environs. 
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market, with gramoxone brand being the most 

widespread in the study area. Gramoxone 

herbicides or Paraquat (1, 1’–dimethyl–4, 4' 

Bipyridinium Chloride) is a non-selective 

herbicide of ammonium compound, soluble in 

water restricted action just like any other contact 

herbicide. It restrains photosynthesis in light-

exposed plants and accepts electrons from 

photosystem-1, conveying them to molecular 

oxygen. In this manner, negative reactive oxygen 

species are formed. Informing these reactive 

species, the oxidized form of paraquat is reduced 

and is once more offered to push electrons from 

photosystem-1 to initiate the cycle again (Beckie, 

2011). It damages plant tissue very speedily, 

particularly in sunny conditions/temperatures. 

The germination and growth of plants such as 

okra (Abelmoscus esculentus) are altered by it. In 

recent times, the extent to which herbicides are 

used to manage weeds (both in the farm and 

residential areas) has caused a serious menace to 

human welfare (Buzik,1997). This research was 

geared toward determining the effect of different 

rates of gramoxone herbicides on some selected 

soil properties, germinations and growth 

parameters of okra in ObioAkpa, Akwa Ibom 

State, Nigeria. The objectives of the study were 

to determine the physicochemical properties of 

the soil of the study area before and after the 

application of gramoxone herbicide, to determine 

the effect of different rate of gramoxone 

application on the germination and some growth 

parameters of okra and to determine the effect of 

gramoxone herbicide on selected soil properties 
 

Materials and Methods:  

Location: This study was conducted at the Akwa 

Ibom State University Teaching and Research 

Farm, ObioAkpa Campus. It is located between 

latitudes 4030I N and 5030I N and longitude                                                                                                                                                      

70030IE and 80000IE of the equator. ObioAkpa is 

within the humid tropical region with a mean 

annual rainfall ranging from 2500-3000mm. The 

temperature range is between 23-270 and a relative 

humidity ranging from 75-79%. The soil is acidic 

and the vegetation is mostly secondary forest 

(Uduak et al.,2018).Agronomic Practices: The 

site was manually cleared of the vegetation with 

machetes. Beds were made with a spade after 

marking out the field. The beds were ploughed 

and harrowed to fine till. Experimental Design 

and Treatment Application: The experiment was 

laid out using the randomized complete block 

design (RCBD). The herbicide was used at four 

(4) levels of treatment applications:  0 (control), 3, 

4, and 5L/ha with three replications for each. Each 

replication has four plots representing the 

treatment rate, and each plot was measured 2m x 

2m. The distance between the replications was 

1.5m, while the distance between treatment plots 

within a replication was 1m. Each treatment was 

mixed with 120ml of clean water and poured in to 

a knapsack sprayer and sprayed on the soil of its 

corresponding plots. A specific plot application 

was worked out based on the manufacturer’s 

recommendations.                                                                            

Soil Sample Size and Sampling Technique: 
Four composite soil samples were taken at 0-15 

cm depth from the experimental field before the 

application of gramoxone to determine the 

physicochemical properties of the soil. Another 

set of four composite soil samples were collected 

thirty days after treatment application for the 

assessment of the effects of gramoxone herbicide 

on soil properties, germination, and growth of 

okra. Planting was done using okra (safa) seed 

after land preparation. It was planted at a spacing 

of 50 cm x 50 cm with two seeds per plant. 

Data Collection and Analysis: Six plants were 

randomly tagged with an experimental unit for 

data collection (germination and growth). Data 

collected were subjected to analysis of variances 

(ANOVA), while the Least Squares Difference 

(LSD) was at 5% significance level. 
 

Growth Parameters: - Germination 

Percentage (%): The conventional germination 

percentage was determined at DAY 4 TO DAY 6 

after planting and calculated as the number of  

germinated stands over the total number of plant 

stands in the experimental unit and expressed in 

percentage.  

Plant Height (cm): The plant height was 

measured weekly. Measurement was taken from 

the soil level to the terminal of each tagged plant 

using a graduated pole. 

Leaf Number: The numbers of leaves were 

determined by counting all the functional leaves 

per plant weekly.  

Leaf Area: The leaf area was determined using 

measuring the length and multiplying it by the 

width of all the leaves of the tagged plant. 

Laboratory Analysis:- Physicochemical 

Analysis: The four composite soil samples 

collected for physicochemical analysis were air-

dried, crushed and passed through a 2mm-mesh 

sieve before they were subjected to laboratory 

analysis. The following physicochemical 
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properties were determined; soil pH, soil organic 

matter, total nitrogen, available phosphorus, 

exchangeable bases (Ca, Mg, K and Na), 

exchangeable acidity, effective cation exchange 

(ECEC) and base saturation using established 

protocols as highlighted by (Udoh et al., 2009) 

thus: Soil pH was determined by using digital 

electronic pH meter in water suspension of 1:2.5 

soil: water ratio. Organic matter content was 

determined by Walkley and Black wet oxidation 

method (Nelson and Sommers, 1996). Total 

nitrogen was determined by the Macro-Kjeldahl 

digestion and distillation method. Available 

phosphorus was determined by the Bray P-I 

extraction method and its concentration in the 

extraction was determined by the Blue colour 

method (Murphy and Riley, 

1962).).Exchangeable cations (Ca, Mg, Na and 

K) were determined by IMNH4OAC extraction 

using EDTA titration method. Na and K were 

obtained using aflame photometer, while Mg and 

Ca were obtained using atomic absorption 

spectrophotometer (AAS). Particle size 

distribution was determined by the Bouyoucos 

hydrometer method after dispensing the soil 

sample with sodium hexametaphosphate (calgon) 

solution (Klute, 1986). Electrical conductivity 

was determined in a 1:2.5 soil: water extraction 

using a conductivity meter. Exchangeable acidity 

was determined by the KCl extraction method as 

outlined by (Agbede, 2017). Effective cation 

exchange capacity (ECEC) was determined by 

summing up the total exchangeable bases (TEB) 

and exchangeable acidity (EA). Base saturation 

was determined using the relationship BS = 

100TEB/ECEC.  
 

Results and Discussion: 

The Physicochemical Properties: The status of 

the physiochemical properties of the soil before 

application of gramoxone herbicides is presented 

in Table1. The ratio of sand, silt and clay in the 

experimental soil were 72.84%, 8.74%, and 

18.42% and the texture was loamy sand. Sand 

fraction was the dominant mechanical particle 

followed by silt and clay. The pH of the soil was 

strongly acidic (5.35). This is in line with the 

report of (Ekong and Uduak, 2015), who reported 

that the pH value of the soil of the arearanges 

from 5.20 to 5.40; signifying that it was strongly 

acidic. Available phosphorus was sufficiently 

(28.45) higher than the critical level of 12-

15mg/Kg established by (FAO, 1976). The 

content of EC in the soil was 0.27ds/m. This was 

below the optimum value range of 0.6-1.8 

established by (FAO, 1976) and used by (Gong, 

2022). Total Nitrogen was low with the mean 

value 0.12g/Kg, which is lower than the critical 

limits of 1.5g/Kg (Ichikogu, 2011). Organic 

matter content falls within < 20g/kg and high 

within > 30g/kg proposed by (Aduayi et al. 

2002). The order of abundance and bio-available 

of exchangeable bases for the soil was Ca > Mg 

> K > Na. The Ca content (2.88Cmol/kg) was 

lower than the 4Cmol/kg considered by (FAO, 

197) as the critical value for fertile soil. The 

exchangeable Mg content (1.20Cmol/kg) in the 

soil was higher than 0.50Cmol/kg considered by 

(FAO, 1976) as the above critical value for fertile 

soil. The exchangeable K (0.50Cmol/kg) was 

high, and Na (0.08Cmol/kg) was below the 

critical level of 0.2Cmol/kg as reported by 

(Chude et al.., 2011) for soil of the humid tropical 

zone. The effective cation exchange capacity 

(ECEC) was 11.48Cmol/kg. This value was 

below the critical value 20Cmol/kg regarded by 

FAO (1976),to be favourable for crop production. 

The percentage base content in the soil was 

46.40%, which also was below the critical limit 

of 50% for fertile soils.Soil texture:The mean 

sand fraction of the control plot was 82.49%, 

while the mean sand fraction of the plot applied 

with 3L/ha of gramoxone concentration was 

72.84%. Plot applied with 4L/ha was 84.18% 

while plot applied with 5L/ha of gramoxone 

concentration was 78.78% (Tab.2). The plot 

applied with 4L of gramaxone per hectare (ha) 

was significantly difference (p < 0.05) in mean 

sand fraction than the controlled plot and those 

plots treated with 3L/ha and 5L/ha of gramoxone 

concentrations. The mean silt fraction of the 

controlled plot was 7.53%, while that of the plot 

applied with 3L/ha of gramoxone concentration 

was 8.74%. The plot applied with 4L/ha of 

gramoxone was 9.24% and that applied with 

5L/ha of gramoxone concentration was 7.20%. 

There were no major differences among the 

treatments. The plot applied with 4L/ha of 

gramoxone was statistically higher in mean silt 

fraction than all other plots, including the control. 

The mean clay fraction of the control plot was 

9.98%, the average clay fraction of the plot 

applied with 3L/ha of gramoxone concentration 

was18.42%, while the plot applied with 4L/ha 

was 10.34%, with the plot applied with 5L/ha of 

gramoxone concentration being 14.02%. The plot 

treated with 3L/ha was significantly difference (p 

< 0.05) in mean clay fraction than those plots 

treated with 4L/ha and 5L/ha of gramoxone 
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concentrations including the control plot which 

had the maximum statistical value (Tab.2; Fig.1). 

The high silt and clay fractions of plots treated 

with 3 and 4L/ha of gramoxone herbicide could 

decrease the mobility of the particles in the soil 

(Hicks, 1990; Udoumoh et al., 2019), this could 

be ascribed to the surface area of silt and clay that 

enhances the binding of the herbicide to the soil 

Effect Gramoxone Herbicide Applications on 

the Plant Height The application of the 

gramoxone herbicide increased the plant height 

of okra without any adverse effect relative to the 

control. At 2WAP, the highest plant height was 

recorded on the plot treated with 3L/ha (7.00) 

than the other plots, including the control. There 

was no significant difference (p < 0.05) between 

3L/ha (7.00), 4L/ha (6.89) and 5L/ha (6.89), 

while the control (0L/ha) was the least significant 

(4.44). At 3WAP, the highest plant height was 

recorded on the plot treated with 3L/ha (7.8.67a). 

The same performance was recorded for week 4, 

5, 6, and 7 respectively as 10.44a, 11.83a, 12.33a 

and 14.11a (Tab.3). 

Soil pH: The mean soil pH of the control was 

5.35, that of 3L/ha of gramoxone concentration 

was 5.40; that of 4L/ha was 5.25, while plot 

applied with 5L/ha was 5.28. There were no 

significant differences (p < 0.05) among the 

treatment plots. The plot applied with 3L/ha of 

gramoxone was statistically higher in mean soil 

pH than all other plots including control (Tab.4). 

The slightly higher soil pH in soil treated with 

3L/ha of gramoxone herbicide could be attributed 

to the rapid degradation of 3L/ha and an 

improved base content of the soil (Topp 2017). 

Electrical conductivity (EC): Soil electrical 

conductivity is a measure of the capability of the 

soil water to transmit electricity (USDA-NRCS, 

2014). The average electrical conductivity (EC) 

of the control plot was 0.27dsm-1, of the plot 

applied with 3L/ha was 0.29dSm-1, that of the plot 

applied with 4L/ha was 0.18dSm-1, while the plot 

applied with 5L/ha was 0.19dSm-1. There were no 

significant differences (p < 0.05) among plots; 

with 3L/ha plot had statistically higher mean soil 

electrical conductivity than all other plots, 

including the control. The high electrical 

conductivity of the plot with 3L/ha of gramoxone 

herbicide, which in turn adds soluble nutrients to 

the soil, thereby enhancing electrical conductivity 

(Thom et al., 1997). According to Gong (2022), 

EC is a measure of soil salt content that affects 

the growth performance of plants through 

interference with soil processes as observed in 

this study.  

Organic carbon: The mean soil organic carbon 

content of the control was 2.78g/kg, that of the 

plot with 3L/ha was 1.56g/kg, plot applied with 

4L/ha was 3.25g/kg, while plot applied with 

5L/ha was 2.11g/kg (Tab.4). There were 

significant differences (p < 0.05) between the 

mean treatments and the plot applied with 4L/ha 

was significantly higher in mean soil organic 

carbon content than all other plots including the 

control. The plot treated with 3L/ha of 

gramoxone had the least organic carbon 

compared to the others. This could be attributed 

to the rapid biodegradation of 3L/ha, resulting in 

the release of C and N into the soil for 

microorganism usage. This, according to Thom et 

al., (1997), enhances the rate of organic matter 

decomposition.  

Total N: The mean soil total N content of the 

control was 0.12g/kg; that of the plot applied with 

3L/ha was 0.07g/kg. Plot applied with 4L/ha was 

0.14g/kg, while plot applied with 5L/ha was 

0.12g/kg. There were significant differences (p < 

0.05) among treatments. The plot applied with 

4L/ha of gramoxone was significantly higher in 

mean soil total N content than all other plots, 

together with the control (Tab.4). This could be 

ascribed to the biodegradation of the herbicide 

and eventual release of N, which is a component 

of gramoxone (Thom et al., 1997). This, however, 

was in disparity with the report of Tudararo-

Aharobo and Ataikirul (2020), which reported 

that herbicides do not affect the nitrate content of 

the soil.  

Available Phosphorus (P): The mean available 

P of the control was 28.45mg/kg, while that with 

3L/ha was 36.02mg/kg, the plot applied with 

4L/ha was 38.11mg/kg while plot applied with 

5L/ha was 35.80mg/kg. There were significant 

differences (p < 0.05) between treatments. The 

plot applied with 4L/ha was significantly higher 

in mean available P content than all other plots, 

together with the control. This could be ascribed 

to biodegradation of the herbicide and eventual 

release of N, which according to Thom et al., 

(1997), enhances soil biomass.  

Exchangeable bases; Exchangeable Calcium 

(Ca): The mean exchangeable Ca of control (0) 

was 2.88Cmol/kg, while that of 3L/ha was 

2.52cmol/kg. Plot applied with 4L/ha was 

2.60Cmol/kg, while plot applied with 5L/ha was 

2.80Cmol/kg. There were no significant 

differences (p < 0.05) among treatments. The 
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exchangeable Ca content of the control plot was 

significantly higher than all other plots. This was 

not unconnected with the interaction of 

herbicides with SOM, which reduces the 

absorption rate of the chemicals in the soil 

(Gender, 2012).  

Exchangeable Magnesium (Mg): The mean 

exchangeable Mg of control was 1.20Cmol/kg, 

that of 3L/ha was 0.94cmol/kg, and plot applied 

with 4L/ha was 1.10Cmol/kg, while plot applied 

with 5L/ha was 1.60Cmol/kg (Tab.4). There were 

significant differences (p < 0.05) among 

treatment. The plot applied with 4L/ha was 

significantly higher in mean exchangeable Mg 

content than all other plots, including the control. 

This agreed with the report of Sebiomo and Banjo 

(2020).), that exchangeable cations declined in 

gramoxone treated plots.  

 

Exchangeable Sodium (Na): The mean 

exchangeable Na of control was 0.23Cmol/kg, 

while mean exchangeable Mg of plot applied 

with 3L/ha was 0.15cmol/kg; plot applied with 

4L/ha was 0.22Cmol/kg, while plot applied with 

5L/ha of was 0.19Cmol/kg (Tab.4). There were 

significant differences (p < 0.05) among the 

treatments while the plot applied with 3L/ha was 

significantly like that of 0L/ha compare to 4L/ha 

and 5L/ha plots (Hicks et al., 2012).  
 

Exchangeable Potassium (K): The mean 

exchangeable K of the control was 0.50Cmol/kg; 

that of 3L/ha was 0.38Cmol/kg, the plot applied 

with 4L/ha was 0.22Cmol/kg, while the  plot 

applied with 5L/ha was 0.12Cmol/kg. There were 

no significant differences (p < 0.05) among 

treatments. The control plot was significantly 

higher in mean exchangeable K content than all 

other plots. The low exchangeable Ca and K of 

plots treated with gramoxone herbicide could be 

ascribed to the speedy biodegradation of the 

herbicides, which gives rise to the release of C 

and N into the soil for microorganisms' usage. 

This resulted in a speedy rate of organic after 

decomposition, resulting in low contents of Ca 

and Mg in soil (Thom et al., 1997).  
 

Exchangeable Acidity: The mean exchangeable 

acidity of the control was 6.57Cmol/kg, that of 

3L/ha was 5.29Cmol/kg. Plot applied with 4L/ha 

was 5.84Cmol/kg, while plot applied with 5L/ha 

was 5.40Cmol/kg. There were no significant 

differences (p < 0.05) among the treatments. The 

control plot was significantly higher in mean 

exchangeable acidity content than all other plots. 

This implies that plots treated with gramoxone 

herbicide have low potential acidity as reported 

by (Thom et al., 1997). 

 

Effective Cation Exchange Capacity (ECEC): 

The mean ECEC of the control was 

11.48Cmol/kg and that of 3L/ha was 

7.70Cmol/kg. Plot applied with 4L/ha was 

9.98Cmol/kg, while plot applied with 5L/ha was 

10.14Cmol/kg. There were significant 

differences (p < 0.05) among treatments, while 

the control plot had significantly higher mean 

ECEC content than all other plots. This could be 

due to the binding of the herbicide to the 

exchange sites, which reduces the available sites 

for cations (Gold et al., 1996).  

Base Saturation: The mean base saturation of 

the control was 46.40% and that of 3L/ha was 

41.33%. The plot with 4L/ha was 41.50% while 

that of 5L/ha was 46.70%. There was no 

significant difference (p < 0.05) among 

treatments. The plot applied with 5L/ha was 

significantly higher (p < 0.05) in mean base 

saturation than all other plots, including the 

control. This could be attributed to the rapid 

degradation of 3L/ha of gramoxone herbicide 

(Thom et al., 1997), which in turn is based on the 

soil particles. 
 

Effect of Application of Herbicide on the Soil 

and Germination Percentage of Okra The 

percentage emergence/germination of okra had 

no significant difference (p ≤ 0.05) between the 

different rates of gramoxone herbicide 

application. At Day 4, the highest statistical 

percentage of emergence/germination (PEG) was 

recorded for the seed show non soil treated with 

3L/ha (44.33%). There were no significant 

differences between 3L/ha (44.33%), 4L/ha 

(37.00%), 0L/ha control (29.6%), and 5L/ha was 

the least significant (22.00%). At Day 5, the 

highest significant percentage 

emergence/germination (PEG) was recorded at 

seed sown on soil treated with 3L/ha (70.33%). 

There were significant differences between the 

various treatments. At Day 6, the highest 

statistical percentage of emergence/germination 

(PEG) was also recorded at seeds sown on soil 

treated with 3L/ha (89.00%). There were 

significant differences between 3L/ha (89.00%), 

4L/ha (78.00%), 5L/ha control (77.67%) and 

control (0L/ha) were with the least significant 

(67.00%) (Tab.5, Fig.1). This could be attributed 

to the rapid degradation of 3L/ha of gramoxone 

herbicide which sequentially bases to the soil by 

binding the herbicide to the exchange sites, 
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thereby reducing the available sites for cation and 

sequentially add soluble salts to the soil; thus, 
enhancing electrical conductivity (Thom et al., 

1997). This implies that for optimum percentage 

germination, it is not needed to apply beyond 3L/ha 

in the okra farm. The application of gramoxone 

herbicide increased the plant height of okra without 

any adverse effect relative to the control. At 2WAP, 

the highest plant height was recorded on the plot 

treated with 3L/ha (7.00). There was no significant 

difference between the treatments (p < 0.05) 

between 3L/ha (7.00), 4L/ha (6.89), and 5L/ha 

(6.89), except that the control (4.44) was 

significantly different. At 3WAP, the highest plant 

height was recorded on the plot treated with 3L/ha 

(8.67). There were significant differences (p < 0.05) 

between 3L/ha (8.67), 4L/ha (8.56), 5L/ha (7.73), 

and the control (6.16) was the least significant 

value. At 4WAP, the highest plant height was 

recorded on the plot treated with 3L/ha (10.44). 

There were significant differences (p < 0.05) 

between 3L/ha (10.44), 4L/ha (9.50), 5L/ha (9.45), 

and the control, which was the least significant 

(7.44). At 5WAP, the highest height was recorded 

on the plot treated with 3L/ ha (11.83). There were 

significant differences (p < 0.05) between 3L/ha 

(11.83), 5L/ha (10.50), 4L/ha (10.22), and the 

control, which has the least significant value (8.22). 

At 6WAP, the highest plant height was recorded on 

the plot treated with 3L/ha (12.33) than the other 

plots, including control, showing a significant 

difference (p<0.05) of 5L/ha (11.50), 4L/ha (10.94), 

and the control (8.99). At 7WAP, the highest plant 

height was recorded on the plot treated with3L/ha 

(14.11) with a significant difference (p < 0.05) with 

the rest (Tab.6; Fig.3) (5L/ha (13.11), 4L/ha (12.56), 

and the control (10.56)). This could be attributed to 

the rapid biodegradation of 3L/ha, giving rises to 

the release of C and N into the soil for micro-

organisms 'usage, resulting in a rapid rate of organic 

matter decomposition (Thom et al., 1997). Besides 

the rapid degradation of 3L/ha, which improves the 

base content of the soil by enhancing the binding of 

the herbicide to the soil particles, which diminishes 

the particles 'mobility (Hicks et al., 1990).The 

application of gramoxone herbicide increased the 

number of leaves of the okra without any adverse 

effect relative to the control. At 2WAP, the highest 

number of leaves were recorded on the plot treated 

with 3L/ha (5.10) and 4L/ha (3.00) where there 

were statistically and significantly the same as with 

the other plot including control (Tab.7, fig.4). There 

was no significant difference (p < 0.05) between 

3L/ha (3.00), 4L/ha (3.00), 5L/ha (2.55) and the 

control (0L/ha) were with the least significant 

(2.14). At 3WAP, the highest number of leaves was 

recorded on the plot treated with 3L/ha (3.89), 

followed by 4L/ha (3.11), 5L/ha (2.88), and the 

control (0L/ha), was with the least significant 

(2.44). There were no significant differences (p < 

0.05) among treatments. At 4WAP, the highest 

number of leaves was recorded on the plot treated 

with 3L/ha (3.89) and 4L/ha (3.89), where they 

were statistically and significantly the same as in the 

other plot, including the control. There was no 

significant difference (p < 0.05) between 3L/ha 

(3.89), 4L/ha (3.89), 5L/ha (3.77), and the control 

(0L/ha) was the least significant (3.44). At 5WAP, 

the highest number of leaves was the same (4.11) 

among the treatment excerpt the control (3.56). At 

6WAP, the highest number of leaves were recorded 

on the plot treated with 3L/ha (4.33) than the other 

plots including without any significant differences 

(p < 0.05) between them (3L/ha (4.33), 4L/ha 

(4.01), 5L/ha (4.22) and the control (4.00). At 

7WAP, the highest number of leaves were recorded 

on the plot treated with 5L/ha, 4.99) higher than the 

other plots including the control. There were no 

significant differences (p < 0.05) between 5L/ha 

(4.99), 3L/ha (4.78), 4L/ha (4.33) and the control 

(0L/ha) were with the least significant (4.30) 

(Tab.7; fig.5). This could be attributed to 

biodegradation of the gramoxone herbicide and 

eventual release of N which improves the soil 

biomass which is the component of gramoxone 

herbicide to the soil (Hicks et al., 1990). 
 

Table 1: Physicochemical Properties of the Soil 

before Application of Gramoxone Herbicides 
Soil Parameters Values 

Soil depth(cm) 0-15 

Sand (%) 82.49 

Silt(%) 7.53 

Clay(%) 9.98 

Soil pH 5.35 

EC(ds/m) 0.27 

OM(g/Kg) 4.81 

TN(g/Kg) 0.12 

NaCl(mg/Kg) 28.45 

Ca(cmol/Kg) 2.88 

Mg(cmol/Kg) 1.20 

K(cmol/Kg) 0.50 

Na(cmol/Kg) 0.23 

EA(cmol/Kg) 6.57 

ECEC(cmol/Kg) 11.48 

BS% 46.40 
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Table 2:The effects of Gramoxone herbicide on soil physical properties 

Treatment/rates of Gramoxone herbicide SAND SILT CLAY 

Trt1 (control 0L/ha)  82.49ab 7.53a    9.98c 

Trt2 (3L/ha) 72.84b 8.741 8.42a 

Trt3 (4L/ha) 84.18a 9.24a  10.34c 

Trt4 (5L/ha) 78.78ab 7.20a   14.02b 

LSD (p<0.05) 0.26 0.10 1.00 

a,b,c,ab; means on the same row with different superscripts are significantly different (p>0.05) 

 

Table 3: Effect of Gramoxone Herbicide Applications on the plant height 

ROGH 2WAP 3WAP 4WAP 5WAP 6WA 7WAP 

0L/ha 4.44a 6.16a 7.44a 8.22a 8.99a 10.50a 

3L/ha 7.00a 8.67a 10.44a 11.83a 12.33a 14.11a 

4L/ha 6.89a 7.78a 9.45 10.22a 10.94a 12.56a 

5L/ha 6.89a 7.78a 9.45a 10.50a 11.50a 13.11a 

LSD (p≤ 0.05) 0.419 0.310 0.283 0.211 0.26 0.273 

a,b,c,ab;Means on the same row followed by different superscripts are significantly (p<0.05) different. 

LSD=least significant difference. WAP = week after applicationROGH = Rates of Gramoxone herbicide 

application 

 

Table 4: The effects of Gramoxone herbicide on Soil Chemical Properties 

Parameters        0L/ha 3L/ha 4L/ha 5L/ha sig 

SoilpH 5.35a 5.4a 5.25a 5.28a 0.59 

EC(g/kg) 0.27a 0.29a 0.18a 0.19a 0.18 

Org.Carbon(g/kg)   2.78c 1.56b 3.25a 2.11bc                        0.29 

TotalN(g/kg)          0.12ab 0.07b 0.14a 0.12ab 0.38 

Org. matter (g/kg)   4.81b 2.69d 5.62a 3.62c 1.00 

Available P (mg/kg)  28.45b 36.02c                    38.11a 35.80c 1.00 

K(Cmol/kg) 0.50a 0.38a 0.22a 0.15a 0.11 

Ca (Cmol/kg) 2.88a                2.52a 2.60a    2.80a  0.44 

Mg (Cmol/kg)        1.20b 0.94b 1.10b 1.60a 1.00 

Na (Cmol/kg) 0.23b 0.15a 0.22b 0.19ab 0.11 

EA( Cmol/kg) 6.57a 5.29a 5.84a 5.40a 0.89 

ECEC (Cmol/kg)  11.48a  7.70b 9.98b 10.14b                     1.00 

Base Saturation (%)  46.40a  41.33a 41.50a 46.70a  0.53 

a,b,c,ab;Means on the same row followed by different superscripts are significantly (p<0.05) different. 

LSD=least significant difference. 

 

Table5: Okra Emergence Percentage Influenced By Gramoxone Herbicide Application 

Herbicide Application  Rates (L/ha)(%) PGD6 (%) PGD4  PGD5  

0L/ha 29.60a 29.67a 67.00a 

3L/ha 44.33a 70.33a 89.00a 

4L/ha 37.00a 33.33a 78.00a 

5L/ha 22.00a 55.33a 77.67a 

LSD (p≤ 0.05) 0.404 0.198 0.257a 

a,b,c,ab; Means on the same row followed by different superscripts are significantly (p<0.05) different, 

and those with the same are not significant. LSD=least significant difference, PGD1 mean percentage 

germination day 4, PGD2 means percentage germination day 5, PGD3 means percentage germination 

day  
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Table 6: Effect of Gramoxone Herbicide Applications on the Plant Height 

ROGH 2WAP 3WAP 4WAP 5WAP  6WAP  7WAP 

0L/ha 4.44a 6.16a 7.44a 8.22a 8.99a 10.50a 

3L/ha 7.00a 8.67a 10.44a 11.83a 12.33a 14.11a 

4L/ha 6.89a 7.78a 9.45a 0.22a 10.94a 12.56a 

5L/ha 6.89a 7.78a 9.45a 10.50 11.50 13.11 

LSD 0.419 0.310 0.283 0.211 0.268 0.273 

a,b,c,ab; Means on the same row followed by different superscripts are significantly (p<0.05) 

different.LSD=least significant difference, WAP = week after application, ROGH =Rates of Gramoxone 

herbicide application 

 

Table7:Effect of Gramoxone Herbicide Applications on the number of leaf 

ROGH 2WAP 3WAP 4WAP 5WAP 6WAP 7WAP 

0L/ha 2.14a    2.44a   3.44a 3.56a    4.00a 4.33a 

3L/ha 3.00a 3.22a 3.89a 4.11a   4.33a 4.78a 

4L/ha 3.00a 3.11a   3.89a 4.11a 4.01a 4.33a 

5L/ha 2.55a   2.88a  3.77a 4.11a 4.22a 4.99a 

LSD(p≤.0.05) 0.215  0.192 0.452 0.340 0.450    0.272 

a,b,c,ab; Means on the same row followed by different superscripts are significantly (p<0.05) different. 

LSD=least significant difference WAP=week after application ROGH=Rates of Gramoxone herbicides 

application. 

 

 

Figure 1: Percentage Germination of Okra 

 

Figure 2: Leaf Area 
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Fig3: Effect of Gramoxone Herbicide Applications on the Plant Height 

 

 

Figure 4: Effect of Gramoxone Herbicide Applications on the number of leaves 

 
Conclusion:  

The interactions between various rates of 

gramoxone herbicide applications to soil 

properties were significantly different from 

environmental indicators in the study area. The 

outcome ofthe experiment revealed that 

gramoxone herbicide at 3L/ha application gives 

more numbers of leaves at 2WAP, 3WAP, 4WAP, 

5WAP, 6WAP and 7WAP compared to other rates. 

At this level of application, Gramoxone enhances 

rapid germination and increases plant height 

compared to the other levels of treatment. The 

interactive effect between okra and gramoxonein 

germination, number of leaves, and plant height 

parameters evaluated was significantly different, 

placing the use of it in an advantageous condition 

over the control (testcrop). Consequently, this 

study suggests the use of gramoxone herbicide 

should be encouraged among the locals in weed 

management; nevertheless, it should be used at 

the optimum rates of 3L/ha to suppress weed 
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development and encourage seed germination 

and sustainable vegetable production in the area. 
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