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Abstract 

 Research was conducted to study the response of okra Abelmoschus esculentus to plant 

population and pre-emergence herbicide at Biu and Hawul, local government area in Borno 

state, Nigeria during the 2024 rainy season. The treatments consisted of four plant populations 

(30,000, 50,000, 100,000, and 150,000 plant per hectare), factorially combined with three rates 

of (metolachlor 1.0, 1.5 and 2.0kgai/ha, hoe weeded check at 3 and 6 weeks after sowing and un 

weeded check). The results showed that at both Biu and Hawul, yield per hectare were 

significantly affected by weed management strategies with hoe weeding and 2.0kgai/ha 

producing the highest means. Plant population recorded significant yield per hectare with 30,000 

per hectare giving the highest yield per plant while 50,000 plant per hectare gave the highest 

yield per hectare. The interaction between weed management strategies and population was 

significant on fruit yield per hectare and weed control efficiency. However, hoe weeding and 

50,000 plant per hectare gave the highest means of fruits yield. Thus, it is suggested that farmers 

should adopt these agronomic practices of using 50,000 plants per hectare and use of hoe 

weeding or application of metolachlor 2.0kgai/ha for increased Okra yield in the Sudan 

Savannah ecological zone of Nigeria. 

 

 Sponsored by  

          TETFUND.                                                                       
Introductions  

Okra (Abelmoschus esculentus (L) moench) member of the family malvaceae is a 

tropical annual crop, native of Africa (Janicks, 2009). It is a warm season crop grown 
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throughout the tropics and warmer parts of the temperate zones. It is widely cultivated 

vegetable and can be found in almost every market in Africa (Schipper, 2014). It is 

widely grown in Nigeria for its tender fresh pods which are highly used in soup making. 

The cultivation of Okra in West African countries is at a subsistence level, 

usually as an intercrop among the main carbohydrates staples and other vegetables or 

sometimes it is grown as a backyard garden crop. An increase in its current production 

level could increase that country’s foreign exchange earnings through Okra export 

(Adetula and Denton, 2003). 

Adelana (2008) observed that the yield of Okra in Nigeria is very low due to 

diseases and poor management. Harper (2010) reported that examination of intra – 

specific competition in crop plants is the study of the effect of plant population, and a 

proficient use of resources could be made if the optimum plant population is established. 

Several workers have reported that growth and yield of Okra is greatly influenced by 

plant population. (Talukder et al., 2003 and Manga and Mohammed, 2006). 

Recent findings have shown that Okra can be used for various purposes. The 

immature pods are commonly as fresh vegetables in soups and stews or they may be 

sliced and dried for use during the off – season. The pods are rich in vitamins A and C. 

the leaves, buds and flowers are edible Martin (2018). Martin and Rubert (2019). Have 

stimulated interest in okra as a seed crop that yields protein (21%) and (oil 20%) okra 

seeds are also used for formulating animal feed. The fibre of the okra plants have been 

reported as a good raw material for making paper (martin, 2012). The stem can also be 

used as cooking fuel when dried, or as a stacking support for climbing cowpeas (Wilson 

and Mehta, 2007). 

In spite of the multi – purpose used of okra it has not been given the attention it 

deserves in research for increased yield. In Nigeria, the crop is grown without much 
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regard to its cultural requirement. It is grown haphazardly in the field with other crops 

without regards to spacing and competition effect on the growth and ultimate yield of the 

crop (Manga and Mohammed, 2006). Because okra has always been cultivated as an 

inter – crop among yams, maize or other vegetables in most Nigerian farms, no special 

effort has been made to determine the effect of population density and the use of 

different rate of herbicides on the crops growth and yield. In view of the increased 

importance of the crop in the Nigerian society, it has became increasingly important to 

determine the best population density and the best herbicide rate to grow the crop to 

maximize its yield so as to meet the increasing demand for crop without necessarily 

increasing the cost of production. 

In Nigeria, despite the economic nutritional importance of okra for both human 

and livestock, production levels are far inadequate compared to the ever growing 

demand for the various consumable parts of the crop. This problem might be because of 

the little attention paid to the optimum plant population per hectare Harper (2010) and 

crop life – cycle Ranison (2009), yield loss in okra production due to uncontrolled weed 

growth ranges from 40 to 60. The use of cultural weed control method in alleviating this 

problem of weed infestation is inadequate to cope with large scale production; therefore, 

chemical weed control becomes indispensable under large scale production, Akobudu 

(2017). 

An increase in its current production level could increase the country’s foreign 

exchange earnings through okra export (Adetula and Denton, 2003) 

The growing population of Nigeria is an important challenge for the country to step up 

exploitation of crops like okra that could boost farmer’s income and increases the country’s 

foreign exchange earnings through okra export. 
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This could be achieved by establishing the appropriate plant population per hectare and using 

weed control method with less drudgery and cost effectiveness. (Abayomi Y.O, 2008). 

   The objective of the study: 

To determine the optimum plant population and suitable weed management strategy to be 

adopted in order to achieve maximum yield per unit area of land. 

  Plant Population  

Willey (2007) defined plant population as the number of plants per unit area available to the 

individual plants. Total plant population for intercrop may be higher than for sole crops and are 

likely to give yield advantages if undue competition for the growth resources by combine crops 

does not exist. 

Studies have shown that the relationship of density to the yield of grain is depicted by a 

curve rising to a maximum and then showing a slow decline at higher densities. This has been 

found to apply to seed of wheat, corn, soya bean, etc. (Donald, 1963). At low density where 

inter – plant competition is usually minimal, yield increases directly proportional to increase in 

plant density. As plant population so also completion for growth factors until it reaches a 

constant and then dropped. A highest population density competition becomes more and more 

intense until growth was completely arrested, hence yields drops. 

Manga and Mohammed (2006) showed plant population significantly affected plant, 

number of leaves per plant and number of fruits per plant, but there was no effect on number of 

branches per plant and fruit weights. However, increasing plant population increased yield up to 

50,000 plants/ha. 

Some workers were of the view that maximum yield might be achieved by exploiting the 

sunlight through intercepting the major parts of it when it hits the earth’s surface, Donald (2006) 

suggested that any cultural practices that maximizes the leaf area index of a crop per unit area of 
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land under optimum environmental conditions maximizes photosynthetic efficiency and hence 

increases yield. 

Recent investigations tend to suggest that crop yield could be obtained through increased 

plant population or through closer plant spacing. The number of plant required per unit area to 

achieve maximum yield will depend on the nature of the crop and on its environment (Arnon, 

2002). If the number of plants is too few, the production potential per unit area of land will not  

be fully expressed; on the other hand , if the number is too large, excessive plant competition for 

production factors, namely water, nutrients, light and carbon dioxide might reduced the overall 

productivity of the crop. 

Donald (2006) observed that maximum exploitation of the factors needed for growth is 

achieved only when the plant population exercises maximum pressure on all the factors of 

production. 

It has been established that light is fundamental to crop growth and yield because of its 

role in photosynthesis. Williams and Joseph (2009) reported that about 90% or more of the dried 

weight of crop is as a result of photosynthesis, with only 10% or less of the dry matter being 

derived from the soil. Incoming solar energy is instantaneously available, hence it must be used 

immediately or it is lost. Since the dry matter production of a plant depends on its ability to 

make immediate use of the sunlight for manufacture of plant food. Arnon (2002) suggested two 

essentials ways of ensuring maximum interception of light by the canopy of a crop. These 

include improving the foliage pattern and by increasing the plant density. 

The main effect of plant density on yield according to Fritscher and Shaw (2007) is 

largely due to the differences in radiant energy distribution. They observed that closer or more 

uniform plant distribution should increase the proportion  of radiant is intercepted by the plants 

and reduced that reaching the soil as opposed to the wider row spacing that is less efficient in 

light interception. 
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Effects of Weed – Crop Association on Crop Production: 

It is estimated that about 1800 weeds caused serious economic losses in crop production, 

and about 300 of these weed species are responsible for the serious economic losses in 

cultivated crops throughout the world. 

The drudgery associated with weed control is related to hand weeding, which is 

unattractive particularly to the younger generation of Africans, because weeds limit the area of 

land that can be cultivated. 

Nature and Properties of the Herbicide Used (Metolachlor) 

Metolachlor is a common name of 2 – chloro – 2 – ethyl – N – (2 – methoxy – L – 

methyl ethyl) – 6 – methylacetamide, it is an acctamide compound used as selective pre – 

emergence herbicide, its trade name is dual, it is formulated as an emulsifiable concentrate 6BC, 

500BC and 780Ec and has a boiling point of 100oc, it’s solubility in water is 530ppm, the oral 

LD50 in rats is 2780mg/kg body weight (Nongu, 2008). Metolachlor is germination inhibitor and 

uptake is mainly through the coleoptiles making it particularly effective against grasses, thus it 

is used in mixture with other herbicides to give a broader spectrum of weed control, among the 

weeds controlled include Barnyard grass, goose grass, crab, panicum, foxtails, nut grass, pig 

weed, purse lane, chickweed, smart weed (Thompson, 2009), the crops in which it is being 

tested include corn, peanuts, potatoes, sorghum and soyabeans, the chemical structure is as 

follows:  

CH3

CH  - CH2 3

N

CH - CH  O - CH2 3

-

C - CH  CL
2

-
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Material and Methods 

Two field trials were conducted in the wet season of 2024 in Borno State: at two 

different locations. Location one was the college of education Waka – Biu (Latitude 10o 36’ 

40N, Longitude 12o 11’ 42E) in the northeast, extending into some localized volcanic areas, and 

rises to an elevation of forty to fifty meters above sea levels at its northern boundary and 

location two was at Hawul (Marama) village about thirty kilometers away from Biu, in Hawul 

local government Area, Borno State. (Latitude 10o 26’ 60N, Longitude 12o 13’ 60E) which 

ranges from 900 feet to 2900 feet above sea level as display on world map coordinates. 

The treatment consisted of four plant populations (30,000, 50,000, 100,000 and 150, 000 

plants per ha) and three rates of metolachlor, at 1.0, 1.5 and 2.0kgai/ha, hoe weeded cheek and 

unweeded cheek. The treatment were factorially combined and laid out in a randomized 

completely block design (RCBD) and replicated three times. 

The gross plot was 4.5 x 4.0m (18m2) and consisted of 6 ridges. The two inner ridges 

were the net plot which was 1.5 x 4.0m (6m2); while the two outer ridges were regarded as 

discard due to border row effect.  

The seeds were sown manually and spaced as follows: -  

a) 0.75m x 0.44m 

b) 0.75m x 0.27m  

c) 0.75 x 0.10m 

d) 0.75m x 0.09m 

The seeds (local variety) were sown when the rain established. Two (2) seeds per stand 

were sown manually per hole. The seedlings were later thinned to one plant per stand at two 

weeks after sowing (WAS). 

N.P.K (15:15:15) was applied at the rate of 350kg/ha-1 in single close per plot along the 

ridge, after land preparation. 
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Second application of inorganic fertilizer (Urea 46% N) was applied at 40 days after 

planting, when the first few buds were observed. 

Weeding was carried out three times at 3, 6, 9 WAS using hand hoes. Dichlorvos emulsifiable 

concentrate (100% w/w) was sprayed at rate of 1.2 liters per hectare every ten days to control 

pest. 

Harvesting was carried out when the fruits were matured and green on each net plot. 

Harvesting was spread over a number of weeks at 3 days interval using a sharp knife. 

 Grain Yield per Hectare 

The total fresh fruit weights in the net plot were calculated by yield in kilogram per hectare by 

multiplying the net plot by 1666.66. 

The data collected were subjected to analysis of variance (ANOVA) using ‘F’ test as 

describe by Snedecor and Cochran (1967). The treatment means was compared using Duncan’s 

multiple range test (Duncan, 1955). 

Results and Discussion 

Fruit yield per hectare 

Table 1 and 2 shows the fruits yield per hectare (kg/ha) of okra as influenced by weed 

management strategies and plant population at Biu and Hawul during 2024 rainy season 

respectively. The difference in fruit yield per hectare due to weed management strategies and 

plant population was significant. The fruit yield was significantly higher in hoe weeded plots, 

followed 2.0, 1.5, 1.0kgai/h of metolachlor and unweeded check which had the least. Plants 

population also significantly influenced the fruit yield. At 50,000 plants per hectare the fruit 

yield per hectare was significantly higher than all the other population levels, followed by 

50,000, 100,000 and 150,000 plants per hectare. Interaction of factors on fruits yield was not 

significant. 
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Table 1: Effect of weed management and plant population on fruits yield per hectare 

(kg/ha) of Okra at Biu, in 2024 wet season. 

Treatments Grain yield per hectare (kg/ha) 

  

Weed Management   

1.0(kgai/ha) 2555d 

1.5(kgai/ha) 4050c 

2.0(kgai/ha) 4881b 

Hoe weeding  5189a 

Unweeding  1758f 

SE± 143.4 

Plant population   

30,000 4658b 

50,000 4956a 

100,000 3593c 

150,000 1541d 

SE± 128.3 

Interaction   

H x P ** 

Means followed by the same letter (s) within a column not significant different at 5% level of 

probability using DMRT. ** = Highly significant. 

Table 2: Interaction between weed management and plant population on fruits yield per 

hectare (kg/ha) of Okra at Biu, 2024 wet season. 

Treatments  Plant population  (000) 
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 30 50 100 150 

weed management      

1.0(kgai/ha) 3174f 3358f 2578g 1110i 

1.5(kgai/ha) 5035cd 5185c 4389e 1590hi 

2.0(kgai/ha) 6455b 6703b 4515de 1852h 

Hoe weeding 6574b 7326a 4817c-e 2039gh 

Unweeded check 2049gh 2207gh 1664hi 1114i 

SE ±              286.8 

Means followed by the same letter (s) indicates that they are statistically similar at 5% level of 

probability. 

Table 3 and 4 shows the interaction between weed management strategies and plants 

population at Biu and Hawul during 2024 rainy season respectively, on fruit yield of Okra. At 

30,000 hoe weeded plot had significantly higher yield, followed by 2.0, and 1.5kgai/ha, which 

were at par. and 1.0 kgai/ha of metolachlor, while unweeded had significantly lower yield. At 

50,000 and 100,000 plants per hectare, hoe weeded plants significantly produced the highest yield 

followed by 2.0, 1.5 and 1.0 kgai/ha of metolachlor. While unweeded check produced the least 

fruits. At 150,000 plants per hectare, there was no significant difference in the fruits yield by all the 

weed management strategies. 

Table 3: Effect of weed management and plant population on fruit yield per hectare of (kg/ha) 

Okra at Hawul, in 2024 wet season. 

 

Treatments Fruit yield per hectare (kg/ha) 

Weed management   

1.0(kgai/ha) 2541d 

1.5(kgai/ha) 3494c 
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2.0(kgai/ha) 4053b 

Hoe weeding 4703a 

Unweeded check 1781e 

SE ± 88.2 

Plant population  

30,000 4237b 

50,000 4674a 

100,000 2554c 

150,000 1794d 

SE ± 78.9 

Interaction   

HXP NS 

Means followed by the same letter(s) within a column are not significantly different at 5% level 

of probability using DMRT.  

N.S = Not significant. 

Table 4: Interaction between weed management and plant population on grain yield per hectare 

(kg/ha) of Okra at Hawul, in 2024 wet season. 

Treatments  Plant population (000) 

 30 50 100 150 

Weed management      

1.0(kgai/ha) 3080d 3052d 2191ef 1841f 

1.5(kgai/ha) 4702c 4911c 2490e 1874f 

2.0(kgai/ha) 5011c 6268b 2993d 1943f 

Hoe weeding 6341b 7113a 3270d 2089f 

Unweeded check 2049f 2028f 1824f 1224f 
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SE ±           176.4 

Means followed by the same letter(s) indicates that they are statistically similar at 5% level of 

probability using DMRT. 

Similarly the higher number of fruit yield were observed in both hoe weeding and in the 

application of 2.0kgai/ha. This might be due to large leaf area which might have enhanced 

assimilates produced that might have been used for the production of both branches and fruit. 

Riaz et al. (2002). Also, hoe weeding and 2.0kgai/ha significantly produced higher leaf and 

branches, this enhanced greater light interception which in turn increased assimilates production 

that make-up the final yield. Similar observation were reported by Abdulrahman et al. (2007). 

Also, this observation was similar to that of Manga and Mohammed (2006). 

There was a significant differences in weed index. The value indicated that lowest weed 

population and weed index were recorded in hoe weeding and 2.0kgai/ha of metolachlor pre-

emergence application. Which were significantly superior from the rest of the treatments which 

recorded higher weed population. Saimbhi et al. (2014) also, reported the lowest dry weed 

weight with application of pendimethalin and fluchloralin. 

The interaction between weed management strategies and plant population on fruit yield 

were observed to be highly significant. The observed increases in the parameters listed above of 

okra due to HXP interactions were due to the complementary action between the two treatments.  

The reduction in weed competition with the plant coupled with the availability of 

nutrients and enough spaces were responsible for the high values recorded for these parameters. 

Lombin et al. (2014) reported that nutrients use efficiency might be increased through 

combination of reduced weed infestation and enough spacing. Manga and Mohammed (2006) 

reported well developed canopy besides the availability of nutrient in no weed infestation, may 

have resulted in fruits with good quality. At Biu and Hawul the combination of hoe weeding or 

2.0kgai/ha of metolachlor and 50,000 plants per hectare gave highest yield. 
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Summary, Conclusion and Recommendation 

Field trials were established to evaluate the response of Okra to plant population and pre-

emergence herbicide at Biu and Hawul, farms during the 2024 rainy season. 

The treatments comprised four populations (30,000, 50,000, 100,000 and 150,000 plant per 

hectare), and five rates of weed management at (1.0, 1.5, 2.0kgai/ha of metolachlor, hoe weeded 

and un-weeded check). The treatments were factorially combined and laid out in a randomized 

complete block design with three replications 

Result showed that at both Biu and Hawul, hoe weeding and 2.0kgai/ha of metolachlor 

gave the highest number of fruit weight per hectare. 

Low plant population (30,000 plants per hectare) at both Biu and Hawul, resulted in the highest 

fruit weight per hectare. While, higher plant population 150,000 and 100,000 plants per hectare 

resulted into lower fruit weight per hectare and weed control efficiency. 

Recommendation  

Hoe weeding and 2.0 kgai/ha of metolachlor at 50,000 plant per hectare produced the 

highest fruit yield. Thus, it is suggested that farmers should adopt these agronomic practice for 

increased okra production in the Sudan savannah ecological zone of Nigeria.  
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