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ABSTRACT 

A research was conducted at the Federal polytechnic Bauchi research farm to 

evaluate the effect of spacing on the growth and yield of maize (Zea mays L). 

Three different spacings were used in the experiment (75x20cm, 90x30cm and 

70x30cm) tagged T1,T2 and T3 respectively. The treatments were replicated four 

times in a Randomized Complete Block Design (RCBD). Results revealed that 

there was a significant effect between the treatments at  (P =5%) in plant height 

where T1 recorded the highest plant height(191.1cm) at 45 days after planting 

(DAP).Treatment one (T1) had an increased number of days to 50%  tasseling, 

silking and maturity ( 78,82, and 82 days) respectively. Leaf area was also 

recorded low(5732cm2 ) for T1 due to higher plant density which led to 

accelerated leaf senescence and increased shading of leaves that reduced the 

net assimilation of individual plants. T2 having the widest spacing produced 

significantly the highest weight of 39.3g for hundred seeds compared to lower 

values of 36.5g,37.5g for T1 and T3 respectively. However,T1 had the highest 

total grain yield (2416kgha-1).Therefore,T1 spacing is hereby found to be 

superior to other spacing. Further research can be undertaken  to reaffirm this 

conclusion. 
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Introduction 

Maize (Zea mays L.) is one of the most versatile crops having wider adaptability 

under varied  agro-climatic conditions and successful cultivation in diverse 

seasons and ecologies for various purposes. Globally, maize is known as 

“Queen” of cereals because it has the highest genetic yield potential among the 

cereals (Anonymous, 2011). Maize is an important grain crop of the world and 

it ranks 3rd  after wheat and rice on area basis and total production (FAOSTAT, 

2013). Maize is used in more ways than any other cereals. It is used as a human 

food, feed for livestock and industrial purposes. In Nigeria, maize is a major 

and staple food and one of the main sources of calorie in the major maize 

producing regions (Tolessa, et al, 2001). Maize is one of the most important 

crops in Nigeria. Considering its importance in terms of wide adaptation, total 

production and productivity, maize has been selected as one of the high priority 

crops to feed the increasing population of Nigeria. According to the food and 

agriculture organization, Nigeria’s maize production during the period rose 

from 7.1 million tons in 2016 to 7.8 million tons in 2017. Nigeria can double 

her current maize production of about 7 million tons to 14 million tons 

(FAOATAT, 2018).However, there are a number of biotic and abiotic factors 

that contributed to low productivity and variations of maize yield between 

regions or agro-ecological zones which can be attributed to various factors such 

as use of inappropriate agronomic practices (plant density, planting dates, water 

management, soil fertility management, limited use of inputs etc), drought, 

declining of soil fertility, insufficient technology generation, lack of credit 

facilities, poor seed quality, disease, insect, pests and weeds particularly, Striga 

(CIMMYT, 2014). Maize is more affected by variations in spacing than other 

members of the Poaceae family (Argenta, et al.,2011).  Liu, et al.,(2004) also 

reported that maize yield differs significantly under varying levels of spacing 

due to difference in genetic potential. Plant populations affect most growth 

parameters of maize even under optimal growth conditions and therefore it is 

considered a major factor determining the degree of competition between plants 

(Sangakkara, et al.,2004). Plant density affects yield by influencing yield 

components such as number of ears, number of kernels per ear, and kernel mass 

(Gobeze, et al.,2012). The ideal plant number per area depends on several 

factors such as water availability, soil fertility, maturity row spacing and spatial 

arrangement (Argenta et al., 2011). Under optimum water and nutrient supply, 

high plant density can result in an increased number of cobs per unit area, with 

eventual increase in grain yield (Gobeze, et al.,2012).Thus, to achieve profitable 

maize production, growers need to apply the most advanced management 

practices, including balanced soil fertility, adequate weed control, timely 

planting, optimum spacing and selection of maize varieties that can take 
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advantage of these practices (Shafi, et al.,2012). Unfortunately, there is no 

single recommendation for all conditions, because the optimum plant density 

varies depending on environmental factors such as soil fertility, moisture 

supply, genotype, planting date, planting pattern etc. The distance between 

rows, the distance between plants in a row, and the number of plants in a hill 

influence the number of yield per unit area. Increased yield of maize has been 

obtained in the tropics through the use of improved genotypes at closer spacing 

and use of fertilizers (Gobeze, et al.,2012). The distance between rows, the 

distance between plants in a row, and the number of plants in a hill influence 

the plants yield per unit area. In the study area maize spacing of 70 cm x 30 cm 

is recommended. (EARO, 2004) and has been used indiscriminately since long 

ago, without taking into account the numerous morphological differences that 

exist among maize varieties, the existent climatic differences and agronomic 

practices such as soil type, soil fertility, moisture status, expected yield, etc. and 

this resulted in a lower yield productivity of maize (1.45 tons ha1) in the area.  

It was assumed that decreased maize spacing can maximize yield per unit land 

area by increasing plant population density and nutrient uptake. Most of the 

maize producing farmers in the study area do not accept the national 

recommendation and they have been using narrower spacing even though there 

is no research base. Some of the farmers say the recommended national maize 

spacing is so wide that it does not give higher yield. Moreover, they claim that 

compromising the land shortage with higher plant population may result in more 

yields (Bhatt, 2012). Therefore, the growth, and productivity of maize is largely 

influenced by spacing and rate of N fertilizer application.Therefore, this 

experiment was conducted with the objectives of assessing the effect of spacing 

on maize growth and yield in Bauchi LGA, Bauchi State so as to determine an 

appropriate spacing that maximizes yield of maize in the study area.  

 

MATERIALS AND METHODS 

Study Area 

The research was carried out at the demonstration farm of Federal Polytechnic 

Bauchi, Nigeria in the 2021 rainy season. Bauchi is located between latitude 

9°501 and 10°40' A and longitude 9°30l and l0015'E with an altitude of 609.3m 

above sea level.  Two seasons and two vegetation zones exist in the state.  Rainy 

season (April to October) and dry season (November to March). The vegetation 

zones are Guinea Savannah in the Southern zone and Sudan savanna in 

Northern zone. The mean annual rainfall is not uniform as it decreases from 

1094mm to 800mm per annum as one moves from South to the North. 
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The experiment was carried out in a Randomized Complete Block Design 

(RCBD) with three replications. Seed beds were prepared manually and plots 

were marked out into 4m x 4m plots. Three different spacings were used.75cm 

x20 cm(T1), 90cm x 30(T2) and70cm x 30cm(T3). Each treatment was randomly 

assigned to the experimental plots. Two weeks after sowing seedlings were 

thinned to 2 per stand  

 Maize variety (FIDO 5) was purchased from an Agro – Allied store in Bauchi, 

and sown on the plots at 3 seeds per stand at a depth of 2.5 cm and later thinned 

to two plants per stand. Weeds were controlled through manual hoeing and 

subsequently by hand pulling whenever the need arise.  

Cypermethrin was applied at the rate of 5 L ha-1 a day after planting to control 

ants.  The following data were collected as follows:  

Stand count per plot was collected from the net plot area after thinning and at 

harvest. Plant height (cm) was measured as the height from the soil surface to 

the base of the tassel of five randomly taken plants from the net plot area at 30 

and 45 days after planting. This was taken using a meter rule or tape. 

 Days to 50% tasseling was recorded as the number of days from planting to 

when 50% of the maize plant projected their tassel in each plot by visual 

observation.  

Days to 50% silking was recorded as the number of days required from planting 

to when 50% of the maize plant showed extrusion of silks in each plot by visual 

observation.  

Leaf area: The leaf area was determined from five randomly sampled plants by 

multiplying leaf length and maximum leaf width adjusted by a correction factor 

of 0.735 (i.e. 0.735 x leaf length x maximum leaf width) at 45 days after 

planting.   

Number of cobs per plant was recorded from the count of five randomly taken 

plants in the central net plot area at crop harvest. Cob length (cm) was measured 

from the point where the ear attaches to the stem to the tip of the cob.  

 Number of kernels per cob: This was computed as the average number of 

kernels of ten randomly taken cobs from the net plot area at crop harvest.  

Hundred grains weight (g) This was determined by using hand to count 100 

grains from the randomly taken kernels from each plot and weighed using 

electric balance at 12.5% moisture content. 
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Grain Yield/ha: Total number of plants in each plot was harvested and grain 

yield per plot was measured using electronic balance and then projected to 

hectare basis.  

 

Data Analysis 

Analysis of variances for the data recorded were conducted using the SPSS 

(Version 19) Least significant difference (LSD) test at 5% probability was used 

for mean separation when the analysis of variance indicated the presence of 

significant treatment differences.  

 

RESULTS AND DISCUSSION 

Plant Height  

There was a significant (P<0.05) difference in plant height due to the effect of 

plant spacing. (Table 1). The highest plant height of 190.84 cm was recorded 

for T1. While the lowest plant height of 181.50 cm was recorded for T2.. The 

increase in the plant height at lower spacing may be due to strong competition 

among the plants for light, nutrients and mutual shading. Zamir, et al.,(2011) 

reported similar result to the current study where plant height increased 

significantly from 209 cm to 221 cm as the plant spacing decreased from 60 cm 

x 30 cm to 60 cm x 15 cm. Huseyin and Omer (2010) also reported that closer 

plant spacing produced taller plants with lower stem diameter. Seyyed 

Mohamad, and Ali (2012) also reported that the increase in plant height 

following the decrease in plant spacing was related to the increase in the inter-

plant competition over light and the disruption of the balance of growth 

regulators. Under these conditions, plant height increased if other 

environmental parameters, e.g. moisture and soil fertility do not limit the growth 

of plants.  

The analysis of variance showed that leaf area was significantly (P=0.05) 

influenced by the effect of plant spacing (Table 2).  The highest leaf area 

(7318.00 cm2) was recorded for T2 and the lowest leaf area (5732.00 cm2) was 

recorded for T1. The reduced leaf area with higher plant density might be due to 

high competition for assimilates at higher plant density, hence less average leaf 

area per plant. This might be due to the fact that increasing plant density reduces 

leaf area due to the accelerated leaf senescence, increased shading of leaves, 

and reduce the net assimilation of individual plants. This is in agreement with 
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Sangakkara et al. (2004) who reported that the leaf area per plant tended to 

decline with increasing plant density in maize.   

Table 3 shows the results of the analysis which showed a significant (P=0.05) 

effect of spacing on the number of cobs per plant. The highest number of cobs 

per plant (1.44) was produced by T2. While T1 had the lowest number of cobs 

per plant (1.22). Increasing plant population resulted in significant reduction in 

number of cobs per plant. This can be attributed to high plant densities that 

reduce the supply of nitrogen, photosynthesis and water to the growing ear and 

resulted in number of cob per plant to reduce possibly due to more competition 

for the growth resources. In line with this result, Abuzar et al., (2011) and Zamir 

et al. (2011) reported that the number of cobs per plant increased with increased 

spacing and concluded that high stand establishment creates competition for 

light, aeration, nutrients and consequently compelling the plants to undergo less 

reproductive growth. Hashemi et al. (2005) also reported that the primary yield 

component responsible for yield reduction at plant populations higher than the 

optimal plant population was number of kernels per plant followed by the 

reduction of number of cobs per plant and kernel weight. The result is consistent 

with the findings of Maral et al. (2012) who reported that as rows spacing 

decreased from 50 cm to 30 cm, the number of ears per plant was decreased and 

high number of ears per plant was obtained in 50 cm with average of 1.93 cobs 

per plant..  

Table 4 shows the effect of plant spacing on days to 5o% tasseling where, T1(75 

cm x 20 cm) took the maximum days (78 days) to reach 50% tasseling stage, 

that of T3 (70 cm x 30 cm)   took the least number of days (74 days). As the 

plant spacing decreased the days to 50% tasseling increased consistently and 

significantly. This might be due to the fact that the highest plant densities, 

(closer spacing) enhanced competition between crop plants for different growth 

resources especially moisture, nutrients and light that probably slowed the rate 

of growth and development that ultimately delayed tasseling. The result was in 

agreement with the findings of Muhammad et al. (2010) who reported that as 

plant spacing decreases the number of days to 50% tasseling is delayed by five 

days. Similarly, Shafi, et al., (2012) reported that higher plant population takes 

more number of days to tasseling compared to optimum and lower plant 

population.   
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Table 5 revealed that days to 50% silking was significantly (P=0.05) affected 

by the main effect of spacing. Increasing days to 50% silking was recorded with 

decreasing plant spacing where the highest was recorded by T1 (82 days). This 

is followed by T2 where silking was delayed by 2 days and T3 has the least 

number of days (79). This might be attributed to higher plant densities, 

enhanced competition between crop plants for different growth resources 

especially light, moisture and nutrients which might have slowed the rate of 

growth that ultimately delayed silking. This result is in line with that of Bhatt 

(2012) where delayed silking were observed at more closer spacing as compared 

to wider spacing. Similarly, Muhammad, et al.(2010) reported that with 

decrease in plant spacing the number of days to 50% silking is also delayed. 

Tokatlis and Koutroubas (2004) also reported that low spacing affects the 

required interval for pollen shedding and silk emergence where the time from 

planting to silking increased from 84 to 95 days as spacing decreases.  

Table 6 shows the effect of spacing on days to 50% maturity was significant 

(P= 0.05). Decreasing plant spacing showed similar trend with days to 50% 

silking and days to 50% tasseling, the days to maturity increased, but with no 

significant difference when plant spacing decreased from T3 to T1. Maize plants 

at wider spacing reached maturity earlier than those plants of closer spacing. 

This might be due to enhanced competition between crop plants at lower 

spacing for different growth resources especially light, moisture and nutrients 

that might have reduced the rate of growth that ultimately delayed maturity 

period. In line with this result, Bhatt (2012) stated that plants with wider spacing 

complete their life cycle earlier due to enough water and nutrients availability.  

 Hundred seed weight is an important indicator which directly affects the 

ultimate grain yield because the plumpness of the grain is positively correlated 

with grain yield.  

The analysis of variance in Table 7 revealed the main effect due to spacing 

which had significant (P=0.05) effect on hundred seeds weight. The treatment 

T2 with the widest spacing produced significantly the highest 100 grain weight 

of 39.30g and the other treatments T1 and T3 were lower with 36.5g, and 37.5g 

respectively.  Generally, decrease in plant spacing decrease hundred seed 

weights. The higher grain weight at the lowest plant population density might 

be due to availability of more resources (light, nutrient, water) for 

comparatively less number of plants which they utilized efficiently. The low 
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grain weight in high plant population density was probably due to availability 

of less photosynthesis for grain development on account of high inter-specific 

competition which resulted in low rate of photosynthesis and high rate of 

respiration as a result of enhanced mutual shading. This results agrees with the 

findings of Muhammad et al. (2010) who reported that increasing plant 

population from 45000  plants ha-1 to 65000 plants ha-1, hundred grain weights 

decreased and maximum hundred  grain weight was produced by planting 

density of 45000 (31.5 g) plants/ ha when compared with other treatments. 

Dawadi and Sah (2012) also reported a linear decline in number of 100 seed 

weight with increasing plant density. Similarly, Abuzar et al., (2011) found 

grain yield response to plant density to be positively and strongly related to 

number of kernels/m2 and negatively and weakly related to weight per kernel.  

The result in Table 8 reveals  the grain yield per hectare which increased with 

the increase in level of spacing. The positive relationship between yield and 

plant spacing may be attributed to the high number of cobs harvested and high 

number of plants per unit area. The observed interception and utilization of solar 

radiation of maize crop canopies and consequently, maize dry matter 

accumulation and grain yield (Abuzar et al., 2011.) 

 

CONCLUSION 

From the result of this study, it can be concluded that T1 (75 cm x 20 cm) was 

found to be  agronomically superior to the  other spacings under research 

because it gave the highest yield attributing characters like plant height, number 

of leaves, leaf area, number of cobs per plot and  as well as highest grain yield.  

However as this is one season experiment at one location, similar experiment 

can be repeated with these and other plant spacings, and varieties over different 

locations and seasons to reach a more reliable conclusion.  

 

RECOMMENDATIONS 

Based on the result of this study, it is recommended that farmers should adopt 

the use 75cm X 20cm in the production of maize in the study area as it gave the 

highest yield compared to other spacingS used. It is also recommended that 

further research can be done using other spacing and varieties and at various 

locations over longer period so as to arrive at more generalized results. 
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Table 1: Influence of Spacing on plant Height 

 Treatments                                                                Plant height at 45 DAP 

(cm) 

T1                                                                                                                                           190.84 

T2                                                                                             181.50 

T3                                                                                                                 178.32    

LSD (0.05)                                                                               12 .5    

 

Table 2: Influence of Spacing on Leaf Area 

 Treatments                                                                Leaf Area (cm2) 

T1                                                                                                                                        5732 

T2                                                                                           7318 

T3                                                                                                               6640 

LSD (0.05)                                                                             1205    

 

Table 3: Influence of Spacing on Number of Cobs per Plant 

 Treatments                                                                Number of Cobs 

T1                                                                                                                                        1.22 

T2                                                                                           1.44 

T3                                                                                                               1.38    

LSD (0.05)                                                                             1.19   

 

Table4: Influence of spacing to Days to 50% Tasselling 

 Treatments                                                                Days to 50% Tasseling 

(days) 

T1                                                                                                                                            78 

T2                                                                                              77 

T3                                                                                                                  74  

LSD (0.05)                                                                                2     

 

Table 5: Influence of spacing to Days to 50% Silking 

 Treatments                                                              Days to 50% Silking (days) 

T1                                                                                                                                         82 

T2                                                                                            80 
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T3                                                                                                                79  

LSD (0.05)                                                                               3     

 

Table 6: Influence of spacing to Days to 50% maturity 

 Treatments                                                                Days to Maturity 

T1                                                                                                                                           82 

T2                                                                                             80 

T3                                                                                                                 79  

LSD (0.05)                                                                                3     

 

Table 7: Influence of Spacing on 100 seed weight 

 Treatments                                                                     100 seed weight (g) 

T1                                                                                                                                           36.5 

T2                                                                                             39.3 

T3                                                                                                                 37.5 

LSD (0.05)                                                                              2.16   

 

Table 8: Influence of Spacing on grain yield 

 Treatments                                                                      Grain Yield (kg/ha) 

T1                                                                                                                                             2416.3 

T2                                                                                              1863.5 

T3                                                                                                                  1732.6 

LSD (0.05)                                                                                621.2 

 

References 

Abuzar, M. R., Sadozai, G. U., Baloch, M. S., Baloch, A. A., Shah, I. H., Javaid, T. and 

Hussain, N. (2011). Effect of plant population densities on yield of maize. The Journal of 

Animal & Plant Sciences, 21(4): 692-695.  

 

Anonymous, (2011). Nitrogen application in corn production. Agronomy Research 

Summaries. Pioneer Canada, Pdfs.  

 

Argenta, G., Silva, P.R.F. and Sangoi, L.(2001). Arranjo de plantas emmilho: analise do estado 

da arte. Ci. Rur. 31, 1075-1084.  

 

Bhatt, P.S. (2012). Response of sweet corn hybrid to varying plant densities and nitrogen 

levels. African Journal of Agricultural Research, 7: 6158-6166.  

 



SSAAR (JASOR); Journal of              March, 2022 
Advanced Science &Optimization Research  

 

 

295 | P a g e  

 

 

Editions 

CIMMYT (International Maize and Wheat Improvement Center), (2004). Second semi annual 

progress report for the quality protein maize development project for the Horn and East 

Africa (XP 31519). July 1- December 31, 2003  

 

Dawadi, R. and Sah, S.K. (2012). Growth and yield of hybrid maize in relation to planting 

density and nitrogen levels during winter season in Nepal. Tropical Agricultural Research, 

23 (3): 218 – 227.  

 

EARO (Ethiopian Agricultural Research Organization). (2004). National Maize Research 

Project, Current research activities, past achievements and future prospective.  

 

FAOSTAT, 2013. Food and Agriculture Organization Stastistics).(2013). Food and 

Agriculture Organization Stastistics Data Base, Agricultural production indices. Roma, 

Italy.  

 

FAO (2018). Current world fertilizer trends and outlook to 2020. Food and Agricultural 

Organisation of the United Nations, Rome.Pp 19. 

 

DOI:http://www.faostat3.foa.org/download /O/QC/E ( Accessed on 20 July 2021.  

 

Gobeze Loha, Ceronio M.G. and Daniel V. R. (2012). Effect of Row Spacing and Plant 

Density on Yield and Yield Component of Maize (Zea mays L.) under Irrigation. Journal 

of Agricultural Science and Technology, 2 263-271.  

 

Hashemi, A.M., Herbert, S.J. and Putnam, D.H. (2005). Yield response of corn to crowding 

stress. Agronomy Journal, 97:839-846.  

 

Huseyin Gozuben and Omer Konukan. (2010). Nitrogen dose and plant density effects on 

popcorn grain yield. African Journal of Biotechnology, 9(25):3828-3832. 

 

 Liu, W., Tollenaar, M. and Smith, G. (2004). Within row plant spacing variability does not 

affect corn yield. Agronomy Journal, 96: 275-280  

 

 Maral, M., Mohammad, K.M., Ebrahim, A., Reza, K. D., and Hamid, R. B. (2012). Effects of 

nitrogen fertilizer and plant density management in corn farming. Journal of Agricultural 

and Biological Science, 2:133-137.  

 

Muhammad, A., Ibne, A., Mohammad T.J., Iqbal, M., Khalid, N., Naqib U.K., and Khan B.M. 

(2010). Effect of plant population and nitrogen levels and methods of application on ear 

characters and yield of maize. Pakistan Journal of Botany, 42(3): 1959-1967.  

 

Sangakkara, S.F., Bandaranayake, P. S. R. D., Gajanayake, J. N. and Stamp, P. (2004). Plant 

populations and yield of rainfed maize growth in wet and dry seasons of the tropics. 

Maydica, 49: 83-88.  

 

Seyyed, G. M., Mohamad, J. S. and Ali, M., (2012). Effect of planting date and plant density 

on morphological traits, LAI and forage corn (Sc. 370) yield in second cultivation.  



SSAAR (JASOR); Journal of              March, 2022 
Advanced Science &Optimization Research  

 

 

296 | P a g e  

 

 

Editions 

International Research Journal of Applied and Basic Sciences, 3 (1):57-63.  

 

Shafi, M.J., Bakht, S., Ali, H. and Khan, M.A. (2012). Effect of planting density on phenology, 

growth and yield of maize. Pakistan Journal of Botany, 44: 691-696.  

 

Tokatlis, I.S. & Koutroubas, S.D. (2004). A review of maize hybrids dependence on high plant 

populations and its implications for crop yield stability. Field Crops Research, 49:119- 

126.  

 

Tolessa Debelle,Tesfa Bogale, Wakene Negassa, Tenaw Worayehu, Minale Liben,Tewodros 

Mesfin, Birtukan Mekonen and Waga Mazengia, (2001). A review of fertilizer 

management research on maize in Ethiopia: Enhancing the contribution of maize to food 

security in Ethiopia. Proceedings of the second National maize workshop of  Ethiopia .12-

16 November 2001, Addis Ababa, Ethiopia.pp.46-55.  

 

Zamir M. S. I., A. H. Ahmad, H. M. R. Javeed and T. Latif . (2011). Growth and yield behavior 

of two maize hybrids towards different plant spacing. Cercetari Agronomice, 14(2): 33-

40.  

 

  


