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Abstract 

The objective of this study was to understand the effects of spacing and fertilizer application methods on 
the vegetative growth and root development of maize (Zea mays L.). To that effect, a field experiment was 
carried out in 2019 at Federal University Dutse, Jigawa State Nigeria school farm to assess the extent to 
which the vegetative growth and root development of maize seedlings are influenced by spacing and 
fertilizer placement methods. A randomized complete block experimental design with 3 replications was 
used.  A 1kg of treated maize seeds (Sammaz 39) was sown randomly at planting spacing of 90 x 30cm, 
75 x 25cm and 30 x 15cm and three fertilizer application methods (Broadcasting, ring and hole) were also 
randomly applied 2 weeks after sowing. The results of the study indicated that, spacing at 75 x 25cm had 
higher vegetative growth and root development (height = 84.2cm, number of leaves = 11.0, leaf area index 
(LAI) = 1512 and number of roots = 22.8) compared to other spacing. Amongst the fertilizer placement 
methods, the hole method had higher vegetative growth (height = 88.7cm, leaf area =1541, number of 
leaves = 10.9 and higher number of roots = 22.9) compared to other placement methods. The interactions 
between spacing and fertilizer placement methods however did not show any significant difference. The 
maize farmers in the area are thus recommended to adopt the 75 x 25cm spacing and hole fertilizer 
placement method to maximize their maize production output. 
 
Keywords: Vegetative growth, Root development Maize seedling, spacing and fertilizer                   
                    placement methods. 
 
 
Introduction 
Maize (Zea mays Linnaeus) belongs to the family poaceae (formerly Graminaeae) and it is a 
widely cultivated cereal in Nigeria and the world over (Iken et. al., 2001).  It is the most 
important cereal crop in the sub Saharan Africa because of its high yield, easy to process and 
cheapness (Jaliya et. al., 2008). Maize is produced primarily for human consumption as either 
fresh or processed product, as animal feed and in industries as source of starch, flour, ethanol, 
cooking syrup and crisp (Gwirtz and Garcia, 2014).  
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Maize plant responds differently to Nitrogen (N), Phosphorus (P) and Potassium (K) 
application depending on plant variety and existing fertility status of the soil. Katsvairo et al. 
(2003) report shows that different maize cultivars differ in response to N fertilizer application. 
Research findings by Arain et al. (1989) reported an increase in plant height when nitrogen 
fertilizer was applied to three maize cultivars. Research on fertilizer programmes has been 
stressed, a further work by Khan et al. (2007) shows an increased growth and subsequent yield 
when broadcasting and banding placement methods of fertilizer application was experimented 
on Potato (Solanum tuberosum L.). The fibrous root system of maize radiates outward and more 
than 90% of the dry root weight in soil is distributed in the top 20 cm and 60% in the soil region 
within 10 cm from each plant (Song et al., 2003).  
 
Individual plants always compete for nutrition, water and root space for greater vegetative and 
root development which is transformed into higher yield (Casper and Jackson, 1997). Mineral 
nutrient absorption by roots results in the formation of a nutritional gradient zone around each 
individual. Widdicombe and Thelen (2002) reported that, when the nutritional gradient zones of 
neighboring plants overlap, nutrient concentration in the overlapped area remarkably decreases 
because of interactions between adjacent roots, resulting in reduced root absorption efficiency 
thus affecting plant growth. Rubio et al. (2001) demonstrated that root nutrient absorption in the 
overlapped area varies under different plant spacing strategies. McConnaughay and Bazzaz 
(1991) also showed that root mass is a function of the available rooting volume, independent of 
the available nutrients.  
 
Competing neighboring roots can deplete soil nutrient resources and thus inhibit root growth. 
With other things being equal, plants grow roots preferentially in areas free of other roots 
(Gersani et al., 2001). Plant roots not only interact solely through the depletion of soil resources 
but may also interact, causing profound consequences for plant growth and competing  roots 
may exude toxic substances that cause non-specific inhibitory effects on root development of 
neighboring plants (Hess and De Kroon, 2007). Hess and De Kroon (2007) further hypothesized 
that, root overproduction in the presence of other plants is consistent with the effects of 
available larger soil volumes on plants with competition than on those growing alone.  
 
 Spacing in crops especially in cereals has significant effect on growth and development, yield 
and quality of seeds produced because of reduced light interception which reduces 
photosynthesis due to shading, competition for water and mineral salts and exposure to pests 
and diseases infestations (Hamayan, 2003; Marra et. al., 2012). Close spacing cause stunted 
growth incurred as a result of impaired roots, allellopathy, increased  micro climate 
temperatures etc while wider spacing reduces yield and encourages loss of moisture due to 
exposure of growing medium to wind and heat (Ban et. al., 2006). Previous studies documented 
that row spacing reduction did not modify maize canopy size (i.e. leaf area index); but increased 
growth and grain yield at low plant densities (~40–65.000 plants/ha) (Andraide et al., 20020; 
Maddonni et al., 2001) or at high plant densities (>75.000 plants/ha) but with low soil resources 
that affected canopy size (Barbieri et al., 2000; Barbieri et al., 2012). Fertilizer application is one of 
the quickest and easiest ways of achieving maximum growth and yield increase in maize per 
unit area. Application methods of fertilizer are critical for crop cultivation. Methods such as 
ring, band and hole methods are acceptable because fertilizer effect is not lost to run offs or 
leeched, hence they contribute to higher growth and yield of crops (Gozubenli et. al., 2001).  
However, the problem with fertilizer applications include leaching and pollution of under and 
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above ground water bodies especially if wasteful methods of application such as broadcasting 
are employed in addition to high cost and scarcity of chemical fertilizers (FAO, 2002).The 
objective of this study was to determine the growth and number of roots of maize seedlings 
grown under different spacing and fertilizer placement methods in Federal University Dutse 
(FUD) school farm.  The relationships obtained in the study further indicated the impact 
spacing and fertilizer placement methods had on the growth and roots development of the 
maize seedlings. 
 
Materials and Methods 
 
Location and Soil analysis 
The study was conducted at Federal University Dutse School farm located at latitude 8.00o –
10.15 o E and longitude 11.00 o – 13.00 oN. The analyzed soil samples collected from five locations 
of the site at 0 – 20cm showed that, the soil is sandy loam with moderate amounts of clay and 
silt. The soil is also slightly acidic to neutral (6.2 – 6.8) containing Phosphorus, total Nitrogen, 
organic carbon and some exchangeable cations (Mg+, K+ and Na+) which were all low. 
 
Collection and Preparation of Experimental Materials 
The approval for the experimental site was obtained from the Faculty of Agriculture FUD. The 
land was prepared for sowing using the standard methods of improved maize seeds (Sammaz 
39) and a compound fertilizer NPK 15:15:15 were sourced from Jigawa State Agricultural and 
Supply Company (JASCO), Dutse, Jigawa State one week before sowing at the site. 
 
Experimental Design, Plots layout and Allocation of Treatments 
A randomized complete block experimental design was used where the experimental 
treatments i.e. the spacing (90 x 30cm, 75 x 25cm and 30 x 15cm) and the fertilizer placement 
methods (Broadcasting, Ring and Hole) were randomly inter combined and allocated to the 
maize seeds sown on 10m ridges which were replicated three times (27 ridges). 
 
Agronomic Practices and Data Collection 
All agronomic practices (Pre sowing, Sowing and Post sowing) were effected including land 
preparations such as clearing, plowing, harrowing and treatment against soil diseases, sowing 
and weeding etc. Parameters tested such as plant height (cm), number of leaves, leaf area and 
number of root hairs per sampled plants were conducted at 2 weeks intervals from 4 weeks 
after sowing (WAS) to 8 WAS (Kochhar,1986).. 
 
Data analysis 
The data collected were subjected to Analysis of Variance (ANOVA) and means separated, 
using Duncan Multiple Range Test at 5% probability level using the procedures of (Obi, 2000) 
and the Genstat software 17th edition. 
 
Results  
 
Vegetative Growth (Plant height (cm), Number of leaves, Leaf area index (LAI) 
Table1 showed  plant spacing of 75 x 25cm had higher plant height at 4,6 and 8 WAS(66.8cm, 
77.2cm and 93.2cm respectively)followed by 30 x 15cm (56cm, 71.1 and 84.2cm) while 90 x 30cm 
which had 53.2cm, 64.7cm and 76.8cm had the lowest height. Amongst the fertilizer placement 
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methods the hole had the highest height 67.8cm, 75.3 and 88.7cm followed by ring method with 
60.4cm, 69.4cm and 80.7cm while broadcasting method had the lowest plant height of 55.2cm, 
64.7cm and 76.9cm. However, there was no observed significant difference in the plant height 
between the interactions of spacing and fertilizer placement methods.  
 
Table 2 indicated that 75 x 25cm had the highest number of leaves (9.5, 10.9 and 12.0) at 4, 6 and 
8 WAS followed by 30 x 15cm with 8.2, 9.7 and 10.7 while 90 x 30cm had the lowest number of 
leaves, 8.0, 9.3 and 10.6. Amongst the fertilizer placement, the hole had the highest number of 
leaves at 4, 6 and 8 WAS (8.6, 9.9 and 10.9 respectively followed by ring with 8.5, 9.5 and 10.8 
while broadcasting had the lowest number of leaves 7.5, 8.1 and 9.5 aa respectively. The 
interactions of spacing and fertilizer placement methods according to the analysis conducted 
did not differ significantly in the number of leaves produced across the week intervals.  
The analysis in table 3 showed that the 75 x 25cm spacing had the largest leaf area of 1168mm2 

1328 mm2 and 1512 mm2 at 4, 6 and 8 WAS, followed by 90 x 30cm with 1143 mm2, 1297mm2 
and 1507 mm2 while 30 x 15cm had the smallest leaf areas of 1004 mm2, 1139 mm2 and 1311mm2  
 
Amongst the fertilizer placement methods, the hole method had highest leaf area 1196mm2, 
1348mm2 and 1541mm2  followed by the ring method with 1174mm2, 1337mm2 and 1524mm2 
while broadcasting method had lowest leaf area 1005mm2, 1180mm2 and 1336mm2. The 
interactions of spacing and fertilizer placement methods were not significantly different on the 
leaf areas according to the analysis. 
 
Root Development (Number of roots) 
Table 4 indicated that the 75 x 25cm had higher number of roots 12.9, 17.0 and 22.8 at 4, 6 and 
8WAS followed by 90 x 30cm with 11.6, 15.0 and 19.0 while 30 x 15cm had the lowest number of 
roots 11.2, 15.2 and 19.0.  Amongst the fertilizer placement methods the hole method the  
highest number of roots 13.6, 18.0 and 22.9 at 4, 6 and 8 WAS followed by ring method with 
13.0, 17.6 and 21.6 while broadcasting had the lowest number of 10.5, 13.7 and 17.3 respectively 
during the period of study. The interactions between spacing and fertilizer placement methods 
recorded no significant difference in the number of roots produced by the seedlings studied. 
 
Discussion 
The study revealed that spacing and fertilizer placement methods can affect some growth 
components and roots development in maize seedlings. The higher plant height, number of 
leaves and number of roots recorded at 75 x 25cm spacing compared to other spacing was 
probably because at a closer spacing such as 30 x 15cm severity of competition produces plants 
that are stunted with impaired roots absorption which concurred with the view of (Widdicombe 
and Thelen, 2002) who reported that, interactions between adjacent roots, result in reduced root 
absorption efficiency thus affecting plant growth. Again, the number of roots decreased with 
closer spacing due to root entanglements, thus supporting the view McConnaughay and 
Bazzaz, 1991 who opined that, root mass is a function of the available rooting volume, 
independent of the available nutrients. Similarly, wider spacing produces poor plant growth as 
a result of moisture deficiency due to over exposure of the growing medium (Ban et. al., 2006) 
Fertilizer application produced the best growth in plants but placement methods affect the 
plants directly. The higher plant height, number of leaves, LAI and number of roots were 
recorded at the hole method compared to other methods because the fertilizer was contained 
and enclosed in a dug out hole thus limiting the chances of being washed away by running 
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water as supported by (Gozubenli et. al., 2001). The banding (hole) method recorded higher 
growth and number of roots (root development) in the study and this had agreed with the 
views of Khan et al. (2007) when they  reported an increased growth and subsequent yield when 
broadcasting and banding placement methods of fertilizer application was experimented on 
Potato (Solanum tuberosum L.) However, the study was not consistent with the above finding 
because broadcasting method of fertilizer application in this case had lower values.  
 
Table 1: Effect of Spacing and Fertilizer Placement Method on Maize Seedlings height (cm)  
Treatments Mean Plant Height (cm) in Weeks at FUD School Farm 

TSP (cm) 4WAS 6WAS 8WAS 

90 x 30 53.2 64.7 76.8 
75 x 25 66.8 77.2 93.2 
30 x 15  56.0 71.1 84.2 
LSD 5.55 4.01 3.84 
FPM    
Broadcasting 55.2 64.7 76.9 
Ring 60.4 69.4 80.7 
Hole 67.8 75.3 88.7 
LSD 5.60 4.10 3.87 
Interactions    
TSP x FPM NS NS NS 

TSP: Type of spacing, FPM: Fertilizer placement method, LAI: Leaf area index,  
No.: Number. 

 
Table 2: Effect of Spacing and fertilizer Placement Method on the Number of Maize 
Seedlings leaves. 

 
 
 
 
 
 
 
 
 
 
 
 

 
TSP : Type of spacing, FPM:Fertilizer placement method, LAI: Leaf area index, No.: Number 

 
 
 
 
 
 
 
 
 
 

Treatments Mean Number of Leaves in Weeks at FUD School Farm 

TSP (cm) 4WAS 6WAS 8WAS 

90 x 30 8.0 9.3 10.6 
75 x 25 9.5 10.9 12.0 
30 x 15  8.2 9.7 10.7 
LSD 0.76 0.90 0.83 
FPM    
Broadcasting 7.5 8.1 9.5 
Ring 8.5 9.5 10.8 
Hole 8.6 9.9 10.9 
LSD 0.65 0.85 0.77 
Interactions    
TSP x FPM NS NS NS 
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Table 3: Effect of Spacing and Fertilizer Placement Method on LAI of Maize Seedlings. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

TSP: Type of spacing, FPM:Fertilizer Placement method, LAI: Leaf area index,  
No.: Number 

 
Table 4: Effect of spacing and Fertilizer placement method on the Number of Maize 

Seedlings Roots. 
 
 
 
 
 
 
 
 
 
 
 
 

TSP: Type of spacing, FPM:Fertilizer Placement method, LAI: Leaf area index, No.: Number 

 
 
Table 5: Summary of the Effect of Spacing and Fertilizer Placement Methods on the 

Vegetative Growth and Roots Development of Maize Seedlings. 
Treatments Mean Plant Height (cm) in Weeks at FUD School Farm  

TSP (cm) Plant Height (cm) No. of Leaves LAI (mm) No. of Roots 

90 x 30 76.8 10.6 1507 19.3 
75 x 25 93.2 12.0 1512 22.8 
30 x 15  84.2 10.7 1311 19.0 
LSD 3.84 0.83 77.5 2.22 
FPM     
Broadcasting 76.9 9.5 1336 17.3 
Ring 80.7 10.8 1524 22.9 
Hole 88.7 10.9 1541 23.6 
LSD 3.87 0.77 74.6 2.31 
Interactions     
TSP x FPM NS NS NS NS 

TSP: Type of spacing, FPM: Fertilizer placement method, LAI: Leaf area index, No.: Number 

 

Treatments Mean LAI  (mm2)of Maize in Weeks at FUD School Farm 

TSP (cm) 4WAS 6WAS 8WAS 

90 x 30 1143  1297 1507 
75 x 25 1168 1328 1512 
30 x 15  1004 1139 1311 
LSD 83.3 81.1 77.5 
FPM    
Broadcasting 1005 1180 1336 
Ring 1174 1337 1524 
Hole 1196 1348 1541 
LSD 85.3 82.3 74.6 
Interactions    
TSP x FPM NS NS NS 

Treatments Mean Number of roots in Weeks at FUD School Farm 

TSP (cm) 4WAS 6WAS 8WAS 

90 x 30 11.6 15.0 19.3 
75 x 25 12.9 17.0 22.8 
30 x 15  11.2 15.2 19.0 
LSD 2.16 2.17 2.22 
FPM    
Broadcasting 10.5 13.7 17.3 
Ring 13.0 17.6 21.6 
Hole 13.6 18.0 22.9 
LSD 2.20 2.23 2.31 
Interactions    
TSP x FPM NS NS NS 
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Conclusion 
In accordance with the findings of this study, it is concluded that inadequate spacing and 
fertilizer placement methods affect the vegetative growth and root development of maize plants 
as a result of competition, root absorption inefficiency and loss of fertilizer effect. Therefore 
correct spacing (75cm x 25cm) and correct fertilizer application (hole method) should be a 
priority for profitable maize production and should thus be embraced by local growers for 
wiser resource management and greater yield. 
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