
1 

 

Original Research Article 1 

 2 
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Control in the Forest-Savanna transition zone of Ghana 4 

 5 

ABSTRACT 6 
 7 

Two field studies were conducted at the Multipurpose Crop Nursery research field of the 8 

University of Education, Winneba, Mampong-Ashanti in the Forest-Savanna transition zone of 9 

Ghana from September-December, 2009 and April-July, 2010 respectively to determine the 10 

effects of various rates of Lumax 537.5 SE herbicide on maize growth and yield. The 11 

experimental design used was a randomized complete block with four replicates. The treatments 12 

were Lumax 537.5 SE at rates 2, 4, 6, and 8l/ha. Unweeded and hoe-weeded treatments were 13 

added as controls. The maize cultivar, Akposoe was used. Differences in percentage crop 14 

establishment among treatments were not significant in both years. However, 4l, 6l, 8l Lumax/ha 15 

and Hoe-weeded treatments produced similarly taller maize plants from 6  to 8 weeks after 16 

planting (WAP) with greater leaf area index at 6 WAP and shoot dry matter at 6 WAP and 17 

harvest than 2l Lumax/ha and Unweeded control in both years. Differences in 100-seed weight 18 

and grain yield of maize among Hoe-weeded and Lumax at 4l/ha, 6l/ha, 8l/ha treatments were 19 

not significant during both cropping seasons.  The results clearly indicated that the use of 4l 20 

Lumax 537.5 SE/ha produced similar maize growth and yields as the higher use rates of 6 21 

Lumax/ha and 8l Lumax/ha and therefore can be recommended for adoption across the Forest-22 

Savanna transition zone of Ghana. 23 
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1.0 Introduction 27 

Maize is extensively cultivated in Ghana, plays a critical role in ensuring food security, and 28 

accounts for 50-60% of the country’s cereal production. One of the biggest constraints to maize 29 

production is weed control which is very costly too. The most conventional weed management 30 

practices in maize, e.g., hoe- weeding, pulling or slashing, usually involve a substantial input of 31 

human labour (Chikoye et al., 2000). However, the high cost and unavailability of labour usually 32 

cause delayed and ineffective weeding that often results in substantial crop yield losses (Chikoye 33 

et al., 2002). Hoe-weeding may also cause mechanical injury to the maize roots and reduce the 34 

plant stand and crop yields. It is, therefore, necessary to develop and adopt more effective and 35 

labour-saving weed management strategies to prevent significant crop losses and promote 36 

sustainable maize production systems. Chemical control represents a cheaper and more effective 37 

alternative to manual weeding, in particular for medium or large- scale maize production in West 38 

Africa (Chikoye et al., 2002). The application of proper dose of herbicide is an important 39 

consideration for lucrative returns on maize production (Naveed et al., 2008). 40 

In Ghana, the few farmers who apply some herbicides do not apply adequate amounts of the 41 

recommended rates, citing the high cost of the input (Aflakpui et al., 2005). Lumax 537.5 SE is 42 

one of the most recently formulated pre-emergence herbicides with the active ingredients: 2.94% 43 

Mesotrione, 29.4% S-metolachlor, 11% Atrazine, and other ingredients (56.66%) that have been 44 

introduced into the Ghanaian market for maize production. A pre-emergence application of 45 

Lumax consistently provides the opportunity to achieve one-pass weed management and 46 

maximum yield results by providing season-long, broad-spectrum weed control (Syngenta, 47 

2009). In earlier studies in Nigeria (Chikoye et al. 2009), Lumax has been reported to have 48 

reduced weed growth at various application rates. Syngenta (2009) recommends that Lumax 49 
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should be applied at 3.0 qts/A (7l/ha), but in soils with less than three percent organic matter, 50 

Lumax should be applied at 2.5 qts/A (5.9l/ha). However, the application of herbicides in each 51 

region must be scrupulously examined in the light of the cultivation system in use, the soil, 52 

rainfall and existing species of weeds.  The aim of this study was to evaluate the growth and 53 

yield of maize as influenced by using different application rates of Lumax 537.5 SE for weed 54 

control in the Forest-Savanna transition zone of Ghana 55 

 56 

2. Materials and methods 57 

2.1. Study area 58 

The study was conducted at the Multipurpose Crop Nursery research field of the University of 59 

Education, Winneba, College of Agriculture Education, Mampong-Ashanti from September-60 

December, 2009 and April-July, 2010. Mampong-Ashanti (7
o
45'N, 1

o
24'W) lies at an altitude of 61 

402m above sea level and in the transitional agro-ecological zone between the rain forest of the 62 

south and the Guinea Savanna of the north of Ghana. The area experiences bimodal rainfall 63 

regime. The major rainy season begins from mid-March and ends in July while the minor season 64 

begins in September and ends in mid-November. There is a dry spell of harmattan season from 65 

December to March. Details of the rainfall figures at the location during the cropping period are 66 

reported in Table 1.  The soil belongs to the Bediese series which are sandy loam, well-drained, 67 

with a thin layer of organic matter, deep yellowish red, friable and free from stones (CSIR-SRI) 68 

and are classified as Chromic Luvisol according to the FAO/UNESCO soil classification 69 

(FAO/UNESCO, 1988).  70 

 2.2. Field procedures 71 
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The land was cleared with cutlass and the stumps of the few available trees and shrubs were 72 

removed with mattock. The land was disc-ploughed and harrowed on1st September, 2009 and 1
st
 73 

April, 2010 for the first and second seasons’ experiments, respectively. Seeds of the maize 74 

cultivar Akposoe obtained from the Crops Research Institute, Fumesua were sown manually at 75 

three seeds per hill spaced at 40cm within rows 75cm apart, in plots of six rows, 5.6 m in length 76 

on 15th September, 2009 and 17
th

 April, 2010 for the first and second experiments, respectively. 77 

At 2 weeks after planting (WAP), the plants were thinned to two per hill for a final density of 78 

66,666 plants/ha. The experiment was set up as a randomized complete block design with six 79 

treatments and four replications. Treatments were four rates of pre-emergence application of 80 

Lumax 537.5 SE at 2, 4, 6, 8l/ha with Hoe-weeded and Unweeded treatments as controls. The 81 

herbicide was applied the same day as seeds were sown with a CP15 knapsack sprayer calibrated 82 

to deliver 300l/ha. The hoe-weeded plots were weeded at 3WAP and 6WAP. A compound 83 

fertilizer, NPK (15-15-15) was applied as basal at the rate of 250kg/ha (i.e. 84 

37.5kgN:P2O5:K2O/ha) by side placement at 10 days after sowing. Sulphate of ammonia at 85 

125kg/ha (i.e. 26.25kgN/ha) was top-dressed at five weeks after sowing.  86 

2.3. Data collection and statistical analysis  87 

Two weeks after sowing, maize seedlings from four middle rows per plot were counted and their 88 

percentage establishment per treatment was calculated. Crop injury effect from the various rates 89 

of application of Lumax 537.5 SE was observed from seedling emergence to two weeks after 90 

treatment (WAT). Maize height was determined at two weeks interval from 2WAP up to 91 

tasseling using ten maize plants randomly selected from the four middle rows per plot. Maize 92 

height was measured from the ground level of the stem to the base of the last emerged (flag) leaf 93 

using a graduated pole. Leaf area index (LAI) was taken at tasseling. Five plants were randomly 94 
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selected from each plot, and measurements of the length and the widest part of each leaf of each 95 

plant taken. Each leaf area ‘A’ was estimated by the relationship A = L x B x 0.75 (Saxena and 96 

Singh, 1965), where ‘L’ is leaf length and ‘B’ is the maximum leaf width (cm). The summation 97 

of all leaf area (total leaf area) was divided by the summation of the ground area occupied by all 98 

the five selected plants. Thus, LAI = ∑ (LxBx0.75)/ ∑ Land Area. (Saxena and Singh, 1965). 99 

Dry matter yield of maize shoot was determined at 6WAP and at harvest in both years. Three 100 

plants were sampled at random from plant rows next to the border rows (i.e. the 2
nd

 and 5
th

 rows) 101 

per plot, and clipped at ground level. The plants were oven-dried for 48h at 80
o
C and weighed. 102 

The mean weight was calculated to determine the dry matter yield per plant. Days to 50% silking 103 

was determined by noting the number of days after planting that 50% of the plants in the middle 104 

four rows had produced silk. Maize was harvested from a net plot of 7.8 m
2
 in on the 12th 105 

December, 2009 and 15
th

 July, 2010 during the first and second experiments. Maize grain yields 106 

were adjusted to 12% moisture content using a Dickey-John moisture tester (Dickey- John 107 

Corporation, Auburn IL, USA, Model 14998). Three sets of one hundred grains were randomly 108 

selected per plot, weighed and the average determined for 100-seed weight per plot. The data 109 

collected on maize growth and yield as affected by the various treatments were subjected to 110 

statistical analysis using Analysis of Variance and the SAS Statistical Package (SAS, 1999).  The 111 

Least Significant Difference (LSD) test was used to compare all treatments means. 112 

 113 

 114 

 115 

 116 
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3. Results and discussion 117 
 118 

Table 1: Maize crop establishment, leaf area index and days to 50% silking as affected by Lumax 119 

rates in 2009 and 2010 120 

Treatment   

Crop Establishment                   

(%) at 2WAP   

Leaf Area Index at 

Tasseling   

Days to 50%      

Silking 

 2009  2010  2009  2010  2009  2010 

Unweeded  98.40  99.55  1.10  1.34  48.50  51.75 

2l Lumax/ha  97.80  100.00  1.64  1.41  48.80  51.25 

4l Lumax/ha  96.90  100.00  1.98  2.06  48.30  51.25 

6l/ha Lumax  97.80  99.10  2.18  2.09  48.80  50.75 

8l/ha Lumax  97.10  99.55  2.18  2.00  48.50  51.00 

Hoe-weeded  97.30  99.55  2.07  2.02  48.50  50.50 

Mean   97.53   99.63   1.86   1.82   48.50   51.08 

LSD (0.05)  NS  NS  0.50  0.28  NS  0.97 

CV(%)   2.13   0.83   17.97   10.13   1.94   1.26 

 121 

3.1 Percentage Crop Establishment 122 

 123 
Crop establishment ranged from 96.9 to 100% for both years and did not differ significantly 124 

(P<0.05) among the treatments (Table 1). The high percentage crop establishment indicated 125 

achievement of optimum plant population density. High viability and the healthy nature of the 126 

maize seeds used as planting materials possibly contributed significantly to the high percentage 127 

crop establishment. High mean monthly rainfall values recorded in the months of August and 128 

September, 2009 as well as April and May (Appendix) might also have contributed to such high 129 

percentage crop establishment.  130 

 131 

The high percentage crop establishment also portrayed the effectiveness of benoxacor, a crop 132 

safener in Lumax, in ensuring crop safety from herbicide injury. Crop injury can negatively 133 

impact on germination, establishment, growth and yield. This finding confirms the assertion that 134 

Lumax provides excellent crop safety (Syngenta, 2009). Wenzel (2002) also noted that the 135 
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Lumax had an excellent crop safety profile and the corn looked tall and healthy and was very 136 

good for both grain and silage hybrids.  137 

 For phyto-toxicity of herbicide on crop, each treatment was observed thoroughly but no such 138 

effect was noticed during the study. Ali et al. (2003) made similar observations in which pre-139 

emergence herbicides caused no injury to maize. Also, in evaluations made at 7 and 18 days after 140 

treatments for numbers of injured plants as well as the amount of  the plant expressing the injury, 141 

Jemison and Wilson (2002) found no injury to any variety when mesotrione (Camix or Lumax) 142 

was applied pre-emergence.  143 

 144 

3.2 Leaf Area Index 145 

At 6 WAP, the trends in the influence of weed control treatments on leaf area index (LAI) 146 

showed that Hoe-weeded treatment and 4l, 6l and 8l Lumax/ha treatments had similar LAI 147 

values that were higher (P<0.05) than those for Unweeded and 2l Lumax/ha treatments (Table 1). 148 

The probable indication of these findings was that the LAI for 2l Lumax/ha treatment and 149 

Unweeded control reduced as a result of high weed competition for growth factors, especially, 150 

for light nutrients and soil moisture. The findings of the present study supports those by 151 

Tollenaar et al. (1997) which revealed that high competitions by weeds reduced LAI in maize at 152 

blooming by 15%. However, Rajcan and Swanton (2001) observed that most weeds during and 153 

after blooming of maize were below 1m, and therefore direct competition between maize and 154 

weeds for incident photon flux was relatively small (Rajcan and Swanton, 2001).  155 

An implication for the higher LAI under Hoe-weeded and 4l, 6l and 8l Lumax/ha treatments than 156 

2l Lumax/ha and Unweeded treatments is that, with higher LAI, maize crops that received 4l, 6l, 157 

8l Lumax/ha and Hoe-weeded treatments could have similar efficient interception and utilization 158 
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of solar radiation for photosynthesis and partitioning of assimilate for better growth and higher 159 

grain yield than crops under 2l Lumax/ha and Unweeded treatments. Valentinuz and Tollenaar 160 

(2006) reported that leaf area influenced the interception and utilization of solar radiation, and 161 

consequently, drove dry matter accumulation and grain yield.  162 

 163 

3.3 Days to 50% Silking 164 

In 2009, the 4l Lumax/ha treatment recorded the least number of days to 50% silking, which was 165 

not significantly different (P<0.05) from days to 50% silking recorded for all other treatments 166 

(Table 1). Similarly, Subhan et al. (2007) reported no statistical differences in days to 50% 167 

silking among hoe-weeded, unweeded and herbicide treatments. Subhan et al. (2007), noted that 168 

overall, plots treated with weed control methods took more days to silking than no weeding 169 

(Subhan et al., 2007). In 2010, however, Unweeded control treatment took more days to 50% 170 

silking that was significantly higher than those under Hoe-weeded and Lumax treatments. This 171 

finding was in contrast with that of Nawab et al. (1997) which indicated an increased number of 172 

days to silking in weed free plots as compared to check plots. 173 

3.4 Maize Plant Height 174 

 175 
 176 

 177 

 178 

 179 

 180 

 181 

 182 

 183 

 184 

 185 

 186 

 187 

 188 

 189 
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 190 

 191 

 192 

 193 

 194 

 195 

 196 

 197 

 198 

 199 

 200 

 201 

 202 

 203 

 204 

 205 

 206 

 207 

 208 

 209 

Unweeded control treatment produced maize with the least height from 2-8WAP during both 210 

cropping years (Figures 1 and 2). This suggests that the Unweeded might have had a higher weed 211 

density that might have competed with maize for nutrients, soil moisture, light and carbon 212 

dioxide, and considerably reduced maize height. Earlier researchers, Riaz et al. 2007) have 213 

reported similar trends in shorter maize height in weedy checks than various weed control 214 

techniques. 215 

Lumax treatments with 4l, 6l and 8l/ha produced taller maize plants than the 2l/ha at 6-8 WAP. 216 

Again, this was probably due to a better weed control by the higher rates of Lumax treatment that 217 

might have reduced weed densities for competition with maize for resources for maize growth 218 

with the higher rates than the lower rate. These results are in agreement with those of Makinde 219 
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and Ogunbodede (2007) who reported that taller maize plants were produced by higher rates a 220 

herbicide than lower rates. Also, Lumax treatments with 4l, 6l and 8l/ha Lumax probably had 221 

higher leaf area index for better interception and utilization of solar radiation that might have 222 

contributed to the consistence increase in maize height from these treatments than the 2l/ha 223 

Lumax.       224 

3.5 Maize Shoot Dry Matter 225 
 226 

Table 2: Maize shoot dry matter as affected by Lumax rates in 2009 and 2010 

Treatment 

 Maize Shoot Dry Matter (g/plant) 

          6WAP  Harvest 

 2009  2010  2009  2010 

Unweeded  255.69  274.59  425.88  468.75 

2l Lumax/ha  325.46  295.93  478.08  620.31 

4l Lumax/ha  393.47  394.38  699.89  867.94 

6l Lumax/ha  376.87  391.07  699.70  863.94 

8l Lumax/ha  389.16  393.45  666.59  868.39 

Hoe-weeded   365.26   412.75   639.59   871.96 

Mean  350.99  360.36  601.62  760.22 

LSD (0.05)  35.04  30.88  61.11  169 

CV (%)   9.8   5.7   2.3   14.8 

 227 
Generally, maize plants accumulated more shoot dry matter at both 6WAP and at harvest in 2010 228 

than in 2009 (Table 2). At both 6WAP and at harvest, Hoe-weeded and 4l Lumax/ha, 6l 229 

Lumax/ha, 8l Lumax/ha treatments gave similar maize shoot dry matter that exceeded the dry 230 

matter of the 2l Lumax/ha and Unweeded control at harvest in both years. This was possibly due 231 

to the better weed control that might result into lesser weed competition with maize, taller maize 232 

plants, higher leaf area index of maize, higher efficiency in intercepting and absorbing solar 233 

radiation and partitioning of assimilate and inorganic nutrients for enhanced dry matter 234 

production in the treatments that received Lumax at 4, 6, 8l /ha, and Hoe-weeded control than 235 

those of 2l Lumax/ha and Unweeded treatments.  236 
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Table 3: 100-Seed weight and grain yield of maize as influenced by Lumax and hoe-weeding in 237 

2009 and 2010 238 

Treatment   

100-Seed Weight 

(g)   Grain Yield (t/ha)  

% Mean 

Yield  

Increase      

  2009  2010  2009  2010  Mean 

Unweeded  28.75  36.00  3.07  4.44  3.76  0.00 

2l Lumax/ha  29.25  37.25  4.01  5.20  4.61  22.61 

4l Lumax/ha  30.35  40.50  5.07  6.50  5.79  54.00 

6l/ha Lumax  30.25  40.75  5.10  6.52  5.81  54.52 

8l/ha Lumax  30.25  41.25  5.08  6.55  5.82  54.79 

Hoe-weeded  30.15  41.00  5.00  6.50  5.75  52.92 

Mean   29.83   39.46   4.56   5.95   5.26   39.89 

LSD (0.05)  0.40  0.94  0.42  0.86     

CV(%)   0.15   8.43   6.30   9.53       

 239 

 240 

3.6 100-Seed weight 241 

Generally, 100-seed weight for all treatments was higher in 2010 than 2009 (Table 3). The 242 

higher 100-seed weight values obtained in 2010 as compared to those of 2009 could be attributed 243 

to availability of higher amount of moisture to the plants as a result of higher amount of rains 244 

during the cropping period in 2010 (Appendix). 245 

 The Hoe-weeded and all Lumax treatments had significantly heavier (P<0.05) 100-seed weight 246 

than the Unweeded control (Table 3) probably due to the effective control of weeds and reduced 247 

competition from weeds. This caused increase in uptake of nutrients and thereby healthy growth 248 

and developments of crop which resulted in higher grain weight. These results agree with 249 

previous findings of Patel et al. (2006) who reported that the test weight of maize seeds was 250 

recorded with pre-emergence application of a herbicide which was significantly higher than the 251 
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test weight for weedy check. Hoe-weeded and 4l Lumax/ha, 6l Lumax/ha, 8l Lumax/ha 252 

treatments produced similar 100-seed weight that was significantly more (P<0.05) than the 100-253 

seed weight for the 2l Lumax/ha and Unweeded control. This suggests that more nutrients had 254 

been translocated from the leaves (source) to the seeds (sink) of maize plants which resulted in 255 

heavier seeds for the Hoe-weeded and 4l Lumax/ha, 6l Lumax/ha, 8l Lumax/ha treatments than  256 

the seeds for 2l Lumax/ha and Unweeded treatmeants. 257 

 258 

3.7 Maize Grain Yield 259 

Grain yields of maize were generally higher in 2010 than in 2009 (Table 3). A significant effect 260 

of different weed control treatments was observed on grain yield of maize during both years. 261 

When pooled, maize grain yield increased by 22.61-54.79% probably because of effective weed 262 

control by Lumax treatments at rates 2-8l/ha and Hoe-weeded treatment that might have 263 

significantly reduced competition for nutrients, water and solar radiation compared with 264 

Unweeded control treatment. Similarly, Chikoye et al. (2009) reported that Lumax at five rates: 265 

1.88-2.96 kg a.i. /ha significantly reduced weed density and biomass and increased grain yield by 266 

12-22% while Jehangeri et al. (1984) reported that application of selective herbicides provided 267 

65 to 90% weed control and 100 to 150% more maize grain yields than unweeded control. 268 

Among the herbicide treatments, the 2l Lumax/ha treatment produced the least grain yields. 269 

Reduced yields under 2l Lumax/ha are due to the lack of adequate suppression or control of 270 

weeds (Table 3). 271 

The highest grain yields were in treatments with 4-8l/ha of Lumax and the Hoe weeded control 272 

representing increased grain yield of 52.92-54.79% when pooled (Table 3). Higher grain yield 273 

under treatments of 4l Lumax/ha, 6l Lumax/ha, 8l Lumax/ha and Hoe-weeded control may be 274 
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due to the fact that their effective control of weeds lead to direct increase in uptake of nutrient 275 

and thereby proper growth and development of crop which resulted in resulted in increase in 276 

100-seed weight and ultimately resulting into increased grain yield. The similarity in higher 277 

yields among the Hoe-weeded control and Lumax dosages of 4, 6 and 8l/ha suggests that these 278 

treatments are adequate to reduce the weed densities to noncompetitive levels. 279 

Maize grain yield from the Hoe-weeded treatment was among the highest, because hoe-weeding 280 

provides clean seed bed and loosens the soil. The cut weeds left in the soil may decompose and 281 

add organic matter to the soil for enhanced growth and yield of maize. Riaz et al. (2007) 282 

demonstrated that hand weeding and chemical method of weed control in maize gave 32-34% 283 

increase in grain yield of maize as compared to weedy check.  284 

 285 

4.0 Conclusions 286 

Lumax, the mixture of mesotrione, S-metolachlor, and atrazine, at rates ranging from 2l/ha to 287 

8l/ha is effective for the preemergence control of weeds in maize in the transitional agro 288 

ecological zone of Ghana. There were no significant differences in maize growth and grain yield 289 

among 4l Lumax/ha, 6l Lumax/ha, 8l Lumax/ha and Hoe-weeded treatments. This implies that 290 

farmers adopting any of these rates of Lumax application and hoe-weeding would have similar 291 

results. However, manual weeding which is the predominant method of weed control by small 292 

holder farmers in the transitional agro-ecological zone of Ghana is time consuming, laborious 293 

and very expensive. The results clearly indicated that the use of 4l Lumax 537.5 SE/ha produced 294 

similar maize growth and yields as the higher use rate of Lumax/ha and 8l Lumax/ha and 295 

therefore can be recommended for adoption across the transitional agro-ecological zone of 296 

Ghana.
 

297 
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Appendix 354 
 Monthly rainfall at the site during the 2009 and 2010 cropping seasons 355 

1999 cropping season   2000 cropping season 

Month  Total Monthly    Month  Total Monthly   

   Rainfall (mm)     Rainfall (mm) 

September  99.3  April  77.3 

October  138.6  May  108.8 

November  45.2  June  225.8 

December  33.4  July  83 

Total   316.5  Total   494.9 

Mean   79.1   Mean   123.7 

Source: Meteorological Services Department, Ashanti Mampong  356 
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