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MAIZE VARIETAL RESPONSE TO INTEGRATED NUTRIENT MANAGEMENT OF 1 

NPK AND CHICKEN MANURE 2 

Abstract 3 

Two field experiments were conducted for two years at the Multipurpose crop nursery, 4 

University of Education, Winneba, Mampong-Ashanti from May to August, 2015 and 2016 5 

respectively to evaluate maize varietal (Omankwa and Obatanpa) response to integrated nutrient 6 

management of NPK and Chicken manure (3 t ha
-1

  CM, ½ CM + ½ NPK and ¾ CM + ¼ NPK). 7 

The experimental design used was a 2 x 5 factorial arranged in randomized complete block 8 

design with three replicates. The result showed that there was a significant difference between 9 

Obatanpa and Omankwa and fertilizer type in total grain yield in both cropping seasons. 10 

Obatanpa grown on 65:38:38 kg ha
-1

 NPK produced thicker cob diameter, higher dry matter 11 

accumulation, taller plants at 77 days after planting, and total grain yield in both cropping 12 

seasons.  Obatanpa grown under 3 t ha
-1 

 CM produced the longest cob length  and heaviest 100 13 

seed weight during the 2016 cropping season.  Obatanpa grown under ¾ CM + ¼ NPK produced 14 

thicker cob diameter during the 2016 cropping season. In conclusion (i) Obatanpa which was 15 

outstanding in maize grain yield, cob diameter and length should be grown by farmers.  (ii) 16 

Farmers who prefer mineral fertilizers for increased grain yield and thicker cob diameter of 17 

maize should apply 65:38:38 kg ha
-1

  NPK. (iii) Farmers who practice organic agriculture in 18 

transitional agro-ecological zone of Ghana should apply 3 t ha
-1 

 Chicken manure and  ¾ CM + 19 

¼ NPK to enhance maize grain weight, cob length  and cob diameter respectively.  20 

 21 
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1. Introduction 24 

Maize (Zea mays L) is one of the major cereal crops grown in the humid tropics and sub-Saharan 25 

Africa. It is a versatile crop and ranks third following wheat and rice in world production [1]. 26 

Maize crop is a key source of food and livelihood for millions of people in many countries of the 27 

world. It is produced extensively in Ghana, where it is consumed roasted and boiled. It is also 28 

processed and consumed as banku, apkle, and porridge. In advanced countries, it is an important 29 

source of many industrial products such as corn sugar, corn oil, corn flour, starch, syrup, 30 

brewer’s grit and alcohol [2]. Maize is a major component of livestock feed and it is palatable to 31 

poultry, cattle and pigs as it supplies them energy [3]. Increase in demand of the commodity 32 

resulted in expanding production in many areas in Ghana. The soils in the country are generally 33 

low in fertility due to continuous crop cultivation as a result of increase in population. The 34 

fertility of such soils can be improved to enhance crop yield through external use of organic 35 

manure such as chicken manure and inorganic fertilizer. 36 

Chicken manure is excellent organic manure, as it contains high nitrogen, phosphorus, potassium 37 

and other essential nutrients [4]. It adds organic matter to soil which improves soil structures, 38 

nutrient retention, aeration, soil moisture holding capacity and water infiltration [5]. Chicken 39 

manure more readily supplies P to plants than other organic manure sources [6]. In Ghana and 40 

other tropical countries, research interest recently shifted to utilization of organic wastes as 41 

nutrient source in crop production. This is due to high cost and scarcity of mineral fertilizers. 42 

Inorganic fertilizer provides readily available nutrients for plant; their use has not always been 43 

successful in the tropics, due to enhancement of soil acidity, easy leaching of nutrients, nutrient 44 

imbalanced, low organic matter status, reduced crop yield, and degradation of soil physical 45 

properties. Although, organic manures exist in readily available forms; cheap and easy to access, 46 
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they need to be applied in large amounts to meet the nutrient requirements of crops [7]. Where 47 

large hectares are involved, this single fact play important role in the cost of organic manure 48 

application; as it pushes up transportation cost. It is necessary to integrate chemical fertilizers 49 

into the organic sources to reduce the quantity required and enhance nutrient release. Owing to 50 

the various short comings associated with the use of both sources of fertilizers, a combination of 51 

organic and mineral nutrients has been advocated [7]. In view of this there is the need for 52 

subsistence farmers who form the bulk of maize production know the best type of fertilizer or 53 

combination to be use at different rate to increase food to feed the increasing human populations 54 

in an economical way. The study therefore seeks to determine the growth and yield response of 55 

two maize varieties to integrated nutrient management of NPK and chicken manure. 56 

2. Materials and Methods 57 

2.1 Description of Study Area   58 

Two field experiments were conducted at the Multipurpose crop nursery of the University of 59 

Education, Winneba, Mampong- Ashanti campus for two consecutive years (2015 and 2016) 60 

during the rainy seasons from May to August. The soil type is the savannah ochrosol formed 61 

from the Voltaian sandstone of the Afram plains. Texturally, the soil is friable with a thin layer 62 

of organic matter and is deep and brown-sandy loam and well-drained. It however has a good 63 

water holding capacity. The soil has been classified by FAO / UNESCO legend as Chronic 64 

Luvisol and locally as the Bediesi series with a pH range of 4.0-6.5.    65 

The weather conditions during the two experimental periods show that differences in climatic 66 

factors (rainfall, temperature and relative humidity) were observed between both cropping 67 

seasons (Table 1). The total monthly rainfall during the 2015 cropping season was 583.1 mm and 68 

it occurred from May to August, 2015 with the peak in June and July. The mean monthly 69 
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temperature of the area for the 2015 cropping season ranged between 22.0 °C to 33.7 °C with the 70 

highest daily of 33.7 °C occurring in May, 2015. The mean monthly relative humidity for the 71 

same experimental period ranged from 58 to 92 % with the peak occurring between June and 72 

August. In the 2016 cropping season, for experiment 2, the total monthly rainfall was 437.3 mm 73 

and it occurred from May to August, 2016 with the peak between May and July. The mean 74 

monthly temperature of the area for the 2016 cropping season ranged between 20.7°C to 31.6 °C 75 

with the highest daily of 31.6°C occurring in May, 2016. The mean monthly relative humidity 76 

for the experimental period ranged from 62 to 96 % with the peak occurring between June and 77 

August (Table 1). 78 

 79 

 80 

   81 

 82 
 83 
 84 
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Table 1: Climate data for 2015 and 2016 Experimental periods 85 

Month       Total monthly 

Rainfall (mm) 

Mean monthly Relative humidity (%) 

(hours GMT) 

              Mean monthly temperature (
O
C) 

     06.00 06.00  15.00 15.00         Minimum          Maximum 

 2015  2016   2015 2016  2015 2016 2015 2016  2015  2016 

May 118.4 118.6   92 93  58 

 

62 23.4 22.2  32.7  31.6 

June 

 

333.4 155.5   92    96  66 

 

68 22.3 21.3  30.2  29.5 

July 

 

128.4 108.1   92 96  64 

 

71 22.2 20.9  29.6  27.9 

August 

 

2.9 55.1   92 96  66 

 

72 22.0 20.7  28.6  27.6 

                

Total 583.1 437.3              

 86 

(Meteorological Department – Mampong Ashanti, 2015, 2016) 87 
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2.2 Soil and Manure Analyses   88 

The chicken manure used for the study for both cropping seasons was from broiler chicken in 89 

deep litter system and four months old (20.0% moisture content) was obtained from the poultry 90 

farm of the College of Agriculture Education, University of Education, Winneba, Mampong- 91 

Ashanti campus and heaped under shade for 30 days to cure well before use. Sub-samples of the 92 

dried manure were taken for nutrient analysis. The decomposed and dried chicken manure was 93 

spot-applied 6 days before planting maize, and inorganic mineral fertilizer, NPK (15:15:15), 94 

applied as basal fertilizer 10 days after planting of seeds at appropriate rates as per treatments 95 

[8]. Soil samples were taken prior to chicken manure and inorganic fertilizer application from the 96 

top 0-20 cm of plots for chemical analyses. Soil samples and manure analyses were carried out at 97 

the Soil Research Institute of CSIR laboratory, Kumasi. The characteristics analyzed for included 98 

pH in 1:1 soil: water ratio 1:2 soil: 0.01 CaCl2, Organic matter was determined by the Walkey 99 

and Black method and total nitrogen was determined by the micro Kjeldahl method. The 100 

available phosphorus was extracted by the Bray’s method and exchangeable cations were 101 

determined by flame emission photometry.  102 

2.3 Experimental Design and Planting   103 

The experimental design used was a 2 x 5 factorial arranged in randomized complete block 104 

design (RCBD) with four replicates made up of two maize varieties and four organic manure and 105 

inorganic fertilizer rates was assigned to each block. The two maize  varieties (Omankwa and 106 

Obatanpa) obtained from CSIR- Crop research institute in Fumesua near Kumasi, Ghana were 107 

grown under four fertilizer treatments [(i) 3 t ha 
-1 

chicken manure (CM), (ii) Recommended 108 

inorganic fertilizer (NPK) (65:38:38 kg ha
-1 

NPK)  (iii)
 
½ CM + ½ NPK (1.5 t ha

-1
 CM + 109 

33:19:19 kg ha
-1

 NPK);  (iv) ¾ CM + ¼ NPK (2.25 t ha
-1

 CM + 16: 9.5: 9.5 kg ha
-1 

NPK) and (v) 110 
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No fertilizer (Control)]. Each treatment plot measured 3.2 m x 4.8 m.  Three seeds of Omankwa 111 

and Obatanpa were planted 0.8 m between rows and at 0.4 m within row plants and later thinned 112 

to 2 plants per hill at a depth of 3-5 cm. Each plot had 4 rows of 96 plants. Chicken manure was 113 

spot-applied 6 days before planting maize, and inorganic mineral fertilizer, NPK (15:15:15), 114 

applied as basal fertilizer 10 days after planting of seeds at appropriate rates as per treatments 115 

and sulphate of ammonia was topdressed at 6 weeks after planting [8].  116 

2.4 Data Collection and Analysis 117 

2.4.1 Vegetative data 118 

Percentage crop establishment was measured on 40 plants from the two central rows at 4 weeks 119 

after planting. Number of leaves per plant was counted on six plants from the two central rows, 120 

plant height and stem diameter were measured on six plants from the two central rows with 121 

meter rule and vernier caliper respectively, while six plants were randomly sampled for the dry 122 

matter accumulation. Data were collected at four weeks after planting and at two weeks interval. 123 

2.4.2 Yield and yield components 124 

 Number of cobs per plant, total grain yield and yield components including cob diameter, cob 125 

length and 100 seed weight were estimated from the two central rows. Data analysis was done 126 

using ANOVA and GenStat Statistical Package, version 11.1 [9], Least significant difference 127 

(LSD) was used to separate means at 5% level of probability. 128 

 129 

 130 

 131 
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Table 2 : Nutrient levels of chicken manure used at the experimental site for the 2015 cropping season 132 

Property                           PH                       Ca%                Mg%                            P%                          K%                             N% 

Chicken manure               6.18                    3.40                 1.92                             0.63                         0.86                            3.54    

 133 

Table 3 : Nutrient levels of chicken manure used at the experimental site for the 2016 cropping season 134 

Property                           PH                       Ca%                Mg%                            P%                          K%                             N% 

Chicken manure               5.97                    2.11                   0.48                            0.70                         0.01                           0.86 
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Table 4: Soil chemical properties at the experimental sites for the 2015 and 2016 cropping 135 

seasons  136 

                                                 Value 

Property Untreated soil 

          2015                                              2016 

PH (1:1) 

Organic carbon (%) 

Total Nitrogen (%) 

Organic matter (%) 

Exchangeable cations 

(c mol/kg) 

Ca 

Mg 

K 

Na 

TEB 

ECEC 

Base Saturation (%) 

Available P, mg kg
-1 

Available K, mg kg
-1 

          6.13                                               5.70 

          0.64                                               0.67 

          0.05                                               0.06 

          1.10                                               1.16 

 

           

         4.81                                               4.27 

          1.07                                               0.08 

          0.25                                               0.07 

          0.01                                               0.11 

          6.13                                               5.45 

          6.23                                               6.00 

          98.39                                            90.83 

          24.32                                              7.64 

          47.99                                             11.00 

 137 

   138 

3. Results  139 

3.1 Vegetative data 140 

3.1.1 Percentage crop establishment 141 

Table 5 shows percentage crop establishment of maize plants as affected by chicken manure and 142 

inorganic fertilizer during the 2015 and 2016 cropping seasons. The percentage crop 143 
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establishment during the 2015 and 2016 cropping seasons for the two maize varieties ( Omankwa 144 

and Obatanpa) ranged from (60.0 - 98.1) and ( 57.6 - 77.8), respectively ( Table 5). There was a 145 

significant difference between Obatanpa and Omankwa in percentage crop establishment during 146 

the 2015 cropping season (Table 5). Organic and inorganic fertilizer applied singly or in 147 

combination did not significantly influence crop establishment across both cropping seasons. 148 

Obatanpa and Omankwa grown under  ½ CM + ½ NPK produced lower percentage crop 149 

establishment in both cropping seasons respectively than same varieties grown on other amended 150 

and control plots (Table 5).  151 

Table 5: Percentage crop establishment as influenced by chicken manure and inorganic fertilizer  152 

 
Percentage crop establishment (%) 

Fertilizer rates 2015 2016 

 
Omankwa Obatanpa  Omankwa Obatanpa  

3 t ha
-1

 CM 68.60 98.10  72.90 66.00  

65:38:38 kg ha
-1

 NPK 76.90 97.50  77.80 63.20  

½ CM + ½  NPK  73.70 91.70  57.60 72.20  

¾ CM + ¼  NPK  71.10 98.10  69.40 68.10  

Control 60.00 97.50  75.70 61.10  

Mean 70.06 96.58  70.70 66.10  

LSD (0.05) Var 8.26 *  NS 

 LSD (0.05) Fert  NS  NS 

 LSD (0.05) Var x Fert  NS  NS 

 CV (%) 12.90  16.70   

 153 

3.1.2 Number of leaves per plant 154 

Obatanpa produced higher number of leaves per plant than Omankwa from 49, 63 to77 days after 155 

planting (DAP) during the 2015 cropping season (Fig.1). Omankwa and Obatanpa grown under 156 

½ CM + ½ NPK  and  ¾ CM +1/4 NPK produced the lowest number of leaves per plant from 63 157 

to 77 DAP than the other amended and  control plots during the 2015 cropping season (Fig.1). 158 
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Both maize varieties grown on 3 t ha
-1

 CM produced the highest number of leaves per plant at 77 159 

DAP than the other amended and control plots during the 2016 cropping season (Fig. 1). 160 

 161 
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 173 

 174 

Fig. 1: Effect of chicken manure and inorganic fertilizer on number of leaves per plant of maize 175 

 from 21 to 77  DAP, 2015 and 2016  176 

 177 

3.1.3 Plant Height 178 

Obatanpa produced taller plants than Omankwa from 63 to 77 DAP during the 2015 cropping 179 

season (Fig.2).  Omankwa grown on amended plots produced taller plants than those grown on 180 

control plot at 35, 49 and 77 DAP in the same cropping season. The growth rates of Obatanpa 181 

grown under amendment and the control during the 2016 cropping season progressively 182 

increased with time during the vegetative growth up to 63 DAP with a peak at the same period 183 

after which growth declined. Omankwa and Obatanpa grown under 1/2 CM + 1/2 NPK had the 184 

tallest plant height at 49 DAP during 2015 and 2016 cropping seasons respectively (Fig 2). 185 

Omankwa and Obatanpa grown on control plot produced the shortest plant height from 63 to 77 186 

DAP during 2015 and 2016 cropping seasons respectively (Fig. 2). 187 
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 188 

 189 

 190 

 191 

Fig. 2: Effect of chicken manure and inorganic fertilizer on plant height of maize from 21 to 77 192 

 DAP, 2015 and 2016  193 
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3.1.4 Dry matter Accumulation 195 

 Omankwa grown on amended plots produced higher dry matter accumulation than the control 196 

for the entire 2015 cropping season (Fig. 3). Obatanpa grown under ½ CM + 1/2 NPK produced 197 

higher dry matter accumulation from 35 to 49 DAP at the same cropping period. Omankwa and 198 

Obatanpa grown on amended plots produced higher dry matter accumulation than the control 199 

from 49 to 77 DAP during the 2016 cropping season (Fig. 3). Both maize varieties grown on the 200 

control plot produced the lowest dry matter accumulation from 49 to 77 DAP in both cropping 201 

seasons. Obatanpa grown under 3 t ha
-1

 CM produced lower dry matter accumulation than the 202 

other amended plots from 49 to 77 DAP in both cropping seasons (Fig 3).  203 
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 209 

   210 

 211 

        212 

Fig. 3: Effect of chicken manure and inorganic fertilizer on dry matter accumulation of maize 213 

 from 21 to 77 DAP, 2015 and 2016  214 

 215 

3.2 Yield and yield components 216 

3.2.1 Number of Cobs per plot 217 

There was a significant difference between Omankwa grown on amended plots except 3 t ha
-1 218 

CM and the control in number of cobs per plot during the 2015 cropping season (Table 6). 219 

Omankwa under ½ CM + ½ NPK differed significantly from 3tha
-1 

CM and the control in 220 

number of cobs per plot in the same cropping season. Obatanpa under 65:38:38 k ha
-1

 NPK 221 

differed significantly from ¾ CM + ¼ NPK in number of cobs per plot during the 2015 cropping 222 

season (Table 6). Omankwa and Obatanpa grown on amended and the control plots did not differ 223 
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significantly in number of cobs per plant during the 2016 cropping season. There was no 224 

significant difference between Omankwa and Obatanpa in number of cobs per plot in both 225 

cropping seasons (Table 6).  226 

 227 

Table 6: Number of cobs per plot as influenced by chicken manure and inorganic fertilizer 228 

 Number of cobs per plot 

Fertilizer rates 2015 2016 

 Omankwa Obatanpa  Omankwa Obatanpa  

3 t ha
-1

 CM 17.00 36.00  37.00 33.00  

65:38:38 kg ha
-1

 NPK 33.00 43.00  26.00 29.00  

½  CM + ½  NPK  34.00 38.00  31.00 34.30  

¾ CM + ¼  NPK  29.00 32.00  32.00 36.00  

No fertilizer (Control) 15.00 40.00  36.00 34.00  

Mean 25.60 37.80  32.50 33.30  

LSD (0.05) Var  NS   NS  

LSD (0.05) Fert 6.76 *   NS  

LSD (0.05) Var x Fert 15.11  NS  

CV (%) 27.70  21.40  

 229 

 230 

 231 

3.2.2 Cob Length 232 

There was a significant difference between Obatanpa and Omankwa in cob length in both 2015 233 

and 2016 cropping seasons (Table 7).  Cob length of Omankwa and Obatanpa was significantly 234 

influenced by 65:38:38 kg ha
-1

 NPK from other amended and control plots during the 2015 235 

cropping season. There was no significant difference between amended and the control plots in 236 

cob length during the 2016 cropping season. Obatanpa grown on amended and control plots had 237 

longer cob length than Omankwa in both cropping seasons (Table 7).  238 
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 239 

Table 7: Cob length as influenced by chicken manure and inorganic fertilizer 240 

 Cob length (cm)  

Fertilizer rates 2015  2016  

 Omankwa Obatanpa  Omankwa Obatanpa  

3 t ha
-1

 CM 13.45 14.48  23.00 27.60  

65:38:38 kg ha
-1

 NPK 15.49 16.06  20.70 26.00  

½  CM + ½  NPK  15.09 15.69  21.10 24.50  

¾  CM + ¼  NPK  13.84 15.75  22.00 26.90  

No fertilizer (Control) 11.14 12.79  22.70 24.50  

Mean 13.80 14.95  21.90 25.90  

LSD (0.05) Var 1.20 *  1.90 *  

LSD (0.05) Fert 0.76 *  NS  

LSD (0.05) Var x Fert NS   NS  

CV (%) 6.9  10.20  

 241 

3.2.3 Cob Diameter 242 

There was a significant difference between Omankwa grown under ¾ CM + ¼ NPK from other 243 

amended plots except ½ CM + ½ NPK and the control in cob diameter during the 2015 cropping 244 

season (Table 8). Obatanpa grown under 65:38:38 kg ha
-1

 NPK differed significantly from 3 t ha
-245 

1
 CM and the control in cob diameter during the same cropping period.  Obatanpa differed 246 

significantly from Omankwa in cob diameter during the 2016 cropping season (Table 8).   247 

Omankwa and Obatanpa grown under control had the least cob diameter during the 2016 248 

cropping season (Table 8). Obatanpa grown on 3 t ha
-1

 CM, 65:38:38 kg ha
-1

 NPK and ¾ CM + 249 

¼ NPK was similar in cob diameter during the 2016 cropping season. Obatanpa grown on 250 

amended and control plots produced thicker cob diameter than Omankwa in both cropping 251 

seasons (Table 8). 252 

 253 
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Table 8: Cob diameter as influenced by chicken manure and inorganic fertilizer 254 

 Cob Diameter (cm)  

Fertilizer rates 2015  2016  

 Omankwa Obatanpa  Omankwa Obatanpa  

3 t ha
-1

 CM 4.48 4.90  5.10 5.70  

65:38:38 kg ha
-1

 NPK 4.65 5.24  4.90 5.70  

½  CM + ½  NPK  4.77 5.21  5.20 5.40  

¾  CM + ¼  NPK  4.84 5.10  5.00 5.70  

No fertilizer (Control) 4.53 5.04  4.60 5.20  

Mean 4.65 5.10  4.90 5.50  

LSD (0.05) Var NS  0.20 *  

LSD (0.05) Fert 0.18 *  NS  

LSD (0.05) Var x Fert NS  NS  

CV (%) 4.80  6.10  

 255 

3.2.4 100 Seed Weight 256 

Omankwa grown on amended plots except ¾ CM + ¼ NPK differed significantly from the 257 

control in 100 seed weight during the 2015 cropping season (Table 9). There was no significant 258 

difference between Omankwa and Obatanpa in 100 seed weight in both cropping seasons (Table 259 

9). Obatanpa grown on amended plots produced higher 100 seed weight than Omankwa grown 260 

on the same treatment in both cropping seasons. Omankwa and Obatanpa grown on control plot 261 

produced the least 100 seed weight in both cropping seasons (Table 9).  262 

 263 

 264 

 265 

 266 

 267 

 268 

 269 
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Table 9: 100 seed weight as influenced by chicken manure and inorganic fertilizer 270 

 100 seed weight (g) 

Fertilizer rates 2015  2016 

 Omankwa Obatanpa  Omankwa Obatanpa  

3 t ha
-1

 CM 30.77 35.13  40.70 50.00  

65:38:38 kg ha
-1

 NPK 31.07 35.07  42.70 46.00  

½  CM + ½ NPK  30.77 37.13  45.00 47.00  

¾  CM + ¼  NPK  30.27 35.03  46.00 46.30  

No fertilizer (Control) 27.03 32.87  38.00 37.30  

Mean 29.98 35.05  42.50 45.30  

LSD (0.05) Var NS  NS  

LSD (0.05) Fert 3.57*  NS  

LSD (0.05) Var x Fert NS  NS  

 

CV (%) 14.40 

  

13.90 

 

 271 

3.2.5 Total Yield 272 

There was a significant difference between Obatanpa and Omankwa in total grain yield in both 273 

cropping seasons (Table 10).  Omankwa and Obatanpa grown on 65:38:38 kg ha
-1

 NPK 274 

produced significantly higher total grain yield than the control in both cropping seasons. 275 

Obatanpa grown on amended and control plots produced higher grain yield than Omankwa 276 

grown on the same plots in both cropping seasons (Table 10).  Obatanpa grown on 65:38:38 kg 277 

ha
-1

 NPK had higher grain yield of 5668 kg ha
-1

 during the 2015 cropping season and 6938 kg 278 

ha
-1

 during the 2016 cropping season (Table 10). Omankwa grown under the same plot had grain 279 

yield of 3386 kg ha
-1

 during the 2015 cropping season and 5159 kg ha
-1

 during the 2016 cropping 280 

season (Table 10). The yield of Omankwa and Obatanpa grown under organic manure applied 281 

alone (3 t ha
-1

 CM) increased by 100% over the control during the 2016 cropping season (Table 282 

10). 283 

 284 
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Table 10:  Total yield as influenced by chicken manure and inorganic fertilizer 285 

 Total Yield (kg ha
-1

) 

Fertilizer rates 2015 2016 

 Omankwa Obatanpa  Omankwa Obatanpa  

3 t ha
-1

 CM 1243.00 2790.00  4993.00 6298.00  

65:38:38 kg ha
-1

 NPK 3386.00 5668.00  5159.00 6938.00  

½  CM + ½  NPK  3204.00 4259.00  4677.00 6380.00  

¾  CM + ¼  NPK  2795.00 3410.00  4988.00 5056.00  

No fertilizer (Control) 1088.00 3266.00  2129.00 3163.00  

Mean 2343.20 3878.60  4389.20 5567.00  

LSD (0.05) Var 840.40 *  461.5 *  

LSD (0.05) Fert 1328.70 *  729.70 *  

LSD (0.05) Var x Fert  NS   NS  

CV (%) 35.20  21.10  

 286 

5. Discussion 287 

Maize growth and yield were affected by chicken manure and inorganic fertilizer. The higher 288 

number of maize plants established in both 2015 and 2016 cropping seasons might be due to the 289 

healthy seeds used as planting materials. However, the varietal difference showed the significant 290 

difference in percentage crop establishment during the 2015 cropping season. The lower 291 

percentage crop establishment in Obatanpa and Omankwa grown under ½ CM + ½ NPK than 292 

same varieties grown on other amended and control plots in both cropping seasons might be that 293 

organic manure applied at the same rate and time as inorganic fertilizer was not available to the 294 

plants and therefore not yet affective . This contradicts with the findings of [10] that nutrient 295 

from mineral fertilizers enhance the establishment of crop when both organic and inorganic 296 

fertilizers were combined. The higher number of leaves per plant of Obatanpa from 49, 63 to77 297 

days after planting during the 2015 cropping season probably might be due to outstanding quality 298 

with respect to high vegetative growth. The lowest number of leaves per plant of Omankwa and 299 
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Obatanpa grown under ½ CM + ½ NPK  and  ¾ CM +1/4 NPK from 63 to 77 DAP during the 300 

2015 cropping season is an indication of  slow release of nutrients from chicken manure. This 301 

findings contradicts those found by [11] that increasing the nitrogen rates resulted in more 302 

number of leaves produced per maize plant. The highest number of leaves per plant in both 303 

maize varieties grown on 3 t ha
-1

 CM
 
at 77  DAP during the 2016 cropping  might be attributed 304 

to the solubility, absorption and translocation of the absorbable nutrients by the plant for leaf 305 

synthesis as a result of chicken manure which decomposed. This agrees with [12] that 306 

application of 30 t ha
-1

 poultry manure to maize gave highest values of the growth in terms of 307 

number of leaves per plant. The significant increase in height of Obatanpa than Omankwa in 308 

plant height from 63 to 77 DAP during the 2015 cropping season might be due to differences in 309 

inherent characteristics of the variety. Omankwa growth in height that was favoured by 310 

amendments than the control at 35, 49 and 77 DAP during the 2015 cropping season is an 311 

indication that adequate nutrients, required to support early growth can be attained from organic 312 

fertilization, by enrichment with inorganic nutrients. This agrees with [13] that 40 -60 % of the 313 

organic N in poultry manure are normally mineralized within 90 days. The tallest plant height in 314 

Omankwa grown under ½ CM + ½ NPK at 49 DAP in both cropping seasons could be because 315 

of the combined effects of the chicken manure improving the physical soil conditions and NPK 316 

(15-15-15) also improving the nutrient status of the soil. This is in agreement with the findings of 317 

[14] who recorded higher plant heights of maize with the combined application of organic and 318 

inorganic fertilizer. The progressive increase in plant height of Obatanpa grown under 319 

amendment and the control during the 2016 cropping season with time up to 63 DAP and with a 320 

peak at the same period after which growth declined is an indication that the vegetative growth 321 

trend follows the normal growth curve of the maize plant. This could be attributed to the 322 
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remobilization of restored carbohydrates in filling the cob or ear. The shorter plant height in 323 

control plants at 77 DAP than amended plots during 2015 and 2016 cropping seasons shows that 324 

inorganic fertilizer provides plant with immediate plant nutrition while slow mineralization of 325 

poultry manure supplies plant subsequent plant nutrient. The significantly higher dry matter 326 

accumulation of Obatanpa at 21 DAP and from 49 to 77 DAP than Omankwa during the 2015 327 

cropping season was favoured by tall plants produced. This agrees with [15] that more plant 328 

height due to better usage of sunlight in competing with weeds have positive effect on total dry 329 

matter. Omankwa growth in dry matter accumulation that was favoured by application of 65: 330 

38:38 kg ha
-1

 NPK at 49 DAP during both cropping seasons is an indication of  mineralization 331 

and fast release of N.P. and K  which promoted vigorous foliage growth and favoured the 332 

synthesis of more photo-assimilates. The lowest dry matter accumulation of both maize varieties 333 

grown on control plot from 49 to 77 DAP in both cropping seasons shows that the presence of 334 

nutrients in the soil help in dry matter accumulation. The lower dry matter accumulation of 335 

Obatanpa grown on 3 t ha
-1

 CM than the other amended plots from 49 to 77 DAP in both 336 

cropping seasons might be due to slow release of nutrient by chicken manure. 337 

The significant increase in number of cobs per plot with Omankwa grown under ½ CM + ½ NPK  338 

than the other amended and  control plots during the 2015 cropping season is an indication that 339 

adequate nutrients from organic and inorganic fertilization is required to support early cob 340 

growth. This agrees with the findings of [16] that combination of organic and inorganic fertilizer 341 

results into synergy and improved conservation and synchronization of nutrient release and crop 342 

demand, leading to increased fertilizer efficiency and higher number of grain/cob. The greater 343 

number of cobs per plot with Obatanpa grown under 65:38:38 kg ha
-1

 NPK as compared to ¾ 344 

CM + ¼ NPK during the 2015 cropping season is attributed to fast release of mineral nutrient 345 
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from the inorganic fertilizer. Higher rates of inorganic fertilizer application produced better 346 

response with respect to higher number of cob possibly because higher rates satisfied the crop’s 347 

requirement [16]. The longest cob length of Omankwa and Obatanpa grown under 65:38:38 kg 348 

ha
-1

 NPK during the 2015 cropping season might be due to fast release of N, P and K. The 349 

inorganic fertilizer provides source of necessary macro nutrients in available forms, thereby 350 

improving the biological properties of the soil [17] which might have accounted for the longer 351 

cob length obtained in inorganic fertilizer treated plots as against organic manure and the control.  352 

The longer cob length of Obatanpa than Omankwa in both cropping seasons might be due to 353 

differences in variety and its response to climatic conditions experienced during the cropping 354 

periods. 355 

The significant thicker cob diameter with Omankwa and Obatanpa grown under ¾ CM + ¼ NPK 356 

and 65:38:38 kg ha
-1

 NPK over the control might be due to the application of high rate of 357 

chicken manure and NPK to both maize varieties which have resulted in high inherent nutrients 358 

in the manures which promoted broader grain size and heightened meristematic activities that 359 

favoured the enlargement of cob.  The thicker cob diameter with Obatanpa than Omankwa 360 

during the 2016 cropping season is attributed to differences in variety.  The lowest cob diameter 361 

with Omankwa and Obatanpa grown under control during the 2016 cropping season confirm the 362 

deficiency of OM, N and P in the soil and poultry manure as effective source of plant nutrients.  363 

Addition of poultry manure and mineral fertilizer made more nutrients available to maize plants.    364 

The significant increase in 100 seed weight of Omankwa grown on amended plots except ¾ CM 365 

+ ¼ NPK over the control during the 2015 cropping season could be due to higher rate of 366 

nitrogen in chicken manure and inorganic fertilizer that resulted in higher nutrient release for 367 

heavier seed weight than the control. The heavier 100 seed weight of Obatanpa grown on 368 
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amended plots than Omankwa grown on the same treatment in both cropping seasons might be 369 

due to differences in variety and its response to soil mineral nutrient. Maize grain yield was 370 

significantly increased with fertilization. The significant increase in grain yield of both maize 371 

varieties grown on 65:38:38 kg ha
-1

 NPK in both cropping seasons is an indication of early 372 

release of mineral nutrient from inorganic fertilizer which was made readily available to plants 373 

for their growth and development.  Inorganic fertilizer provides source of macro nutrients in 374 

available forms which must have accounted for the better yield performance obtained in 375 

inorganic fertilizer treated plot as against the other amended and control plots. An increase in 376 

crop yield with inorganic fertilizer application to maize was reported by [18]. Similar result was 377 

reported by [19] that inorganic fertilizer improved yield over 50% than their unfertilized 378 

counterparts. The superiority of plants that received inorganic fertilizer over other plants with 379 

respect to higher grain yield could also be attributed to better yield enhancement credited to 380 

inorganic fertilizers over other nutrient sources. It is also consistent with the findings of [20] on 381 

Cayene pepper.  Abundant evidences that inorganic fertilizers can improve yield of maize crop 382 

significantly has been reported by [21]. The greater grain yield of Obatanpa grown on amended 383 

and control plots than Omankwa grown on the same plots in both cropping seasons is attributed 384 

to inherent characteristics of the variety and its response to soil nutrient and climatic conditions 385 

experienced during the cropping periods. This is consistent with the findings of [22] and [23] 386 

who reported that grain yield is usually influenced by genetic quality of individual variety.  387 

6. Conclusion 388 

Obatanpa which was outstanding in maize grain yield, cob diameter and length should be grown 389 

by farmers.  Farmers who prefer mineral fertilizers for increased grain yield and thicker cob 390 

diameter of maize should apply 65:38:38 kg ha
-1

 NPK, although continuous application of 391 
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chemical fertilizer may not sustain the growing field for future generation as well as human 392 

health.  Farmers who practice organic agriculture in transitional agro-ecological zone of Ghana 393 

should apply 3 t ha
-1 

CM and ¾ CM + ¼ NPK to enhance maize grain weight, cob length and 394 

cob diameter respectively. Substitution of some portion of chemical fertilizers along with organic 395 

manure will maintain and sustain soil health as well as improve economic stability of farmers. 396 

 397 

7. References 398 

1. FAO. Fertilizer and the future. IFA/FAO Agriculture Conference on Global food security 399 

and the role of Sustainability Fertilization. Rome, Italy. 16th-20th March, 2003: 1-2. 400 

2. Dutt S. A Handbook of Agriculture. India: ABD Publishers. 2005:116-118. 401 

3. Iken JE, Anusa A, Obaloju VO. Nutrient Composition and Weight Evaluation of some 402 

newly developed maize varieties in Nigeria. J. of Food Tech. 2001; 7: 25-28. 403 

4. Oyewole  CI,  Oyewole AN. Crop production and the livestock industry, the interplay: A 404 

case study of poultry manure and crop production. Proceedings of the 16th Annual 405 

Conference of Agricultural Society of Nigeria. 2011:  124-127. 406 

5. Dekisissa T, Short I, Allen J. Effect of soil amendment with compost on growth and 407 

water use efficiency of amarnnath. In: Proc. of the UCOWR/NIWR Annual Conf. Int’l. 408 

Water Resources : Challenges for the 21st Century and Water Resources Education, July 409 

22-24, 2008. Durham : NC. 410 

6. Garg S,  Bahla GS. Phosphorus availability to maize as influenced by organic manure and 411 

fertilizer P activity in soils. Bio-sources Tech. 2008; 99 (13): 5773-5777. 412 

7. Prabu T, Narwadkar PR, Sanindranath AK, Rafi M. Effect of integrated nutrient 413 

management on growth and yield of okra. Orissa J. Hort. 2003; 31: 17‒21 414 

UNDER PEER REVIEW



26 
 

8. Agyenim-Boateng S, Zickermann J, Kornahrens M. Poultry manure effect on growth and 415 

yield of maize (Zea may). West Africa J. of Applied Ecology, 2006; 9 (12): 1-11 416 

9. GenStat. (2007). GenStat Release 7.2 DE (PC/Windows XP), Lawes Agricultural Trust 417 

(Rothamsted Experimental Station). 418 

10. Ayoola OT, Adeniyan ON. Influence of poultry manure and NPK fertilizer on yield and 419 

yield components of crops under different cropping systems in southwest Nigeria. 420 

African J. of Biotech. 2006; 5 (15): 1386-1392. 421 

11. Gungula DT, Togun AO, Kling JG. The Influence of N Rates on Maize Leaf Number and 422 

senescence in Nigeria. World J. of Agric. Sci. 2005; 1: 01-05. 423 

12. Ayeni LS, Omole TO, Adeleye EO, Ojeniyi SO. Integrated application of poultry manure 424 

and NPK fertilizer on performance of tomato in derived savannah transition zone of 425 

southwest Nigeria. J. Sci. and Nature. 2010; 8 (2). http://www.sciencepub.net.  426 

13. Ogunbanjo OR, Omueti JA, Jajeoba IOJ, Omolaiye JA, Abiola IO, Uzokwe NE. Yield 427 

response of maize to animal manures and bulking agents in fortified composts. 428 

International J. of Agric. Sci., Sciences, Environment and Technology Series ‘A’. 2007; 429 

7(1): 87-98. 430 

14. Ashok KRC, Guatam R, Singh J, Rana KS. Growth, yield and economics of maize ( Zea 431 

mays)-wheat ( Tricicum aestivum) cropping sequence as influenced by integrated nutrient 432 

management. Indian J. Agric. Sci. 2005; 75(11): 709-711. 433 

15. Duman I. Effects  of  seed  priming  with  PEG  and  K3PO4  on germination  and  434 

seedling  growth  in  Lettuce.  Pakistan.  J.  Bio.  Sci. 2006; 9(5): 923-928. 435 

UNDER PEER REVIEW



27 
 

16. Vanlaure B, Achouk H, Diels J, Sanginga N, Mereka R. Nitrogen management in 436 

adequate input maize based agriculture in derived savanna benchmark zone of Benin 437 

Republic. Plant and Soil. 2001: 228 438 

17. Abou El-Maged MM, Hoda AM, Fawzy ZF. Relationship, growth and yield of 439 

agricultural use. Soil Plant Nutrition. 2005; 42:105-111 440 

18. Akanbi WBO, Adedira JA, Olaniyan AB, Olabode OS, Olaniji JO. Effect of split 441 

application of organic mineral fertilizer on okra growth, nutrient uptake and fruit yield in 442 

Nigeria, J. Hort. Sci. 2005; 9:102- 109. 443 

19. Giller KE. Targeting management of organic resources and mineral fertilizer. Can we 444 

match scientist fantasies with farmer realities in integrated plant nutrient management in 445 

Sub- Saharan Africa, from concept to practice. In B. Vanlauwe J. Diels, N. Sanginga, & 446 

R. Merelox (Eds), 2003: 211-217. 447 

20. Akintoye HA, Olufolaji AO. Effect of different levels of organic mineral fertilizer on the 448 

growth and yield of Cayenne pepper grown in South Western Nigeria. In: HORSTON 449 

Abstracts of the 23rd Annual conference, Rivers State, 16
th

 -22
nd 

September, 2005:35. 450 

21. Ojeniyi  SO. Soil management, national resources and environment. Oke-Ado: Adeniran 451 

press. 2002: 24. 452 

22. Odeleye FO, Odeyeye MO. “Evaluation of morphological and agronomic characteristics 453 

of two exotic and two adapted varieties of tomato (Lycopersicon esculentum) in 454 

Southwest Nigeria”. In: Odeleye, F. O. and Odeyeye, M. O. (Ed), Proceedings of the 19th 455 

Annual Conference of HORTSON. 2001; (1):140-145. 456 

UNDER PEER REVIEW



28 
 

23. Sajjan AS, Shekhargounda M, Badanur M. Influence of date of sowing, spacing and 457 

levels of nitrogen on yield attributes and seed yield of Okro. Ikamataka J. Agric. Sci. 458 

2002; 15(2): 267-274. 459 

24. Meteorological Department, Temperature, relative humidity and rainfall distribution 460 

Mampong –Ashanti, Ghana; 2015.  461 

25. Meteorological Department. Temperature, relative humidity and rainfall distribution. 462 

Mampong –Ashanti, Ghana, Mampong –Ashanti; 2016   463 

 464 

 465 

 466 

 467 

 468 

 469 

UNDER PEER REVIEW


