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Abstract Maize (Zea mays L.) is an important food crop in Ghana and is produced in all agro-ecological zones in the 

country. However, its productivity is constrained by a number of problems out of which unimproved and low-quality 

seeds is the most important one next to moisture deficiency. About 90 % of Ghanaian farmers are used farmer-saved 

seeds of obatanpa maize variety. Therefore, an experiment was conducted in field and Laboratory to evaluate seed 

quality parameters and their impacts on germination, growth, and grain yields in crop and soil science department at the 

pathology lab and field yields trial test at plantation section at KNUST respectively.  Results from tests in the 

laboratory showed that seeds under certified seed systems seed qualities (in terms of germination, vigour, and moisture 

content) were butter under certified seed systems to farmer-saved seeds. And also, on field evaluation of seed yield trial 

tests, seed from certified seed system has given better yield than the farmer-saved seed systems across all zones by far. 

Despite that, the maximum mean value of yield was certified seed from Guinea savanna zone (664kg/ha) and the 

minimum value was observed in farmer-saved seed from Transitional zone (390.5kg/ha) respectively. And also by this 

study we realized that the seed quality parameters have an impact on emergence, growth, and grain yields of maize. 

Keywords: Impact of seed quality on germination, emergence, growth, and grain yield. 

1. Introduction 

Maize (Zea mays L.) is one of the most important food 

crops world-wide and has the highest average yield per 

hectare.  It  is  grown  in  most  parts  of  the  world  over  

a  wide  range  of  environmental conditions[1] Maize is  

the most important cereal food crop for peoples in  Africa 

[2]. It has represented the largest source of calories, 

followed by cassava and accounted for 22 to 25 % of 

starchy diet consumption in the region [3]. Maize grain has 

greater nutritional value as it contains approximately 72 % 

starch, 10 % protein, 4 % fat, 3 % sugar, and 4 % ash, 

supplying an energy density of 365kcal/100g. The world’s 

average yield of maize, which is about 5.21t/ha [4], and in Africa 

are average maize yields  are below 2 tons per hectare   

significantly below the U.S. (about 10 tons per hectare) and 

South African averages (4.2 tons per hectare). Maize  is  

generally less suited  to  semi-arid  or  equatorial  climates,  

although drought-tolerant cultivars  adapted  to  semi-arid  

conditions  are now available. The crop requires an 

average daily temperature of at least 20 
0
C for adequate 

growth and development; the optimum temperature for 

growth and development ranges between 25-30
o
C; 

temperature above 35
o
C reduces yields[5]The most 

suitable soil for maize is one with a good effective depth, 

favorable morphological properties, good internal 

drainage, and an optimal moisture regime, sufficient and 

balanced quantities of plant nutrients and chemical 

properties. In Africa, almost half of the population is being 

considered for food insurance. To achieve food security, 

African must be able to grow sufficient food crops. Since 

most developing countries rely on their agricultural 

production for their food security, it follows that insecurity 

is mainly due to deficient agricultural production and low 

productivity. The main reason for this situation is that 

using low-quality seed and improved technology. Most 

African countries still mainly depend on farmer-saved 

seeds in which about 80-90 % of seeds come from these 

sectors, even though improved, superior varieties have 

been developed in most of those countries. Maize 

production in sub-Saharan Africa (SSA) is dominated by 

small-scale farmers who have land holdings from 0.5 to 

0.3 ha [6]. The population of Ghana is around 24 million 

with 51% females and 49% males[7], who mainly live in 

the rural area (68%). Ghana’s agriculture is predominantly 

smallholder, traditional and rain-fed[8].Agriculture 

contributes 54 percent of Ghana’s GDP and provides about 

60% of export earnings and economically supports 80% of 

the total population through farming [9].  Maize is used for 

the main staple food and has represented the second largest 

commodity crop for Ghana after cocoa.  Maize is 

cultivated throughout the country over a wide range of 

soils and ecological conditions. However, Guinea 

Savannah, Coastal Savannah, Transitional Zone, Forest 

and Semi-deciduous forest are the five major maize 

growing areas in Ghana and around 70 per cent of growers 

are smallholder farms [10].  An estimate of 85-90 % of the 

total maize seeds used by farmers in Ghana is produced by 

farmers themselves on- their on-farm of obatanpa open 

pollinated variety, which is low in yield when to compare 

to improved hybrid seeds. However, this system of seed 

production does not follow seed production procedures 

that which reduce the quality of the seeds, like isolation 

distance, varietal purity, appropriate fertilization, disease 

management, Moisture content of the seeds, and 

appropriate storage conditions [11]. And as a result  

produce  low-quality seeds finally, which affect the next 

yields when using planting material of these seeds [12] and 

[13]. Even if more than 95 % of maize producers in Ghana 

were aware of the certified seed, only 27 % of them  used 

certified seeds to produce maize [14]. Seeds of the newly 

developed varieties are not usually available in adequate 

quantities: due to the limitation of certified seed producers, 

basic seeds and some of them are not affordable for those 
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poor resource farmers [15]. However, the productivity of 

maize is still low, in average approximately 1.5 t/ha 

compared to the potential of 5.5 t/ha. Because of the large 

area under maize production is covered by farmer-saved 

seeds. Despite that low seed quality and use of farmer-

saved seeds are the major reason for this yield gap. Good 

quality of seed is also one of the important means to 

increase the productivity of any crop [16]. Seed vigour and 

germination ability directly affect yield and seed quality 

also affect seedling emergence[17]. The germination, 

viability and vigour are considered as the most important 

quality characteristics of the seed [18]. However, rapid and 

synchronized  seed  germination  and  seedling  emergence  

are  crucial  for  achieving  an  optimal  crop stand and 

high productivity[19]. 

Several reports indicated that the farmers saved seed are 

not achieve seed quality parameters [20, 21]. However, 

limited research work has been done on maize seed quality 

and its effect on grain yield. Therefore, using good quality 

seeds can  increased the yield potential of a crop and thus, 

it is the most an essential input to develop an agricultural 

product for a country like Ghana [22]. Thus, to achieve  

this objective good and uniform on field seedling 

establishment is necessary, which needs having high-

quality seeds [23, 24].  

  

 OBJECTIVE OF THE STUDY   

The main objective was to study the impact of seed quality 

on germination, emergence, growth   and yield of maize. 

The specific objectives are to:-  

I. determine maize seed quality difference between 

farmer and commercial seed production. 

II. determine maize seed quality differences among 

the various ecological zone in Ghana. 

III. evaluate seed quality difference and their impact 

on germination and seedling emergence of maize. 

IV. evaluate seed quality differences on growth and 

seed grain yield of maize. 

2. Materials and Methods 

The research had two parts; laboratory and field trial yield 

test. Seed purity analysis and pathogenicity tests were 

conducted at the Plant pathology lab in Crop and Soil 

Sciences Department during 2015 minor season KNUST. 

2.1 Laboratory stage  

This investigation evaluated physical and physiological 

seed quality components of 30 seed lots of obatanpa maize 

variety collected from different farm saved and certified 

seed systems from five agro-ecological zones of Ghana, 

where seeds were collected from 12
th

-30
th 

June 2015. The 

five ecological zones were; Transitional, Guinea Savanna, 

Semi-Deciduous, Costal Savanna, and Rain Forest zones. 

From each ecological zone, 3 locations (village) known for 

the production of maize were covered and from each 

location three to six farmers were selected and the seed 

was collected from each. The seed samples were collected 

after the seeds had harvested and processed in the same 

season of certified seed and farmer-saved seeds. At each 

zone 3 samples, one kilogram of each had taken from both 

seed growers. Each of the seed samples was labeled as 

follows, Name of the farmer, Ecological zone, Location, 

Seed type, and date of collection.  

2.1.1 Parameters for Analysis 

2.1.1.1 Seed Moisture Content: 

The moisture content of collected samples was determined 

using Joundrn automatic moisture tester at insect 

laboratory. Three reading were taken and the mean 

computed and recorded.     

  2.1.1.2 Purity Analysis: 

 A sub-sample of the 1000g seed of each sample was 

stored in the pure seed, broken seed, shriveled seed, 

discolored seed, and pest damaged seeds components and 

their percentage by weight determined.  100 seeds were 

picked at random from the pure seed and weighed using an 

electric weighing balance. 

2.1.1.3 Mycological tests: 

A hundred seeds were selected at random under each 

system and disinfected with ten percent commercial bleach 

to get rid of all superficial organisms and used 250mg 

chloramphenicol to supers bacteria when prepared PDA.  

Seeds were then set on Petri dishes half –filled with PDA 

medium; 10 seeds per Petri dish. This was done in the 

lamina flow to prevent any contamination. Petri dishes 

were then set on a clean working table sterilized with 

ethanol. After 7 days fungal growth on maize samples was 

examined and identified under an electronic microscope 

and help of the disease identification manual. 

2.1.1.4 Embryo, Cotyledon, and Endosperm disease 

identification: 

Randomly 20 seeds were selected from pure seeds and 

soaked in water for 24 hours and separated embryos, 

endosperms, and cotyledons from each sample seeds. It 

were disinfected with ten percent commercial bleach and 

then set on Petri dishes half –filled with PDA medium 10 

seeds per Petri dish.  After 7 days fungal growth on each 

part of maize seed samples was examined and identified 

under an electronic microscope and help of the disease 

identification manual. 

2.1.1.5 Germination Test: 

 Four hundred seeds were counted at random from the 

well-mixed pure seed under each system. Seed trays were 

used filled with the same type of sterilized river sand, 

wetted and then seeds sown in them 100 in four 

replications. Sown seeds were then left at plant house for a 

period of 7 days after which seeds were stored out into 

Normal seedlings, abnormal seedlings, and dead seeds. 

2.1.1.6 Seedling Growth Rate Test:  

From each sample of pure seeds 25 seeds were selected 

and placed over filter paper moistened with 4ml distilled 
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water inside a Petri dish. After 5-10 days counted and 

depth of 0-15cm. They were then mixed thoroughly, air-

dried and made to pass through a 2mm, and 0.5mm sieves 

for soil texture and chemical analysis. The analysis was 

done at Department of crop and soil sciences laboratory, 

KNUST.  

  Seedling emergence:  Seedling emergence at 2 weeks 

after planted was recorded and calculated in percentage 

plants emerged from each plot.   

 Growth analysis:  Growth analysis at 20,40,60,80 and 100 

days after planting was recorded by measuring six plants 

from each plot randomly.  

Days to tasselling: Days to tassel was taken when 50% of 

the plant in a plot was tassels. 

 Days to silking: Days to silking was taken when 50% of 

the plant in a plot was silk emerged. 

Plant height (cm): plant height was measured as the height 

from the soil surface to the base of the tassel of six 

randomly taken plants from the net plot area at 

physiological maturity. 

Days to physiological maturity (DPM): physiological 

maturity date was recorded as the number of days after 

sowing to the formation of a black layer at the point of 

attachment of the kernel with the cob. 

A number  of  kernels  per  ear:  kernels per ear  was  

computed  as  the  average  number  of  kernels  of  six 

randomly taken ears from the central net plot areas. 

The number of grains per cob: Number of grains per cob 

was conducted randomly from six cobs from each plot of 

central rows. 

Thousand kernels weight (g): It was determined from 

1000 grain was weighed randomly taken from each plot 

and weighed using sensitive balance. 

Grain  yield  (kg/ha):  Grain  yield  per  plot  was  

measured  using  electronic  balance  and  then adjusted to 

12.5% moisture and converted to hectare basis. 

2.2.2 Data Analysis  

 Data were analyzed by Gen stat statistical package 

software means were compared by LSD in a level of 5%. 

The conducted experiment treatments were subjected to a 

computer and compare each other the result was calculated 

ANOVA of parameters seed quality and to determine the 

treatment effects at the level of significance (P≤0.05). 

Correlation coefficients were done between seed quality 

parameters. 

4. Results and Discussion 

4.1 Laboratory Results 

4.1.1 Seed Moisture Content of the seeds (MC): 

The mean moisture content of seed samples from farmer-

saved seed grower system has significantly (p<0.05) 

higher than seed samples from certified seed system across 

the ecological zones. However, there was a non-significant 

difference within farmer-saved seed and commercial seed 

grower systems through zones. The highest moisture 

content value was registered in farmer-saved seeds of 

Semi-deciduous (14.6 %), Transitional zone (14.37 %) and 

Rainforest zone (14.33 %) and the lower was recorded in 

Costal Savanna and Guinea savanna zone (14.13 %) the 

result presented in (Table 1). 

4.1.2 Pure seeds percentage (PS): 

The results of true seeds per 1000 grams of working 

sample seed measured in terms of percentage. Certified 

seed samples have significantly (p<0.05) recorded the 

maximum value than farmer saved seed growers across the 

study zones. The highest value was observed in Coastal 

savanna zone and the lowest was from Rainforest zone. 

Despite that, there was a non-significant difference within 

certified seed systems across ecological zones and the 

same within farmer saved seeds but the seed from 

rainforest zone was significantly different from them. 

Under certified seed system, the Costal Savanna (95.10 

%), Semi-deciduous (94.57 %), Transitional (94.53 %), 

Guinea savannah (94.13 %), and Rainforest zone (93.73 

%) respectively. In Farmer- saved seeds costal savannah 

(80.53 %), Transitional (79.93 %), Guinea savannah 

(79.80 %), semi-deciduous (77.43 %) and Costal savannah 

zone (74.4 %) in decreasing order (Figure 1) 

4.1.3 Broken seeds percentage (BS): 

The maximum broken seed value was recorded under the 

farmer- saved seeds across ecological zones. Though, 

certified seed system has significantly (p<0.05) lower 

figure than farmer-saved seed across all zones but there 

was non-significant variation within certified seed system 

across the zones. However, under farmer saved seed, seed 

from Transitional zone was significantly different from 

Rainforest zone but similar to Costal savanna, Semi-

deciduous, and Guinea savanna zones (Table 1). 

 

Figure 1 mean seed purity in % of certified and Farmer saved seed 

systems.  
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4.1.4 Discolored seeds percentage (DS): 

Discolored seeds are seeds that loose its normal color and 

become decay due to diseases infection (fungus and 

bacteria) that and most of the time the embryo parts are 

lost and low germ inability. The highest mean value of 

discoloured seed was observed from farmer-saved seed 

across all the study zones and also there was significant 

variation between certified and farmer-saved seed across 

ecological zones. However, farmer saved seed in 

Rainforest zone has significantly different from other 

zones and that of all certified seeds from five agro-

ecological zones (figure 2(c) and Table 1)  

4.1.5 Pest damage seeds percentage (PDS):  

Pest damaged seeds are seeds that were infested (eaten) 

some parts of it, especially the stored food (endosperm and 

embryo) and it is week on germination and or totally not 

germinate because of damage. There is also no 

significance difference observed in pest damaged seeds 

under the certified seed grower systems the of study zones. 

But has significantly different across zones within the 

farmer- saved seeds and Rainforest zone has recorded the 

highest value in pest damage seeds (6.0 %)  and  between 

the rest, there was no significance difference across a 

region.   The result indicted in (Figure 2(e) Table 1). 

4.1.6 Shriveled seeds percentage (SS): 

The mean shriveled seed percent from certified grower 

system in Rainforest zone was significantly different from 

Transitional, Guinea savannah and Semi-deciduous zones 

but similar with Costal savannah, and Transitional zone 

that of Farmer saved seed. But there was significance 

difference between Certified and Farmer-saved seeds 

across ecological zones (Table 1) 

 

 

 

 

 

            Figure 2 (a) pure seeds 

             

        

                    

            

       Figure2 (b) Shriveled seeds                        

                                        

 

             

  Figure 2(c) discoloured seeds 

 

 

     

                       

           

      

     

                    Figure 2 (d) broken seeds 

 

            

 

 

                         

 

                        Figure 2 (e) Pest damaged seeds 

Table 1 Mean percept of purity analysis of certified and farmer-saved seed Grower from five  

Agro-ecological zones of Ghana.  

Seed quality parameters  
Ecological Zones   Types      MC (%)      PS (%)     BS (%)      DS (%)       PDS (%)       SS (%) 

Transitional CS 12.93b 94.53a 0.38d 0.43c 0.54c 4.08bc 

 FS 14.37a 79.93b 3.13c 3.4b 3.43b 10.0a 

Guinea savanna CS 13.13b 94.13a 0.36d 0.68c 0.61c 4.2bc 

 FS 14.13a 79.80b 3.8bc 4.11b 3.87b 8.3a 

Semi-deciduous CS 12.6b 94.57a 0.69d 0.8bc 0.21c 3.67c 

 FS 14.6a 77.43b 4.7b 4.07b 4.8ab 8.37a 

Costal savanna CS 12.8b 95.10a 0.30d 0.43d 0.42c 0.43d 

 FS 14.13a 80.53b 4.0bc 3.9b 3.88b 4.1bc 

Rain Forest CS 12.9b 93.33a 0.6d 0.66c 0.8c 0.66d 

 FS 14.33a 74.4c 6.7a 6.23a 6.0a 5.97b 

mean  14 86 2 3 2 5 

L.s.d(0.05)  0.55 4.6 1 1.25 1.32 1.8 

Cv   2.4 3 23.8 29 31.5 4.2 

MC=seed moisture, PS= pure seeds, BS= broken seeds, DS=discolured seeds, PDS= pest damaged 

seeds, SS= shrivelled seeds, CS=certified seeds, FS= Farmer-saved seedsLSD=least significant 

difference, CV= coefficient of variation, Means followed bythe same letters in column do not 

differ by Tukey test at 5% probability. 

4.1.7 Normal seedlings in percentage (NS):  

The mean viability per four hundred (400) seeds measured 

in terms of percentage samples from five agro-ecological 

zones of Ghana showed that the highest normal seedling 

percentage was recorded under the certified seed grower 

system across the zones. Moreover, the Rainforest zone 

(85.2 %), Guinea savannah zone (84.9 %), Transitional 

zone (84.2 %), Costal savannah zone (83 %) and Semi- 

deciduous zone (79.8 %) in descending order respectively. 

For the Farmer-saved seed grower system, the Costal 

savannah produced the highest mean normal seedling 

followed by Guinea savannah zone, Transitional zone, 

Semi-deciduous zone, and Rain Forest zone. There was no 

significant difference within certified seed growers across 

the zones. However, there was a significant variation 
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between Certified and Farmer-saved seeds across 

ecological zones (Table 2).   

4.1.8 Abnormal seedlings in percentage (AS): 

The laboratory germination analysis result showed that the 

farmer-saved seed system produced more abnormal 

seedling than the certified seed system in all samples 

conducted from five agro-ecological zones. Even though, 

there is no significance difference have seen within 

certified seed grower system across agro-ecological zones 

and also same under farmer-saved seed grower across 

agro-ecological zones. However, there was a significant        

difference between certified and farmer saved seed grower 

across various zones. The higher values were recorded in 

Semi-deciduous zone (20.2 %) followed by Transitional 

(19.5 %), Rain Forest (19.4 %), Guinea savannah (18.9 %) 

and Costal savannah zone (17.9 %). Under certified seed 

system Semi-deciduous (13.4), Costal savannah (10.8 %), 

Guinea savannah (10.3 %), Transitional (9.7 %) and Rain 

Forest zone (9.6) respectively (Table 2).  

4.1.9 Dead Seeds in percentage (DS): 

The result in (Table 2) indicated that the Farmer-saved 

seed system produced dead seeds than the certified seed 

system across the study zones. The value recorded in 

Guinea savannah zone was less than Rainforest zone but 

similar with Semi-deciduous zone and there was no 

significance variation across zones within Farmer-saved 

seed system. However, they have significance difference 

within certified seeds across ecological zones and there 

was also no significance difference under certified seed 

system across various agro-ecological zones.  

4.1.10 Ingeminated seeds in percentage (UGS): 

The highest percentage value of ingeminated seeds is 

recorded under Farmer-saved seed system than certified 

seed system. There was no significance difference under 

certified seed systems across various zones and also same 

to Farmer-saved seeds. But there was a significant 

difference between certified and Farmer-saved seeds 

across zones. The result has indicated in (Table 2). 

                                                  

 

           

 

 

 

 

 

                      Figure 3 (a) Normal seedlings 

                            

                           Figure 3 (b) Abnormal seedlings 

              

 Figure 3 (c ) dead seeds                                  

                     

4.1.11 seed grain weight (GWT) 100seeds: 

The mean result under certified and farmers seed was indicate 

that, there was significance difference between the two seed 

grower systems across ecological zones. However, the farmer 

saved seeds from Transitional zone weigh the higher figure and 

followed by certified seeds from the same zone and the 

lowermost value was recorded in semi-deciduous farmer-saved 

seeds but there was significant difference between the two 

systems within and across the zones (Table 2) 

Table 2 Mean Germination test of certified and Farmer seed growers from five Agro-ecological 
zones of Ghana.  

Ecological zones Types NS (%) AS (%) DS (%) UG (%) HSWT(g) GI 

Transitional CS 84.2a 9.7b 3.3c 2.6b 31.5ab 103 

 FS 63.8b 19.5a 9.3a 7.0a 34.4a 99.4 

Guinea savanna CS 84.9a 10.3b 3.0c 1.7b 27.1bc 92.9 

 FS 64.3b 18.9a 9.7a 7.2a 28.6bc 103.7 

Semi-deciduous CS 79.8a 13.4b 4.7bc 2.3b 29.5ab 97.2 

 FS 61.6b 20.2a 9.7a 8.3a 23.7c 100.4 

Costal savanna CS 83.0a 10.8b 4.1c 2.2b 27.5bc 97.6 

 FS 65.3b 17.9a 8.7ab 8.1a 29.9ab 95.8 

Rain Forest CS 85.2a 9.6b 2.9c 2.5b 30.4ab 103.1 

 FS 61.5b 19.4a 10.3a 8.8a 28.2bc 93 

Mean  73 15 7 5 29 99 

L.S.D (0.05)  6.44 4.23 4.3 2.45 4.93    NS 

CV (%)  5.2 16.6 38 28 11.9 7.2 

NS=Normal seedlings, AS=abnormal seedlings, DS= Dead seeds, UG= Un 

germinated seeds, HSWT= Hundred seeds weight, GI= Germination index, CS=certified 

seeds, FS= Farmer-saved seeds LSD=least significant difference, CV= coefficient of variation, Means followed bythe 

same letters in column do not differ by Tukey test at 5% probability 

 

4.1.12 Pathogenicity test on seed parts: 

4.12.1 Aspergillus Flavus 

The disease incidence was indicated in percentage. It was 

recorded in all zones and in both seeds growing systems. 

Aspergillius flavous infection was higher in the farmer-
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saved seed system. The total value for the various zones, 

when computed (Table 3) gave Guinea savannah zone has 

the highest value (67 %) and followed by Coastal 

savannah zone (60 %), Semi-deciduous zone (57 %), 

Transitional zone (53 %) and Rainforest zone (30 %)   in 

the decreasing order.  

4.12.2 Aspergillus Niger: 

As the result conducted in both seed, growers indicate in 

(Table 3) that Aspergillus Niger has recorded in a higher 

value under certified seeds. The Rainforest zone (43 %), 

Coastal savannah (33 %), Semi-deciduous (20 %), Guinea 

savannah (17 %) and Transitional zone (10 %) in 

decreasing order.   

4.12.3 Colletotrichum spices: 

This spice was also recorded in all zones and in both seed 

grower systems, but the higher infection value was 

registered in Farmer saved- seed grower system. 

Rainforest zone has the highest value (23 %), followed by 

Guinea savanna zone (17 %), Semi- deciduous, Costal 

savannah and Transitional zone were showed the same 

value (13 %) as indicated in (Table 3)    

4.12.4 Penicillium spices:    

This disease species was also recorded in both Farmer seed 

grower and certified seed systems from all sampled zones, 

but the higher value was seen in Farmer seed-saved 

system. Semi- deciduous (32 %) followed by Costal 

savannah and Transitional zones (10 %), Rain Forest zone 

(7 %) and Guinea savannah zone has (3 %). The result has 

computed in (Table 3.3). 

4.12.5 Curvelaria spices:   

Curverlaria spices were recorded in Transitional zone in 

both seed systems. In certified seed system (7 %) and 

Farmer saved- seeds (3 %), in Semi-deciduous, Guinea 

savannah and Coastal savannah zones found only on 

certified seed growers.  According to the test result has 

indicated in (Table 3.3) Semi-deciduous (6 %), Guinea 

savannah and Costal savannah (3 %) respectively.   

 

 

 

Table 3 Mean Frequency of infection of seed Maize by Fungal pathogens 

in certified and Farmer saved seeds from five Agro-ecological zones of 

Ghana.  

Ecological zones Types AF (%) AN (%) CT (%) PC (%) CR 

(%) 

       
Transitional CS 33 10 13 10 7 

 FS 53 20 13 10 3 

Guinea savanna CS 30 17 13 13 3 

 FS 67 10 17 3 0 

Semi-deciduous CS 43 20 10 10 6 

 FS 57 3 13 33 0 

Costal savanna CS 37 33 10 3 3 

 FS 60 7 13 10 0 

Rain Forest CS 30 43 0 3 0 

 FS 30 30 23 7 0 

Mean  44 19.3 12.7 9.3 3 

CV (%)  24.68 15.86 12.    4 18.68 8.3 

AF=Aspergillusfluvas,,AN=Aspergillusneger,CT=Colletotrichumsp.PC=Pencillinu

m sp., CR= curvelaria sp., ,CS=certified seeds, FS= Farmer-saved seedsLSD=least significant 

difference, CV= coefficient of variation, Means followed by the same letters in column do not 

differ by Tukey test at 5% probability 

5. Field Results 

5.1 Plant growth rate analysis at 20 days after planting 

(DAP): 

The plant growth analysis took 20 DAP showed that there 

was a significant difference between certified and farmer-

saved seed growers across and within the regions. 

However, there was no deference variation within the 

certified seeds across regions. And also the same result 

under farmer-saved seeds across regions (Table 4).   

5.2 Plant growth rate analysis at 40 days after planting: 
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In this growth rate analysis also, the computed result 

indicated there was a significant difference between 

certified and farmer-saved seeds along the regions. But, 

there is no variations have recorded within the certified 

seeds and farmer-saved seeds across zones (Table 4).  

5.3 Plant growth rate analysis 60 days after planting: 

The result conducted during  field trial experiment was 

showed, Farmer-saved seeds from Transitional, semi-

deciduous and certified seed from rainforest were 

significantly different at (p ≤ 0.05) from farmer-saved 

seeds in the Rainforest zone, but similar to certified seeds 

from Transitional, Guinea, and Costal savanna zones 

(Table 4). 

5.4 Plant growth rate analysis 80 days after planting:  

As the study result of growth analysis rate showed, the 

growth rate at 80DAP was reduced when to compare to 

20DAP, 40DAP, and 60DAP. The farmer-saved seeds 

from Guinea savanna were shown significant difference of 

that the certified seeds from Transitional, Semi-deciduous 

and Costal savanna zone. Nevertheless, similar with 

certified seeds from Transitional and semi- deciduous 

Guinea savanna and farmer-saved, in addition, both seed 

system from costal savanna and Rainforest zone (Table 4).  

Table 4 Mean of plant growth rate analysis at deferent day after panting 

from Certified and farmer saved seed system from five Agro-ecological 

zones of Ghana in 2015 minor season at KNUST.  

Ecological zones Types 20DAP 40DAP 60DAP 80DAP 100DAP  PG(cm) 

Transitional CS 34.83a 81.08a 52.17ab 9.25b 1.25abc 15.58ab 

 FS 25b 68.58b 62.83a 15.5ab 3.33ab 15.57ab 

Guinea savanna CS 35.58a 81.58a 51.92ab 17.08ab 0.17abc 15.56ab 

 FS 27.08b 66.92b 51.83ab 21.33a 1.08abc 16.23a 

Semi-deciduous CS 36.08a 80.67a 51.67ab 9.42b 0.67abc 15.98ab 

 FS 26.67b 68.83b 64.67a 12.67ab 1.58abc 15.92ab 

Costal savanna CS 33.33a 81.33a 58.67ab 13ab -0.75c 15.31ab 

 FS 27.08b 68.83b 54.33ab 15.42ab 3.42a 14.45b 

Rain Forest CS 34.33a 81.33a 60.17a 9.58b -0.17bc 16.35a 

 FS 27.67b 73.67b 46.08b 18.08ab 3.25ab  14.97ab 

Mean  30.77 75.28 55.4 14.1 1.38 15.62 

L.S.D (0.05)  32.42 6.42 11.92 9.06 3.039 1.5 

CV (%)  13 10.5 26.6 79.2 271.5 11.9 

DAP=day after planting, PG= Plant girth in cent meters CS=certified seeds, FS= 

Farmer-saved seeds LSD=least significant difference, CV= coefficient of variation, 

Means followed by the same letters in column do not differ by Tukey test at 5% 

probability. 

5.5 Seed emergence percentage (SE): 

The mean seed emergence percentage counted after two 

weeks of planting, seeds from five agro-ecological zones 

of Ghana planted in 2015 minor season indicated the seeds 

from certified seed growers have showed better seedling 

emergence than farmers-saved seeds across all ecological 

zones. Though, there was a significant difference between 

certified and farmer saved seeds. However, no variation 

has seen within certified and farmers saved seeds across 

regions (Table 5). 

5.6 Days to 50 % plants tassel (DT): 

The research study result was realized that the farmer 

saved seed systems from all ecological zones have taken 

longer days to tassel. However, it was a significant 

variation between farmers saved and certified seeds across 

various ecological zones but there wasn’t seen variation 

within farmers saved seed across zones. Nevertheless, 

mean days of tassel the certified seed from Semi-

deciduous and Costal savanna zones were significantly 

different from Transitional but similar that of Rainforest 

and Guinea savanna zone (Table 5).     

5.7 Days to 50 % plants silk (DS): 

When we compare to certify and farmer saved seed 

systems from five agro-ecological zones on field trial test, 

the certified seeds take shorter days to silking than 

farmer-saved seeds across the five ecological zones. 

Though, there was a significant difference at (p ≤ 0.05) 

between certified and farmers saved seeds across the 

study zones, but no variation had seen within certified 

seeds across zones and the farmers saved seeds were too 

(Table 5).  

5.8 Days to physiological plant maturity (DPM):  

The result of plant maturity parameter was designated that, 

the farmer-saved seeds were mature earlier than the 

certified seeds across the regions. And also, there was a 

significant difference between certified and farmers seeds 

across regions except Costal savanna zone, but no 

variation between certified seeds across regions and the 

farmers too. The result was computed in (Table 5).   

Table 5 mean analysis of maize plant maturity from certified and farmers 

saved seed system from five Agro-ecological zones of Ghana. Planted in 2015 minor 

season at knust. 

E=seedling emergences, DT= days of 50 % tassels, DS= days of 50 % silking PH= 

plant height, DPM=days of plant maturity, CS=certified seeds, FS= Farmer-saved 

seeds LSD=least significant difference, CV= coefficient of variation, Means 

followed by the same letters in column do not differ by Tukey test at 5% 

probability. 

5.9 Impacts of seed quality parameters on plant 

population, grain weight, and grain yield. 

5.9.1 Number of maize plants per meter square (P/M
2
): 

We observed during field trial experiment, the certified 

seed from Guinea savanna zone was significantly different 

in a number of plants per meter square from both seed 

system in Transitional and farmers saved seed from 

Rainforest zone.  However, it is similar to certified seed 

from Semi-deciduous, Costal savanna and Rainforest zone 

(Table 6).  

5.9.2 Maize kernels per cob (K/C): 

Ecological zones Ty

pes 

SE (%) DT (%) DS (%) PH(cm) DPM 

Transitional CS 92.01a 50.42c 61.42b 181.2 104.2b 

 FS 78.12b 55a 65.17a 183.3 106.5b 

Guinea savanna CS 93.06a 51.25bc 61.92b 189.5 103.9b 

 FS 74.65b 55.58a 65.83a 188.7 106.1a 

Semi-deciduous CS 92.01a 52.08b 62.25b 189.1 104.1b 

 FS 73.26b 55.58a 66a 188.8 106.1a 

Costal savanna CS 89.93a 51.83b 61.92b 187.5 102.6c 

FS 71.18b 55.17a 65.42a 184.6 106.2a 

Rain Forest CS 92.01a 51.08b 62b 184.8 104.1b 

 FS 75.35b 55a 65.83a 181.3 106.2a 

mean  83.16 53.3 63.77 185.9 104.99 

LSD (0.05)  8.57 1.108 1.564 NS 0.988 

CV (%)  12.7 2.6 3 8.1 1.2 
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The computed mean kernels analysis result displayed that, 

farmer-saved seeds from Semi-deciduous and Costal 

savanna zones had showed the highest value followed by 

Guinea, Transitional, and Rainforest zone respectively. 

However, there wasn’t significant variation in certified 

seed growers across and within agro ecological zones 

(Table 6). 

5.9.3 Hundred Seeds grain weight (GWT): 

During this study, we realized that the certified and 

farmer-saved seeds planted from Transitional zone and 

Guinea savanna zones were significantly different from 

that of certified and farmers saved seeds from Costal 

savanna and Rainforest zones. But there wasn’t variation 

in both systems between certified and farmers saved seeds 

within agro ecological zones (Table 6). 

5.9.4 Evaluation of maize grain yield to certified and 

farmer-saved seeds(Y/ha):  

When we conducted the experimental study on grain yield, 

certified and farmer saved seeds from five agro-ecological 

zones of Ghana, the certified seed systems gave better 

yield than the farmer saved seed systems across all zones. 

Despite of that, the maximum mean value of grain yield 

was eminent that in the certified seed from Guinea savanna 

zone (664 kg/ha) and the minimum value was observed in 

the farmer-saved seed from Transitional zone (390.5 

kg/ha) However, there was a significant difference 

between certified and farmers saved seeds along all the 

study zones but no variations were observed in farmer-

saved seeds in all zones. Also, the same result was showed 

in certified seeds except Guinea savanna zone (Figure 1).  

 

 

Table 6 Analysis of mean grain yield of maize seed from certified and 

farmers saved seed from five Agro-ecological zones of Ghana planted in 
2015 minor season.   

Ecological   zones Types P/M
2
 K/C G/C 100GWT Y/ha (kg) 

Transitional CS 4.25b 9cd 230cd 34.25a 559.1b 

 FS 4bc 10.17abc 301abca 34.08a 390.5c 

Guinea savanna CS 5.33a 9.33cd 255bcd 33.64a 664.1a 

 FS 4.08bc 10.83ab 332ab 33.02a 456.1c 

Semi-deciduous CS 4.8abc 9.33cd 257bcd 32.8a 576.8b 

 FS 4.6abc 11.17a 353a 27.51b 405.9c 

Costal savanna CS 4.7abc 8.33d 201d 27.33b 597.3b 

 FS 4.5abc 11.2a 344a 26.83b 423c 

Rain Forest CS 4.4abc 8.83cd 237cd 26.73b 586b 

 FS 3.8c 9.33bcd 248cd 24.92b 419bc 

mean  5.25 9.73 276 30.11 507.9 

 Ls d (0.05)  1.9 1.36 75.41 3.113 63.18 

CV (%)  17.8 17.2 33.7 12.8 15.4 

P/M2=plant per meter square, C/P= cobs per plant, C/M2=cobs per meter square, 

K/C=Kernel per cob, G/C= grain per cob, GWT= grain weight, Y/ha (kg) = yield 

per hectare in kilogram, CS=certified seeds, FS= Farmer-saved seeds LSD=least 

significant difference, CV= coefficient of variation, Means followed by the same 

letters in column do not differ by Tukey test at 5%  probability. 

5.9.5 Association of selected seed quality parameters, 

growth, maturity and yield traits.  

The correlation coefficient showed positive significant 

association with yield per hectare (r =0.737**), grain 

weight (r =0.876**), plant stand (r =0.629**) and seed 

emergence (r =0.563**) respectively. However, negative 

significant association with broken (r = -0.892**), dead (r 

= -0.912**), pest damage (r = -0.917**) and shriveled 

seeds (r = -0.917**) but non-significant relation with 

number of plant per meter square and grain per cob (r = -

0.313
NS

 and r = -0.172
NS

) respectively (Table 7). On 

another hand, broken seed showed non-significant 

association with a number of plant per meter square and 

plant stands (r = -0.313
NS

 and 0.466
NS 

correspondingly). 

But has positive and negative significant association with 

dead, pest damage, and shriveled seeds (r = 0.794**, 

0.723** and 0.742**) and yield per hectare, grain weight, 

and seed emergence (r = -0.63*, -0.693** and -0.598*) 

respectively (Table 7). As observed from the correlation 

coefficient analysis, both dead and pest damaged seeds 

were non-significantly correlated with a number of plant 

per meter square and grain per cob but negatively 

correlated with yield, grain weight, and plant stands. 

However, they were positively related with shriveled seeds 

(Table 7). In addition, shriveled seeds were negatively 

correlated with plant stands (r = -0.622*), grain weight (r = 

-0.836**) and yield per hectare (r = -0.722**) but non-

significant relation with grain per cob (r = 0.032
NS

), 

number of plant per meter square (r = -0.274
NS

) and seed 

emergence (r = -0.496
NS

). Beside these, seed emergence 

was non-significantly correlated with all the tested 

parameters except yield per hectare (r = 0.526*) and also 

on the other hand number of plant per meter square, plant 

stand and grain per cob were non-significant in all tested 

parameters but grain weight was positively correlated with 

yield per hectare (Table 7). 

Figure 4 mean yield of maize in kg/ha from 

 certified and Farmer saved seeds 
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Table 7 correlation coefficients between mean seed quality parameters and agronomic traits of maize under certified and farmer-saved seeds from five agro-ecological zones of 

Ghana planted in 2015 minor season at knust.  

 PS BS DS PDS SS SE PP PLS G/C GW

T 

Y/ha 

PS            

BS -0.89**            
DS -0.935** 0.794**          

PDS -0.912** 0.723** 0.842**         

SS -0.917** 0.742** 0.779** 0.810**        
SE 0.563** -0.598* -0.503* 0.454NS -0.045NS       

PP 0.313NS -0.313NS -0.296NS -0.274NS -0.266NS 0.164NS      

PLS 0.629** -0.466** -0.564** -0.622** -0.651* 0.525** 0.073NS     
G/C -0.172NS 0.319NS 0.173NS 0.118NS 0.032NS -0.168NS 0.094NS -0.262NS    

GWT 0.876** -0.693** -0.780** -0.836** -0.889** 0.349NS -0.038NS 0.483** -0.206NS   

Y/ha 0.737** -0.63** -0.649** -0.722** -.702** 0.526* 0.073NS 0.612** -0252NS 0.56
3* 

 

Where, PS=pure seeds, BS= broken seeds, DS=discolured seeds, PDS=pest damaged seeds, SS=shrivelled seeds, SE= seed emergence, PP=plant 

population, PLS=plant stands, G/C=grain per cob, GWT=grain weight, Y/ha= yield per hectare in kilogram, NS, * and **non-significant, significantly 

different at 5% and 1 % respectively.

6 General discussions  

The result revealed that, the certified seed systems across 

all the study zones were gave superior results than farmer-

saved seeds in the tested parameters. However, significant 

difference was observed between certified and farmer-

saved seeds on analytical quality parameters across 

ecological zones. The farmer-saved seeds showed poor 

crop stands during field trial test. Several reports have 

shown poor stand establishment caused by low seed 

quality and consequently yield loss in corn  [25]. Under 

the farmer-saved seed grower system, the maximum 

recording was at the Semi-deciduous zone and the 

minimum at the Guinea savannah and Costal savanna 

zone. But under the certified seed grower system 

maximum and minimum recordings were at the Guinea 

savanna and Semi-deciduous zone respectively. The 

difference in values recorded may be due to locations of 

production, climatic conditions, drying methods, storage 

conditions and the duration of storage. [26]& [27] storage 

of grains is influenced by air movement within the grain 

sometimes resulting in moisture condensation and mould 

spoilage. The hundred seed weight observed in the study 

for certified seeds ranging between 27.1g and 30.4g whilst 

that for the farmer saved seeds was between 23.7g and 

34.4g. Under the certified seed grower system, seed weight 

observed for the Rainforest zone was found to be heavier 

than those for the Transitional, Semi-deciduous, Costal 

savanna and Guinea savanna zones respectively. But under 

the farmer saved seed grower system, the Transitional 

zone recorded a higher value followed by the Costal 

savanna, Guinea savanna, Rainforest, and Semi-deciduous 

zones respectively [28] also reported that, the seed size 

plays a major role in the process of germination and it is 

usually associated with seedling vigour, which is very 

important for future crop plants. However, Sulewska and 

Hanna study also reported that there was   impacts of grain 

seed weight on vigour, crop establishments, and 

productivity[29]. According to Fu,[30] seed quality is a 

right important factor that governs the early development 

and growth of agricultural crops. The percentage seed 

viability observed within and across the zones indicated 

that; within the zones, both seed production systems for 

the Guinea savanna zone gave a good seed viability 

percentage of 93.9 % (certified seed) and 83.3 % (farmer 

saved seed). The average percentages recorded across the 

zones showed a significant difference between the seed 

samples from each seed production system were the 

certified seed out-performed the farmer saved seed. 

According to kulkarni report[31] that, ‘Germination and 

seedling vigor are severely affected if seed is stored at high 

relative humidity and deterioration is much faster if the 

storage temperature is also high. 

7. Conclusion 
It is clear from the study that the analytical seed quality 

and mycological tests conducted had showed that seeds 

from certified seed systems were superior to those farmer-

saved systems in all parameters across all zones. And also 

has realized that the quality parameters have impacts on 

germination, growth, maturity, and grain yield. Farm-

saved seeds have limitations on seed qualities that lead to 

reduce yield. This is why the current productivity of maize 

is low in Ghana. 

The information generated through this study has 

important implication the impact of seed quality 

parameters on yield.  However, similar further studies are 

warranted at a major season and various locations using 

different varieties of maize to provide the conclusive 

recommendation. 

7.1 Recommendations 

 To increase the productivity of maize yield in the 

country, more certified seed should be available 

to the farmers. 

  Government and concerning body should 

motivate the farmers to use certified seeds.     

 A seed quality program should be put in place to 

ensure regular monitoring of crop seed for the 

seed-borne pathogen in the seed quality 

surveillance activity.  

 Seed health analysis should be included as part of 

seed certification in Ghana.  

 It is important to strengthening farmers' capacity 

in seed production and more reliable storage 

techniques should be given to farmers.
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