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Abstract 
Studies were conducted at Offinso in the Ashanti Region of Ghana to 
evaluate yield components of cassava grown with application of organic 
and inorganic fertilizers. The experimental design for the experiment was 
a 3 x 4 factorial, arranged in a Randomized Complete Block Design 
(RCBD) with three replications. The treatments comprised three types of 
fertilizers (600kg ha-1 NPK 15-15-15, 600kg ha-1 NPK 23-10-10 and 2t ha-

1 PM) applied at 6, 8, 10 and 12 weeks after planting. Normal agronomic 
practices including refilling, application of fertilizer, control of pests and 
diseases and weeding were undertaken. Among the yield parameters, 
root weight per plant, root length, root girth and number of roots per 
plant were significantly affected by application of fertilizer. Root length, 
root girth, number of roots per plant and storage dry matter were the 
only yield components which were significantly affected by time of 
fertilizer application. Both organic and inorganic fertilizers increased 
yield components of cassava. Time of fertilizer application  increased root 
bulking and most of the yield components of cassava. Application of 
fertilizer from 6 to 10 weeks after planting affected root bulking and yield 
components of cassava. 
Key words: cassava, fertilizer. 

1.0. INTRODUCTION 

Cassava (Manihot esculenta Crantz) is a short-day plant of the Tuphorbiallae family. It 

undergoes subterranean fruiting and the roots are the main products of importance. 

Cassava is a native of Latin America and was brought to Africa by the Portuguese in the 

16th century [1].  
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Cassava is an important crop in Ghana and other parts of the world. According to [2], 

the world annual production of cassava is more than 158 billion tons. This amount is 

used for various uses including human consumption (58%), animal feed (22%), and 

other uses (20%). Work done by [3] showed that 102 million tons of cassava was used 

globally for food in 2000. In a study to investigate yield performance of five cassava 

genotypes under different fertilizer rates, [4] observed that the number of roots per 

plant was significantly influenced by fertilizer treatments. [5] found that the best types 

of fertilizer and time of its application for most crops are not known and that this is a 

major problem to the use of fertilizer in the country. 

The main objective of the study was, therefore, to evaluate cassava productivity under 

different times of application of poultry manure, NPK 15-15-15 and NPK 23-10-10. 

The specific objective of this research was to determine the effect of fertilizer and its 
time of application on root bulking and yield components of cassava. 
 
2.0. MATERIALS AND METHODS 

2.1.  Location of Research 

The research was conducted at Namong Senior High Technical School in the Offinso 

Municipality in the Ashanti Region of Ghana in 2015. The area falls within latitudes 

6’45N and 7’25N and longitudes 1°65W and 1°45E at an elevation of 250m- 300m 

above sea level.  

2.2.  Experimental Design and Treatments 

The experimental design was a 3 x 4 factorial with treatments arranged in a 

Randomized Complete Block Design (RCBD) with three replications. There were thus 

twelve treatment combinations. Bankyehemaa was used with two inorganic fertilizers 

and poultry manure as levels of one factor as follows: 

 NPK 15:15:15 at 600kg/ha  (90kg N ha-1; 90kg P2O5 ha-1; 90kg K2O ha-1); 

 NPK 23:10:10 at 600kg/ha (138kg N ha-1; 60kg P2O5 ha-1; 60kg K2O ha-1); 

 Poultry Manure at 2 t/ha.  

The time of application of fertilizer was the other factor with four levels, namely: 

 Application of fertilizer 6 weeks after planting; 

 Application of fertilizer 8 weeks after planting; 
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 Application of fertilizer 10 weeks after planting; 

 Application of fertilizer 12 weeks after planting. 

The planting materials consisted of mature stem cuttings (stakes) of about 20 cm in 

length, containing between 10 and 12 nodes. These were planted in an angled position 

at a spacing of 1 m x 1 m on a flat-tilled land.  

2.3. Data Collected 

Roots harvested from sampled plants were counted. The total number of roots was 

divided by the number of plants harvested per square metre per each treatment to get 

the mean number of roots. Four plants were harvested and the weight of the roots 

taken. The total weight was then divided by the number of plants sampled to obtain root 

weight per plant. The total weight of the roots of four plants sampled was divided by the 

total number of roots to obtain mean root weight. The length of each root of four 

sampled plants was taken and the sum of the lengths was divided by the number of 

roots per plant sampled to obtain the mean root length. The diameter of the roots per 

plant was taken with vernier calipers and the average was calculated by summing up all 

the diameters of the roots and then dividing the total diameter by the number of roots 

per plant. The dry matter percentage of roots was determined from a random bulk 

sample of four plants selected from the two inner rows of each plot. Whole roots were 

shredded after brushing off soil from the roots. Duplicate samples of 200 g each were 

oven-dried at 70oC until constant weights were obtained to estimate the dry weights [6]. 

The harvest index was calculated by dividing dry root weight by the sum of dry root 

weight and dry shoot weight (total dry matter).  

2.4. Data Analysis 

Analysis of variance was used to analyse all data using the [7] package. The Least 

Significant Difference (LSD) at 5% probability level was used to compare treatment 

means. 

3.0. RESULTS AND DISCUSSION 

3.1.  Results 

3.1.1 Number of roots per plant 

Application of fertilizer and time of its application had a significant (P<0.05) effect on 

number of roots per plant only at 6 MAP (Table 1). The greatest effect was measured 
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following application of poultry manure at 6 MAP, and this was significantly (P<0.05) 

higher than only NPK 23-10-10 treatment. The effect of the latter treatment was 

significantly (P<0.05) lower than that of the NPK 15-15-15 treatment. The treatment 

effect of application of fertilizer at 6 WAP was significantly (P<0.05) greater than all 

other treatment effects. The lowest number of roots per plant was produced when 

fertilizer was applied at 8 WAP, and this was significantly (P<0.05) lower than only 

application of fertilizer at 6 WAP. All other treatment differences were not significant.  

Table 1: Number of roots per plant for cassava under three fertilizer types 

applied at four different times at different harvesting periods in 

2015/2016 growing season 

Treatment  Number of roots per plant  

Months After Planting 

4 6 8 11 

Fertilizer 

NPK 15-15-15 

NPK 23-10-     10 

Poultry manure 

 

8.38 

7.12 

8.38 

 

8.92 

7.38 

9.08 

 

8.96 

10.00 

10.19 

 

10.67 

10.12 

10.92 

Time of application 

6 WAP 

8 WAP 

10 WAP 

12 WAP 

 

7.67 

8.83 

7.67 

7.67 

 

9.56 

7.72 

8.17 

8.39 

 

10.17 

9.03 

10.06 

9.61 

 

10.28 

10.69 

10.25 

11.06 

LSD (5%) 

Fertilizer 

Time of application 

 

NS 

NS 

 

0.97 

1.12 

 

NS 

NS 

 

NS 

NS 

CV (%) 24.70 13.60 19.90 17.80 

   NS: Not Significant 

3.1.2. Root weight  

Results of root weight per plant are presented in Table 2. Root weight per plant was 

significantly (P<0.05) affected by application of fertilizer only at the first two sampling 

periods, but it was not affected by time of fertilizer application on all sampling days. 

Poultry manure treatment effect was highest in root weight per plant at 4 MAP, and this 

was significantly (P<0.05) higher than those of the mineral fertilizers, which produced 

similar effects. The highest root weight per plant was measured in poultry manure 

treatment at 6 MAP, and this was significantly (P<0.05) higher than only NPK 15-15-15 

treatment. The mineral fertilizers produced similar results. 
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Table 2: Root weight per plant for cassava under three fertilizer types applied at 

four different times at different harvesting periods in 2015/2016 

growing season 

Treatment  Root weight per plant  (kg) 

Months After Planting 

4 6 8 11 

Fertilizer 

NPK 15-15-15 

NPK 23-10-10 

Poultry manure 

 

0.50 

0.41 

0.65 

 

1.12 

1.20 

1.50 

 

1.20 

1.28 

1.50 

 

2.13 

2.15 

2.33 

Time of application 

6 WAP 

8 WAP 

10 WAP 

12 WAP 

 

0.55 

0.52 

0.43 

0.58 

 

1.35 

1.16 

1.21 

1.37 

 

1.36 

1.22 

1.35 

1.37 

 

2.32 

2.29 

1.93 

2.28 

LSD (5%) 

Fertilizer 

Time of application 

 

0.13 

NS 

 

0.30 

NS 

 

NS 

NS 

 

NS 

NS 

CV (%) 30.30 28.20 28.70 21.70 

     NS: Not Significant 

3.1.3. Mean root weight 

Mean root weight did not vary significantly (P>0.05) among all treatments (Table 3). 

Table 3: Mean root weight for cassava under three fertilizer types applied at four 

different times at different harvesting periods in 2015/2016 growing season 

Treatment  Mean root weight (kg) 

Months After Planting 

4 6 8 11 

Fertilizer 

NPK 15-15-15 

NPK 23-10-10 

Poultry manure 

 

0.06 

0.06 

0.08 

 

0.13 

0.17 

0.17 

 

0.14 

0.13 

0.15 

 

0.20 

0.21 

0.20 

Time of application 

6 WAP 

8 WAP 

10 WAP 

12 WAP 

 

0.07 

0.06 

0.06 

0.08 

 

0.14 

0.16 

0.15 

0.17 

 

0.14 

0.14 

0.13 

0.14 

 

0.23 

0.22 

0.20 

0.21 

LSD (5%) 

Fertilizer 

Time of application 

 

NS 

NS 

 

NS 

NS 

 

NS 

NS 

 

NS 

NS 

CV (%) 41.10 28.40 23.20 19.20 

     NS: Not Significant 
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3.1.4. Root length 

Table 4 shows the results of root length. Significant response (P<0.05) to application of 

fertilizer was observed only at 6 and 11 MAP. Application of poultry manure produced 

longest roots at 6 MAP which differed significantly (P<0.05) from that of the mineral 

fertilizers. At harvest, longest roots (P<0.05) were measured on NPK 15-15-15 treated 

plots. Root length was significantly (P<0.05) affected by time of fertilizer application 

only at 6 MAP. Application of fertilizer at 8 WAP produced the greatest root length, 

while the lowest effect was measured in application of fertilizer at 10 WAP. The 

treatment effect of the latter was significantly (P<0.05) lower than all other treatment 

effects. All other treatment means were similar to each other. 

Table 4: Root length for cassava under three fertilizer types applied at four 

different times at different harvesting periods in 2015/2016 growing 

season 

Treatment  Root length (cm) 

Months After Planting 

4 6 8 11 

Fertilizer 

NPK 15-15-15 

NPK 23-10-10 

Poultry manure 

 

24.28 

23.59 

24.95 

 

26.70 

26.59 

28.73 

 

28.94 

30.18 

30.13 

 

33.42 

31.88 

30.97 

Time of application 

6 WAP 

8 WAP 

10 WAP 

12 WAP 

 

24.67 

24.32 

22.61 

25.50 

 

27.45 

27.93 

27.81 

26.16 

 

28.10 

30.64 

29.36 

30.90 

 

31.87 

32.45 

30.84 

33.20 

3.5LSD (5%) 

Fertilizer 

Time of application 

 

NS 

NS 

 

1.41 

1.62 

 

NS 

NS 

 

2.14 

NS 

CV (%) 14.30 6.10 12.00 7.90 

   NS: Not Significant 

3.1.5. Root girth 

Results of root girth are presented in Table 5. Root girth was significantly (P<0.05) 

affected by fertilizer application only at 6 MAP, with poultry manure treatment being 

higher than the other treatments. The mineral fertilizers produced similar effects. Time 

of fertilizer application significantly (P<0.05) affected root girth, except on the first day 

of sampling. At 6 MAP, application of fertilizer at 6 WAP was significantly (P<0.05) 
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higher than all other treatments, except application of fertilizer at 8 WAP. All other 

treatment effects were similar. At 8 MAP, the greatest root girth was measured when 

fertilizer was applied at 10 WAP, and this was significantly (P<0.05) higher than only 

application of fertilizer at 12 WAP. At 11 MAP, the biggest roots were produced when 

fertilizer was applied at 6 WAP, and this was significantly (P<0.05) higher than only 

application of fertilizer at 10 WAP.  

 

Table 5: Root girth for cassava under three fertilizer types applied at four 

different times at different harvesting periods in 2015/2016 growing 

season 

Treatment  Root girth (mm) 

Months After Planting 

4 6 8 11 

Fertilizer 

NPK 15-15-15 

NPK 23-10-10 

Poultry manure 

 

22.00 

22.97 

21.31 

 

28.10 

28.19 

29.80 

 

31.38 

30.80 

32.44 

 

33.41 

31.82 

32.11 

Time of application 

6 WAP 

8 WAP 

10 WAP 

12 WAP 

 

21.35 

21.52 

20.96 

24.53 

 

30.32 

29.14 

27.77 

27.57 

 

31.36 

32.19 

33.35 

29.26 

 

34.38 

33.77 

28.86 

32.78 

LSD (5%) 

Fertilizer 

Time of application 

 

NS 

NS 

 

1.66 

1.91 

 

NS 

3.24 

 

NS 

4.54 

CV (%) 17.10 6.80 10.50 14.30 

NS: Not Significant 

3.1.6. Storage root dry matter and Harvest index 

Storage root dry matter was not affected by application of fertilizer, but was 

significantly (P<0.05) affected by time of fertilizer application. Application of fertilizer 

at 8 weeks after planting produced the highest treatment effect, and this was 

significantly higher than that at 10 weeks after planting only. All other treatment effects 

were similar (Table 6). Application of fertilizer and time of fertilizer application did not 

significantly (P>0.05) affect harvest index (Table 4.23).  
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Table 6: Storage root dry matter and harvest index for cassava at harvest under 

three fertilizer types applied at four different times in 2015/2016 

growing season  

Treatment Storage root dry matter 

(%)  

Harvest index 

Fertilizer 

NPK 15-15-15 

NPK 23-10-10 

Poultry manure 

 

36.25 

37.07 

35.78 

 

0.46 

0.49 

0.51 

Time of application 

6 WAP 

8 WAP 

10 WAP 

12 WAP 

 

36.81 

37.72 

34.73 

36.20 

 

0.48 

0.48 

0.47 

0.51 

LSD (5%) 

Fertilizer 

Time of application 

 

NS 

2.43 

 

NS 

NS 

CV (%) 6.80 17.60 

      NS: Not Significant 

3.2. DISCUSSION 

3.2.1. Treatment effects on yield components 

Mean root weight (Table 3) was not affected by application of fertilizer. However, 

number of roots per plant and root weight per plant (Tables 1 and 2) were significantly 

affected by application of fertilizer. The poultry manure treatment outyielded the 

mineral fertilizer treatments in cassava root weight and number of roots per plant 

because the addition of organic manure accelerates the release of minerals from the soil 

to the rooting zone and helps to make soil nutrients available to plants [8]. [9] found 

that organic fertilizer improves the physiological metabolism of cassava and also 

promotes the photosynthetic transfer to the root and increases number of root, yield 

and starch content in the roots of cassava. An increase in the number of storage roots 

per plant in response to organic fertilizer application has been reported by [10].  

Time of fertilizer application significantly affected number of roots per plant, but it did 

not affect root weight per plant and mean root weight. Application of fertilizer at 6 

weeks after planting enhanced better performance than the other treatment effects in 

number of roots per plant probably because there was sufficient time for dissolution 
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and release of nutrients, especially phosphorus and potassium which are important for 

root growth and development.  

Application of fertilizer and time of fertilizer application had a significant effect on root 

length (Table 4). The effects of application of mineral fertilizers were greater than those 

of poultry manure treatment with NPK 15-15-15 treatment being the best probably due 

to the availability of nutrients, especially phosphorus and potassium which are essential 

for root formation and growth. For instance, potassium is useful for stimulating net 

photosynthetic ability of leaves and increases the translocation of photosynthates to the 

tuberous roots, and also helps in the uptake of nitrates from the soil [11].  

Application of fertilizer and time of fertilizer application treatment effects for root girth 

were significant (Table 5). Plants treated with NPK 15-15-15 produced higher root girth 

of 33.41 mm at harvest. The higher root girth in the treatment may be ascribed to the 

fewer number of roots per plant it produced causing a reduction in competition 

between roots during root filling. [12] in their studies reported that higher root girth 

resulted from a few number of roots for storing the synthesized assimilates, and this 

supports findings of this work. The higher performance of crops for this character is 

indicative of the ease of dissolution of nutrients, especially phosphorus and potassium 

in the inorganic fertilizer, which are essential for root growth. [13] made a similar 

observation that application of fertilizer had a significant effect on root girth of cassava 

with NPK 15-15-15 only treatment producing the biggest roots.  

 

Storage root dry matter was not affected by application of fertilizer, but it was 

significantly affected by time of fertilizer application (Table 6). In a similar study, [14] 

reported that application of fertilizer had no significant influence on storage root dry 

matter content of cassava. The mean storage root dry matter content of 36.37% in the 

present study for the cassava variety (Bankyehemaa) studied was a little over that of 

36.08% obtained by [15] for the same variety. Application of fertilizer at 8 weeks after 

planting produced the greatest treatment effect probably due to adequate partitioning 

of assimilates to roots.  

Results of Table 6 showed that harvest index was not significantly affected by 

application of fertilizer and time of fertilizer application. This supports findings of [16] 
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who indicated that addition of NPK fertilizers and animal manures did not have any 

significant influence on harvest index. The mean harvest index of 0.49 in the present 

study was in the range of 0.49-0.77 reported by [17] after 10-12 months of planting, but 

higher than the range of 0.37-0.43 obtained by [18].  

4.0. CONCLUSION 

 Both organic and inorganic fertilizers increased root bulking and yield 

components of cassava.  

 Time of fertilizer application affected root bulking and most of the yield 

components of cassava. Application of fertilizer from 6 to 10 weeks after planting 

could be the best time to apply fertilizer to increase root bulking and yield 

components of cassava. 

 

5.0. RECOMMENDATION 

 It is recommended that farmers should apply fertilizers to increase yield 

components of cassava. 

 Effect of time of fertilizer application should be evaluated on different cassava 

varieties in multi-locations. 
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