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ABSTRACT 

There is paucity of quantitative information on herbicide effectiveness in relation to the yields of 

cassava cultivars to guide the use of herbicides by farmers. Field experiments were conducted in 

June, 2013 and June, 2014 cropping seasons at the University of Uyo Teaching and Research 

Farm, Uyo, to study the effects of selected herbicides on growth, yield and garification qualities 

of some cassava (Manihot esculenta Crantz) cultivars. A split-split plot arrangement in a 

randomized complete block design, replicated three times was used. Main treatments were three 

cassava cultivars; (TMS 97/0162, TMS 01/1412 and local cultivar- Obubit okpo), sub treatments 

were four types of herbicides; Atrazine, Diuron, Raft and Primextra. The sub-sub treatments were 

five rates of herbicide application; 0, 1.0, 2.0, 3.0 and 4.0 kg a.i/ha. Data collected on growth, 

yield and garification qualities were subjected to analysis of variance. Results showed that cassava 

height (cm), number of tubers/plant, tuber length, tuber circumference (cm), weight of tuber (kg) 

and tuber yield (t/ha) decreased as rate of herbicide application increased. TMS 01/ 1412 had the 

highest yield of 26.81t/ha and 27.46t/ha in 2013 and 2014 respectively. Garification qualities were 

also significantly (p< 0.05) affected in both cropping seasons. Garification qualities varied among 

cultivars, local cultivar ranked highest for sipping, TMS 97/0162 highest for texture and TMS 01/ 

1412 highest for moulding. The herbicide Raft gave the highest yields of 26.31t/ha and 27.64t/ha 

respectively for years 2013 and 2014. Based on these findings, TMS 01/1412 and Raft at 2.0 kg 

a.i/ha is recommended for increased cassava production. 
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1. Introduction 
 

Cassava is a major crop of the humid tropics. Production in Nigeria accounted for about 35% of 

the total output of Africa (FAOSTAT, 2005). Specifically, in 2007, Nigeria produced 46 million 

tons making it the world largest producer (IITA, 2009).  Cassava is rich in carbohydrates, 

calcium, vitamins B and C and essential minerals. It serves as a major staple food for more than 

200 million people in sub-Saharan Africa and accounts for more than 200 calories per day in the 

diet of an individual (Nweke, 1997). The demand for cassava is increasing in Africa and this is 

being driven by population growth as well as the efforts of governments to add value to cassava 

through the processing into different food forms and animal feeds (Ekeleme, 2013). 

 

Herbicides have been playing an important role in world agriculture for the past four decades. This 

is because, herbicides more than any other tool so far developed for weed control by humans, are 

able to destroy weeds on large scale before or at emergence without heavy dependence on human 
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labour (Akobundu, 1987). Prior to herbicides, extensive tillage and manual weeding were the 

primary means of weed management (Nelson & Bullock 2003). Herbicides are important and 

essential components of weed management in world agriculture. They have responded to the food 

production needs of all food sufficient countries of the world and are playing major roles in the 

tropics as the region has moved to surplus food production. The increasing world population and 

the attendant need to increase food production, if only to meet and maintain present production 

levels, seem to indicate that herbicide use must increase in order for farmers to produce these crops 

efficiently. Herbicides are vital tools for increased and efficient food production. Since more than 

three billion people in the developing countries cannot be adequately fed by advocating a return 

to the good old days of hand-pulling of weeds that depended on an abundant and stable labor force, 

safe use of herbicides may be necessary to harness better crop production and greater food 

supplies. Herbicide use could proffer more profitable option to other methods of weed control in 

the cassava production and protect crops from adverse early weed competition which can avert 

economic losses. Hence this study was undertaken to assess the effects of different herbicides and 

varying application rates on growth, yield components and garification qualities of cassava. 

 

 

 

2. Materials and Methods 
 

2.1 Experimental layout and design 
 

The study was conducted at the University of Uyo Teaching and Research Farm, Uyo, Nigeria in 

June, 2013 and June, 2014 cropping seasons. The location of the experiment lies between latitude 

5.030N and longitude 7.930E, 96m above sea level within equatorial rainforest belt. The location 

has an with average minimum temperature of 230C and maximum of 31.70C, an average monthly 

relative humidity of 51- 89%, an average rainfall 2473mm /annum monthly and sunshine of 3.14 

hours,  (Akwa Ibom State Statistical Year Book, 2013). Uyo has a tropical climate marked by two 

distinct seasons namely; dry season (November – March) and the wet season (April – October). 

The wet season is usually interrupted by a short dry weather in August which is often known as 

‘August break’ (Peter et al., 1989). The site in both June, 2013 and June, 2014 cropping seasons 

was fallowed for one cropping season before planting. The land was under one-year fallow after 

fluted pumpkin and maize were harvested, prior to the present studies.  

The design used for the experiment was Randomized Complete Block Design with split – split 

plot arrangement and replicated three times for 2013 and repeated in 2014 cropping season.  The 

main treatments were three cassava cultivars viz: TMS 01/1412 (Biofortified Vitamin “A” 

cassava, early maturing, high branching ability, yellow petiole, yellow roots which contains 

carotene), TMS 97/0162 (early maturing, low branching ability, pink petiole, white tuber), local 

best cultivar - Obubit Okpo (Late maturing, takes about 12 months to mature, pink petiole, white 

tuber,). The sub treatments were types of herbicide viz: Atrazine, Diuron, Primextra (Atrazine + 

metolachlor) and Raft (Oxadiargyl), while the sub- sub treatments were rates of application viz: 

0, 1.0, 2.0, 3.0, 4.0 kg a.i/ha for each herbicide. The herbicides were diluted in water (solvent) at 

respective rates of applications and applied as pre-emergent. Main plot size was 20 x 20 m, sub-

plot size was 10m x 5m, while the sub-sub plot size was 5m x 2m. The total plot size was 75m x 

48m = 3,600m2 for 2013 and 2014 cropping seasons respectively. 
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2.2 Land preparation and planting 

 

Composite soil samples were randomly collected at six different locations from the site before 

land preparation at the depths of 0 – 15cm and 15-30cm in both seasons using soil auger. The 

samples collected were bulked, bagged, labelled and analyzed for physical and chemical 

composition of the soil. Land preparation at the experimental site was done by slashing and 

stumping of woody shrubs. Then the land was ploughed with a tractor for favorable establishment 

of roots and for development of tubers. Harrowing was carried out three days after ploughing in 

order to break bigger particles of soil into smaller particles. This was followed by ridging at 1m 

apart with foot paths of 1.5m around the plots and in between the main treatments in 2013 and 

2014 cropping seasons, respectively.  

The three cassava cultivars with stem cutting measuring 25cm containing (about 5-7 nodes) were 

planted at 1 x 1m spacing inclined at an angle of 60o with buds pointing upward. Four types of 

herbicides were applied after planting at 1.0, 2.0, 3.0, 4.0 kg a.i/ha using four different knapsack 

sprayers and each calibrated to give a spray volume of 250 litres/ha using a deflector nozzle at a 

pressure of 2.1kg/cm and walking speed of one meter per second. One hundred and fifty kilograms 

of compound fertilizer (NPKMg 12:12:17+2) fertilizer was applied to the crops at two months 

after planting (2 MAP) using the ring method. 

 

2.3 Data collection and analysis 

 

Data were collected on growth components at 2, 4, 6, 8 and 10 MAP and yield components 

respectively from six sampled and tagged plant at the middle of each experimental unit. 

Garification quality was assessed according to treatment and ranked based on preference on gari 

texture, sipping and molding of eba using the method of Lundgren, (1981) on the scale of 1-4. 

Where: 1=very rough, 2=rough, 3=fine, 4=very fine for texture and 1=bad, 2=good, 3=better, 

4=best for sipping and moulding of ‘eba.  All data collected were subjected to analysis of variance 

(ANOVA) using GenStat Statistical Software (Version 13) and significant means were compared 

using Least Significant Difference (LSD) at 5% probability.  

 

 

3. Results and Discussion  

 

The physical and chemical properties of the experimental soil site before planting for 2013 and 

2014 indicated that the soil was sandy loam and slightly acidic with high organic matter content, 

low in total nitrogen and high contents of available phosphorous (Table 1).  

The effect of cultivar, herbicide type and rates of application on cassava height in 2013 and 2014 

is presented in table 2. TMS 97/0162 recorded the tallest plant at 2, 4, 6 and 8 MAP while the 

shortest cultivar was observed in TMS 01/1412. Raft herbicide produced the tallest plant at 4 and 

6 MAP in 2013 and 2014 (Table 2) compared to Atrazine, Diuron and Primextra. Rates of 

herbicides application had significant effect (p ≤ 0.05) on cassava height at 2 and 4 MAP in both 

cropping seasons. The application rate of 2.0 kg a.i/ha recorded the tallest cassava plants at 2 and 

4 MAP both cropping season (Table 2), this was followed by 1.0 kg a.i/ha while 4.0 kg a.i/ha 

recorded the shortest plant height. Raft showed the highest stand establishment and tallest plant 

compared to other herbicides.  

 

The effect of cultivars, type of herbicide and rates of application significantly influenced yield 

components (tuber circumference and weight of tubers) and tuber yield in 2013 and 2014 (Tables 

3 and 4). TMS 01/1412 produced highest tuber yield in 2013 and 2014. This is similar to the report 
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of Udoh, et al. (2016) that highest number of branches, largest cassava tubers and outstanding 

yield were obtained in cassava genotype TMS 01/1412. It also agrees with Nweke et al. (1994) 

that varietal differences affected yield of root and tuber crops. 

 

Raft produced the highest yield in 2013 and 2014 cropping season in across herbicides (Table 3 

and 4). Raft at 2.0 kg a.i/ha had the highest tuber yield of 27.40 t/ha in 2013 and 28.25t/ha in 2014 

cropping season (Figures 1 and 2). Result showed that TMS 01/1412 and Raft at 2.0 kg a.i/ha had 

the best yield components and highest tuber yield in 2013 and 2014. This may be due to the ability 

of Raft herbicide to control weeds like grasses, broadleaves and sedges thus minimizing 

competition and interference with cassava growth and yield. Atrazine produced the lowest yield 

among treated plots, similar to untreated plots of no herbicide application, especially in TMS 

97/0162 and local cultivar due to weed competition. This may be as a consequence of the selective 

nature of the herbicide on weeds. This result agrees with Swinton & King (1994) that weeds 

surviving an herbicide treatment have the same competitiveness with crops and provide the yield 

loss similar to untreated plot. The reduction in yield may be on account of unrestricted weed 

infestation in the untreated plots or weeds that survived herbicide treatments. 

For the garification quality assessment, TMS 97/0162 was ranked as best for texture, local cultivar 

best for sipping, while TMS 01/1412 was considered best for eba in both cropping seasons (Table 

5). The differences in qualities observed in the cassava varieties may have been due to inherent 

varietal characteristics of the various cultivars and this finding is in consonance with the report of 

Bassey & Harry (2013) that cassava qualities and characteristics varies depending on genotypes. 

It also agrees with Ndaeyo et al. (2013) that considerable variations exist within and between 

varieties for most characters.  

 

4. Conclusion 

This study has highlighted that weed control is a critical factor and a cornerstone for increased 

cassava production in the study area. The use of cassava cultivar TMS 01/1412 + Raft herbicide 

at 2.0 kg a.i/ha stood out in good growth attributes, garification quality and higher yield 

performance among the treatments. Therefore, it can be concluded that cassava cultivar TMS 

01/1412 combined with Raft herbicide at 2.0 kg a.i/ha is favorable for weed control and increased 

yield in cassava in the ecology. 
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Table 1: Soil physico-chemical properties of the experimental site before planting  

                                                              2013                                         2014   

                                                                            Soil depth (cm) 

Soil physical properties                 0-15cm          15-30cm 0-15cm            15-30cm 

Sand % 83.40 79.40 80.60 77.60 

Silt %   3.20   5.20   5.14   6.06 

Clay % 13.40 15.40 14.26 16.34 

Soil chemical properties     

pH (H20)   6.90   6.80   6.87   6.70 

EC (dsm)   0.08   0.04   0.07   0.05 

Organic matter (%)   3.84   3.44   3.92   3.34 

Total N (%)   0.10   0.08   0.14   0.09 

Available P (mg/kg) 84.19 71.59 70.33 68.26 

Ca (cmol/kg)   4.00   3.10   4.89   5.52 

Mg(cmol/kg)   1.70   1.40   1.93   1.65 

Na(cmol/kg)   0.05   0.06   0.06   0.04 

K(cmol/kg)   0.10   0.09   0.14   0.11 

Ea(cmol/kg)   1.76   1.92   1.87   1.99 

ECEC(cmol/kg)   7.61   6.57   7.93   7.20 

EAL(cmol/kg)   1.09   1.20   1.10   1.18 

Base saturation (%) 76.87 70.78 85.16 81.41 
 

 

Table 2: Cassava height (cm) as influenced by cultivar, types and rates of herbicide in 2013 

and 2014 cropping seasons 

 
Treatments                       2013 

Months after planting (MAP) 

2            4               6              8             

                    2014 

Months after planting (MAP)  

2                4              6             8       

Cultivars           

Obubit okpo 42.02 129.32 181.50 190.30  40.39 121.90 183.00 196.80  

TMS 97/0162 51.00 167.89 240.40 246.10  41.20 154.10 216.60 235.20  

TMS 01/1412 39.11 123.02 176.10 182.50  38.94 120.20 179.80 194.00  

LSD    2.11     4.81   15.36    19.22    2.64     5.90   14.06   21.49  
 

Herbicides 
     

Atrazine 42.98 131.94 192.10 200.90  40.07 128.60 188.00 206.80  

Diuron 44.22 143.22 201.30 205.70  42.16 134.30 197.10 207.90  

Primextra 43.12 138.00 189.50 199.30  37.06 125.50 189.30 205.70  

Raft 45.84 147.04 214.40 219.40  41.41 139.90 198.10 214.10  

LSD   ns     2.71     2.96 ns  ns     6.40     9.63 ns  
 

Rates (kg a.i/ha) 
     

0.00 40.25 140.27 196.50 209.90  36.81 130.80 188.70 202.40  

1.00 49.95 143.37 195.20 202.80  44.10 139.00 203.50 219.10  

2.00 51.61 144.92 205.60 214.70  44.53 145.50 212.80 225.98  

3.00 46.28 144.01 203.60 209.50  41.32 128.00 191.10 207.50  

4.00 36.28 127.80 195.80 196.70  34.12 117.00 169.60 188.30  

LSD    2.72     8.14 ns ns    2.61     7.30     8.94     6.24  
 

Interaction 
          

C x H ns ns ns ns  ns ns ns ns  

C x R ns ns ns ns  ns ns ns ns  

H x R ns ns ns ns  ns ns ns ns  

C x H x R  ns ns ns ns  ns ns ns ns  
C= Cultivar, H= Herbicides, R= Rate of application of herbicides, ns= Not significant.  
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Table 3: Yield and yield components of cassava as influenced by cultivars, types and rates of 

herbicide in 2013 cropping season 

 
Treatments                                                   2013 cropping season 

 

 Number of 

tubers 

/stand 

Tuber length 

(cm) 

Tuber 

circumference 

(cm) 

Weight of 

tubers/plant 

(kg) 

Dry matter 

accumulation 

(kg/g) 

Tuber 

yield (t/ha) 

Cultivars       

Obubit okpo   6.22 31.25 15.88 5.57 378.80 16.41 

TMS 97/0162   8.93 33.60 19.69 6.79 304.30 25.12 

TMS 01/1412 11.43 34.21 22.85 7.86 330.10 26.81 

LSD    1.47 ns   1.72 0.57     5.33   2.09 

 

Herbicides 

Atrazine 6.83 31.12 16.90 4.85 330.30 18.80 

Diuron 7.60 33.90 20.96 5.55 337.30 22.60 

Primextra 8.13 32.70 20.48 6.38 335.00 23.95 

Raft 8.53 31.45 21.06 6.95 336.6 26.31 

LSD   ns ns   1.42 0.37 ns   2.06 

 

Rates (kg a.i/ha) 

0.00 5.33 25.20 11.77 3.20 331.7 16.81 

1.00 7.96 33.09 18.97 6.53 340.90 20.69 

2.00 9.32 37.75 20.58 7.71 343.40 26.54 

3.00 7.35 35.81 17.86 7.03 342.20 25.15 

4.00 5.67 30.42 16.19 5.27 330.70 18.25 

LSD  1.85   3.15   1.62 0.41 ns   3.60 

 

Interaction  

C x H ns ns ns ns ns ns 

C x R                  ns ns ns ns ns ns 

H x R           ns ns 0.51 0.81 ns 1.22 

C x H x R              ns ns ns ns ns ns 

C= Cultivar, H= Herbicides, R= Rates of application of herbicides, ns= Not significant.  
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Table 4: Yield and yield components of cassava as influenced by cultivars, types and rates of 

herbicide in 2014 cropping season 

 
Treatments                      2014 cropping season 

 

 Number of 

tubers 

/stand 

Tuber 

length 

(cm) 

Tuber 

circumference 

(cm) 

Weight of 

tubers/plant 

(kg) 

Dry matter 

accumulation 

(kg/g) 

Tuber yield 

(t/ha) 

  

Cultivars       

Obubit okpo   5.82 32.15 15.61 5.41 381.30 15.34 

TMS 97/0162   8.26 34.17 18.38 6.94 312.10 26.32 

TMS 01/1412 14.88 34.63 20.06 7.94 349.30 27.46 

LSD    1.53 ns   1.77 0.38     4.56   2.40 

 

Herbicides 

Atrazine 6.73 32.98 16.13 5.67 340.00 19.68 

Diuron 7.06 34.07 20.01 5.75 340.00 24.75 

Primextra 7.24 34.01 18.80 6.84 346.10 25.88 

Raft 9.20 33.53 22.13 7.05 341.06 27.64 

LSD   ns ns   2.14 0.30 ns   2.01 

 

Rates (kg a.i/ha)  

0.00 5.49 27.90 11.19 4.44 335.12 18.06 

1.00 6.46 34.84 19.91 6.01 332.10 19.46 

2.00 8.73 38.94 22.94 7.33 339.30 27.90 

3.00 8.13 35.64 20.99 7.14 339.00 26.90 

4.00 6.83 29.92 17.07 5.52 334.6 19.22 

LSD 1.95   3.69   1.33 0.31 ns   3.48 

 

Interaction 

C x H ns ns ns ns ns ns 

C x R                  ns ns ns ns ns ns 

H x R           ns ns 0.71 0.62 ns 1.60 

C x H x R              ns ns ns ns ns ns 

C= Cultivar, H= Herbicides, R= Rate of application of herbicides, ns= Not significant. 
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Table 5: Garification qualities of cassava as influenced by cultivars, types and rates of 

herbicide in 2013 and 2014 cropping seasons 
Treatments                       2013                      2014 

 

 Texture Sipping Eba Texture Sipping Eba 

Cultivars       

Obubit okpo 1.73 3.30 2.95 1.62 3.48 2.98 

TMS 97/0162 3.25 1.75 1.67 3.37 1.52 1.68 

TMS 01/1412 1.50 1.38 3.47 1.47 1.37 3.29 

LSD  0.98 0.52 0.48 0.25 0.75 0.81 

 

Herbicides 

      

Atrazine 2.24 2.02 2.62 2.13 2.25 2.68 

Diuron 2.36 2.20 2.60 2.29 2.15 2.62 

Primextra 2.11 2.22 2.71 2.18 2.11 2.73 

Raft 1.91 2.13 2.84 2.00 2.13 2.82 

LSD   Ns ns ns ns ns ns 

 

Rates (kg a.i/ha) 

     

0.00 2.17 2.17 2.75 2.14 2.25 2.56 

1.00 2.17 2.17 2.67 2.22 2.03 2.75 

2.00 2.28 2.28 2.78 2.06 2.14 2.83 

3.00 2.08 2.08 2.58 2.31 2.17 2.70 

4.00 2.1 2.11 2.69 2.03 2.00 2.70 

LSD  Ns ns ns ns ns ns 

Interaction       

C x H Ns ns ns ns ns ns 

C x R Ns ns ns ns ns ns 

H x R Ns ns ns ns ns ns 

C x H x R      Ns ns ns ns ns ns 
C= Cultivar, H= Herbicides, R= Rate of application of herbicides, ns= Not significant. 
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Figure 1: Tuber yield (t/ha) of cassava as affected by interaction of types and rates of 

herbicide in 2013 cropping season.   

     

Figure 2: Tuber yield (t/ha) of cassava as affected by interaction of types and rates of 

herbicide in 2014 cropping season.       
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