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ABSTRACT 

A two year (2015 and 2016) experiment was conducted to evaluate the phytotoxicity of selected 

herbicides on some cultivars of cassava (Manihot esculenta Crantz) in a screen house at the 

University of Uyo Teaching and Research Farm, Uyo. 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 stand establishment, cassava height and phytotoxicity were subjected to analysis 

of variance. Results showed that the stand establishment did not differ significantly among the 

cassava cultivars. Stand establishment and plant height (cm) differed significantly across 

herbicides and rates of application in 2015 and 2016 respectively. High stand establishment 

was recorded in plots treated with Raft followed by Diuron compared to the mortality rate in 

Atrazine and Primextra treated plots. Plant height decreased as the rate of application of 

herbicides increased above 2.0kg a.i/ha across all herbicides. Phytotoxicity of herbicides on 

cassava stand was also significantly (p< 0.05) affected in both cropping seasons. Significant 

differences were observed in the injury (mortality) rate of the cassava stands. Primextra was 

more lethal, followed by Atrazine compared to other herbicides irrespective of the cultivar. 

Primextra applied at the rate of 4.0 kg a.i/ha showed the highest phytotoxicity across the 

selected cassava cultivars. Raft applied at the rate of 2.0 kg a.i/ha had less phytotoxicity on 

cassava cultivars.  Based on the findings, Raft application at the rate of 2.0 kg a.i/ha is 

recommended for cassava production in the ecology. 
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1. Introduction 

Herbicides are chemical substances or mixtures of substances intended for killing pest plants. 

Akobundu (1987), defined herbicides as chemicals used to control, suppress or kill plants or to 

severely interrupt their normal growth processes. Cork & Krueger (1992) defined herbicides 

as substances or cultured biological organisms used to kill or suppress the growth of unwanted 

plants and vegetation. They may be applied to the target areas as sprays or by hand using 

various techniques. They are important and essential components of weed management in 

world agriculture. They have responded to the production need 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. Herbicides use for weed control have had better safety records in the history of 

agriculture with fewer accidents than most farm machinery and household tools (Akobundu, 

1987). During the past four decades, a large number of herbicides have been introduced as pre- 

or post-emergent weed killers in many countries of the world. Several herbicides have been 

screened and evaluated for weed control in cassava and other tuber crops in different parts of 

the world and with varying degree of success (Akobundu (1981); Doll & Piedrahita (1976); 

Melifonwu (1994); Adesina et al. (2009).  Their performance is influenced by climatic and 

edaphic factors, weed flora, rate of herbicide applied, type of cultivars grown and crop 

management practices. With issues of food security and industrial potentials of cassava, the 

use of herbicides for weed control will sustain productivity and products for cassava-based 

industries as well as increase farmer holdings. However, the use of herbicides may have 

negative effects on both crop and the environment, but appropriate application measures may 

help reduce the negative effects.  

 

 Many herbicides are toxic in the ecosystems and inappropriate use may also cause significant 

risks to human health, plants, vertebrates and others (Cork & Krueger, 1992). Some of the 

herbicides evaluated for weed control in cassava include Fluometuron, Diuron and Primextra. 

(Akobundu, 1981; Doll & Piedrahita, 1976; Harper, 1974; Moody & Ezumah, 1974). Adesina 

et al, (2009) evaluated Diuron, Pendimethalin, Atrazine and Primextra for weed control in 

cassava. The use of herbicides gives rapid result, more convenient to the farmers, increase yield 

of crops and reduce labour costs (Melifonwu, 1992) and it is often considered an effective 

alternative to hand weeding (Akobundu, 1982). This alternative as observed by Adigun & 

Lagoke (1994) is often applied to large hectares of farm land where hand weeding may not be 

feasible due to labor and other logistic constraints. Ugbe et al, (2016) reported that chemical 

weed control using recommended dosages has been used on large scale such as on sole 

cropping in Nigeria and has become popular among crop farmers. Agahiu et al, (2011) reported 

that weed control with herbicides (pre-emergence and post-emergence) in cassava is feasible 

even at the smallholder farm level and also that herbicides are likely to become increasingly 

important as a means of weed control in cassava especially where labor is in short supply or is 

expensive and where the farm is large.  

 

Herbicides affect plant growth by their direct and indirect effects on one or more of these 

components (Cartwright, 1976) such as; photosynthesis, cell division and other physiological 

processess. They also affect plants in several ways, depending on factors related to the 

herbicide, the plant, and the environment in which both plant and herbicides are in contact. 
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Plant responses to herbicide interactions can be measured on the basis of stand reduction or 

several growth parameters (Akobundu et al., 1975). Ogundola & Liasu (2006) showed that the 

use of chemicals may have negative effects on crop growth and the environment. This negative 

effect may occur through herbicide effect on the susceptible plant which may regulate plant 

growth such as inhibition of cell division and photosynthesis thus causing deformities or death 

of the plant. The negative effect on crop growth may also affect the yield of the crop since the 

physiological processes and overall growth and development gives rise to yield. Akobundu 

(1987) posited that herbicide interference with the metabolic processes affects the 

physiological processes of plant growth and development. Primextra, a broad-spectrum 

herbicide produced from the combination of Metolachlor and Atrazine, extend the spectrum of 

activity (Onyangoli 1975). Raft (Oxadiargyl) is a pre-emergence and early post-emergence 

herbicide used for the control of broadleaf and grassy weeds and sedges. According to 

Angelova & Lamber (2011), the herbicide acts as a protophyrinogen IX oxidase inhibitor and 

belongs to the oxidazoles herbicide group. In their study they reported no damage and crop 

safety of these herbicides at 0.27-2.0 kg a.i/ha.  Diuron is a systemic herbicide derived from 

urea.  It is a broad spectrum, pre-emergence translocated herbicides (Akobundu, 1987). Field 

trials conducted in Eastern and South-Western Nigeria showed that many herbicides can be 

used safely and economically. For example, Silva & Rebeiro (1970) reported evaluation of 

substituted urea herbicides on the basis of the weight of roots, foliage and branches with good 

results and crop safety from Diuron. Kasasian (1969) reported no damage to cassava when 

Atrazine and Diuron were used at doses of 2.25 to 4.50 kg/ha. Hence this study was conducted 

to evaluate the phytotoxicity effects of selected herbicides on some cultivars of cassava.  

 

2. Materials and Methods 

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

the 2015 and 2016 cropping seasons. The location of the experiment lies site between latitude 

5°17′ and 5°27′N and longitude 7°27′ and 7°58′E and on altitude of 38.1 m above sea level. 

This rainforest zone receives about 2500 mm rainfall annually. The rainfall pattern is bimodal, 

with long rainy seasons in March to July and short season in September to November separated 

by a short dry spell of uncertain length usually during the month of August. It has a mean 

relative humidity of 78%, atmospheric temperature of 30°C and mean monthly sunshine of 12 

hours (Peter et al., 1989). 

 

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

split plot arrangement and replicated three times for 2015 and repeated in the 2016 cropping 

season.  The main treatments were three cassava cultivars viz: TMS 01/1412, TMS 97/0162, 

local best cultivar – Obubit Okpo. 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. 

Polythene bags of 15 mm thickness were filled with loamy soil and placed in a controlled 

environment. The total numbers of filled polybags were 180, representing each treatment and 

replication. The three cassava cultivars with each stem cutting measuring 25 cm containing 5-

7 nodes, were planted using inclined position at an angle of 60o and with buds pointing upward, 

in the respective polybags at one stand per medium.  

 

Four types of herbicides were diluted in water solvent and applied after planting at 1.0, 2.0, 

3.0, 4.0 kg a.i/ha using a knapsack sprayer respectively and a control of no herbicide 

application. Data were collected on stand establishment at 4 weeks after planting (WAP), 
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height of cassava at 4, 6, 8, 10 and 12 WAP. Phytotoxicity of herbicides on cassava stand was 

taken at 8 WAP through visual rating by counting the number of dead stands per treatments 

and the percentage was calculated to determine herbicide toxicity (injury) levels on the crop 

plants and their control using the method of Smith & Khodayari (1985) as follows: 

Insignificant = Toxicity (injury) level less than 10% of the crop was killed, slight = 10 – 20% 

of the crop was killed, moderate = 20 – 60% of the crop was killed, severe = 60 – 100% of the 

crop was killed and the mean determined. All data collected were subjected to analysis of 

variance (ANOVA) using GenStat Statistical Software (Version 13) and significant differences 

between treatment means were separated using Least Significant Difference (LSD) at 5% 

probability.  

 

3. Result and Discussion 
The physical and chemical properties of the soil samples is shown in Table 1. Effects of 

herbicide and rates of application on stand establishment of cassava in 2015 and 2016 season 

are contained in Table 2. High plant establishment was recorded in plots treated with Raft 

followed by Diuron compared with Atrazine and Primextra treated plots. This could be due to 

the active ingredient oxadiargyl which showed good crop safety. This result agrees with 

Angelova & Lamber (2011) as well as Philip & Tim (2003) whose studies reported no damage, 

good crop growth and crop safety of Raft herbicide among the Oxadiazoles derivative 

herbicides. In addition, herbicide application rates showed a decrease in the % stand 

establishment as the rate of application of herbicides increased. No herbicide application 

treatment had 100% stand establishment, while 4.0 kg a.i/ha application rate had the lowest 

stand establishment in both cropping seasons. Application rates of 1.0 kg a.i/ha, 2.0kg a.i/ha 

and 3.0 kg a.i/ha produced an appreciable stand establishment and good crop growth compared 

to the application rate of 4.0 kg a.i/ha. 

 

The effect of herbicide types and rates of application on cassava height in 2015 and 2016 is 

presented in Table 3. Types of herbicide showed that Raft herbicide had the tallest plant with 

respect to plant height at 6 and 12 WAP in 2015 and 2016 respectively, compared with other 

herbicides. However, Atrazine and Primextra produced stunted plants across types of 

herbicides. This agrees with the report of Adesina et al. (2009) that Atrazine and Primextra 

cause growth retardation in cassava and produced stunted plants. Rates of application of 

herbicides showed significant difference (p ≤ 0.05) on cassava height at 4, 6, 8, 10 and 12 WAP 

in both cropping seasons. The application rate of 2.0 kg a.i/ha recorded the tallest cassava plants 

in both cropping seasons across the three cassava cultivars, however, plant height decreased as 

the rate of application of herbicide increased above 2.0kg/a.i/ha (Figures 1 and 2). The 

application rate of 4.0 kg a.i/ha recorded the shortest plant height across cultivars. 

 

Phytotoxicity on cassava as influenced by herbicide and rates of application of herbicide in 

2015 and 2016 cropping season is presented in Figures 3 and 4. Phytotoxicity of herbicides on 

cassava were also significantly (p< 0.05) affected in both cropping seasons. Significant 

differences were observed in the injury (mortality) rate of the cassava. Primextra and Atrazine 

showed the highest phytotoxicity at 8 WAP as observed in the high mortality rate in Atrazine 

and Primextra treated plots. Primextra was more lethal, followed by Atrazine compared to other 

herbicides irrespective of the cultivar while Raft showed the least among the herbicides in both 

cropping seasons. This may be due to the phytotoxicity effect of the active ingredients’ 

Atrazine in these herbicides. This is similar to the report of Ogundola & Liasu (2006) that the 

use of herbicides has negative effects on crop growth and the negative effect may regulate plant 

growth thus causing deformities or death of the plant.  
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Phytotoxicity also increased with increase in rates of application across different herbicides in 

2015 and 2016 season (Figure 1 and 2). Application rate of 4.0 kga.i/ha recorded highest 

mortality rate as observed on the plot receiving this dose of treatment. High mortality may be 

on account of increase in the rates of application thereby increasing the concentration of the 

active ingredient beyond the tolerable rate by plants. This result agrees with Adesina et al. 

(2009) that both the rates and herbicides had significant effects on the performance of cassava. 

It also supports the assertion of Akobundu (1987) that herbicide interference with the metabolic 

processes affects the overall growth and development of plants. 

 

4. Conclusion 
This study has highlighted that some herbicide interactions with plants may result in severe or 

moderate increase in phytotoxicity, while others may cause no effect or produce a level of 

phytotoxicity that is below the normal toxicity level.  While most herbicides kill susceptible 

plants that they contact, the potential effects of herbicides are strongly influenced by their toxic 

action and their rate of application. Raft at 2.0 kg a.i/ha showed better crop safety. Therefore, 

this study recommends Raft herbicide at 2.0 kg a.i/ha for cassava production. 
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Table 1: Soil physico-chemical properties of the experimental site before sample 

collection  for planting  

                                                               2015                                                 2016   
                                                                                    Soil depth (cm) 

Soil physical properties   

               

0-15cm          15-30cm 0-15cm            15-30cm 

 Sand % 81.30 78.50 81.60 77.64 
Silt %   3.26   5.22   5.16   6.09 
Clay % 13.44 15.41 13.56 16.24 
 

Soil chemical properties 
    

pH (H20)   6.80   6.70   6.77   6.60 
EC (dsm)   0.09   0.05   0.07   0.04 
Organic matter (%)   3.64   3.34   3.82   3.44 
Total N (%)   0.11   0.07   0.13   0.08 
Available P (mg/kg) 83.17 70.49 71.23 69.23 
Ca (cmol/kg)   4.10   3.20   4.79   5.32 
Mg(cmol/kg)   1.60   1.40   1.83   1.55 
Na(cmol/kg)   0.06   0.04   0.05   0.04 
K(cmol/kg)   0.11   0.09   0.13   0.10 
Ea(cmol/kg)   1.66   1.82   1.77   1.89 
ECEC(cmol/kg)   7.51   6.47   7.73   7.10 
EAL(cmol/kg)   1.08   1.10   1.10   1.18 
Base saturation (%) 75.86 71.76 84.06 80.40 
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Table 2: Stand establishment (%) of cassava at 4 WAP as influenced by types and rates 

of herbicide in the 2015 and 2016 cropping seasons 

 

 

Treatments                                  2015 

 

Stand establishment (%)      

        2016 

 

Stand establishment (%)      

Cultivars 

 

  

Local cultivar           91.33         90.66 

TMS 97/0162           96.66         93.66 

TMS 01/1412           93.33         94.33 

LSD             Ns         ns 

 

Herbicides 

Atrazine 

 

          83.33 

 

        75.00 

Diuron           88.66         90.66 

Primextra           66.66         58.33 

Raft           90.66         91.67 

LSD               0.79           1.18 

 

Rates (kg a.i/ha) 

  

0.00           100.00         100.00 

1.00           90.33         91.66 

2.00           90.33         90.33 

3.00           86.66         83.33  

4.00           75.00         66.66 

LSD               2.81            2.73 

 

Interaction 

  

C X H          Ns         ns 

C x R          Ns         ns 

H x R          Ns         ns 

C x H x R               Ns         ns 

C= Cultivar, H= Herbicides, R= Rate of application of herbicide, ns= Not significant. 
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Table 3: Plant height (cm) as influenced by cultivar, types and rates of herbicide in the 

2015 and 2016 cropping seasons. 

Treatments                       2015 

Weeks after planting (WAP) 

                    2016 

Weeks after planting (WAP)  

 

 4 6 8 10 12 Mean 4 6 8 10 12 Mean 

Cultivars 

 

        

Obubitokpo 21.06 29.11 41.02 48.22 75.28 42.94 20.23 24.96 40.31 46.00 73.68 41.04 

TMS 97/0162 24.62 38.57 53.11 61.71 89.13 53.43 20.98 29.32 42.25 52.66 75.20 44.08 

TMS 01/1412 18.56 27.61 38.86 49.62 73.30 41.59 19.23 23.80 39.44 40.79 69.40 38.53 

LSD  ns 1.20 2.16 2.89 1.82  ns 0.47 2.04 2.17 1.29  

 

Herbicides 

 

Atrazine 20.63 28.43 43.90 50.73 69.08 42.55 19.51 25.61 39.27 48.18 62.06 38.93 

Diuron 21.49 30.30 45.62 53.57 72.46 44.69 20.35 28.44 41.13 49.71 64.07 40.74 

Primextra 21.56 27.93 44.72 51.99 64.14 42.07 18.92 24.07 36.21 46.93 61.48 37.52 

Raft 22.97 32.21 49.71 58.40 79.32 48.52 21.86 30.85 44.03 56.10 70.10 44.59 

LSD   ns 0.98 ns ns 1.02  ns 0.63 0.75 ns 0.61  

 

Rates (kg a.i/ha) 

 

0.00 19.60 29.62 41.50 49.74 54.20 38.93 18.21 25.97 35.67 48.20 61.40 35.89 

1.00 24.07 37.84 49.99 57.66 71.29 46.17 21.86 32.31 43.15 53.50 69.30 42.02 

2.00 25.19 40.59 50.82 59.90 75.54 48.41 22.59 37.50 45.39 57.82 73.98 45.46 

3.00 21.13 33.23 46.43 53.50 69.49 42.76 20.04 29.69 40.12 50.10 67.50 39.49 

4.00 17.21 27.16 38.15 42.67 58.39 34.72 17.60 28.05 36.30 47.60 58.21 35.55 

LSD  0.42 2.08 2.81 1.01 1.90  0.71 1.53 2.35 1.39 2.03  

 

Interaction 

            

C x H  ns ns ns ns  ns ns ns ns ns  

C x R  ns ns ns ns  ns ns ns ns ns  

H x R  ns ns ns 0.34  ns ns ns ns 0.42  

C x R x H  ns 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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Figure 1: Plant height (cm) as influenced by interaction of types and rates of herbicide at 

12 WAP in the 2015 cropping season  

 

 

 

Figure 2: Plant height (cm) as influenced by types and rates of herbicide at 12 WAP in 

the 2016 cropping season  
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Figure 3: Phytotoxicity on cassava as influenced by interaction of types and rates of 

herbicide at 8 WAP in the 2015 cropping season. 

 

  

 

 

 

Figure 4: Phytotoxicity on cassava as influenced by interaction of types and rates of 

herbicide at 8 WAP in the 2016 cropping season 
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