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Abstract

Field trial was conducted at the Cocoa Research Institute of Nigeria (CRIN), Ajassor substation, Cross River State, Nigeria
between 2015 and 2017 to evaluate the effect of different weed control methods on the growth and yield of cocoa during
their early years of establishment. Glyphosate and paraquat were applied at 480, 720, 960 and 1440 gram of active
ingredient per hectare using very low volume (g a.i. ha-! vlv) while manual weeding (i.e. slashing with cutlass) was used
as the control. A Nigeria commercial cocoa variety Tc series, also known as 18-month cocoa, was established at a CRIN
recommended spacing of 3 x 3 m, laid out in a Complete Randomized Block Design with four replications. All young
cocoa stands were ring weeded at 50 cm diameter and covered with black polythene bags before the spraying of
herbicides during the first six months of establishment to reduce injury that could result from the drifting of herbicide
solution to plants during their early growth stage. Data was collected on the plant height, stem girth and number of
leaves of cocoa plants while the cocoa dry beans weight and labour cost for each treatment were determined. The
results showed that 960 g a.i. ha'! vlv was the best herbicide application rate while plots under glyphosate at 960 g a.i.
ha-! vlv produced significantly higher values of plant height, stem girth and number of leaves at (p=0.05) than both
paraquat at 960 g a.i. ha'! vlv and manual weeding. Labour cost for controlling weeds with either glyphosate or paraquat
atall application rates were considerably lower than cost for control (manual weeding). Glyphosate at 960 g a.i. ha1 vlv
is recommended for weed control in cocoa plantation because it encouraged higher growth and yield performance of
cocoa than other treatments, had considerably cheaper cost of application than paraquat at 960 g a.i. ha'! vlv and manual
weeding, and it also ensured a weed-free environment over a longer period of time than the other treatments.
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1. Introduction

Cocoa tree or cacao is an evergreen tree from the family of Malvaceae, an economically important perennial crop which
native to the deep tropical regions of Mesoamerica and grows between 4 to 8 m tall. Its seeds are known as cocoa beans
and are used for beverage, chocolate bars, cocoa wine, cocoa butter, fertilizers, animal feed, among others. The bulk of
cocoa production comes from millions of smallholders’ farmers in West Africa that produced a whopping 3,504 million
tonnes of cocoa beans out of world total of 4,640 million tonnes, about 75.5% of global cocoa beans production, in the
2017/2018 planting season, Nigeria is currently the 5t largest cocoa beans producer in the world recorded about
255,000 metric tonnes of cocoa beans in 2017/2018 planting season [10]. Despite its importance in Nigeria economy,
cocoa production in the country is far below expectation due to numerous factors such as low yielding materials,
inadequate soil fertility, attack of pests and diseases and weed infestation [15].
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Weed number, composition and infestation vary greatly from location to location, and compete with cocoa more at early
stages of plantation. Due to its fast regenerative capacity and wide adaptation to the environment, weed control is one
of the most important factors in successful cocoa establishment [15]. Weed management in cocoa plantation constitutes
the greatest problem during the first 3 years of establishment [9]. In a well-established plantation, weed infestations
usually decline around fourth to fifth year of establishment when thick canopy coverage and layer of cocoa litter would
have been built up. The extent of yield losses of cocoa to weeds infestation depends on the nature, intensity, stage and
duration of crop competition with weeds [20]. Losses from weed competition were between 10-25% of total crop
production [8] while 40-60% of the total production cost excluding the cost of the farmland, is usually spent on manual
weeding in some crops [17]. It has also been reported that manual weed control in rehabilitating cocoa accounted for
about 23% of the total labour input [4]. Although, good agricultural practices like cultivation of improved varieties of
crop and the adoption of optimal planting density can be related to the relative vigour of cocoa trees [5], improved weed
control is highly beneficial to the survival and growth of both cocoa seedlings and its trees on the field [21]. Competitions
from weeds must be kept at a minimal level during the early stage of cocoa establishment so as to ensure uniform growth
essential for quality early yields that will guarantee good sustainability and profitability of cocoa plants.

Major weed control in cocoa include cultural, mechanical, biological and chemical applications. Manual and mechanical
methods are similar in principle as they both involve total removal of weeds. It is believed that combination of two or
more methods is necessary for better results considering varying characteristics of weed species. Identification of
different weed species occurrence and the choice of the right method and equipment or material are also vital for
effective control. Technical know-how on the right choice of sprayer and nozzle designs had been emphasized. Manual
weeding is the most common method of weed control in Nigeria with slashing and hoeing being the two major
traditional manual weed control methods being used by Nigerian farmers on their cocoa plantations [11]. The back-
breaking traditional method is very expensive, labour intensive and highly strenuous. Most often, availability of labour
to carry out cultural weed control, as and when due, is usually uncertain, resulting into high loss of yield [1]. Chemical
weed control is gradually playing an increasing role in Nigerian agriculture due to increasing widespread dearth of
labour required to carry out traditional practices. Yet, there are some thoughts that most herbicides, which could either
be a contact (paraquat) or systemic (glyphosate) chemical, have different effects on cocoa, there is an insinuation that
they are less safe than manual weeding, especially in view of a very serious damage that could result from an accidental
discharge and drifts of these chemical solution on plants. Notwithstanding, Nigeria's drive towards increased cocoa
production must involve a systematic approach to weed control based on a good understanding of weed biology and
cocoa ecology. Therefore, the objective of this research work was to evaluate the effectiveness and efficiency of different
weed control methods on the growth and yield of cocoa in Nigeria.

2. Material and methods

The field experiment was conducted at Cocoa Research Institute of Nigeria, Ajassor substation in Cross River State of
Nigeria (latitude 5.8504° N, longitude 8.8142° E) between 2015 and 2017 with treatments laid out in a randomized
complete block design and each plot size was 30 x 30 m. A commercial cocoa variety (Tc series or 18-month cocoa) was
established at a recommended spacing of 3 x 3 m with 4 replications. All young cocoa stands were ring weeded at 50 cm
diameter and covered with black polythene bags before the spraying of herbicides during the 1st six months of field
establishment to reduce injury that could result from the drifting of herbicide solution to plants at their early stage of
growth. Both glyphosate and paraquat were applied at different rates of 480, 720, 960 and 1440 gram of active
ingredient per hectare using very low volume (g a.i. ha'! vlv) while manual weeding (slashing with cutlass) was adopted
as the control. Applications of herbicides as well as slashing of plot were carried out for times per year, with each
application carried out when weeds were about 50 cm tall or about 100% ground cover. Other recommended cultural
practices necessary for the management of pests and diseases in cocoa were also routinely carried out.

The level of occurrence of different weed species at the experimental site was determined in July of every year, which
was the peak of raining season in this area during the period, to show the annual composition of weeds for the first 3
years’ of establishment. The cost of each control method was determined as follows:

Cost of herbicide = Cost per litre of either glyphosate or paraquat multiplied by the total number of litres of herbicide
used in 3 years.........cc...... 1

Cost of labour = Cost per manday multiplied by the total number of mandays used per plot in 3 years.............. 2
Cost per treatment (herbicide) = Cost of herbicide (1) + Cost of labour (2).............. 3
Cost per treatment (manual weeding) = Cost per manday + Total number of mandays used in 3 years.............. 4
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Data was collected on the plant height, stem girth and number of leaves at an 8-week interval to determine the cocoa
growth. The cocoa variety used for the experiment was Tc series, which is also commercially called 18-month cocoa in
Nigeria because it starts bearing fruits around one year after transplanting and especially if they had been previously
nursed for a minimum of 6 months in the nursery. All the cocoa pods that got ripe after reaching full maturity were
harvested and physically counted to know the quantity of fresh pods produced by each tree. The fresh cocoa beans were
extracted immediately after their pods had been broken with sticks, fermented and dried to about 8% moisture content
(Aqua-Boy KAM series moisture meter with KAMIII Measuring Range of 2-20%) to determine cocoa dry beans weights
referred to as the cocoa yield in the present study. The appraisal of the weight of dry cocoa beans was done in gram per
hectare (g ha1) while the first 3 years’ accumulated cost of labour for each of the weed control methods were calculated
in local currency, Nigerian Naira (¥). The weed species at the experimental site were obtained by taking weed samples
at random from a 1 m2 quadrat placed randomly 20 times per treatment plot separately in the months of May and
October of 2015, 2016 and 2017. The weeds collected per plot were gathered together and put in a polythene bag while
the name/family of each weed were later carefully identified to determine their relative level of occurrence. The data
on cocoa growth, yield production and labour cost were subjected to analysis of variance and the differences among
treatment means were determined by the least significant difference at 5% probability level.

3. Results and discussion

3.1. Growth and yield of cocoa

Table 1 Mean plant height (cm) of cocoa under different weed control and herbicide application rates

WAE Glyphosate (g a.i.ha1vlv) Paraquat (g a.i.ha1vlv) Slashing p=0.05
480 720 960 1440 | 480 720 960 1440

8 50.2 50.4 49.3 50.9 49.8 50.4 49.6 49.9 50.9 NS
24 60.6 62.4 63.3 61.5 60.9 62.9 63.1 63.4 64.1 NS
40 70.1 72.3 73.5 70.9 70.8 73.2 73.8 71.0 73.2 NS
56 81.9 82.0 84.4 81.8 82.2 83.5 83.5 819 83.7 2.1%
72 90.2 91.1 92.9 90.3 90.8 91.2 92.7 90.5 92.1 2.2%
88 99.4 100.5 | 1024 | 99.5 99.5 100.1 102.3 98.2 100.3 2.9%
104 1105 | 111.1 | 1129 | 110.2 | 110.0 111.5 112.5 110.1 112.4 2.0%
120 126.6 | 1279 | 1299 | 127.0 | 126.9 128.4 129.3 126.0 129.1 2.9%
136 146.5 | 147.3 | 149.2 | 146.2 | 146.5 147.1 149.0 146.6 148.9 2.6*
152 155.1 | 156.4 | 158.0 | 155.8 | 159.4 156.0 157.4 155.7 158.8 3.8*

Legend: g a.i. ha! vlv = gram of active ingredient per hectare using very low volume; * = significant; NS = not significant; WAE = weeks after
establishment.

Although, cocoa plants under manual weeding (slashing) had higher values than other treatments for most of the period
of data collection, there were no significant differences (p=0.05) in cocoa height until 56 WAE when plants were about
15 months old because these were initially raised in the nursery for 6 months before field transplanting (Table 1). This
was an indication of better exposure of cocoa plants to better aeration and sunlight under manual slashing due to
complete removal of weeds. However, as the cocoa plants continued to grow, the effects of weed control methods on
plant height gradually became significant (p=0.05). At 152 WAE, which symbolised the end of data collection, cocoa
sprayed with both 480 and 1440 g a.i.ha-1 vlv glyphosate or paraquat had significantly lower mean plant height values
(p=0.05) than their counterparts under manual weeding and other herbicides corresponding application rates, during
the same period of time. It was also observed that application of herbicides (glyphosate and paraquat) at 960 g a.i. ha-1
vlv for about four times per year ensured that the weed height was constantly lower than the cocoa height and helped
to maintain constant exposure of plant leaves to adequate sunlight for optimum photosynthesis, and invariably kept
competition from weeds to the barest minimum.
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Table 2 Cocoa stem girth (mm) under different weed control methods and herbicide application rates

WAE Glyphosate (g a.i.ha-1vlv) Paraquat (g a.i.ha-1vlv) Slashing p=0.05
480 720 960 1440 480 720 960 1440

8 8.9 9.6 10.8 8.0 9.0 9.1 10.1 8.1 10.6 NS
24 14.9 15.3 16.3 14.5 14.8 14.0 16.7 15.6 16.9 NS
40 25.8 26.5 27.9 25.4 25.4 26.5 27.0 25.5 26.6 NS
56 324 343 35.2 329 32.8 33.7 34.8 32.8 35.0 2.1*
72 43.8 45.9 46.8 439 44 .4 46.0 46.8 439 45.9 2.5%
88 55.9 56.2 58.0 55.8 56.9 57.0 58.1 56.3 57.2 1.9%
104 65.8 66.8 69.2 66.0 67.0 68.9 68.7 65.1 68.8 2.9%
120 77.6 80.3 81.8 78.2 77.9 79.0 81.2 77.0 81.2 3.1*
136 97.6 98.0 99.0 97.5 97.0 96.8 98.4 97.2 98.5 1.9*
152 108.3 108.3 110.6 107.9 107.8 108.9 109.7 108.7 109.8 2.0*

Legend: g a.i. ha! vlv = gram of active ingredient per hectare using very low volume; * = significant; NS = not significant; WAE = weeks after
establishment.

Cocoa stem girth performance pattern was similar to its plant height. While plants under manual weeding (slashing)
and those sprayed at 960 g a.i.ha! vlv herbicides (glyphosate or paraquat) had significantly higher mean stem girth
values than other treatments (p=0.05) from 56 WAE (Table 2). However, unlike plant height, cocoa maintained under
480 g a.i.halvlv herbicides (glyphosate or paraquat) had smaller stem girth than those subjected to other treatments,
during the same period of time. This scenario was observed throughout the period of the data collection. It has been
reported that larger stem is a good indication of better dry matter production and accumulation in cocoa [14] which
produces a higher chance of better survival and good establishment ability of cocoa in the field [3, 15].

Table 3 Mean number of leaves of cocoa under different weed control methods and herbicide application rates

WAE Glyphosate (g a.i. ha1 vlv) Paraquat (g a.i. ha'1 vlv) Slashing p=0.05
480 720 960 1440 480 720 | 960 1440

8 32 32 35 33 32 34 33 34 34 NS
24 56 58 60 58 57 56 59 56 58 NS
40 77 79 82 77 76 78 80 77 80 4*
56 95 97 99 94 95 97 97 95 97 3*
72 109 110 116 110 108 118 119 112 118 5*
88 141 149 153 145 140 154 149 143 152 NS
104 169 169 173 170 168 170 174 165 173 6*
120 198 199 209 195 198 198 201 199 203 7*
136 220 223 231 219 223 222 229 223 230 6*
152 380 382 405 372 357 363 398 375 401 23*

Legend: g a.i. ha't vlv = gram of active ingredient per hectare using very low volume; *** = significant; NS = not significant; WAE = weeks after
establishment.

The leaf production pattern was similar to those of plant height and stem girth where there were no significant
differences (p=0.05) between treatments until around 56 WAE, except that there were also no significant differences
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between treatments at 88 WAE. Also, the number of leaves of cocoa plants raised under 960 g a.i.ha! vlv herbicides
(glyphosate or paraquat) showed almost similar performance with those under manual weeding and significantly
higher (p=0.05) than the rest treatments (Table 3). Also similar to cocoa stem girth, plants under 480 g a.ihalvlvy
herbicides (glyphosate and paraquat) recorded significantly lower mean number of leaves (p=0.05) than other
treatments for most period of the data collection.

The higher morphological parameters (plant height, stem girth and number of leaves), which are direct indicators of
overall growth of plant, recorded on manual labour and herbicides sprayed at 960 g a.i.ha-1vlv herbicides (glyphosate
or paraquat) were results of higher photosynthetic rate due to better exposure of plants to optimum moisture and
chlorophyll content [2, 19]. Application of herbicides (glyphosate or paraquat) at 960 g a.i. ha'! v/v performed similar
to manual weed control (slashing) during the early stage of cocoa establishment. Production of better growth and yield
performance at 960 g a.i.ha1vlv herbicides suggests that the development of the young cocoa trees were not adversely
affected by their active ingredients, irrespective of whether it was systemic or contact herbicides. However, it also
emphasises the benefits of adopting appropriate/recommended application rates for spraying. While herbicides
sprayed at 480 g a.i. ha'1 vlv of glyphosate or paraquat were too low to effectively control emerging weeds for optimum
cocoa growth, application at 1440 g a.i. ha1 vlv seemed to be too reactive on the weeds and invariably negatively affected
cocoa growth. The effectiveness of 960 g a.i. ha'! vlv spraying rate for glyphosate or paraquat throughout the period of
data collection must be a result of adequate concentrations of the active ingredients that were able to facilitate rapid
killing of weeds and produced optimum cocoa growth similar to those under adequate manual weeding.

3.2. Plant yield under different weed control
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Figure 1 Total weight of dry cocoa beans (g hal)) at 152 WAE under different weed control methods and herbicide
application rates

The yield of plants at 152 WAE in the 3rd year of establishment showed that despite similar morphological growth
records, the weight of dry cocoa beans (at 8% moisture content) obtained from 960 g a.i. ha! vlv glyphosate treated
plots were significantly higher (p=0.05) than those from the same rate (960 g a.i. ha'1 vlv) of paraquat. One explanation
to this is that application at 960 g a.i. ha'! vlv glyphosate effectively kept weed growth below economic injury level
without immediate or residual adverse effects on the growth of cocoa and resulted in the higher cocoa yield above the
farmers’ practice of manual weed control. The result contradicts reports that showed no significant differences in the
initial yields of young cocoa plots between chemical and manual weed control [12, 16]. On the other hand, our result
also showed that yield performance from the manually weeded plots and those sprayed with 960 g a.i. ha vlv paraquat
were not significantly different (p=0.05) at 152 WAE thereby revealing that performance of glyphosate and paraquat
on cocoa planation are not always the same. Manual weeding through slashing by cutlass had similar pattern of effect
on the cocoa morphological performance as 960 g a.i. ha'! vlv herbicide. The result confirmed that effective and timely
weed control are critical to obtaining highest potential growth and development in cocoa, and also suggested the best
choice of sprayer and the nozzle for spraying herbicides.. Also, the effectiveness of both glyphosate and paraquat
naturally decline with time and do not exhibit any residual effects on crops, if sprayed at recommended rates [7, 12].
The possible disruption of aromatic amino acid synthesis due to the strong drift of glyphosate might have also

302



World Journal of Advanced Research and Reviews, 2020, 08(01), 298-306

contributed to lower cocoa yield under 1440 g a.i. ha! v/v glyphosate since amino acids are known to play a vital role

in fruit set and retention [13, 18]. Consequently, cocoa performance under 1440 g a.i. ha! vlv application rate for

glyphosate and paraquat with growth and yield that were below optimum level are inimical to plant development and

therefore not recommended for cocoa plantation.

3.3. Cost of treatment
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Figure 2 Total cost (¥ ‘00) of weed control methods at different herbicide application rates

Manual weeding recorded the highest cost of weed control per hectare which was significantly higher (p=0.05) than
cost of either glyphosate or paraquat used at any rate (Figure 2). Although, there were significant differences (p=0.05)
in the cost of weed control at 480 and 1440 g a.i.ha! vlv herbicides (glyphosate or paraquat), these were marginal
compared to the higher differences between the cost of applying herbicide at any rate and that of manual weed control.
The amount of active ingredient required at each application rate was the major factor which determine their cost
differences, especially since labour cost per hectare for spraying either glyphosate or paraquat is not significantly
different. The results revealed that it was a bit cheaper to use paraquat than glyphosate when applied at similar gram
of active ingredient per hectare, the cost of manual weed control, which is best recommended for young cocoa, was
more than double the cost of 960 g a.i.ha1vlv of glyphosate or paraquat. These average concentration rates would also
exert relatively less adverse effects on soil fauna and also lead to lower drift concentration, which has been shown to
affect fruit set and retention [13, 18]. This probably explains why dry bean yield from plots treated with this average
rates was higher. In fact, the dry bean yield (g ha'!) from manually weeded cocoa plots was almost the same with those
obtained from the 960 g a.i. ha! v/v either glyphosate or paraquat sprayed plots.

Knowledge on early detection of weed incidence on the crop is critical for understanding the basic mechanisms to
effectively deal with all underlying crop-weed competitions [11]. In the present study, clean weeding at least, four times
ayear, seemed to be the best treatment for cocoa survival and growth but the cost to the farmer was high and sometimes,
more than double the cost incurred when glyphosate or paraquat were used to control. In order to effectively remove
weed competition from cocoa, farmers should ensure that cocoa trees are adequately ring weeded at 1m width or more
before herbicides are sprayed.

3.4. The relative occurrence of weed species between 2015 and 2017

The relative occurrence of weed species infesting the cocoa crop under each treatment is presented in Table 4.
Occurrence of different weeds species at the experimental sites varied in frequency and appearance with those in the
family of Euphorbiaceae having highest level of occurrence among the broad-leaf while Poaceae and Cyperaceae
recurring more frequently in the grasses and sedges, respectively. Leucas martinicensis, Ageratum conyzoides,
Chromoleana odorata, Portulaca oleraceae and Eleusine indica were the most dominant weed species occurring across
all the treatments during the initial stage of field establishment in 2015. Although, weed incidence in manual weeded
plots remained almost constant throughout the period of the trail, in 2016 and 2017 there were little changes in the
composition of plots treated with both glyphosate and paraquat, irrespective of their application rates. For instance,
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weed species like Amaranthus viridis, Aspilia Africana and Cyperus difformis which were initially not part of weed
composition in pre-treatment era in 2015 gradually surfaced and established their presence on both glyphosate and
paraquat treated plots by 2017. This was a confirmation that a particular method of control is more suitable for certain
weed species. Famaye et al., [6] also reported similar variation in the level of weed infestation in the second year of
establishment in a Coffee/Oil palm intercropped plot in Nigeria

Table 4 Weed species and their levels of occurrence at the experimental sites

Weed species Family Level of occurrence
2015 2016 2017

G P S G P S G P S
Leucas martinicensis Lamiaceae I B ++ o I S
Ageratum conyzoides Asteraceae I B ++ ++ +++ | ++ ++ +++
Acethospermum hispidium | Acanthaecea ++ ++ ++ + + ++ ++ + ++
Euphorbia heterophylla Euphorbiaceae | ++ ++ ++ ++ ++ ++ - + ++
Gomphrena celosioides Amaranthaceae | + + + + + + - ++ +
Chromoleana odorata Asteraceae +++ | HH+ | 4+ 4+ |+ |+ | ++ +++
Tridax Procumbens Euphorbiaceae | ++ ++ ++ - + ++ - - +
Amaranthus viridis amaranthaceae | - - - + - - ++ + -
Aspilia Africana Asteraceae + + + ++ ++ + +H+ | A+ | 4+
Portulaca oleraceae Portulacaceae +++ | +H+ |+ I = = N = S + +++
Hyptis lanceolata Lamiaceae ++ + ++ ++ + ++ - + ++
Commelina benghalensis Commelinaceae | ++ ++ + ++ ++ + - - ++
Digitaria horizontalis Poaceae ++ ++ ++ ++ ++ ++ + + ++
Eleusine indica Poaceae +++ | HH+ | 4+ ++ ++ +++ |+ + +++
Chloris pilosa Gramineae ++ ++ ++ - - ++ - - T+
Cyperus difformis Cyperaceae - - - + + - + + -

Legend: G = Glyphosate; P = Paraquat; S = Slashing; - = Nonoccurrence (0%); + = Low occurrence (1- 39%); ++ = Moderate occurrence (40 - 59%);
+++ = High occurrence (60 - 80%).

4., Conclusion

Due to of the fragility of young cocoa plants, clean slashing or manual weeding is sometimes preferred for the first 6
months after cocoa establishment, especially at a small scale level. Application of either glyphosate or paraquat at
recommended rates is also adequate for controlling weeds during early plantation period, as long as the young plants
are manually ring-weeded before herbicides are sprayed. Although, clean slashing for at least, four times in a year
resulted in growth and cocoa yield level similar to those obtainable on glyphosate or paraquat sprayed at 960 g a.i. ha-
1 vlv four times per year, improper application of herbicides, in terms of inappropriate quantity and frequency can
result in below optimum growth and low yield performance of cocoa, and should be avoided. This trial had also
established that spraying either glyphosate or paraquat at 960 g a.i. ha-1 vlv will effectively keep weed growth below
economic injury level, produce higher yield than manual weeding and eventually result into higher cost-benefit ratio
than manual weed control. While, the cost of spraying glyphosate was higher but not significant than that of paraquat
at similar rates, glyphosate sprayed at 960 g a.i. ha-1 vlv, produced cocoa yield that was significantly higher than that of
paraquat at the same application rate. Due to its efficacy at producing higher yield, glyphosate at 960 g a.i. ha-1 vlv rate,
which is equivalent to 2 litre of glyphosate in 120 litre of water, is therefore recommended for weed control in the early
years of cocoa establishment, especially when cocoa is cultivated at a large scale level.
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