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Weeds are a limitation to cocoa production, and herbicide use in cocoa cultivation is known to lower
the cost of weed management and support better plant growth. As a result, glyphosate was
recommended for use in cocoa cultivation following a two-year field trial at the Cocoa Research
Institute of Ghana. Recent informal debates among scientists and farmers, however, point towards a
disagreement regarding the effect of glyphosate on young cocoa. Consequently, an experiment was
conducted from 2011 to 2013 at the Cocoa Research Institute of Ghana to re-evaluate the suitability of
glyphosate (Isopropylamine) for weed management and its effects on growth and yield of young cocoa.
Five rates of glyphosate viz: (i) 1,920 g active ingredient a.i. ha™ using polyjet nozzle; (ii) 1,9209 a.i.ha™
using very low volume (vlv) nozzle; (i) 960 g a.i. ha™vlv; (iv) 720 g a.i. ha™ vlv; (v) 480 g a.i. ha™vlv; and
(vi) manual weeding were tested in a randomized complete block design with four replicates in the field.
Effects of treatments on weeds, cocoa growth and yield were recorded for three years. In a gauze house
study, cowpea and maize were used to determine residual effects of glyphosate. Emergence, survival
and dry matter accumulation by these plants were recorded. Results from the gauze house study
showed that glyphosate did not exhibit residual soil activity at these rates. Glyphosate at 960 g ha™
significantly increased yield of three year old cocoa compared to the other rates and manual weeding.
The 1,920 g ha™ rates significantly reduced the initial yield of 3 year old cocoa compared to the other
glyphosate rates. Cost analysis showed that glyphosate at 960 g a.i. ha™ was Gh¢ 136.00 (11%) and Gh¢
1,784.00 (61%) cheaper than the 1,920 g a.i. ha™ rates and manual weeding respectively. It was therefore
concluded that glyphosate can be applied at 960 g a.i. ha™ (equivalent to 2.0 | ha™ in 120 | of water) for
effective weed management without significant adverse effects on growth and yield of young cocoa.
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INTRODUCTION

Glyphosate is a broad-spectrum, post emergent, systemic
and non-selective systemic weedicide (Tu et al., 2001). It
has been hailed for its ability to kill annuals, perennials
and woody plants while exhibiting favourable
environmental attributes (Dale, 2006; Duke and Powles,
2008). Earlier studies suggested that glyphosate neither

affected the nervous system nor inhibited cholinesterase
activity (Calisle and Trevors, 1988). The tendency of
glyphosate to inhibit the 5-enolpyruvylshikimate-3-
phosphate synthase (EPSPS), a key enzyme in the
shikimate biosynthetic pathway necessary for the
production of aromatic amino acids, auxin, phytoalexins,
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folic acid, lignin, plastoquinones and many other
secondary products is core to its weed control properties
(Tu et al, 2001; Dale, 2006; Gill et al., 2017). This
disruption however, was only reported to occur in plants,
fungi and bacteria, suggesting that the rates being used
for weed control were not toxic to mammals, birds, fish,
amphibians and insects (Franz et al., 1997; Williams et
al., 2000). Its overuse however has affected other non-
target organisms present in the soil biota (Gill et al.,
2017).

Glyphosate translocation in plants occurs in the source-
sink direction with up to 70% of absorbed glyphosate
translocating out of the treated leaves to the root and
shoot apices (Siehl, 1997; Dale, 2006). The translocation
process is however, self-limiting and only occurs for up to
48-72 h after application (Dale, 2006). When glyphosate
comes into contact with the soil, it is reported to undergo
various chemical and physical changes which control its
retention, transport and degradation (Duke et al., 2012;
Gill et al., 2017).

Glyphosate is partly inactivated by being adsorbed onto
soil particles (Al-Rajab et al., 2008) where it is degraded
slowly, and partly by rapid degradation of the unbound
form through microbial activity (Dick and Quinn, 1995; Tu
et al., 2001; Pollegioni et al., 2011; Gill et al., 2017). As a
result, glyphosate has low seepage into ground water
systems, thus causing minimum contamination (Glass,
1987; de Jonge et al., 2001). It has not shown volatility
which will make it an atmospheric pollutant (Duke and
Powles, 2008). Because it is soluble in water, glyphosate
is not known to accrue in food web (Lane et al., 2012).

The widespread use of glyphosate as a post-
emergence weedicide is known to have contributed
immensely to increases in the profitability of crop
production (Fernandez et al., 2002; Qaim and Taxler,
2005; Sansom, 2012). Used within recommended rates,
glyphosate has little or no effects on non-target
organisms (Franz et al., 1997). However, excessive use
of glyphosate is reported to have adverse effects on
metabolic functions of both unicellular organisms (Austin
et al.,, 1991; Zobiole et al., 2011; Shehata et al., 2013;
Newman et al., 2016) and wide range of multicellular
organisms such as algae (Oliveira et al.,, 2016),
earthworms (Santadino et al., 2014), arthropods (Pérez
et al.,, 2011), honey bees (Balbuena et al., 2015), snails
(Druart et al., 2011), fish (Hued et al., 2012), frogs (Pérez
-lglesias et al., 2016, Mann and Bidwell, 1999), lizards
(Schaumburg et al., 2016), birds (Oliveira et al., 2007),
swine (Lee et al., 2009) and humans (Samsel and Seneff,
2013).

In crop production however, manual weed control
during the establishment phase accounts for up to 23% of
the total cost (Bonaparte and Toseafa, 1975). Unlike the

manual weed control methods, weedicides such as
paraquat and glyphosate were found to lower the cost of
weed control and resulted in better cocoa growth (Osei-
Bonsu et al, 1991; Oppong et al., 1995, 1999).
Subsequent field studies in young coffee and cocoa led
to similar conclusions (Oppong et al., 2006; Konlan et al.
2014). Both studies went further and reported no adverse
effects of glyphosate at the recommended rate of 1.5-2.0
| ha™* on the vield of young coffee and cocoa. In spite of
these reports, there still remain concerns about adverse
effects of glyphosate; with both farmers and scientist
raising red flags regarding the effect of glyphosate on
growth and pod production in young cocoa. Some
authors have reported that drift during glyphosate
application exert adverse effects on fruit and seed
formation in other crops through the disruption of
aromatic amino acid synthesis, necessary for fruit
formation and retention (Magdal et al., 2012; Abella et al.,
2013; Salem, 2013). It is possible therefore, that
complains by farmers regarding the effect of glyphosate
on the cocoa crop holds true. As a response, an
experiment was initiated in 2011 using a post-emergent
systemic weedicide containing glyphosate, present as
480 g I'* (41.2% wiw) of the Isopropylamine salt for weed
management in cocoa. The objectives were to investigate
its efficacy as a weedicide, phyto-toxicity and possible
effects (immediate and residual) on growth and yield of
young cocoa.

MATERIALS AND METHODS
Gauze house study

A gauze house assessment was carried out to determine the
residual effect of glyphosate on maize (Zea mays) and cowpea
(Vigna unguiculata). Plastic pots with single drainage holes at the
bottom were filled with 2.5 kg top soil each. Two seeds of maize
and cowpea were sown separately per pot. The soils in the pots
were then watered to field capacity before the application of
treatments. Glyphosate was sprayed over these pots at a walking
pace as would be done in field application. The control treatment
received a spray of water from a clean knapsack. The treatments
were arranged in a completely randomized design with 6 replicates.
The emergent seedlings were counted at 1 week after sowing
(WAS) and were then thinned to one per pot. Seedling survival,
plant height and dry matter accumulated were measured at 6 WAS.

Field experiment

Experimental site and treatments

The field experiment was conducted at the Cocoa Research
Institute of Ghana (latitude 6° 13’ N, longitude 0° 22’ W, altitude 222
masl). Treatments were laid out in randomized complete block
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design with 4 replicates. Plot size was 18 x 18 m with cocoa planted
at 3 x 3 m. Different rates of glyphosate (i. 480, ii. 720, iii. 960, iv.
1,920 g a.i. ha™ vlv, v. 1,920 g a.i. ha” polyjet) and vi. manual
weeding with a cutlass were used as the treatments.

There were four applications of treatments per year, with each
application carried out when weeds were 30 cm tall or 70% ground
cover. Other recommended cultural practices necessary for the
management of pests and diseases in cocoa were routinely carried
out. Data collected from the experimental plots included pre- and
post-application weed composition, weekly assessment of weed Kill,
growth of young cocoa at quarterly intervals and initial yield of 3
year old cocoa trees. Weed kill assessment was done at weekly
interval after every application. After four applications in each year,
the average annual weed kill was determined by adding each
week’s assessment and dividing by the number of such weeks in
the year. The data was subjected to analysis of variance and
differences among treatment means determined by the least
significant difference at 5% probability level. Percentage data were
arcsine-transformed to fit the assumptions of ANOVA before
analysis.

Cost of treatments

Cost components for use of glyphosate included the cost of the
weedicide required per hectare for each rate and the cost of labour
for application. These were determined as:

Weedicide cost/ha = No. of litres of glyphosate x cost/litre
1)

Labour cost/ha = No. of mandays x cost/manday @
Total cost per hectare per year was then determined as:

Cost/halyear = (weedicide cost x applicationsfyear) + (labour cost x application/year)
®)

The cost for manual weed control comprised the cost of labour and
was determined as:

Cost of weeding/ha = No. of mandays x cost/manday 4)

Cost of weeding/halyear = Cost/ha x weeding frequencyfyear (s

RESULTS

Gauze house study

Post-plant pre-emergence application of glyphosate had
no significant (p<0.05) adverse residual effects on
emergence, survival, growth and by matter accumulated
by maize and cowpea plants (Table 1).

Field study

Effects of treatments on weed growth

There were significant treatment effects (p<0.05) on
percentage weed kil at 2" 3 and 4" weeks after
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application (WAA) of treatments in the 1 year (Table 2).
Manual weeding with a cutlass achieved immediate weed
suppression, but weed cover score only showed
significant differences (p<0.05) between this treatment
and the 1,920 g a.i. ha™ (polyjet and vlv) during the 1%
and 2™ WAA. The 1,920 g a.i. ha™ vlv rate accounted for
the highest weed kill at 8 and 9 weeks after the 1% and
2 applications (Tables 2 and 3), and also from 3 to 6
weeks after the 3™ application, while the 480 g a.i. ha™
vlv recorded the least weed Kkill a (Table 4).

The performance of glyphosate at the rate of 1,920 g
a.i. ha® was not significantly (p>0.05) affected by the
nozzle type (polyjet or vlv) at any time during the three
years. There was no significant differences (p>0.05) in
weed kill among the weedicide treatments after the 1%
and 2™ applications. However, the 720 g a.i. ha™ viv
achieved a higher weed kill than the 960 g a.i. ha™ viv
after the 3" application. Generally, the 720 and 960 g a.i.
ha® vlv achieved higher weed kill after the 2™ and 3"
applications.

Weed species succession

Before treatment application, about 15 to 19 weed
species were identified per experimental plot with Aspillia
africana, Justicea sp, Oplismenus burmannii and
Synedrella nodiflora constituting the major species (Table
5). The results showed that there was no drastic shift in
the weed species composition after the 3 years of
repeated application of the treatments. In isolated cases,
Ageratum conyzoides, Amaranthus spp. and Euphorbia
heterophyla emerged as species previously absent within
the plots.

Growth and yield of cocoa

There were no significant differences (p>0.05) in growth
(girth and height increase) of young cocoa trees
attributable to treatment application (Table 6). The initial
yield of the 3 year old cocoa was significantly higher
(p<0.05) in the 480-960 g a.i. ha™ glyphosate treated
plots than in the 1,920 g a.i. ha™ (polyjet and vlv) and the
manually weeded plots (Figure 1). There was no
significant difference (p>0.05) in cocoa yield between the
manually weeded plots and plots treated with 1,920 g a.i.
ha™ glyphosate rate (polyjet and viv).

Cost of treatments

Manual weeding resulted in the highest cost of weed
control per hectare (Table 7). Labour cost for the
application of all the glyphosate rates were the same.
The amount of active ingredient required for each rate
was the major factor establishing cost differences
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Table 1. Residual effects of glyphosate on the emergence and growth of maize and cowpea.

Glyphosate rate (a.i. g ha™) Final e?(‘)l/(()e)rgence Survwal(?/z)6 weeks He|ght(itm6)weeks Dry mattt(eg;)per plant % Dry matter per plant
1,920 poly-jet 66.7 (55.0) 100 (88.2) 67.3 3.1 12.8 (21.0)
1,920 viv 62.5 (53.1) 100 (88.2) 69.0 2.8 12.9 (21.1)
960 vlv 83.3 (66.2) 100 (88.2) 88.1 3.1 14.8 (22.6)
Response of 720 viv 62.5 (57.0) 100 (88.2) 64.7 2.3 13.9 (21.9)
maize 480 viv 91.7 (75.6) 100 (88.2) 88.9 3.2 15.5 (23.2)
Water only 62.5 (53.1) 100 (88.2) 71.0 3.9 15.1 (22.9)
F-test ns - ns ns ns
% cv 21.6 - 15.9 24.8 10.6
1,920 poly-jet 87.5 (72.5) 100 (88.2) 78.6 3.2 17.9 (25.0)
1,920 viv 87.5(72.5) 100 (88.2) 79.2 3.1 16.8 (24.2)
960 viv 91.7 (75.6) 100 (88.2) 85.5 3.0 17.3 (24.6)
Response of 720 viv 91.7 (75.6) 100 (88.2) 85.8 2.6 16.4 (23.9)
cowpea 480 viv 91.7 (75.6) 100 (88.2) 82.8 2.5 17.2 (24.5)
Water only 87.5 (76.2) 100 (88.2) 81.5 25 19.6 (26.3)
F-test ns - ns ns ns
% cv 19.5 - 10.4 18.9 8.0

Values in parenthesis are arc sine transformations; a.i. g ha™ (active ingredient in grams per hectare).

Table 2. Response of weeds to glyphosate rates and manual weeding 1-9 weeks after application of treatments in first year.

Weed Kill (%)

Glyphosate rate (a.i. g ha™)

1 week 2 weeks 3 weeks 4 weeks 5 weeks 6 weeks 7 weeks 8 weeks 9 weeks

1,920 poly-jet 58.2(49.7) 65.5(54.0) 67.8(55.4) 74.0(59.3) 72.2(58.2) 69.0(56.2) 67.2(55.1) 60.8(51.2) 45.0(42.1)
1,920 viv 58.2(49.7) 70.0(56.8) 75.0(60.0) 83.2(65.8) 81.8(64.8) 78.2(62.2) 75.5(60.3) 67.5(55.2) 55.5(48.2)
960 viv 48.0(43.9) 54.8(47.8) 58.5(49.9) 70.5(57.1) 67.8(55.4) 63.2(52.7) 59.0(50.2) 46.0(42.7) 33.5(35.4)
720 viv 51.2(45.7) 55.0(47.9) 57.8(49.5) 59.8(50.7) 53.5(47.0) 49.8(44.9) 47.0(43.3) 44.5(41.8) 37.0(37.5)
480 viv 47.5(43.6) 51.2(45.7) 52.8(46.6) 52.8(46.6) 46.8(43.2) 42.0(40.4) 37.8(37.9) 27.8(31.8) 21.3(27.5)
Manual control 100(88.2) 85.8(67.9) 78.8(62.6) 75.0(60.0) 67.5(55.2) 63.2(52.7) 60.5(51.1) 27.5(31.6) 6.8(15.1)
F-test 14.6 13.8 14.6 16.3 17.4 17.1 17.5 25.4 20.3

% cv 16.6 145 15.0 15.7 17.7 19.2 19.9 25.4 38.4

Values in parenthesis are arc sine transformations; a.i. g ha™ (active ingredient in grams per hectare).



Konlan et al. 1233
Table 3. Response of weeds to glyphosate rates and manual weeding 1-10 weeks after application of treatments in the second year.
Glyphosate rate Weed Kill (%)
(ai.gha’) 1 week 2 weeks 3 weeks 4 weeks 5 weeks 6 weeks 7 weeks 8 weeks 9 weeks 10 weeks
1,920 poly-jet 39.5(38.9) 51.5(45.9) 56.2(48.6) 65.0(53.7) 74.0(59.3) 80.8(64.0) 78.5(62.4) 77.0(61.3) 86.2(68.2) 88.2(69.9)
1,920 viv 67.8(55.40) 75.0(60.0) 77.5(61.7) 80.0(63.4) 83.5(66.0) 90.5(72.1) 89.8(71.4) 89.0(70.6) 92.8(74.4) 93.5(75.2)
960 viv 44.2(41.7) 50.0(45.0) 62.2(52.1) 72.0(58.1) 77.0(61.3) 87.5(69.3) 87.8(69.6) 86.2(68.2) 86.5(68.4) 87.8(69.6)
720 viv 37.5(37.8) 52.5(46.4) 55.8(48.3) 66.5(54.6) 72.5(58.4) 82.0(64.9) 81.2(64.3) 79.8(63.3) 83.5(66.0) 84.5(66.8)
480 viv 30.7(33.7) 35.2(36.4) 42.5(40.7) 46.8(43.2) 51.0(45.6) 57.5(49.3) 55.0(47.9) 52.5(46.4) 51.8(46.0) 53.0(46.7)
Manual control 96.5(79.2) 85.0(67.2) 78.0(62.0) 73.8(59.2) 70.5(57.1) 62.2(52.1) 60.8(51.2) 59.5(50.5) 58.5(49.9) 57.5(49.3)
F-test 15.8 16.3 12.7 12.6 114 15.1 15.6 15.2 17.7 20.0
% cv 19.9 18.6 13.6 124 10.5 13.0 13.7 13.6 154 17.3
Values in parenthesis are arc sine transformations, a.i. g ha™ (active ingredient in grams per hectare).
Table 4. Response of weeds to glyphosate rates and manual weeding 1-6 weeks after application of treatments in the third year.
. 1 Weed Kill (%)

Glyphosate rate (.. g ha”) 2 weeks 3 weeks 4 weeks 5 weeks 6 weeks

1,920 poly-jet 28.8 (32.5 62.5 (52.2) 79.0 (62.7) 89.8 (71.4) 93.2 (74.9)

1,920 viv 18.5 (25.5) 77.0 (61.3) 91.0 (72.5) 97.0 (80.0) 98.8 (83.7)

960 viv 22.0 (28.0) 39.5(38.9) 55.5 (48.2) 70.0 (56.8) 78.0 (62.0)

720 viv 35.8 (36.8) 77.2 (61.5) 89.0 (70.6) 92.0 (73.6) 94.5 (76.4)

480 viv 18.2 (25.3) 20.2 (26.7) 34.5(36.0) 39.0(38.7) 45.2 (42.3)

Manual control 100.0 (88.2) 98.0 (81.9) 95.5 (77.8) 85.8 (67.9) 80.8 (64.0)

F-test 16.3 28.5 25.2 16.3 15.2

% cv 30.2 30.6 22.5 13.8 12.3

Values in parenthesis are arc sine transformations; ai g ha™ (active ingredient in grams per hectare).

between rates of application in the glyphosate
treatments. As a result, the cost of weed control
per hectare per year using glyphosate increased
with increasing dosage. Glyphosate at the rate of
1,920 g a.i. ha™ (polyjet and viv) had the highest
weed control cost. Although there were
differences in the cost of weed control among the
480, 720 and 960 ga.i. ha' glyphosate rates,

these differences were marginal compared to the
higher rates (1,920 g a.i. ha'l) and manual
weeding.

DISCUSSION

Effective and timely weed control is critical to
obtaining the potential yield in cocoa. The

effectiveness of the 1,920 g a.i. ha™ viv rate
during the early periods following treatments
application was due to the higher concentration of
the active ingredient which facilitated rapid weed
kill. Its effectiveness however, declined with time
since glyphosate is not known to exhibit residual
activity at recommended rates (Franz et al,
1997). This was confirmed by the bioassay results
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Table 5. Species composition of weeds in experimental plots before (August 2011) and after (October 2013) treatment applications.

1,920 g a.i. ha” poly-jet

1,920 g a.i. ha’vlv

960 g a.i. ha™viv

720 g a.i. hatvlv

480 g a.i. havlv Manual weed control

Weed species

Before After Before After Before After Before After Before After Before After
Paspalum spp. 2.2 * 4.5 * 6.0 * 35 * 2.3 * 1.8 0.5
Rottboellia granularis 3.0 6.3 2.3 4.1 1.6 3.5 1.0 2.7 15 1.8 10.8 3.8
Synedrella nodiflora 10.5 131 29.3 31.7 29.2 26.1 9.0 10.6 43.0 27.8 115 15.7
Justicea spp. 25.3 * 8.5 * 17.0 * 10.4 * 22.0 21.4 12.0 5.1
Oplismanus burmannii 17.0 * 10.1 * 5.8 * 325 * 11.0 * 223 8.3
Chromolaena odorata 4.3 * 2.1 * 4.9 * 2.8 * 4.3 1.7 7 1.7
Amaranthus spp. 10.0 15.7 * 7.5 0.5 8.7 * 16.4 * 11.7 * 7.8
Sapplings 10.2 115 2.6 8.1 45 7.3 8.3 10.4 12.3 11.3 22.3 *
Ageratum conyzoides * 3.7 2.0 4.2 * 15 0.5 3.1 * 25 * 0.8
Commelina diffusa 4.4 * 3.8 * 4.0 2.1 1.0 * 2.1 3.8 1.3 2.7
Sedges * 1.8 2.0 3.1 1.0 2.7 1.0 * 2.0 2.6 0.8 1.8
Centrosema pubescens 1.3 * 0.5 * 4.3 3.1 * 2.5 0.5 1.2 * 1.7
Desmodium spp. 15 * 4.2 * 6.5 * 2.6 3.4 2.0 6.7 10.3 *
Euphorbia heterophylla * 6.7 * 5.1 * 6.0 * 2.7 * 15 * *
Digitaria insularis 1.0 1.2 * * * * 1.0 * 0.5 * 0.5 0.5
Spigia anthelmia * * * * * * * * * * 0.5 3.1
Momordica charantia 15 3.1 0.5 2.7 15 15 1.3 * 0.5 * 1.0 5.2
Lantana camara * * 5.0 1.7 5.0 * 0.5 * 0.5 * 10.0 *
Aspillia africana 315 105 49.0 7.8 24.0 5.1 8.5 0.5 7.2 1.7 * 1.2
Phyllanthus amarus 0.5 2.5 * 2.7 2.0 1.2 * 15 0.5 2.8 2.0 *
Richardia spp. 50.0 * 0.5 * * * * * * * 1.0 0.8
Chloris batata * * * * 1.0 * * * * * 3.0 2.7
Setaria barbata * * * * * * 1.0 * * * 0.5 *
Sida acuta * * * * * * 1.0 * * * 0.5 *
Panicum maximum * * * * * * 1.0 * * * * *

Note: *weed species absent.

which indicated the absence of residual effects of
the weedicide on emergence and subsequent
growth of cereals and legumes, similar to findings
of Konlan et al. (2014).

The performance of the lower rates of

glyphosate treatments compared to the manual
weeding with regard to weed control confirm
earlier reports that weedicides ensure better weed
control than manual weeding in cocoa (Osei-
Bonsu et al., 1991; Oppong et al., 1995; 1999;

Konlan et al., 2014). These rates were even more
effective when applied to young and fresh weed
re-growth, suggesting the importance of proper
timing of weedicide application for good results
(Wendy et al., 2001).
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Table 6. Growth response of young cocoa to glyphosate rates and manual weeding 1-12 months after transplanting and

application of treatments.

1235

Glyphosate rate (a.i. g ha'l) 3 months 6 months 9 months 12 months
1,920 polyjet 4.7 8.1 12.8 15.2
1,920 viv 3.7 6.3 9.9 12.9
960 viv 4.3 7.0 10.4 14.4
. 720 viv 4.2 6.6 9.7 13.0
Girth (mm) 480 viv 4.4 7.7 11.6 14.7
Manual control 4.3 6.8 9.2 12.7
F-test Ns Ns ns ns
% cv 23.6 171 17.8 14.8
1,920 polyjet 16.1 26.4 52.1 73.6
1,920 viv 10.7 18.6 43.7 63.3
960 viv 14.8 23.1 46.0 67.4
Height (cm) 720 viv 14.6 22.4 58.3 67.3
480 viv 16.7 24.5 51.4 76.2
Manual control 17.9 22.7 46.2 62.8
F-test Ns Ns ns ns
% cv 32.5 29.3 28.6 21.4
Note: a.i. g ha™* (active ingredient in grams per hectare).
Table 7. Cost of weed control as affected by glyphosate rates and labour requirements.
. : . Weedici h r L r Total Total
Rate nigha?) Livesmaspray  VOTCUSSOMTAIISY  Labau o e e e oot
1,920 polyjet 4.0 13.60 48.00 61.60 246.40
1,920 viv 4.0 13.60 48.00 61.60 246.40
960 viv 3.0 6.80 48.00 54.80 219.20
720 viv 15 5.10 48.00 53.00 212.40
480 viv 1.0 3.40 48.00 51.40 205.60
Manual - - 96.00 96.00 576.00

Cost of 1 manday = US$8.00

Cost of 1 litre of Sidasate = US$3.40

No. of mandasy for weedicide application/ha = 6
No. of weedicide applications/year = 4

No. of mandays for manual weeding = 12

No of manual weeding operations/year = 6
Exchange rate: US$1 = Gh¢5.0.

The unexpected higher weed kill by the 720 g a.i. ha™ viv
compared to the 960 g a.i. ha™ viv was probably due to
the presence of perennial weeds in the latter plots
(Konlan et al., 2014). Because of the non-selective nature
of glyphosate, weed species composition after three
years was generally representative of what it was at the
onset of treatments application. Except in the case of
glyphosate resistance, the application of glyphosate is
therefore not expected to lead to a buildup of specific
weed species at the expense of others as a result of
selective killing.

The absence of differences in stem diameter, which is
better indicator of plant growth (Glending, 1966) and
height increases suggests that growth of the young cocoa
was not adversely affected by the application of
glyphosate. In spite of similar morphological growth
records, yields obtained from the 480-960 g a.i. ha™ viv
treated plots were higher than yields from the 1,920 g a.i.
ha™ (polyjet and vlv) and manually weeded plots, where
yields were similar.

This result contradicts earlier reports by Oppong et al.
(2006) and Konlan et al. (2014), which indicated no
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Figure 1. Dry bean vield (kg ha™) of 3 year old cocoa as affected by glyphosate rates and manual
weeding. Note: a.i. g ha™ (active ingredient in grams per hectare), Control (manual weeding).

significant differences in initial yield of young cocoa
following glyphosate use for weed control. This may be
the result of different field conditions under which the
tests were carried out. The lower yields observed in the
manually weeded plots and also in the plots treated with
the highest glyphosate rates could probably be due to
higher weed competition from residual weeds in the
manually weeded plots, and strong drift effect after
application of the 1,920 g a.i. ha™ glyphosate rates
(polyjet and vlv) respectively. The possible disruption of
aromatic amino acid synthesis due to the strong drift of
glyphosate might have contributed to lower yields since
amino acids are known to play a vital role in fruit set and
retention (Magda et al., 2012; Salem, 2013).

The cost of manual weed control, which is best
recommended for young cocoa, was more than double
the cost of the highest glyphosate rate. Dry bean yield (kg
ha'l) of young cocoa following manual weed control was
comparable to those obtained from the 1,920 g a.i. ha™
glyphosate (polyjet and vlv) treated plots. Lower
glyphosate rates (480, 720 and 960 g a.i. ha™) which
were very effective in killing weeds provided cheaper
weed control options and increased dry bean yield, thus
potentially increasing revenue and net benefits. These
lower 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 (Magdal et al., 2012; Abella et al., 2013;
Salem et al., 2013). This probably explains why dry bean
yields from plots treated with these lower rates were
higher.

Conclusion

The vyield of three-year-old cocoa in plots that have been
treated with glyphosate at rate of 1,920 g a.i. ha™ (polyjet

and vlv) for weed control were comparable to those in
manually weeded plots. The application of glyphosate at
a rate of 960 g a.i. ha™ viv was cheaper, effectively kept
weed growth below economic injury level without
immediate or residual adverse effects on the growth of
cocoa and consequently, caused improvement in yield
above the farmers’ practice of manual weed control and
other glyphosate rates. It was therefore, concluded that
glyphosate can be applied at a rate 960 g a.i. ha™ viv
(equivalent to 2.0 L glyphosate ha™ in 120 | of water) for
effective weed control during the establishment phase of
cocoa.

Adverse effects of glyphosate on growth and/or yield of
young cocoa may however, result from improper
application of this rate, effects of strong drift or both. It is
therefore not advisable to carry out glyphosate application
in windy conditions, as well as during transitioning into
flower and fruit production.

CONFLICT OF INTERESTS

The authors have not declared any conflict of interests.

ACKNOWLEDGEMENTS

The authors are grateful to the technical and field staff of
Agronomy Division who supported data collection and
carried out maintenance of the experimental plot. This
paper (CRIG/01/2018/049/005) is published with the kind
permission of the executive director, Cocoa Research
Institute of Ghana.

REFERENCES

Abella SR, Suazo AA, Norman CM, Newton AC (2013). Treatment



Alternatives and Timing Affect Seeds of African Mustard (Brassica
tournefortii), an Invasive Forb in American Southwest Arid Lands.
Invasive Plant Science and Management 6(4):559-567.

Al-Rajab AJ, Amellal S, Schiavon M (2008). Sorption and leaching of
14C-glyphosate in agricultural soils. Agronomy for Sustainable
Development 28(3):419-428.

Austin AP, Harris GE, Lucey WP (1991). Impact of an organophosphate
herbicide (glyphosate) on periphyton communities developed in
experimental streams. Bulletin of Environmental Contamination and
Toxicology 47(1):29-35.

Balbuena MS, Tison L, Hahn ML, Greggers U, Menzel R, Farina WM
(2015). Effects of sublethal doses of glyphosate on honeybee
navigation. Journal of Experimental Biology 218(17):2799-2805.

Bonaparte A, Toseafa K (1975). Rehabilitation trial. Annual Report.
Cocoa Res. Inst. Ghana, 1972/73 P 26.

Carlisle M, Trevors T (1988). Glyphosate in the Environment. Water,
Soil and Air Pollution 39:409-420.

Dale S (2006). An overview of glyphosate mode of action: Why is it
such a great herbicide? North Central Weed Science Society
Proceedings. Fort Collins, CO 80526. 69:94-95

de Jonge H, de Jonge LW, Jacobsen OH, Yamaguchi T, Moldrup P
(2001). Glyphosate sorption in soils of different pH and phosphate
content. Soil Science 166:230-238.

Dick RE, Quinn JP (1995). Glyphosate-degrading isolates from
environmental samples: occurrence and pathways of degradation.
Applied Microbiology and Biotechnology 43(3):545-550.

Druart C, Millet M, Scheifler R, Delhomme O, De Vaufleury A (2011).
Glyphosate and glufosinate-based herbicides: fate in soil, transfer to,
and effects on land snails. Journal of Soils and Sediments
11(8):1373-1384

Duke SO, Powles SB (2008). Glyphosate: A once-in-a-century
herbicide. Pest Management. Science 64(4):319-325.

Duke SO, Lydon J, Koskinen WC, Moorman TB, Channey RL,
Hammerschmidt R (2012). Glyphosate effects on plant mineral
nutrition, crop rhizosphere microbiota and plant disease in
glyphosate-resistant crops. Journal of Agricultural and Food
Chemistry 60(42):10375-10397.

Fernandez-Cornejo J, Klotz-Ingram C, Jans S (2002). Farm-Level
effects of adopting Herbicide-Tolerant Soybeans in the U.S.A.
Journal of Agricultural and Applied Economics 34(1):149-163.

Franz JE, Mao MK, and Sikorski JA (1997). Glyphosate: a unique global
herbicide. American Chemical Society, Washington, DC P 653.

Gill JPK, Sethi N, Mohan A (2017). Analysis of the glyphosate herbicide
in water, soil and food using derivatising agents. Environmental
Chemistry Letters 15(1):85-100.

Glass RL (1987). Adsorption of glyphosate by soils and clay minerals.
Journal of Agricultural Food Chemistry 35:497-500.

Glending R (1966). Further observations on the relationship between
growth and yield of cocoa varieties. Euphytica 15:116-127.

Hued AC, Oberhofer S, de los Angeles Bistoni M (2012). Exposure to a
commercial glyphosate formulation (Roundup®) alters normal gill and
liver histology and affects male sexual activity of Jenynsia
multidentata (Anablepidae, Cyprinodontiformes). Archives of
Environmental Contamination and Toxicology 62(1):107-117.

Konlan S, Opoku-Ameyaw K, Oppong FK, Anim-Kwapong GJ (2014).
Evaluation of D-Lion herbicide for weed control in cocoa (Theobroma
cacao L.). Technical Report, Cocoa Research Institute of Ghana 9 p.

Lane M, Lorenz N, Saxena J, Ramsier C, Dick RP (2012). The effect of
glyphosate on soil microbial activity, microbial community structure,
and soil potassium. Pedobiologia 55(6):335-342.

Lee HL, Kan D, Tsai CL, Liou MJ, Guo HR (2009). Comparative effects
of the formulation of glyphosate-surfactant herbicides on
hemodynamics in swine. Clinical Toxicology 47(7):651-658.

Mann RM, Bidwell JR (1999). The toxicity of glyphosate and several
glyphosate formulations to four species of southwestern Australian
frogs. Archives of Environmental Contamination and Toxicology
36(2):193-199.

Magda MK, Ayman ES, Arafa HE, Ahmed SEM (2012). Effect of humic
acid and amino acids on pomegranate trees under deficit irrigation I:
Growth, flowering and fruiting. Journal of Horticultural Science and
Ornamental Plants 4(3):253-259.

Newman MM, Hoilett N, Lorenz N, Dick RP, Liles MR, Ramsier C,

Konlan et al. 1237

Kloepper JW (2016). Glyphosate effects on soil rhizosphere-
associated bacterial communities. Science of the Total Environment
543:155-160.

Oliveira AG, Telles LF, Hess RA, Mahecha GA, Oliveira CA (2007).
Effects of the herbicide Roundup on the epididymal region of drakes
Anas platyrhynchos. Reproductive Toxicology 23(2):182-191.

Oliveira RD, Boas LK, Branco CC (2016). Assessment of the potential
toxicity of glyphosate-based herbicides on the photosynthesis of
Nitella microcarpa var. wrightii (Charophyceae). Phycologia
55(5):577-584

Oppong FK, Osei-Bonsu K, Amoah FM, Acheampong K (1995).
Effectiveness of glyphosate in controlling weeds during cocoa
establishment. Proceedings of 1% International Seminar on Cocoa
pests and Diseases, Accra, 6-10 November pp. 280-285.

Oppong FK, Osei-Bonsu K, Amoah FM (1999). The efficacy of low
volume application of roundup (Glyphosate) on weed suppression in
some plantation crops in Ghana. Journal of Ghana Science
Association (Special edition) 2(3):40-48.

Oppong FK, Sarfo JE, Osei-Bonsu K, Amoah FM (2006). Effects of
sulfosate on weed suppression, cocoa pod set, and yield of cocoa
and coffee. Ghana Journal of Agricultural Science 39(2):115-122.

Osei-Bonsu K, Oppong FK, Amoah FM (1991). Appraisal of methods of
weed control in cocoa establishment. In Proceedings: 17" Biennial
Conference of Ghana Science Association, Kumasi. 4-8 August,
1991.

Pérez GL, Vera MS, Miranda L (2011). Effects of herbicide glyphosate
and glyphosate-based formulations on aquatic ecosystems.
In:Herbicides and environment. InTech.
https://www.intechopen.com/books/herbicides-and-
environment/effects-of-herbicide-glyphosate-and-glyphosate-based-
formulations-on-aquatic-ecosystems

Pérez-Iglesias JM, Franco-Belussi L, Moreno L, Tripole S, de Oliveira
C, Natale GS (2016). Effects of glyphosate on hepatic tissue
evaluating melanomacrophages and erythrocytes responses in
neotropical anuran Leptodactylus latinasus. Environmental Science
and Pollution Research 23(10):9852-9861.

Pollegioni L, Schonbrunn E, Siehl D (2011). Molecular basis of
glyphosate resistance-different approaches through protein
engineering. Federation of European Biochemical Societies Journal
278(16):2753-2766.

Qaim M, Traxler G (2005). Roundup Ready soybeans in Argentina: farm
level and aggregate welfare effects. Agricultural Economics 32:73-86.

Salem MA (2013). Improved growth, productivity and quality of tomato
(Solanum lycopersicum L.) plants through application of shikmic acid.
Saudi Journal of Biological Sciences 20(4):339-345.

Samsel A, Seneff S (2013). Glyphosate’s suppression of cytochrome
P450 enzymes and amino acid biosynthesis by the gut microbiome:
pathways to modern diseases. Entropy 15(4):1416-1463.

Sansom M (2012). Glyphosate use in the amenity sector. Presentation
by Monsanto to the Amenity Forum.

Santadino M, Coviella C, Momo F (2014). Glyphosate sublethal effects
on the population dynamics of the earthworm Eisenia fetida (Savigny,
1826). Water, Air and Soil Pollution 225(12):2207.

Schaumburg LG, Siroski PA, Poletta GL, Mudry MD (2016).
Genotoxicity induced by Roundup® (Glyphosate) in tegu lizard
(Salvator merianae) embryos. Pestic Biochem Physiol 130:71-78.

Shehata AA, Schrddl W, Aldin AA, Hafez, HM, Kriger M (2013). The
effect of glyphosate on potential pathogens and beneficial members
of poultry microbiota in vitro. Current Microbiology 66(4):350-358.

Siehl DL (1997). Inhibitors of EPSP synthase, glutamine synthetase and
histidine synthesis. Reviews in Toxicology 1:37-68.

Tu M, Hurd C, Randall JM (2001). Weed control methods handbook,
The Nature Conservancy 7E.1-7E.10.
https://lwww.invasive.org/gist/products/handbook/methods-
handbook.pdf

Wendy AP, Andrew JP, John WW, Keith LE, Randy W (2001).
Absorption and translocation of glyphosate in glyphosate-resistant
cotton as influenced by application method and growth stage. Weed
Science 49:460-467.

Williams GM, Kroes R, Munro IC (2000). Safety evaluation and risk
assessment of the herbicide Roundup and its active ingredient,
glyphosate, for humans. Regulatory Toxicology and Pharmacology



1238 Afr. J. Agric. Res.

31:117-165.

Zobiole L, Kremer R, Oliveira R, Constantin J (2011). Glyphosate
affects microorganisms in rhizospheres of glyphosate-resistant
soybeans. Journal of Applied Microbiology 110:118-127.



