
328

Fifteenth Australian Weeds Conference

Summary   Shifting cultivators in the humid tropics 
use forestland for crop production. Efforts to reduce 
deforestation should focus on developing methods to 
use already deforested land or savannah land. At the 
forest-savannah transition zone of central Cameroon, 
farmers are often reluctant to use grass-dominated land 
because of the subsequent weeding effort required. 
Here, the use of glyphosate as a vegetation clearance 
treatment on savannah land prior to cultivating ground-
nuts is tested and the impacts on weed pressure and 
crop yield observed.

An experiment was established in central Cam-
eroon on a sandy soil in March 2004. Glyphosate was 
applied at 2880 g a.i. ha-1 and this was compared with 
manual clearance using machetes. Plots were estab-
lished near the forest edge and in the savannah centre in 
six replicates. Weeding was conducted after groundnut 
flowering. The number of individuals and dry mass of 
each species was recorded. Yields of groundnut were 
significantly higher and on average 50% greater in 
glyphosate cleared plots than in manually cleared 
plots. This was due to a change in the harvest index, as 
total plant biomass was not affected by the treatment. 
Therefore, glyphosate treatment is recommended as 
a suitable method of land preparation. 

Keywords    Cameroon,  forest-savannah transi-
tion,  peanut,  groundnut,  glyphosate.

INTRODUCTION
Imperata cylindrica (L.) Rauesch. is a component of 
savannahs in Cameroon (Bremond et al. 2005) and is 
considered as one of the world’s most invasive weeds. 
It invades cropped fields either via rhizomatous growth 
from the edge of adjacent infested fallows or through 
rhizome fragments imported with the planting material. 
It is associated with low crop yields (Van Noordwijk et 
al. 1997). de Foresta and Michon (1997) reported that 
I. cylindrica presence indicates poor soils, therefore 
implying that it has a competitive advantage over other 
species on soils of low nutrient status. Conversely, 
Norgrove (subm.) showed that biomass and shoot 
production of I. cylindrica, in competition with other 
species, was highest on the highest fertility soils thus 
its presence does not indicate poor soils. 

Farmers in West Africa have been reluctant to use 
herbicides although this is changing. Herbicides with 
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low human toxicity, such as glyphosate (N-(phosphon
omethyl)glycine), may be particularly appropriate for 
use in smallholder farming systems, if it can be demon-
strated that its use is profitable. For example, Chikoye 
et al. (2001) showed that glyphosate use was more 
profitable than manual weeding in a maize-cassava 
intercrop system. Furthermore, use of glyphosate has 
been shown to have positive effects on soil microbial 
activity in tropical soils (Araujo et al. 2003) and thus 
may have few negative environmental consequences. 
Here, glyphosate use as a clearance method was com-
pared with manual slashing on I. cylindrica-savannah 
land prior to cultivating groundnuts. The impacts on 
weed pressure and crop yield are reported.

MATERIALS AND METHODS
The experiment was established in Ngoungoumou 
(04°5N', 11°40'E), approximately 45 km north-east of 
the capital, Yaounde, in southern Cameroon in March 
2004. The experiment had a complete block design 
with six replicates and two factors: 1. Clearance meth-
od (two levels): A) glyphosate application B) manual 
clearance. 2. Proximity to forest edge (not randomised) 
A) near forest fringe B) savannah centre. 

The initial vegetation was a mixed grass/fern/
sedge community dominated by I. cylindrica (L.) Rae-
usch., Pennisetum purpureum Schumach., Pteridium 
aquilinum (L.) Kuhn and various Cyperaceae, with a 
sparse shrub layer, predominantly Bridelia ferruginea 
Benth and Annona senegalensis Pers. According to 
local villagers, neither the savannah area selected nor 
the adjacent forest had been cultivated within living 
memory, yet the savannah was prone to annual bush 
fires, which stop at the forest boundary. Common tree 
species in the forest included Piptadeniastrum africa-
num (Hook.f.) Brenan (Mimosaceae), Milicia excelsa 
(Welw.) C.C. Berg (Moraceae), Alstonia boonei (De 
Wild) (Apocoynceae) and Uapaca guineensis (Don.) 
Muell. (Euphorbiaceae). The experiment was blocked 
according to the initial density of shrubs. The entire 
savannah had been burned in a bush fire in early Febru-
ary 2004 and the grass/fern/ sedge biomass varied from 
0.6 to 3.3 Mg ha-1 (Norgrove unpublished data).

Topsoil (0–10 cm) was assessed. pH was deter-
mined in a water suspension at a 2:5 soil:water ratio. 
Exchangeable (exch.) Ca2+, Mg2+, K+ and total P were 
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extracted by the Mehlich-3 procedure (Mehlich 1984). 
Cations were determined by atomic absorption spec-
trophotometry and P by the malachite green colori-
metric procedure (Motomizu et al 1983). Organic C 
was determined by Heanes improved chromic acid 
digestion and spectrophotometric procedure (Heanes 
1984). Total N was determined using the Kjeldahl 
method for digestion and ammonium electrode deter-
mination (Bremner and Tabatabai 1972). Soil texture 
was determined using Day’s procedure (Day 1965).

Plot size was 10 m × 10 m. The internal area of 7 
m × 7 m was used for the experiment and the 1.5 m 
wide border was left undisturbed. Glyphosate plots 
were sprayed using a knapsack sprayer at the manu-
facturer’s recommended rate of 2.88 kg a.i. ha-1 on 30 
April 2004. Clearance plots were manually slashed 
on 3 May 2004. By 7 May 2004, the vegetation in 
the glyphosate plots had withered so it was manually 
slashed. After hand tillage to 20 cm depth and the 
removal of roots and rhizomes, the internal plot area 
was planted to sole groundnut, a large seeded white 
improved variety, JL-24, at 0.16 m intra- and inter-row 
spacing on 11 and 12 May 2004. Mean seed mass was 
0.38 g and in germination tests, 89% had germinated 
at 64 hours after incubation.

Weeding was conducted post flowering. Plants 
were counted by species and dry masses recorded. 
The focus was on two of the major weeds in the 
region, I. cylindrica and Chromolaena odorata King 
& Robinson. Sampling was conducted by dividing 
the harvest area into three areas: a central area 16 m2 
and two 16.5 m2 areas on the savannah side and forest 
side respectively. 

At harvest, frames were harvested first and the 
following parameters were assessed: number of normal 
plants, number of stunted plants, number of plants 
exhibiting rosette symptoms, numbers of edible and 
undeveloped pods, total number of ‘pegs’ (elongated 
fertilised ovules which can potentially form a pod), 
and the number of pegs attacked by rodents. Yield 
loss was calculated as the number of pegs attacked by 
rodents/total number of fully developed pegs.

Data were analysed in SAS v8 using the GLM and 
PROC REG procedures (SAS 1989). Yield data were 
square root transformed before analysis. Probabilities 
<0.05 are reported and significance levels are coded 
in tables as P <0.05 (*), <0.01 (**), P <0.001 (***). 
The PROC CORR procedure was used for correlations, 
quoting the Pearson correlation coefficient, r.

RESULTS
Topsoil (0–10 cm depth) texture was 66% sand, 19% 
clay and 15% silt. Mean soil chemical properties were 
pH 5.4, 13.9 ppm Mehlich P, 2.93 cmol kg-1 Ca, 1.22 

cmol kg-1 Mg, 0.14 cmol kg-1 K, 1.6% organic C and 
0.1% N.

The dominant weed by biomass was the fern 
P. aquilinum. After groundnut flowering, total weed 
densities (P <0.001) and total weed dry biomass 
(P <0.05) were lower in the glyphosate treated plots 
than in the manually cleared plots, particularly for 
I. cylindrica (Table 1). 

Total weed densities were not significantly differ-
ent between the forest edge and the savannah centre 
(Table 2). However, there was a change in the commu-
nity composition as I. cylindrica densities were higher 
(P <0.05) yet P. aquilinum densities lower (P <0.001) 
near the forest edge (Table 2). There was no significant 
interaction between the factors of plot position and 
clearance method; therefore, glyphosate was effective 
in both zones in reducing weed pressure. 

Yields of groundnut were significantly higher 
(P <0.01) and on average 50% greater in glyphosate 
clearance plots than in manually cleared plots (Table 
3). Apparently this was due to a change in the harvest 
index, as total plant biomass was not affected by the 
treatment. 

Yields of groundnut and plant biomass were both 
significantly higher (P <0.001) nearer the forest edge 

Table 1.   Weed densities (plants m-2) in glyphosate 
and manually cleared treatments at groundnut flow-
ering. The P value demonstrates the significance of 
difference between glyphosate and manually cleared 
treatments (n = 6).

Weed species Glyphosate Manual P

I. cylindrica 0.2 1.6 ***

P. aquilinum 1.5 1.7 ns

C. odorata 0.22 0.09 **

All other weeds 4.7 8.3 ns

Total 6.6 11.7 ***

Table 2.   Weed densities (plants m-2) near the forest 
edge compared with the savannah centre at groundnut 
flowering. The P value demonstrates the significance 
of difference the forest edge and the centre of the 
savannah (n = 6).

Weed species Forest edge Savannah 
centre

P

I. cylindrica 1.2 0.6 *

P. aquilinum 0.6 2.6 ***

C. odorata 0.3 0.01 ns

All other weeds 7.7 5.4 **

Total 9.8 8.6 ns
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(Table 3). Yield losses to rodents, predominantly 
African ground squirrels, were higher in the centre 
of the savannah (47.8%) compared with the forest 
edge (18.5%) and this partially explained the lower 
yield. These losses were difficult to anticipate as there 
have not been previous studies on rodent ecology in 
this area.

Correlations were made between the abundance 
of I. cylindrica and groundnut yields separately for 
the forest edge and central savannah. In the centre 
savannah, I. cylindrica abundance was negatively 
correlated with groundnut yield (r = 0.49, P = 0.05, 
n = 16). There was no significant relationship for the 
forest edge.

DISCUSSION
The major weed was the fern Pteridium aquilinum, 
which is resistant to glyphosate. Regardless of this, 
glyphosate usage had a positive impact on groundnut 
yield, partially through reducing overall weed biomass, 
particularly I. cylindrica.

The greater losses to rodents in the savannah 
centre has been confirmed by subsequent experiments 
on seed predation, whereby rodents tend to avoid the 
forest edge for foraging. Rodents may be attracted to 
the sucrose-rich rhizomes of I. cylindrica and low crop 
yields on I. cylindrica infested land, previously attrib-
uted to soil or competition problems, might be partially 
due to seed predation by rodents both at establishment 
and at harvest. However, even excluding the effects of 
predation, yields were higher near the forest edge and 
this might be due to greater water availability in the 
topsoil during the season, as soil chemical properties 
were not significantly different between the edge and 
the centre of the savannah. 

Cultivation generally cannot be recommended 
in the savannah centre due to rodent damage and the 
difficulty of controlling their populations in this con-
text. Calculating at €6.5 per litre of glyphosate (36% 
a.i.), and at €1.8 per kg of groundnut, and assuming 
equal labour inputs, applying glyphosate was more 
profitable than manual clearance. Use of glyphosate 
can be recommended for fields near the forest edge 
as it increased yields. 
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Table 3.   Groundnut yield (dry mass Mg ha-1) on 
savannah land as affected by pre-clearance treatment 
and proximity to the forest edge.

Weed control 
method

Forest edge Savannah 
centre

P (position)

Glyphosate 1.93 0.22 ***

Manual 1.16 0.16

P (clearance) **




