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Abstract 

Maize production lags behind the population demand in eastern Kenya, and this is attributed to weeds 
competition with the crop for various growth resources, among other factors. A study was conducted to 
determine the effects of two glyphosate formulations (Roundup Turbo and Roundup Weathermax) and 
rates on general weeds control and maize performance. The first (long rains 2011), second (short rains 
2011) and third (long rains 2012) season’s trial results observed that the glyphosate based herbicides are 
effective means of weed management in maize grown under zero tillage conservation agriculture 
systems. Roundup Turbo applied at 2.5 liters ha-1 and the three (1.5, 2.5 and 3.0 liters ha-1) tested rates of 
Roundup Weathermax herbicide gave effective weeds control and improved maize grains and shoot 
biomass. Both formulations did not have any phytotocixity on the maize. Herbicides treatments had 
higher net benefits compared to un-weeded and conventionally tilled practices. The crop yields 
significantly (p≤0.05) differed between un-weeded and weed controlled treatments (both conventional 
and herbicide methods). Conventionally tilled treatment gave an average grain yield of 3.6 t ha -1 that 
was not significantly different from those from zero tillage treatments. The lowest grain yield (0.1 t ha-1) 
was acquired from un-weeded treatment and significantly (p≤0.05) differed from those of conventional 
and herbicides treatments. The study concluded that the use of Glyphosate based herbicide is an 
appropriate and economic approach for weed management in maize grown under zero tillage 
conservation agriculture systems.  
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Introduction 

Maize is the most important staple crop in Kenya for over 90% of the population with the small holder 
farming systems accounting for about 75-80% of the total production (Muui et al., 2007). While the crop 
is mainly grown for its grains, stovers are fed to livestock and empty cobs used as source of fuel for 
cooking. The average maize yield in Kenya is approximated at 1.5 t ha-1, with most of small-holder 
farmers producing less than 1.8 t ha-1 (Muriithi et al., 1999; Ouma et al., 1999). Weeds competition with 
the crop for growth resources is singled out as one of the challenges faced by smallholder farmers and 
therefore limiting maize production (Terry and Michieka, 1987). The deleterious effects of weeds may 
be managed by use different methods, including hand weeding and herbicide sprays (Berca, 2004).  

Hand-hoeing is constrained by limited labour and weeds that are difficult to manage due to their great 
diversity in terms of species and nutrient scavenging systems (Micheni et al., 2002). Competition for 
labour during the peak weeding period affects maize production, because labour is utilized for higher 
income generating activities such as picking coffee and cattle rearing (Ouma et al., 1999).  

In a socio-economic study on adoption of herbicide technologies in maize based cropping systems in 
central Kenya (Muriithi et al., 1999) recognized that the use of herbicides is the most economical method 
for weeds control in maize production systems. Similarly, Muthamia et al. (2004) in conservation tillage 
studies in the central highland of Kenya reported that farmers have their farm benefits increased by 
using herbicides for weeds control. This calls for enhanced research on testing and promoting 
appropriate herbicide. It is therefore on this basis that study was conducted in the humic areas of 
eastern Kenya to determine the effects of Glyphosate based herbicide product on weeds management 
and maize performance when grown under zero tillage (ZT) conservation agriculture (CA) practices. 
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Materials and methods 

Site 

The study was conducted at the Kenya Agricultural research Institute (KARI- Embu) farm on the 
eastern slopes of Mt. Kenya at 000 33.18’S; 0370 53.27’E; 1420 m asl and in the upper midlands (UM3) 
zone. The region experiences 1250 mm average annual bimodal rainfall and warm temperatures, 
ranging from 21-28 and 16 - 210C mean maxima minima, respectively (Jaetzold et al., 2006). The two rainy 
seasons are the long rains (LR) lasting from March to August and short rains (SR) from October to 
January (Jaetzold et al., 2006). About 65% of the rains come during the March rains and in some years 
end in July-August with scanty showers that assist the late maturity maize varieties in grain filling. The 
eastern Kenya soil are dominated by humic Nitisols, which are of moderate to high inherent fertility due 
to their high minerals, available water and cation exchange capacity levels (Jaetzold et al., 2006). 
However, over time the fertility has declined due to inappropriate soil management and nutrients 
depletion (Mwangi et al., 1996; Gitari and Friesen 2001). The farming system is mainly of medium 
maturity maize varieties intercropped with beans (Waithaka et al., 2006). The crops grain yields have 
constantly declined due to weed competition in the region. 

Experimental design, treatments and blocking 

The trials were laid out on a randomized complete block design (RCBD) with four replicates separated 
by paths measuring 2.0 m. A given replicate had six plots, each measuring 3.75 m (6 rows) x 4.00 m (9 
hills of 2 plants each). The treatments were made of three rates (1.5, 2.5 and 3.0 lits ha-1) of Roundup 
Weathermax herbicide and one rate (2.5 lits ha-1) of Roundup Turbo Table 1). The fifth and sixth 
treatments were the un-weeded and conventional tilled weed management systems. The six weed 
management treatments were randomized within and between blocks, and any two plots within a block 
were separated by a 1.0 m buffer zone path to guard treatments from spilling over between plots. 
Likewise any two replications were separated by a 2 m buffer zone for the same purpose. 

Table 1: Treatments description for Glyphosate based trials for the management of weeds in maize 
fields in humid areas of eastern Kenya 

Glyphosate based herbicides Application rate (lits 
ha-1) 

Active Ingredient (gms 
Glyphosate lit-1) 

Tillage method 

Roundup Weathermax 1.5 540 Zero Tillage 

Roundup Weathermax 2.5 540 Zero Tillage 

Roundup Weathermax 3.0 540 Zero Tillage 

Roundup Turbo 2.5 450 Zero Tillage 

Un-weeded  N/A N/A Land left bushy 

Hand hoed N/A N/A Conventional Tillage 

 

Trial establishment 

The study was conducted for three seasons during 2011 – 2012 rainy seasons and every season the 
experimental sites were selected in a weedy field that had stayed for over 12 months without any kind 
of cultivation. Glyphosate herbicide sprays were applied after approximately a week after the on-set of 
the rains and when the weeds were actively growing. The one week planting delay was meant to allow 
the weeds to start growing actively after going through a period of “dormancy” observed during dry 
spells witnessed prior to the start of the rains. Plots were therefore marked out in the weedy field, and 
planted with medium maturity maize variety (var. DK 8031) spaced at 75 cm (between rows) and 50 cm 
(between hills). Three seeds were planted using sharp pointed pangas by carefully parting the weeds to 
access the soil, making holes, placing 10 gms (per hill) of N23:P23:K0 fertilizer material and then sowing 
the maize seeds. The conventional tillage plots were prepared using conventional folk-jembe to achieve 
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fine tilth for maize production. The same tool was used to make planting holes at the recommended 
plant population.  

Treatments application 

Herbicide treatments were applied a day after seeding. Adequate amounts of herbicides were drowned 
from their containers using graduated syringe with a needle before transferring the contents into 
mixing buckets. The herbicide/water solutions were then transferred into pre-calibrated CP3 15-liter 
Knapsack sprayers fitted with low volume herbicide application nozzle to deliver 200 - 250 lits hectare-1 
of the solutions. The solutions were then applied evenly on the weeds in all but hand weeded and un-
weeded plots.  

Thinning and stem borers management 

Immediately after the crop emergence, thinning was done leaving two plants per hill or to maintain 
53,333 plants ha-1 plant population. The borers start invading maize immediately after the crop 
emergence causing up 40 % yield loss (Mulaa, 1995; Pingali, 2001). Borer-cide (Bulldock 0.05 GR) at the 
rate of 6.5 kg ha-1 was therefore applied every season a month after the crop emergence to control the 
pest. Two hand-weeding events were conducted only on the conventional plots at 15th and 85th day of 
the crop emergence.  

Data management and reporting 

Biophysical and socio-economic data were collected and analyzed using analysis of variance (ANOVA) 
method via Statistic Analysis System (SAS) computer programme. In addition, net-benefits were 
computed to determine profitability of the various weed management systems for maize production in 
eastern Kenya region.  

Results 

Main weed species at the trial site 

Identification of weed species within the experiential area was done the same day of treatment 
application with the aim getting baseline information on weed species and biotypes within species 
which may ultimately compete with the crop if not managed. Broad and narrow leafed weeds were 
found with the couch grass (86%), Richardia scabra (82%) and Oxalis (67%) dominating the site in all 
three seasons. Additionally, Bidens pilosa, Galinsoga parviflora, Cyperus spp., Amaranthus spp. and 
Commelina spp. were other very common weed species.  

Percent (%) weeds suppression 

Percent weed ground cover is one of the parameters used to provide guidelines on how weeds are 
suppressed by herbicides. This was achieved by using a 1.0m2 quadrant randomly thrown in a given 
plot, followed by visually recording weed suppression status therein. The activity was conducted three 
times in a given season as follows: 

 Weed suppression event 1 (WS1): Taken 1 month after the crop/weed emergence 
 Weed suppression event 2 (WS2): Taken 2½ months after the crop/weed emergence. 
 Weed suppression event 3 (WS3): Taken 3½ months after the crop/weeds emergence.  
Data gathered from the three events were later worked out into percent weed suppression (% ws) using 
the following formula:  

 

Where: Ws = Weed suppression; Msut = Mean score of un-weeded treatment; and Mst = Mean score of 
a treatment.  

The results showed that the critical time that the weeds/crop competes for resources was just before the 
crop flowering (2½ months after the crop emergence). This clearly witnessed in un-weeded treatment 
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whose %ws differed (p≤0.05) significantly from those of herbicide and conventional tilled treatments 
during the three events that the parameter was monitored (Table 2).  

Table 2: Percent weed suppression (ws) during different periods of Glyphosate based trials for the 
management of weeds in maize fields in eastern Kenya 

Glyphosate based herbicides 
Application rate 
(lits ha-1) 

Tillage method 
 (%) WS1 

 (%) 

WS2 
 (%) 

WS3 

1. Roundup Weathermax 3.0 Zero Tillage 66.0b 96.3a 87.5ab 

2. Un-weeded  N/A No Tillage 0.0d 0.0d 0.0 d 

3. Conventional Tillage  N/A Conventional 88.5a 35.0 91.8a 

4. Roundup Weathermax 2.5 Zero Tillage 59.0b 89.5b 83.3b 

5. Roundup Turbo 2.5 Zero Tillage 58.8b 94.8ab 89.0ab 

6. Roundup Weathermax 1.5 Zero Tillage 49.5c 82.8c 75.3c 

Mean - - 53.6 66.4 71.1 

LSD (0.05%) - - 9.2 5.3 5.8 

%CV - - 11.4 5.3 5.4 

Means with the same superscript letter are not significantly different (p≤0.05); CV = Coefficient of variation; LSD = 
Least Significant Difference; N/A = Not Applicable 

 

Weed vigour 

Information on weed vigour was recorded at 0 (treatment application day), 70 (crop flowering) and 120 
(crop physiological maturity) days. This was achieved by visually observing the average weed vigour 
using a scale of 1 – 4, where 1, 2, 3 and 4 represented very low, low, medium and high weed vigour, 
respectively. The hand hoed plots were free of weeds resulting from fine and weed-free prepared 
seedbed. Low weed vigour was recorded in herbicide treated plots at the time of treatment application. 
The situation changed later to medium weed vigour in conventionally tilled plots calling for the first 
hand weeding event approximately eight days after crop/weeds emergence. There were declining 
trends starting from the start to the end of the seasons in weed vigour in all plots where the herbicides 
were applied. 

Crop phytotoxicity 

In the study plant phytotoxicity condition was considered to be any deviation from normal 
morphological or physiological changes due to biotic, abiotic or artificial influence. We therefore 
focused on scorching of the whole or parts of the plant; de-colouration of plant parts from the normal 
green colour for a healthy plant; deformation or dwarfing of all or some plants; and extra ordinary 
maturity of plants. The assessments were done at 30th, 70th and 120th day after the crop emergence using 
scores of 1, 2, 3 and 4, denoting: low, medium, high and very high phytotoxicity, respectfully. Only 
plants in un-weeded treatments showed significant differences (p≤0.05) in de-colouration of plant leaves 
and dwarfing of plants (Table 3). In addition, plants in the said plots died in approximately 10 days 
earlier than those under conventional or herbicide treated plots. 

Maize days to physiological maturity 

Crop physiological maturity was arrived at when over 90% of plants in a given plot stopped sinking 
nutrients into their system due to age effect. Our study recorded an average of 126, 133 and 136 days for 
DK 8031 maize variety from emergence to physiological maturity in LR 2011, SR 2011 and LR 2012 
trials, respectively. The un-weeded plots had the crop maturing significantly (p≤0.05) earlier 
(approximately 10) than those under hand or herbicides treated plots. This was attributed to weeds 
withdrawing essential growth resources from the crop which suffered nutrients stress and therefore 
reached physiological maturity (died) earlier than expected. 
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Table 3: Crop phytotoxicity score at different periods of Glyphosate based trials for the 
management of weeds in maize fields in humid areas of eastern Kenya 

Glyphosate based herbicides Application ate (lits ha-

1) 

Phytotoxicity Score 

1 2 3 

Roundup Weathermax 3.0 1.5 1.5b 1.5b 
2. Un-weeded N/A 3.0a 3.5a 3.8a 
3. Conventional Tillage N/A 1.3b 1.3b 1.5b 
4. Roundup Weathermax 2.5 1.5b 1.5b 1.0b 
5. Roundup Turbo 2.5 1.5b 1.5b 1.3b 
6. Roundup Weathermax 1.5 1.5b 1.5b 1.8b 

Mean - 1.7 1.8 1.8 

L.S.D (0.05%) - 0.6 0.8 0.8 

CV - 24.5 31.0 28.1 
Means with the same superscript letter are not significantly different (p≤0.05); CV = Coefficient of variation; 
LSD = Least Significant Difference; N/A = Not Applicable 

 

Maize shoot biomass and grain yields 

At physiological maturity stage maize shoot biomass and grain yields were determined. The two 
parameters significantly (p≤0.05) differed between un-weeded and conventional or the herbicide 
managed plots (Table 4). The zero tillage treatments had 4.4, 4.3 and 4.0 from Roundup Turbo (2.5 lits 
ha-1), Roundup Weathermax (3.0 lits ha-1) and Roundup Weathermax (2.5 lits ha-1) treatments, 
respectively. The yields from zero tillage treatments were not significantly different from one another in 
the three seasons that the study was conducted. Conventionally tilled treatment gave an average grain 
yield of 3.6 t ha-1 that was also not significantly different from those from zero tillage treatments. The 
lowest grain yield (0.1 t ha-1) was acquired from un-weeded treatment and significantly (p≤0.05) 
differed from those of conventional and herbicides treated plots.  

Besides being grown for human food in eastern Kenya, maize is also grown to provide feed to livestock 
through provision of stovers in zero grazing livestock keeping management systems. The average shoot 
biomass in the three seasons was 8.1 t ha-1from the weed management methods. The three rates, 1.5, 2.5 
and 3.0 lits ha-1 of Roundup Weathermax had significantly (p≤0.05) higher biomass yields at 10.5, 9.8 
and 9.2 lits ha-1, respectively compared to un-weeded control. Although not significantly different, the 
conventional treatments gave 7.9 t ha-1 shoot biomass yields. 

Table 4: Maize shoot biomass and grain yields of Glyphosate based trials for the management of 
weeds in maize fields in humid areas of eastern Kenya 

Glyphosate based herbicides Application rate (lits ha-1) Shoot biomass (t ha-1) Grain yield  (t ha-1) 
Roundup Weathermax 3.0 19.2b 4.3ab 
2. Un-weeded N/A 1.0c 0.1c 
3. Conventional Tillage N/A 17.0d 3.6 b 
4. Roundup Weathermax 2.5 19.5b 4.0a b 
5. Roundup Turbo 2.5 21.6a 4.4ab 
6. Roundup Weathermax 1.5  20.5ab 4.5a 
Mean - 16.5 3.5 
L.S.D (0.05%) - 1.9 0.9 
C.V. - 7.8 16.3 
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Means with the same superscript letter are not significantly different (p≤0.05); CV = Coefficient of variation; LSD = 
Least Significant Difference; N/A = Not Applicable 

Net benefits 

Economics of different weed management methods was done using data collected during the 
experiment. The data came from the local agric-stockiest(s), scientists, farmers and partners involved in 
maize industry in eastern Kenya. For each of the reported three seasons, the exercise assumed that: 

 The average annual interest rate for money in a bank savings account to be 12%. 
 The DK 8031 took 6 months from planting to marketing using farm-gate prices. 
 The herbicides were priced at KES 1200 lit-1. The total cost for any herbicide was therefore based on 

the rate(s) the product was tested on. 
 The number of empty bags needed to hold the grains was based on the total grain yield per 

treatment; and that the grains were harvested and packaged in 90 kg bags. 
 Stovers were sold at KES 2000 t-1 to buyers who collected them from the farm using their own labour 

and transport. 
 The grains were sold at farm gate price at Ksh. 3000 per 90 kg bag. 
 The formula, N-B = TC – TB was appropriate in working out the net-benefit (N-B). In the formula; 

N-B = Net benefit; TC = Total Cost: acquired from payment of factors of growing maize; TB = Total 
benefits: acquired from sale of stovers and grains.  

 

The study realized average net benefits (NB) of KES 99,797, 90,123 and 94,392 for LR 2011, SR 2011 and 
LR 2012, respectively. The NB from un-weeded treatment was always significantly (p≤ 0.05) lower than 
what was observed from the herbicides and conventionally tilled plots.  

Conclusions 

Maize is the most important staple food crop in Kenya, but the production lags behind demand in 
eastern Kenya. While the crop is mainly grown for its grains, stovers are fed to livestock and empty cobs 
used as source of fuel for cooking. Among other reasons for low production are weeds. A study was 
conducted to determine the effects of Glyphosate-based herbicides on weeds management and maize 
performance in eastern Kenya. The first (LR 2011), second (SR 2011) and third (LR 2012) season’s trial 
results observed that the herbicides are effective means of weed management in maize grown under 
zero tillage conservation agriculture systems. Roundup Turbo herbicide applied at 2.5 lits ha-1 and the 
three (1.5, 2.5 and 3.0 lits ha-1) tested rates of roundup Weathermax herbicide performed comparatively 
well in terms weeds control and therefore improved maize yields (grains and shoot biomass). The 
product did not have any noticeable phytotocixity on the crop. Use of herbicides resulted in improved 
NB compared to results from un-weeded and the conventionally tilled fields.  

The yields significantly (p≤0.05) differed between un-weeded and conventional or the herbicide 
managed plots. The zero tilled treatments (herbicides treated) were not significantly different from one 
another in the three seasons that the study was conducted. Conventionally tilled treatment had an 
average grain yield of 3.6 t ha-1 that was also not significantly different from those from zero tillage 
treatments. The lowest grain yield (0.1 t ha-1) was acquired from un-weeded treatment and significantly 
(p≤0.05) differed from those of conventional and herbicides treatments.  
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