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Abstract 

A targeted herbicide application was used in this study in Ruaha National Park to control the considerable infestation of 

Calotropis procera and minimize its adverse ecological effects on the ecosystem. A specific plants trial was set up at Msembe 

site using a Randomized Complete Block Design. The site had an estimate of more than 370 ha infested with C. procera. The 

site was portioned by establishing square sampling plots of 35m x 35m, within which 42 sub-plots (5m x 5m) were randomly 

distributed. Three replicates of each of seven herbicide treatments were administered using a specific treatment preparation to 

incisions made to stems and branches of calotropes. Results indicated a significant variation (p < 0.001) of calotrope mortality 

caused by treatments and period of herbicide application. A significant (p< 0.001) interaction was observed between treatments 

and herbicide application period. The main factor that contributed to the interaction was the glyphosate herbicide dilution. 

High content of glyphosate (50–100%) killed more than 75% of Calotrope when applied before noon while lower content 

(<50%), i.e. 5% and 12.5% were effective when applied in the noon and afternoon killing about 50% of the Calotrope. 

Irrespective of glyphosate application period, plant mortality increased with increasing glyphosate content and variation in 

glyphosate treatments was significant at p<0.001. Mixing of glyphosate and 2,4-D herbicides resulted in relatively lower 

calotrope mortality than glyphosate treatments alone. It was concluded that diluted and concentrated glyphosate herbicide 

solutions were most effective in controlling calotrope. However, the efficacy of diluted herbicide solutions (<50%) was high 

when applied in the afternoon and efficacy of concentrated herbicide solutions was high when applied before noon. Mixing of 

glyphosate and 2, 4-D resulted in low efficacy. It was envisaged that while diluted concentrations of herbicide are more 

effective, it is plausible to consider best time of effective herbicide application to control specific invasive plant species.  
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1. Introduction 

Calotropisprocera, commonly known as Calotrope, is a 

perennial shrub with soft wood, belonging to the Apocynace-

ae family and the Asclepiadaceae subfamily (milkweed fami-

ly) [1]. It is native to regions including Africa, the Arabian 

Peninsula, Western Asia, the Indian Subcontinent, and Indo-

china. [1]. It has high ability to survive hash environmental 

condition due to its versatility in adaptation [2-5] is disputed 

for forming dense thickets especially in alluvial soil that re-

duce the grazing area and value of pasture land [6]. Dense 

infestations of calotrope are difficult and uneconomical to 

control once established [7, 8], been established that Callo-

trope reduced herbaceous cover and soil pH in the Park [8]. 

Calotropis procera was not in the list of undesirable plants 

found in Ruaha national park before 2010. The Ruaha Na-

tional Park General Management Plan 2009–2019 mentioned 

several species including rubber tree (Euphorbia tirucalli), 

bamboo (Bambuseae species), guava (Psidium guajava), 

banana (Musa species), syringa (Melia azedarach), and jaca-

randa (Jacaranda mimosifolia), and Calotropis procera as 

undesirable plants in the park. Calotropis procera first ap-

peared in the list of undesirable plants in the park in 2017 

documented [9]. According to the unpublished data from the 

rapid vegetation survey, Calotropis procera covers more 

than 1,500 ha in Ruaha National Park (RUNAPA), with more 

than 400 ha in the Msembe area [8]. 

Initial efforts to control calotrope spread in Ruaha Nation-

al Park used physical approaches and was futile. This was 

followed by the use of concentrated herbicides which effec-

tively killed the plant but the cost was very high. This com-

pelled the need for a more feasible and less costly control. 

This study was therefore focused at investigating the effec-

tiveness of highly diluted glyphosate herbicides for control-

ling C. Procera vs high concentrations in the context of a 

protected area particularly a National Park. [10], found that, 

Glyphosate tightly adheres to soil,” thus reducing the risk of 

the chemical leaching into groundwater or effect on soil bio-

ta. Specifically the study aimed at establishing the most ef-

fective dilutions of glyphosate on killing Callotrope. 

2. Methodology 

2.1. Study Area 

The research took place in Ruaha National Park, located in 

the south-central region of Tanzania, between 33°30ʹ to 

36°30ʹeast and 7°00ʹ to 8°30ʹsouth within the Iringa and 

Mbeya Regions (Figure 1). The area encompasses an exten-

sive area of approximately 20,300 km2. It is located west of 

Tanzania’s Southern highlands, between the Great Ruaha 

River in the south-east and the Mzombe River in the north-

west. The park was officially designated in 1964, with an 

extension in 1974 that incorporated a smaller region south-

east of the Great Ruaha River. In 2008, the park's territory 

was further augmented to include the Usangu wetland, there-

by defining the current boundaries. The park is surrounded 

by several game reserves, notably Rungwa, Kisigo, and Mu-

hezi. 

Ruaha National Park receives uni-modal rainfall, generally 

from the end of November to May. The average rainfall in 

Ruaha varies from 500mm around the Msembe area in the 

rift Valley, to 800mm in the western high plateau area of the 

park. The coolest time is normally from June to the end of 

July. Temperature can range from maximum of 30°C during 

the day to as low as 8°C at night. The temperature slowly 

increases over the subsequent months resulting in the hottest 

time, with day time reaching 40°C and night-time low of 

approximately 25°C, which is generally just before the be-

ginning of rain in November and December. 

The park's altitude varies significantly, ranging from 750m 

to 1000m, along the Great Ruaha River and the Usangu wet-

lands. It gradually ascends in the northern and western re-

gions, reaching an average height of 1,400 meters up an es-

carpment. The highest point, the Isunkaviola Plateau in the 

park's western corner, reaches an elevation of 1,868 meters. 

Ruaha National Park encompasses a diverse array of habi-

tat types, predominantly consisting of woodlands and grass-

lands [11]. The park is situated at the confluence of northern 

and southern vegetation zones, resulting in a unique blend of 

ecological characteristics. Vegetation within the Ruaha Val-

ley spans from open grasslands to mixed Combretum wood-

lands and areas dominated by Acacia species. The higher 

escarpment plateau features extensive tracts of mixed Bra-

chystegia woodlands.  

In the park's western sector, the Isunkaviola Plateau hosts 

two notable areas of Drypetes forest situated on elevated 

ridges, as well as a mixed riverine forest located within the 

Kilola Valley. The Usangu plains and wetlands further enrich 

the park's ecological heterogeneity, providing a continuum of 

habitats that range from highland forests and Miombo wood-

lands to lowland savannahs with Acacia and mixed wood-

lands. These expansive wetlands and plains are particularly 

significant as they support a wide variety of water bird spe-

cies. 

 

http://www.sciencepg.com/journal/earth


Earth Sciences http://www.sciencepg.com/journal/earth 

 

284 

 
Figure 1. Study site location map. 

2.2. Sampling Design 

An intact plants control trial was established at Msembe 

site on 5th December 2022 using a Randomized Complete 

Block Design. The site had an estimate of 400 ha infested 

with Calotropis procera. The site was portioned by establish-

ing square sampling plots of 35m x 35m dimension random-

ly distributed within the site. The layout for each plot is 

shown in figure 2. 

 
Figure 2. Layout of sampling plot. 

Within each of the seven 35m x 35m plots, seven 5m x 5m 

sub-plots thus making a total of 21 sub-plots, which were 

marked using a Global Position System Receiver (GPS). 

The trial incorporated seven herbicide treatments (Table 

1), each one being administered at three of the 5m x 5m sub-

plots (three replications). 

Table 1. Experimental treatments. 

Treatment Description 

T1 5% glyphosate 

T2 12.5% glyphosate 

T3 50% glyphosate 

T4 100% glyphosate 

T5 5% mixture of 1:1, glyphosate:2,4-D 

T6 10% mixture of 1:1, glyphosate:2,4-D 

T7 100% mixture of 1:1, glyphosate:2,4-D 

The herbicide treatments were administered by making 

precise incisions into each stem and branch, with application 

amounts ranging from 10 to 20 millilitres per incision. 

2.3. Data Collection 

Environmental variables were measured on three occa-

sions (December 2022, March, and July 2023) on the 42 sub-

plots. The environmental parameters recorded in each exper-

imental plot were as follows: 
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Altitude in meters (at SE), undesirable species name, can-

opy cover of callotrope abundance, habitat type, number of 

stems treated, dead plants, partially affected plants and plot 

photos (three photos taken at SE, first facing the NE, then 

facing the NS and lastly facing diagonal NW). All general 

and unique observations were recorded as comments. Other 

parameters measured included the location, time of day, soil 

temperature, light intensity, air temperature, humidity, and 

soil moisture and soil pH. In every subplot, six replicate 

measurements were recorded, three of them were recorded at 

0.2m distance from the stem of a calotrope and the other 

three recorded at 5m distance from the calotrope. 

 

2.4. Data Analysis 

Analysis of data was done using R software version 4.2.2. 

Shapiro test was used for testing normality of data collected. 

The effect of treatments and period of herbicide application 

for controlling Calotrope was analyzed by using Analysis of 

Variance with type III sum of square. Then, Duncan multiple 

range test was used to undertake pairwise comparisons of 

means of all possible treatment combinations. 

3. Results 

Screening for Suitable Herbicide and Treatment Period 

The environmental condition of the study site varied be-

tween morning and afternoon (Table 2). 

Table 2. Effect of period on various environmental parameters. 

Variable 

Period 

P-value Level of significance 

Ante Meridiem Post Meridiem 

Soil temperature 29.0°C 31.6°C 3.496 x 10-5 *** 

Soil moisture 4.99 mm 4.64 mm 2.3439 x 100 NS 

Soil pH 7.52 7.58 2.669 x 10-1 NS 

Light intensity 1302.25 cd 1366.70 cd 3.779 x 10-1 NS 

Air temperature 34.6°C 35.9°C 3.022 x 10-2 * 

Humidity 45.56% 38.09% 1.562 x 10-4 *** 

The percentage of Calotrope mortality caused by herbicide treatments and period of herbicide application varied significant-

ly (p < 0.001). A significant (p< 0.001) interaction was observed between herbicide application period and treatments (Table 

3). 

Table 3. Anova table on effect of treatments and application period on mortality of calotrope. 

Variable df SS MS F P-value Level of significance 

Period 1 2958.3 2958.3 43.879 2.2x10-9 *** 

Treatment 2 30409.0 15204.5 225.520 2.2x10-16 *** 

Period*Treatment 2 12246.3 6123.2 90.821 2.2x10-16 *** 

Key: ***= Highly significant at P<0.001 

The main factor that contributed to the interaction was the 

glyphosate herbicide. Glyphosate concentrations between 50% 

and 100% resulted in over 75% mortality of Calotropis 

procera when applied in the morning, whereas lower concen-

trations (< 50%) were most effective when applied in the 

afternoon, leading to approximately 50% mortality of the 

plants. (Figure 3a) 
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Figure 3. Effect of glyphosate application period on Calotrope. 

Irrespective of glyphosate application period, plant mortal-

ity increased with increasing glyphosate content (Figure 3b) 

and variation in glyphosate treatments was significant at p< 

0.001. 

 
Figure 4. Effect of glyphosate treatments on calotope mortality. 

 
Figure 5. Effect of herbicides on Calotrope mortality. 

Effectiveness of glyphosate herbicide treatments in calo-

trope mortality was significantly different at p<0.001 (Figure 

4). Mixing of glyphosate and 2,4-D herbicides (T5, T6 and 

T7) resulted in a decline of calotrope mortality (Figure 5). 

4. Discussion 

The results suggest that the application of highly diluted, 

glyphosate can be effective in alleviating calotrope infesta-

tion in RUNAPA. This therefore implies that, glyphosate can 

be cost effective in controlling the spread of callotrope in the 

area. Callotrope on sub-plots applied with diluted glyphosate 

(<50%) showed higher death rate when injected in the after-

noon. This observation concurs [12] who observed high effi-

cacy of glyphosate on ragweed (Ambrosia artemisiifolia) 

when treated between noon and 18:00 p.m. This has an indi-

cation that, the success of herbicides application depends on 

environmental conditions before, during, and after herbicide 

application [13], because the environment (ambient tempera-

ture, and relative humidity) influences the growth and physi-

ology of plants, as well as herbicide activity and the interac-

tion between plant and herbicide [13-17]. 

In this study, a high efficacy of concentrated glyphosate 

(>50%) occurred during ante meridiem. The environmental 

condition during this period was low temperature and high 

humidity (Table 2). The observed variations in efficacy of 

concentrated and diluted glyphosate applied to calotrope 

during ante meridiem and post meridiem requires an under-

standing of the physiology of the Callotrope plant. Accord-

ing to [18] demonstrated that higher temperatures alter the 

composition of the cuticle, reducing ester content by 25% 

and increasing hydrocarbon content by 11%. Reduction of 

the wax deposition was correlated with higher efficacy of 

PROTOX-inhibiting herbicides. The second reason why 

temperature influences herbicidal activity is due to the fact 

that temperature is directly associated with the chemical re-

action rate. Therefore, photosynthesis, plant metabolism, 

plant growth, and plant development are dependent on tem-

perature. Temperature also influences evapo-transpiration; 
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thus, it affects the water condition of the plants, cuticle hy-

dration, and mineral absorption [19]. At high temperatures, 

the flow of herbicide absorption is favoured due to reduced 

viscosity of the cuticle waxes and increased rate of herbicide 

diffusion through the cuticle. When high temperatures are 

associated with high values of relative humidity, there is 

strong hydration of the cuticle, which also favours the ab-

sorption and the efficacy of PROTOX inhibitors [20]. 

High relative humidity favours the efficacy of PROTOX 

inhibitors that include: high hydration of the cuticle, because 

it favours herbicide absorption; and high plant metabolic 

activity, as it favours the translocation of the compounds 

[21]. Presence of light favours efficacy of herbicide due to 

the presence of free radicals stimulated by light that enables 

herbicide to destroy cell membranes. Low light conditions 

reduce the number of free radicals produced, and decrease 

the harmful effects of PROTOX inhibiting herbicides to 

plants [22]. On the other hand, interaction among tempera-

ture, relative humidity and light intensity showed to favour 

the agronomic effectiveness of PROTOX inhibiting herbi-

cides [23, 24]. Therefore, it is plausible to consider best time 

of effective herbicide application to control specific invasive 

plant species. This is because it is difficult to disentangle the 

effects of temperature, relative humidity and light intensity 

on plants physiology in the field. Nevertheless, each plant 

species has an optimum environmental condition for tissue 

development. This implies that plant species may respond 

differently to herbicide application within the same environ-

mental condition. This entails a need to develop herbicide 

application protocol for specific invasive plant species. 

Our study showed that mixing of glyphosate and 2,4-D 

herbicides resulted in low efficacy. This concurred with [25] 

who observed low efficacy of 2,4-D (amine/ester) and 

glyphosate mixture in controlling barnyard grass (Echi-

nochloa colona). Low efficacy in herbicides mixture occurs 

due to synergism or antagonism [26, 27]. The cause of herbi-

cides mixture synergism or antagonism can be due to altered 

herbicide uptake and/or translocation [26, 28] and metabo-

lism [26, 29]. 

5. Conclusion 

A careful stem application of Glyphosate proved to be ef-

fective in controlling Calotropis procera in wildlife Protected 

Areas, regardless of whether a concentrated or diluted herbi-

cide solution was used. The efficacy of diluted solutions 

(<50%) was found to be highest when applied before noon, 

whereas concentrated solutions were most effective when 

applied in the afternoon.  

Additionally, mixing Glyphosate with 2,4-D herbicides re-

sulted in lower efficacy than using Glyphosate alone. Envi-

ronmental factors, such as temperature, humidity, and light 

intensity, were also observed to influence the effectiveness of 

the herbicide treatments, underscoring the importance of 

considering these variables for optimal control of Calotropis 

procera. 
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