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Abstract 
This study evaluated the efficacy of climate-smart staking practices 

that compared string vs wood staking materials in boosting the yield 

of iron fortified climbing beans. This was in an attempt to find out 

alternative solution to the scarcity of wood staking materials as a 

key limiting factor to optimizing the yield of climbing bean varieties 

in Rwanda. The experimental layout was a Completely Randomized 

Design (CRD) comprising three treatments (viz. wood sticks, sisal 

strings and plastic-coated wire strings as staking materials). Each 

treatment was repeated four times and replicated throughout two 
seasons. Data collection focused on key growth parameters (plant 

height and leaf number) and yield parameters (number of flowers, 

number of pods, fresh and dry weight of pods, fresh and dry weight 

of bean grains). The results showed that there was no significant 

difference among parameters vis-a-vis the three types of staking 

materials. For example the highest plant height (123.3 cm) was 

recorded with wood sticks while the lowest (122.1cm) was recorded 

with sisal strings. The highest number of leaves (27.4) was recorded 
with plastic-coated wire strings while the lowest (26.5) was for sisal 

strings. The highest number of pods (48.6) was recorded with wood 

sticks and the lowest (40.7) with sisal strings. The dry bean grain 

yield was around 1.7 t/ha for all the three staking materials. This trial 

has proved that the three types of staking significantly differ in terms 

of durability. Plastic-coated wire strings and wood sticks showed 

high durability throughout the trial period while the sisal strings 

could not be used beyond one season.  The cost-benefits analysis 

revealed that none of the three staking materials was cost effective 
because they led to negative profit margins. It was concluded that, 

considering the scarcity and the potential negative impact that 

wood staking contributes to deforestation, and the relatively high 

cost of plastic-coated wire strings, farmers are advised to look for 

possibilities to acquire low cost staking materials. In line with 

climate-smart agriculture, the production of rapid growing 

multipurpose agroforestry species is recommended. These include 

Acacia angustissima, Alnus acuminata, Vernonia amygdalina, 
Gliricidia sepium and Calliandra calothyrsus that have proved to 

grow well across a range of agro-ecological zones of Rwanda.  
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1. Introduction 

Bean (Phaseolus vulgaris) is among key staple food 

crops in eastern and southern Africa, including 

Rwanda, Democratic Republic of Congo (DRC), 

and Uganda (Allen and Edje, 1990 and Wortmann 

et al., 1998).  It is worth noting that Rwanda is 

ranked as the highest bean consumer based on its 

per capita bean consumption (CIAT, 2004). Both 

bush and climbing bean varieties are grown 

throughout the two main cropping seasons and but 

climbing beans are mainly produced in the northern 

and western province of Rwanda. On the other 

side, Iron deficiency (ID) among children and 

women of child-bearing age is a public health 

concern in many developing countries including 

Rwanda. Consequences of ID include reduced 

capacity to perform physical work and negative 

changes in cognitive performance (Beebe, et al., 

2000). It is worth indicating that for countries with 

limited access to animal products as source of 

essential minerals, iron-bio fortified varieties of 

commonly consumed staple crops have the 

potential in contributing to the daily iron 

requirements in diets. For example, bio-fortified 

iron beans are special bean varieties containing 

higher levels of iron and zinc. The consumption of 

these beans constitutes one way of increasing the 

intake of minerals they contain and therefore 

reducing health issues such as anemia (Asare-Marfo 

et al., 2011). Iron-fortified bean varieties were first 

introduced in Rwanda in 2010 and since then 

800,000 households grow and consume these 

beans (Oparinde, et al., 2015).  

The production of iron-fortified climbing beans has 

quickly been adopted in Rwanda as a result of 

market dynamics, mainly based on higher supply 

push and demand pull (Beebe et al., 2000). In 

addition, the speedy adoption of iron-fortified 

climbing beans is linked to its high yield (4 t/ha) 

compared to 1-2 t/ha for bush bean varieties (CIAT, 

2005). This wide cultivation of iron-fortified 

climbing beans has not only contributed to 

improving the nutrition status but also the 

livelihood of many households in Rwanda 

(Larochelle et al. 2015). 

However, there is a challenge in the production of 

climbing beans. The later do climb while growing 

and therefore, need something to climb up on, thus 

making staking an important agronomic practice to 

maximize bean yield (Lwakuba et al., 2003). The 

issue becomes the scarcity of staking materials which 

is common in farming communities of Rwanda and 

elsewhere (Gichangi, 2012 and Gabiri, 2013). This 

was emphasized by Takusewanya et al. (2017) who 

reported that the challenge in the adoption of 

climbing bean production is mainly finding out 

suitable staking materials which is paramount for 

high yield potential. The commonly used staking 

materials include wood sticks whose availability is 

also a challenge in key bean production areas of 

Rwanda due to the limited areas under forestry and 

agroforestry tree species. Furthermore, the over-

reliance on wood staking materials without clear 

strategies to replenish cut trees, compromises the 

efforts towards achieving climate-smart farming 

practices. The ultimate aim of climate-smart farming 

is transforming and reorienting agricultural systems 

to support sustainable food production and hence 

security (Lipper et al. 2014).  

Other alternatives include intercropping maize and 

beans, for maize stems to serve as staking materials 

to beans but the current Rwanda Agriculture Policy 

promotes mono-cropping systems. Other staking 

materials include stems of the elephant grass 

(Pennisetum sp. locally known as ‘Urubingo’), 
shrubs mainly vernonia, maize and sorghum stover 

that present a series of constraints such as breaking 

due to heavy pod load or quick aging. In addition, 

the aforementioned staking materials face issues to 

do with theft due to their multiple use (e.g.: fire 

wood, building), susceptibility to damages by 

termites and related cumbersome activities that 

include cutting and transporting them to and from 

field during planting and after harvest, respectively 

(Takusewanya et al., 2017). Furthermore, the use of 
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wood (sticks) staking materials is quite costly as 

more than 25,000 wood stakes are required for one 

hectare under bean production, meaning an 

estimated cost of around USD 350 (Ruraduma et 

al., 2012). Bearing in mind that climbing bean 

varieties grow taller than bush varieties and thus can 

attain higher yields on the same area under 

cultivation, the current study was undertaken in an 

attempt to finding out more alternative staking 

materials. It is on this background that experimental 

trials were carried out to examine the efficacy of 

string-staking versus wood-staking in boosting the 

yield of iron-fortified climbing beans.  

2. Materials and Methods 

The research trials were carried out in the research 

fields of the University of Technology and Arts of 

Byumba (UTAB) located in Gicumbi district. This is 

a region of high mountains with an altitude of 

2,500 masl. The annual average maximum 

temperatures range between 18 - 220C while the 

annual minimum temperature varied between 11 - 

150C. The annual average rainfall varies from 1,200 

mm to 1,500 mm while the annual average relative 

humidity is 86% (Rwanda Meteorology Station, 

2018). Prior to planting, soil samples were collected 

for pH analysis. Sample collection followed a zigzag 

path which led to the collection a total of 7 soil 

composite samples.  

 

 

 

 

The latter were analyzed while still fresh using 

Hanna pH meter. This consisted of measuring 5 grs 

of fresh soil which were added to a clean glass 

beaker and mixed with 100 mLs of tap water.   

The experimental plot size was 10x10 m while the 

experimental design was a Completely Randomized 

Design (CRD) with three treatments repeated four 

time (Figure 1) viz. 1. Wood Stakes (WS), 2. Plastic- 

Coated Wire Stakes (PCWS), and 3. Sisal Stakes (SiS) 

(Figure 2). After the experimental layout, two 

grains of the iron-fortified climbing bean variety 

(RWU 1129) were put into holes prior dug and 

arranged on straight lines which were initially filled 

with a mixture of organic manure and di-

ammonium phosphates (DAP). The trial field was 

regularly monitored alongside with proper 

maintenance activities that included further fertilizer 

application (N in form of urea and K in form of 

KCl). The monitoring of pests and diseases coupled 

with timely and adequate management measures 

were also key activities carried out. Data collection 

focused on growth parameters (plant height, 

number of leaves, leaf area index) and yield 

parameters (number of flowers, number of pods, 

number of grain per pod, fresh and dry weight of 

bean grains).  
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Figure 1: Trial Experimental Layout 
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The analysis economic efficiency of the three 

staking materials was estimated by considering 

the Total Factor Cost (TFC) which was 

calculated by multiplying the total number of 

unit used by the price of the TFC. The Total 

Revenue Product (TRP) was determined by 

multiplying the total yield by the price by unit. 

The profit was subtracting the TRP from the 

TFC (Hill, 2006). The most efficient staking 

method was that with high profit.   

Data processing was done using MS excel while 

analysis was performed using GenStat statistical 

analysis software.  

 

3. Results and Discussion 

Soil pH measurements 

Results from soil pH measurements revealed a 

consistent pH in the range of 6.42 and 6.79 

(Table 1). Soil pH is a key parameter that 

influences soil physical, chemical and biological 

properties. For example soil pH has an impact 

on the availability of plant essential nutrients 

such as macronutrients (Nitrogen, Phosphorus 

and Potassium) and micronutrients (Aluminum, 

Iron, Magnesium, Boron, Sulfur, Ca). Bagayoko 

et al. (2000) reported that shifts in soil pH 

resulted in substantial increases of nutrient 

availability around the root zone and that 

exchangeable aluminum (Al) decreased with 

2A 

2B 2C 2D 

Figure 2: Trial set up. Bean planting holes filled with manure and DAP (2A), plot 

with wood stakes (2B), plot with sisal used as staking materials (2C) and plot with 

plastic-coated wire used as staking materials (2D) 
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increases in pH levels within the plant root 

zone.  

Similarly, Soil pH was recorded as the main 

parameter that determined microbial 

community composition and diversity in a series 

of experiments carried out by Zhalnina et al. 

(2015). On the other hand, soil nutrients play a 

vital role for crop yield and quality. Aulakh and 

Malhi (2005) reported that soil nutrients such as 

Nitrogen are required as component necessary 

for plant protein synthesis.  These authors also 

reported that nutrient deficiency results in crop 

yield reduction as well as the decline in quality 

of the crop harvestable parts. The pH values 

reported in the current study fall in the range 

that allows the availability of the essential 

macro and micronutrients required for quality 

crop yield. The majority of crops perform well 

under soil pH in the range of 6.0- 6.5 (Miller, 

2016).   

 

Table 1: Soil pH of the study area 

Type of soil pH of soil Room temperature 

P1 6.72 19.6 

P2 6.61 18.3 

P3 6.49 19.7 
P4 6.50 18.7 

P5 6.42 19.2 

P7 6.79 18.2 

 

The results from the monitoring of growth 

parameters of the iron-fortified climbing beans 

under the three types of staking materials 

showed that the difference in terms of plant 

height, number of leaves and leaf area index 

was not significant (P> 0.05). The number of 

leaves varied, it was 26.5, 26.9 and 27.5 for 

sisal ropes, wood sticks (WS) and plastic-coated 

wire string (PCWS), respectively (Figure 3). 

Regarding the average plant height, it was 122.1 

cm for SiS, 123.1 cm for WS and 123.3 cm for 

PCWS and (Figure 3). On the other side, the 

results from the monitoring of reproduction and 

early yield parameters showed that the three 

types of staking materials generally did not 

affect the reproductive and early yield 

parameters of the climbing beans as the values 

were in the same ranges (Figure 4). The number 

of flowers was 6.4 for WS, 7.0 for PCWS and 

7.1 for SiS while the number of pods was 48.6, 

46.8 and 43.9 for the WS, PCWS and SiS, 

respectively. Similarly, the number of bean 

grains per pod was 6 for WS, 4.0 for PCWS and 

5.0 for SiS. Similar previous studies reported 

that the type of staking materials have slight 

effect on the growth parameters of climbing 

beans. For example Karikari and Oteng (1977) 

after the evaluation of stakes of a length of 210-

240 cm reported that at greater length, bean 

seed (Psophocarpus tetragonolobus) yield 

slightly increased while vegetative matter did 

not. These authors also reported that yield 

tended to decrease with the increase in stake 

length therefore, meaning that too tall staking 

materials negatively affect the yield.   

 



 Rope vs wood staking in boosting yield of climbing beans RJSAS, ISSN: 2310-3205 (VOL 6, ISSUE 1) 

 

Rutikanga et al. 2020                      40                             (c) UTAB 2020 

 

 

 

Figure 3: Effect of staking materials on growth parameters of iron-fortified climbing beans. WS (Wood 

stick), PCWS (Plastic-coated Wire Strings) and SiS (Sisal Fiber Strings). The plant height was in centimeters 

(cm). 

 

 

Figure 4: Effect of the staking materials on reproduction and early yield parameters 

As for the other parameters previously 

measured, yield parameters did not significantly 

differ (P> 0.05). First of all, the three staking 

materials did not affect the life cycle of the iron-

fortified beans since the maturity period and 

characteristics were normal (Figure 5). 

Regarding pod fresh weight it was 3.2 tons (t) 

for WS, 3.1 t for PCWS and 3.0 for SiS (Figure 

6). Similarly, the dry pod weight did not 

significantly vary among the three types of 

staking materials, that is 2.3, 2.6 and 2.3 t for 

WS, PCWS and SiS, respectively. The same 

observations were noted for the fresh bean 

grain weight which was 1.8 t for WS, 2.3 t for 

PCWS and 2.2 t for SiS. It was also consistently 

noted that the dry bean grain weight was 1.7 t 

for WS, 1.3 t for PCWS and 1.7 t for SiS (Figure 

6). However, a similar study carried out by 
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Ntukamazina et al. (2014), revealed that bean 

staking using wood stick materials resulted in 

higher grain yield (3.697 t) compared with 

banana and sisal strings (2.980 t) and maize 

stems (1.062 t). These findings are consistent 

with other previous similar research work 

carried out by Sperling and Munyaneza (1995) 

and later Musoni et al. (2014) who reported no 

significant difference on the yield of climbing 

beans carried out in Rwanda using wood sticks 

and banana strings (trellises).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Ripe climbing bean variety (5A) 2 months after planting,  

dry bean pods (5B), bean pod with grains (5C) and dry bean grains (5D).  

 

Figure 6: Effect of staking materials on late yield parameters. Measurements are estimated in tons.  
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Durability of the staking materials 

The assessment of the durability of the three 

staking materials revealed that apart from the 

sisal string stakes, both the wood sticks and 

plastic-coated wire strings also used as staking 

materials, could withstand the adverse effects of 

weather throughout the 2-season experimental 

period (Table 2). Looking at the physical status 

of the plastic-coated wire strings at the end of 

the second season of the experiment, it was 

realized that they could still be used for over 

another 2 seasons. Ntukamazina et al. (2014) 

also reported similar findings on the durability 

of wood staking materials.  

 

 

Table 2: Staking materials and their durability across seasons. “+” indicates that  
the staking material was still strong and fit for the purpose while “-“indicates that  

the staking materials had worn and needed replacement. 

 

 

Staking Materials 
Seasons 

First Season Second Season 

Wood Sticks + + 

Plastic- Coated Wire Strings + + 

Sisal Strings - - 

 

 

Cost-benefits analysis of the used staking 

materials 

The results from the cost-benefits analysis of the 

use of the three types of staking materials 

revealed that none of them was cost effective as 

they all led to a negative profit margin (Table 

3). Ntukamazina et al. (2014) also reported a 

very low profit margin during their study on 

staking materials that involved the use of wood 

sticks and banana fiber strings. It is obvious that 

the bean yield obtained in the current study was 

also low (1.7 t/ha). But even if it was twofold 

(3.4 t/ha) to be in the range of the yield of 2.9-

3.6 t/ha and 1.7-3.1 t/ha as reported by 

Ntukamazina et al. (2014) and Musoni et al. 

(2014), respectively, it would still be had to 

balance the production cost and revenues or 

easily reach a better profit margin mainly 

because the cost of staking materials is very high.  
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Table 3: Cost and benefits from the production of iron-fortified beans involving staking materials. All the 

values were extrapolated from the experimental unit measurements to a standard 1-ha field while the weight 

was brought from ‘kg to ton’. ‘WS’ stands in for Wood Sticks, PCWS for Plastic-coated wire string and SiS for 

Sisal Strings, MP for Manpower  

 

Expenditure Unit 
Quantity Unit Cost 

(Frw) 

Total Cost (Frw) 

WS PCWS SiS WS PCWS SiS 

Labor for land 

preparation 
Manpower 70 70 70 1,000 70,000 70,000 70,000 

Organic manure Truck 1 1 1 30,000 30,000 30,000 30,000 

Di-ammonium 

Phosphate (DAP) 
Kilogram 80 80 80 515 41,200 41,200 41,200 

Potassium Oxide 

(KCL) 
Kilogram 80 80 80 615 49,200 49,200 49,200 

Urea  Kilogram 80 80 80 462 36,960 36,960 36,960 

Seeds Kilogram 60 60 60 900 54,000 54,000 54,000 

Labor for planting Manpower 30 30 30 1,000 30,000 30,000 30,000 

Wood stick stakes Sticks 55,560 - - 50 2,778,000 - - 

Plastic-coated Wire 

strings 
Strings - 55,560 - 50 - 2,778,000 - 

Sisal fiber strings Strings - - 55,560 20 - - 1,111,200 

Labor for staking Manpower 20 20 20 1,000 20,000 20,000 20,000 

Labor for weeding Manpower 20 20 20 1,000 20,000 20,000 20,000 

Labor for harvesting Manpower 20 20 20 1,000 20,000 20,000 20,000 

Total Production Cost Frw - - - - 3,149,360 3,149,360 1,482,560 

Total Yield (tons) Tons 1,700 1,800 1,700 - - - - 

Price Frw 800 800 800 - - - - 

Revenue Frw - - - 800 1,360,000 1,440,000 1,360,000 

Gross Margin (Profit) Frw - - - - -1,789,360 -1,709,360 -122,560 

 

4. Conclusion and Recommendations 

 

This study evaluated the effectiveness and cost-

benefits of three types of staking materials (wood 

sticks, plastic-coated wire and sisal strings) to boost 

the production and profitability of iron-fortified 

climbing bean varieties. The results showed no 

significant difference in terms of growth and yield 

parameters of the iron-fortified climbing beans. 

Because of the high cost of the three types of staking 

materials, it was concluded that, since previous 

studies confirmed that staking climbing beans results 

to better yield than if not done, farmers are 

recommended to make efforts and venture in 

climbing bean production with a reduced cost of 

staking materials. Various studies have evaluated a 

number of rapid growing agroforestry tree species to 

serve as a reliable source of staking materials in 

Rwanda. This is the case of multipurpose species such 

as Acacia angustissima, Alnus acuminata, Vernonia 

amygdalina, Gliricidia sepium and Calliandra 

calothyrsus (Mukuralinda and Njoki, 2020). These 

authors also reported that these species have the 

capacity to provide (through pruning) staking 

materials of 2m of length within 12 months after 



Rope vs wood staking in boosting yield of climbing beans RJSAS, ISSN: 2310-3205 (VOL 6, ISSUE 1) 

 

Rutikanga et al. 2020                      44                             (c) UTAB 2020 

 

planting and that they can be used up to 6 seasons 

without need for replacement.   
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