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Abstract

Snap bean farmers mainly rely on chemical pesticides to manage insect pests but the introduction of strict
maximum residue levels (MRLs) by European markets poses a challenge to the use of pesticides. This has
necessitated the search for alternative pest management options that do not result in harmful residues on produce.
Therefore, this study was carried out to determine the efficacy of potassium salts of fatty acids as alternative to
synthetic chemicals in management of snap bean pests. Field experiments were carried out in farmers’ fields in
Mwea and Embu for two cropping cycles between July 2013 and January 2014. Potassium salts of fatty acids at
0.5%, 1% and 1.5% spray solution was compared with chemical pesticide confidor® (Imidacloprid) and farmers
practice [Thunder® (Imidacloprid + Betacyfluthrin) and Karate® (Lambda Cyhalothrin). Population of thrips,
whitefly, and yield of pest damaged pods, in addition to marketable pod yield was determined. Application of
potassium salts of fatty acids at 1% and 1.5% significantly (P<0.05) reduced white fly and thrips populations by
up to 54%. Weight of pest damaged pods was also significantly (P<0.05) reduced by up to 76% while the weight
of marketable pod yield was significantly (P<0.05) increased by up to 112%. The results demonstrated that
potassium salts of fatty acids are a viable alternative to synthetic chemical pesticides thereby enabling farmers to
produce with acceptable residue levels that meet market requirements.

Keywords: market access, pesticide residues, Phaseolus vulgaris L., potassium salts of fatty acids
1. Introduction

Snap bean (Phaseolus vulgaris L.) is grown specifically for the immature green pods primarily for export market
to European Union and elite local urban markets (Infonet-Biovision, 2014). The production of snap beans, one of
Kenya’s most important export vegetable crops, is steadily rising (HCDA, 2014). Snap beans from Kenya are
exported to United Kingdom, France, Holland, Germany, United Arab Emirates and South Africa (HCDA, 2013).
Local consumption of Snap beans has also increased over the last few years, providing a domestic market
(HCDA, 2013). In the year 2013, Kenya exported over 31,973 tons of snap beans valued at over US$ 105 million
(HCDA, 2014)

Snap bean production is mainly by small scale farmers and it is estimated that over 50,000 smallholder families
are involved in snap bean production in Kenya contributing to the larger agricultural sector (Infonet-Biovision,
2014). The agricultural sector plays an important role in Kenya’s economy contributing directly and indirectly to
the countries GDP by upto 24% and 27% in the year 2011 (MOA, 2012). Production of snap beans in Kenya is
constrained by pests which include thrips (Frankliniella spp. and Megalurotrhips sjostedti), whiteflies (Bemisia
tabaci and Trialeurodes vaporariorum), bean flies (Ophiomyia spp) and aphids (Aphis fabae) (Monda et al.,
2003; Nderitu et al., 2007).

In Kenya, farmers rely on insecticides to manage pests in snap beans but the introduction of maximum residue
levels (MRLs) for export vegetables by European retailers poses a challenge to the use of pesticides (EU, 2013;
Nderitu et al., 2009). Over-reliance on sythethic chemicals pesticides has often led to non compliance by Kenyan
exporters leading losses that are passed over to farmers (Mwangi, 2013; Ndung’u, 2013). Non-compliance to the
market standards has also led to enhanced scrutiny of Kenyan produce with 10% of all Kenyan bean produce
being sampled (Mwangi, 2013). Farmers and exporters of fresh vegetables are as a result, incurring losses
through product rejects and financial bills passed to them after the MRL tests whose average cost per sample is
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approximately US$ 247 (Mwangi, 2013; Ndung'u, 2013). The use of pest management options that are
environmentally friendly and reduce reliance on synthetic chemical pesticides would be a major step towards
sustainable pest management (Nderitu et al., 2009). Alternative pest management options such as use of
potassium salts of fatty acids (insecticidal soaps) can be an option to overcome this challenge (Ciancio et al.,
2010). Potassium salts of fatty acid work only on direct contact with the pest by washing away the protective
coat on the insect surface and penetrate the cell membrane causing disruption of its permeability causing
desiccation of the insect (Dheeraj et al., 2013; Mohamad et al., 2013). Potassium salts of fatty acids work on
most soft-bodied insect pests (Koppert, 2013) and have been successfully used in the management of aphids,
whiteflies, scales and mealy bugs with very good efficacy (Dheeraj et al., 2013; Hollingsworth, 2005; Mohamad
et al., 2013). Unlike synthetic chemical pesticides, potassium salts of fatty acids are fast acting with a quick
knock down effect on the pests and break down quickly after application leaving no residues (Dheeraj et al.,
2013). They are also easy to handle because of their low toxicity to humans and are, therefore, are user friendly
(Dheeraj et al., 2013). As a result, potassium salts of fatty acids have no MRL or PHI requirements (Koppert,
2013). This study was undertaken to determine the efficacy of potassium salts of fatty acids in the management
of snap bean pests.

2. Materials and Methods
2.1 Description of Experimental Sites

The experiments were carried out in farmers’ fields in the main snap bean-producing regions of Kenya in Mwea,
Kirinyaga County and Embu County. Mwea has well established irrigation infrastructure that allows year round
horticultural production and falls in lower midland zone 4 (LM4). The area is semiarid with Nitosols soils and
average rainfall of about 850 mm, range of 500 - 1250 mm. The temperature ranges from 15.6C to 28.6<C with
a mean of about 22<€ (Jaetzold et al., 2009). Snap bean production has recently been introduced in Embu East
district of Embu County and its production is spreading fast, therefore likely to have a high uptake of new
technologies. Embu East district is located in Upper Midland 2 (UM2) agro-ecological zone with average annual
precipitation of 1206 mm and average maximum temperature of 28.8 <C and average minimum temperature
9.6 <C. Snap bean production at both sites is mainly for export and is carried out by small scale farmers
organized into self-help groups within the irrigation scheme.

2.2 Experimental Treatments, Design and Layout

The experimental treatments consisted of three concentration of potassium salts of fatty acids (Table 1)
compared with chemical pesticide confidor® (Imidacloprid) and farmers practice [Thunder® (Imidacloprid 100
g/L + Betacyfluthrin 45g/L) and Karate® (Lambda Cyhalothrin 25 g/kg].

Table 1. Description of experimental materials

Product Active ingredient (Al) Application rate
Potassium salts  Potassium salts of fatty acids 5ml per litre of water (0.5%), 10 ml per
litre (1%) and 15ml per litre of water (1.5%)
Confidor WG Imidacloprid 7009/Kg 59 per 15 litres of water
Thunder® Imidacloprid 100 g/L + Betacyfluthrin 45g/L 10 ml in 20 litres of water
Karate® Lambda Cyhalothrin 25 g/kg 6.5 ml in 20 litres of water

Snap beans variety Serengeti were grown under irrigation over two crop cycles in July to October 2013 and
October 2013 to January 2014. The experimental plots were 3 m by 2 m with 1 m alleys between the plots and
1.5 m alleys between the blocks and each treatment was replicated four times. The crop was planted in single
rows with spacing of 10 cm x 30 cm. The experiment was laid out in a randomized complete block design.
Fertilizer application was done once at planting using di-ammonium phosphate (18%N and 46% P,Os) at the rate
of 490 kg per ha. Top dressing was done at 21 days after emergence with calcium ammonium nitrate at the rate
of 490 kg per ha. The first weeding was done two weeks after emergence (WAE) followed by a second weeding
two weeks later. Diseases were controlled using Kocide® (Copper Hydroxide 61.4%) for rust and rots,
Oshothane® (Mancozeb) against leaf spots and Ortiva® (Azoxystrobin 250g/L) against mildews. The
experimental treatments were applied as follows:

i 0.5 % potassium salts applied weekly from 3 weeks after emergence until early pod formation
ii. 1 % potassium salts applied weekly from 3 weeks after emergence until early pod formation
iii. 1.5 % potassium salts applied weekly from 3 weeks after emergence until early pod formation
iv. Chemical pesticide confidor® (Imidacloprid) applied every two weeks
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V. Farmer practice —application of Thunder® (Imidacloprid 100 g/L + Betacyfluthrin 45¢/L) and Karate®
(Lambda Cyhalothrin 25 g/kg) on pest detection
vi. Control - spray with water only

2.3 Assessment of Whitefly and Thrips Population

Population of whiteflies was assessed using yellow sticky trap counts for adults and leaf counts for nymphs. A
yellow sticky trap was placed at the centre of each plot and the number of adult whitefly was counted bi-weekly
(Hirano et al.,1995; Hoelmer et al., 1998) at two, four, six and eight weeks after emergence (WAE). The number
of whitefly nymphs was counted bi-weekly at two, four, six and eight WAE by sampling ten lower leaves from
ten plants in a zig-zag manner from inner rows of each plot (Soto et al., 2002).

Population of thrips was assessed weekly from the start of flowering on ten flowers sampled from ten plants
from the inner rows in each plot. Sampling was done three times at six, seven and eight weeks after emergence.
The sampled flowers were immediately put in 70% ethanol until the insects were counted in the laboratory. Each
flower was placed in a petri dish, dissected and the thrips washed into the ethanol. The thrips were observed
under a dissecting microscope and counted using a tally counter. Both adults and larvae thrips stages were
counted and identified based on morphological characteristics (Nderitu, et al., 2009).

2.4 Assessment of Pod Yield and Quality

Harvesting and grading of pods was done twice every week for two weeks. The pods were harvested from
three inner rows in each plot and graded into marketable and non-marketable yields. The marketable pods
were further graded into extra-fine (6 to 7.5 mm in diameter and 8 to 12 cm long) and fine (6.5 to 9 mm in
diameter and 10 to 13 cm long) according to USAID-KHCP (2011). The non-marketable pods were further
graded into pest damaged pods and other rejects based on pest damage symptoms such as feeding marks,
scarring and malformation (Infonet-Biovision, 2013). The weight of the each grade of the harvested pods

for each plot was recorded.
2.5 Cost Benefit Analysis of the Pest Management Options

Net return was calculated as the total of the entire marketable yield for each treatment multiply by the average
price per kilogram minus the total costs while the cost benefit ratio was calculated by dividing the total cost by
the net return as follows:

Total marketable pod yield = Total extra-fine + Total fine

Price for extra-fine + Price for fine

Average Price =

2
Total cost = Land preparation cost + Labour + Cost of inputs
Gross returns = Total marketable x Average price
Net returns = Gross returns — Total cost
Total Cost

Cost benefit ration =
Net Returns

2.6 Statistical Data Analysis

Analysis of variance (ANOVA) was carried out on the data from the two seasons using GenStat Edition 13
software and tested for significance by F-test at 95% level. The treatment means were then compared using the
least significant difference (LSD) test at P=0.05 where the F-test was significant (Mead et al., 2003).

3. Results

Potassium salts of fatty acids at rate of 1% and 1.5% significantly (P<0.05) reduced both adult and nymph
whitefly population compared to untreated plots. Similar results were observed for the number of thrips per
flower. Application of potassium salts of fatty acids at 1.5% compared well with confidor® (Imidacloprid) in
reducing white fly and thrips population but the application of application of Thunder® (Imidacloprid +
Betacyfluthrin) followed by Karate® (Lambda Cyhalothrin) was less effective (Figure 1). The application of
potassium salts of fatty acids at 1.5% and confidor® (Imidacloprid) resulted in the least amount of pest damaged
pods.
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Figure 1. Population of whitefly and thrips and pod weight of pest damaged snap bean pods after application of
potassium salts of fatty acid as compared to pesticides Confidor® (Imidacloprid) and Thunder® (Imidacloprid +
Betacyfluthrin) followed by Karate® (Lambda Cyhalothrin)

There was a general reduction in whitefly population with increase in concentration potassium salts of fatty acids
in all the treated plots compared to plots without treatment. (Tables 2). Potassium salts of fatty acids at 1 % and
1.5% had the highest reduction of up to 50% and 54% in adult and nymph whitefly population. Application of
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confidor® (Imidacloprid) and Thunder® (Imidacloprid + Betacyfluthrin) followed by Karate® (Lambda
Cyhalothrin) reduced the whitefly population by up to 47% and 46 %, respectively. No whitefly incidence was
recorded in Embu during the first and second season. Application of potassium salts of fatty acids at 1% and 1.5%
significantly (P<0.05) reduced the thrips population at both Embu and Mwea site by up to 58 % and their activity
was comparable to the application of chemicals Confidor® and Thunder® followed by Karate® (Table 3). The
level of thrips population per flower was higher in Mwea than in Embu.

Potassium salts of fatty acids at the rate of 1 % and 1.5% resulted in the highest and significant (P <0.05)
increase of extra-fine and fine pods by up to 112% and 46 %, respectively, in Mwea (Table 4). However, in
Embu, the application of both potassium salts of fatty acids and chemicals did not have any significant
(P-value >0.05) effect on the yield of both extra-fine and fine pods during the first season and second season
(Table 4.0). Potassium salts of fatty acids significantly (P <0.05) reduced pest damaged extra-fine and fine pods
(Table 5.0). Potassium salts of fatty acids at the rate 1.5% and chemical treatment with confidor® potassium salts
spray solution had the highest reduction of pest damage in both the extra-fine and fine grade of 76% and 69%
respectively in Mwea (Table 5). In Embu, potassium salts of fatty acids had significant (P <0.05) effect on the
pest damaged pods. Potassium salts of fatty acids at the rate of 1.5% potassium salts and chemical treatment with
confidor® had the highest reduction of 70% and 58% reduction respectively in pest damaged fine pods (Table 5).
The use of potassium salts at 1% and 1.5% had the least cost-benefit ratio, followed by Confidor® (imidachloprid)
(Figure 2). The least profitable pest management options were potassium salts at 0.5 % and in plots with
application of Thunder® (Imidacloprid + Betacyfluthrin) followed by Karate® (Lambda Cyhalothrin) which was
comparable to control plots.

Table 2. Mean number adult whitefly per sticky card and whitefly nymphs per leaf for different rates of
potassium salts per season in snap beans in Mwea

Adult whitefly Whitefly nymphs

Treatments Season1l Season2 Mean Seasonl Season?2 Mean
0.5 % Potassium salts  92.0c 68.7b 80.3b 32.5bc 34.9b 33.4b
1 % Potassium Salts 68.4ab 33.4a 50.9a 30.5b 17.3a 18.9a
1.5 % Potassium Salts 62.6a 30.7a 46.6a 19.9a 14.9a 17.3a
Confidor® 82.4bc 27.9a 55.1a 21.6a 18.5a 20.1a
Thunder® + Karate®  76.6b 33.4a 54.6a 21.2a 20.0a 20.4a
Control (Water only)  110.9d 78.7b 94.6¢c 37.1c 38.7b 37.8b
LSD (p0.05) 13.6 16.4 101 54 9.7 6.1
CV% 1.7 8.4 3.9 8.4 11.9 10.0

Treatments with different letters in the same column are significantly different at 5% probability

Table 3. Mean number thrips per flower for different rates of potassium salts per season in snap beans in Mwea
and Embu

Mwea Embu

Treatments Seasonl Season2 Mean Seasonl Season2 Mean
0.5 % Potassium salts  2.90b 2.40cd 2.65b  0.33b 1.70bc 1.00bc
1 % Potassium Salts 2.00a 1.70ab 1.85ab 0.27ab 0.93a 0.60ab
1.5 % Potassium Salts 1.90a 1.60a 1.78a 0.18a 0.79a 0.49a
Confidor® 2.10a 1.80ab 195ab 0.17a 0.88a 0.53ab
Thunder® + Karate® 2.30ab 2.20bc 2.25ab 0.29b 1.27ab 0.78b
Control (Water only)  3.60c 2.70d 3.15¢c  0.35b 1.97c 1.16¢
LSD (p<0.05) 0.60 0.56 0.48 0.11 0.50 0.26
CV% 15.80 3.20 13.2 14.40 8.80 9.70

Treatments with different letters in the same column are significantly different at 5% probability
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Table 4. Total yield (kg/ ha) of marketable snap bean pods in each grade for different rates of potassium salts in
snap beans per season plantings in Mwea and Embu

Extra fine pods Fine pods

Seasonl Season2 Mean Seasonl Season2 Mean
Mwea
0.5 % Potassium salts  2394ab 1529a 1962a 2654a 5679bc  4166b
1 % Potassium Salts 2760bc  3049c 2905b 2754a 6055¢c 4404b
1.5 % Potassium Salts 4072cd  3236¢ 3654b 2754a 5706¢ 4230b
Confidor® 3138c 3099c 3118b 2974a 5658bc  4316b
Thunder® + Karate®  3748¢c 2355abc  3050b 3898a  4180ab  4039b
Control (Water only)  1624a 1821ab  1722a 1946a 4092a 3019a
LSD (p<0.05) 1052 1203 943 1624 1509 947
CV% 15 13 11.5 30.1 16.8 55
Embu
0.5 % Potassium salts  5826a 1165a 3496a 6621a 1324a 3973a
1 % Potassium Salts 7090a 1418a 4254a 6068a 1214a 3640a
1.5 % Potassium Salts 7386a 1477a 4432a 5801a 1160a 3481a
Confidor® 5936a 1187a 3562a 6271a 1254a 3763a
Thunder® + Karate®  6085a 1217a 365la 5976a 1195a 3586a
Control (Water only)  5510a 1102a 3306a 4043a 847a 2445a
LSD (p<0.05) 2564 513 1538 1983 421 1201
CV% 12.7 12.7 12.7 12.4 12.5 12.4

Treatments with different letters in the same column are significantly different at 5% probability

Table 5. Total yield (kg/ ha) of pest damaged snap bean pods in each grade for different rates of potassium salts
in snap beans per season plantings in Mwea and Embu

Extra fine pods Fine pods

Season1l Season2 Mean Seasonl Season?2 Mean
Mwea
0.5 % Potassium salts  149b 66a 108b  224ab 265b 244b
1 % Potassium Salts 128ab 69a 98ab  187a 114a 150a
1.5 % Potassium Salts  90a 28a 59a 164a 79a 121a
Confidor® 72a 98a 85ab  156a 110a 133a
Thunder® + Karate® 203c 103a 153c  274hc 328b 301b
Control (Water only) 221c 274b 247d  328c 465¢ 396¢
LSD (p<0.05) 57 89 41 70 106 63
CV% 11.6 24.8 133 284 10.0 16.7
Embu
0.5 % Potassium salts  234b 91c 163b  389b 78b 233b
1 % Potassium Salts 84a 47b 66a 268a 54a 161a
1.5 % Potassium Salts 115a 23a 69a 178a 36a 107a
Confidor® 39a 8a 24a 246a 49a 148a
Thunder® + Karate®  288b 59b 173b  459b 92b 275b
Control (Water only)  456¢ 91c 274c  592c 119c 355¢c
LSD (p<0.05) 101 20 61.2 100 20 60.4
CV% 24.1 24.1 241 189 18.9 18.9

Treatments with different letters in the same column are significantly different at 5% probability
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Figure 2. Cost-benefit ratios for potassium salts of fatty acids and conventional chemicals in management of white
fly and thrips in snap beans

4. Discussion

Potassium salts of fatty acids at 1.5% concentration significantly (P< 0.05) reduced whitefly population and was
effective in the management of whitefly causing up to 65% reduction in whitefly population. However,
potassium salts at 0.5% had no significant (P>0.05) effect compared to the untreated control plots. These
findings are consistent with reports by Mohamad et al., (2013) and Dheeraj et al., (2013) who the reported effect
of potassium salts on aphids and whiteflies, respectively. Similar results have been reported by Liu et al., (2000),
Vavrina et al., (1995) and Ciancio et al., (2010). Hollingsworth, (2005) also reported the control of scales and
mealybugs using potassium salts of fatty acids.

The effectiveness of potassium salts of fatty acids this study increased with the increase in their concentration in
the spray solution. The results agree with the findings by Liu et al., (2000) where increase in the concentration of
potassium salts resulted in higher mortalities in whitefly. These results demontrated that potassium salts are just
as effective as synthetic chemical pesticides in the management of whitefly (Dheeraj et al., 2013).

Potassium salts of fatty acids work only on direct contact with the pest (Liu et al., 2000) and work on most
soft-bodied insect pests (Koppert, 2013). They have been successfully used in the management of aphids,
whiteflies, scales and mealy bugs (Mohamad et al., 2013; Dheergj et al., 2013; Hollingsworth, 2005).

The results of this study showed that potassium salts of fatty acids at 1.5% concentration were also effective in
management of thrips causing up to 68% reduction in their population. The results are consistent with the
findings by Clinton et al., (2011) who reported the management of thrips in onions and by Heidi and Cullen
(2008), Ciancio et al. (2010), Mohamad et al. (2013) and Dheeraj et al. (2013) on aphids and other arthropod
pests. Potassium salts of fatty acids wash away the protective coating on the insect surface and penetrate the cell
membrane causing disruption of the cell membrane permeability which leads to desiccation of the insects
(Mohamad et al., 2013; Dheeraj et al., 2013; Ciancio et al., 2010).

Snap bean pod yield was significantly (P>0.05) increased by up to 151% by application of 1% and 1.5%
potassium salts of fatty acids and the yield increase was comparable to that obtained from the plots treated with
conventional chemicals confidor® (Imidacloprid) and Thunder® (Imidacloprid + Betacyfluthrin) followed by
Karate® (Lambda Cyhalothrin). The results concur with findings by Clinton et al., (2011) who reported an
increase in yield with decrease in pest population after application of potassium salts of fatty acids and by
Nderitu et al., (2009), Delkhoshi et al., (2012) and EI-Mohamedy et al., (2008) as a result of application of pest
control measures to reduce pest populations. However, the results of the current study contradicts the results by
Vavrina et al., (1995) who reported that application of higher rates of potassium salts of fatty acids reduced yield
of tomato fruits due to reduced biomass as a result of phytotoxicity at higher concentrations of potassium salts of
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fatty acids.

The study showed that potassium salts of fatty acids are as effective as synthetic chemicals in managing pests in
snap bean production resulting in increased yields and produce quality as reported by Dheeraj et al. (2013) and
Mohamad et al. (2013). However, unlike synthetic chemical pesticides, potassium salts of fatty acids are fast
acting with a quick knock down effect on the pests and break down quickly after application leaving no residues
on the crop (Dheeraj et al., 2013; Hollingsworth, 2005). The cost benefit analysis showed that the use of
potassium salts for management of thrips and whitefly was just as profitable as using the chemical pesticides.
Potassium salts at 1.5% concentration was most effective and more profitable compared to concentrations of 0.5%
and 1.5%. Though the potassium salts were as equally effective as synthetic chemicals, they pose no risk of
residues on the crop and therefore offer the best alternative to chemical pesticides.

The results above demonstrate that potassium salts of fatty acids at the concentration of 1.5% potassium salts in
spray solution are effective in the management of thrips and whiteflies on snap beans and can be used as
alternative to synthetic chemical pesticides in snap bean production. Snap bean farmers depend on continuous
and excessive use of synthetic pesticides often leading to accumulation of hazardous residues, development of
resistant pest strains and loss of biodiversity due to toxicity to non-target organisms, in addition to the direct
negative effect on health of the producers (Cardona et al., 2012; Das et al., 2010; Gorman et al., 2007; Kumar et
al., 2012). High residue levels in fresh vegetables is the common cause of non-compliance to European market
standards thus leading to enhanced scrutiny of Kenyan produce at the market with 10% of all Kenyan bean
produce being sampled (Mwangi, 2013). Potassium salts of fatty acids are fast acting, break down quickly after
application leaving no residues and are easy to handle because of their low toxicity to humans (Dheeraj et al.,
2013). Therefore, they have no MRL or PHI requirements (Koppert, 2013) thus they would enable snap bean
produce meet the stringent European market thereby reducing the losses currently experienced by fresh
vegetable farmers and exporters (Mwangi, 2013; Ndung’u, 2013).
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