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Abstract

The declining yields of matured cashew trees in the West African sub-region limit productivity. The application of foliar exogenous plant
hormones could enhance cashew production. Four exogenous hormones, gibberellic acid (GA3), ethephon, Naphthalene Acetic Acid (NAA)
and 2,4-D were applied at 0 mgL—1, 50 mg L™}, 100 mg L™, 150 mg L!, and 200 mg L™! to a 14-year-old plantation established with clones
of Beninese and Ghanaian origin at the Wenchi Agricultural Research Station in Ghana. The trial was laid out in a split plot design with
four replications and the trees were evaluated for yield, nut weight and outturn. There were significant hormone X concentration interaction
effects on all the traits measured except outturn. The results indicate that application of ethephon and GA, at 50 mg L-1  and 100 mg
L' had the highest yield of 17.7 kg/tree and 17.3 kg/tree which was over 100% higher than the yields obtained from the untreated trees
respectively. The NAA applied at 100 mg L' had the highest nut weight with an advantage 5% compared to untreated trees. The results
though preliminary emphasize the potential of increasing the productivity of matured cashew plantation through the application of GA, ,
Ethephon and NAA hormones.

Keywords: Cashew, hormone, NAA, GA,, nut yield

1.0 Introduction

Cashew (Anacardium occidentale L.) is an important tropical nut crop of social and economic importance worldwide. It is primarily grown
for its kernel being highly nutritive and low cholesterol content. Other commercial and economic benefits of the crop include juice, wine,
vinegar, jam, pickle and cashew nut shell liquid (CNSL) for industrial uses. In Africa, where about 67% of the world raw cashew nuts (RCN)
are produced, average output per tree is as low as 2 - 3 kg per tree (Aliyu and Awopetu, 2007). Currently, over seventeen countries in Africa
are engaged in cashew production and in 2019, the continent produced 2.33 million tons of RCN from an estimated area of 4.7 million ha,
with an average productivity of 0.57 tons/ ha (FAO, 2019). Two-thirds of this production in 2019 came from four countries, Cote d’'Ivoire
(34%), Burundi (12%), Tanzania (10%) and Benin (9%).

In Ghana, cashew is one of the tree crops with a huge potential for increasing foreign exchange and creating employment
(GSS, 2005). In spite of economic importance of cashew as a commodity and export-oriented crop with increasing cultivation globally,
world average yield is as low as 780 kg ha-1 (FAO, 2008). Heard et al. (1990), therefore suggested that for a sustainable investment and
competitiveness in the cashew industry, there must be a substantial increase in production of the trees.

Several factors have been attributed to the problem of low yield of cashew trees, ranging from poor genetic planting material
(Foltan and Liidders, 1995; Chacko et al., 1990; Parameswaran, 1979) poor and irregular flowering, poor fruit set, immature fruit drop and
adverse environmental conditions(Bello et al., 2017; ACA, 2011; Rupa et al.,, 2013; Masawe et al., 1996). Over the past years, application
of exogenous hormones (i.e. plant growth regulators) has been reported to significantly improve flowering and fruiting in many crops. The
use of various plant growth regulators ranging from cytokinins to auxins also improved flowering and fruit set in citrus (ElOtmani, 1992),
coffee (Schuch et al,, 1990), grape (Dokoozlian and Peacock, 2001), and mango (Ramirez and Davenport, 2010) . Aliyu et al. (2011) tested
the response of two Brazilian dwarf cashew genotypes to application of exogenous hormones and reported that they improved nut yield and
quality significantly. This study therefore evaluated four exogenous hormones at different concentrations on the yield and nut quality of a
14-year-old cashew plantation at Wenchi in the transitional zone of Ghana.

2.0 Materials and methods
2.1 Study area:

The study was conducted at the Wenchi Agricultural Station, situated at a latitude of 7.7° North and longitude 2.9° West, with an altitude
of 303 min the Bono Region of Ghana.

2.2 Experimental design and treatments:

The trial was laid out in a split plot design with four replications. The hormones were the main plot and their concentrations were the sub

plot.

Hormones used were Gibberellic Acid (GA3), Naphthalene acetic acid (NAA), 2,4 Dichlorophenoxy acetic acid (2,4-D) and ethephon.
They were applied at 0 mg L™, 50 mg L™, 100 mg L™, 150 mg L%, and 200 mg L™! on the periphery of each tree with using a motorized
spraying machine.
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2.3 Data collection and analysis

Data on yield per plot (4 trees plot™) were estimated from the weight of nuts collected from each plot throughout the 2022 cropping year.
Nut sizes were also estimated as the weight of 1 kg of raw cashew nuts divided by the number of nuts and out-turn (%) was estimated as
(weight of healthy kernels divided by the weight of raw nuts) x 100 for each plot. The data was analyzed using ANOVA. The means were
further separated using Duncan Multiple Range Test at a significance level of 0.05.

Rainfall and temperature data during the period of study were obtained from the Wenchi Meteorological station situated in the Wenchi
Agricultural research station.

2.4 RESULTS

Generally, the concentration of 50 mg L of the hormones produced the most nuts with GA, giving the highest yield. However, the hormones
applied at 100 mg/l produced the highest weight. Nut out-turn reduced with increasing hormone concentration (Table 1).

At a concentration of 50 mg L, ethephon had the highest nut yield of 17.8kg/tree whereas NAA gave the lowest yield of 10.2 kg/tree.
However, at 100 mg L, 150 mg L and 200 mg L-1, GA, had the highest nut yield of 17.3, 17.2 and 15.2 kg/tree (Table 1).

Ethephon and NAA recorded nut yields of 10.9 and 10.1 kg/tree respectively. Comparatively, GA3 had a yield advantage of approximately
50% compared to 2,4-D, Ethephon and NAA and over 100% compared to the control/untreated trees. As the concentration of hormone
increase to 100 mg L-1, 150 mg L-1 and 200 mg L-1 yields declined to 10.9, 11 and 11.2 respectively.

For nut weight, a concentration of 100 mg L-1 NAA had nut weights of 6.1 gand ethephon 5.1 g. Meanwhile at a concentration of 200 mg
L, 2,4-D gave the highest nut weight of 6 g while GA, had the lowest nut weight of 5.3 g. Among the exogenous hormones, NAA gave the
highest nut weight of 6.8 g compared to ethephon which had the lowest weight of 5.2 g. However, among the concentrations tested, 100 mg
L" recorded the highest nut weight of 5.8 g (Table 1).

Table 1. Mean values of the interactions between four exogenous hormones (2, 4 -D, Ethephon, GA3 and NAA) and five concentrations on nut yield, nut
weight and outturn of matured cashew trees.

Concentration (mg L")
Trait Mean 2
Hormone 0 50 100 150 200
2,4-D 8.1a 10.8a 6.2a 8.7a 12.8b 9.6a
/tree ) 6.4a 17.8b 9.2a 7.1a 9.5b 10.9b
Nut yield (kg GA3 7.2a 14.3a 17.3b 17.2b 15.2b 16a
NAA S5.7a 10.2a 11a 12a 7.2a 10.1a
Mean ! 6.9a 13.3b 10.9ab 11.0ab 11.2ab
2,4-D 5.2a 5.3a 6a 5.4a 6a 5.6ab
ETHEPHON 5.5a 5.5a 5.1b 5a 5.5b 5.2b
Nut weight (g) GA3 5.5a 5.5a 6a 5.5a 5.3b 5.5ab
NAA 5.8a 5.7a 6.1a 5.5a 5.8a 5.8a
Mean'! 5.5a 5.5a 5.8b 5.4a 5.6a
2,4-D 31.9a 30a 30.4a 28.9a 27.3a 29.2a
ETHEPHON 30.7a 29.8a 29.1a 28.9a 28.1a 29.0a
Outturn (%) GA3 30.4a 32.6a 30.2a 30.9a 29.5a 30.8a
NAA 31.8a 31.2a 30.7a 30.9a 29.6a 30.6a
Mean'! 31.2a 30.9a 30.1a 29.9a 28.6a

* Means bearing the same letters are not significantly different.

The analysis of variance (ANOVA) indicated that, there were significant (p < 0.05) hormone, concentration and hormone X concentration interaction
effects on yield and nut weight but not out-turn (Table 2).

Table 2. Summary ANOVA on yield, nut weight and out-turn

Source of variation d.f. Yield Nut weight Shelling
Hormone (Main plot factor) 3 113.58* 3.3221* 9.8
Residual 9 23.68* 1.054 9.09
Concentration(Subplot factor) 4 29.95* 88.05* 17.74
Hormone x Concentration 12 43.75* 39.32% 4.81
Residual 44 22.37 22.43 12.69

During the period of experiment, the month of October recorded the highest rainfal of 282 mm over 15 wet days. Out of the 11 months period, December
and January recorded no rainfall (Fig. 1). The month of February had the highest temperature of 35.3 oC while August showed the least temperature of
27.7 oC.
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Figure 1: Rainfall and temperature at Wenchi experimental site

3.0 Discussion

In the study, the significant hormone X concentration interaction effects on yield and nut weight of cashew trees indicated that the cashew
trees exhibited differences in response to the application of exogenous hormones at different concentrations. It therefore suggests that, nut
yield and nut weight response among cashew trees were largely influenced by the hormones applied. In effect, selection and application of the
right hormones at the appropriate concentrations could represent one of the best strategies for improving yield. The highest yield obtained
for ethephon at 50 mg L-1 and GA3 at 100 mg L-1, 150 and 200 mg L-1 and the highest nut weight obtained from NAA at 100 mgL-1 and
2,4-D at 200 mg L-1 suggest that, cashew trees may respond to more than one hormone for yield at a particular concentration. These findings
agree with that of Aliyu et al. (2011) who reported on the significant hormone x concentration interaction effects on nut yield and flowering
traits in cashew. Additionally, the range of 100 to 200 mg L-1 of GA3 response to yield in the current study agrees with Aliyu et al. (2011)
that foliar application of exogenous GA3 hormone exhibited a broad concentration tolerance for nut yield in cashew (Aliyu et al., 2011). The
GA3 hormone treated trees produced 50% more yield than the 2,4-D and 120% more than the control. On the other hand, NAA hormone
treatments had 10% higher nut weight than ethephon and 5.2% higher than the control. These findings suggest that cashew productivity
could depend on the exogenous hormone type applied. The observations are also consistent with reports by Othman and Leskovar (2022)
on foliar application of gibberellic acid. The GA3 and NAA have been found to increase leaf photosynthesis, leaf area, growth rate and N
use efficiency compared to non-treated plants (Miceli et al., 2019). While, Aliyu et al. (2011) also highlighted an increase in nuts weights of
cashew trees treated with GA3.The current study indicated a significant effect of NAA in improving nut weight of matured cashew trees and
the findings are consistent with that of Basuchaudhuri (2016) who reported an increase in the seed weight of rice.

4, Conclusion

The results revealed a significant hormone, concentration and hormone x concentration effects on nut yield and nut weight. Lack of
significant hormone, concentration and hormone x concentration interaction effects on outturn in the current study suggest that more
hormones need to be explored. The results of our study though preliminary suggest that the application foliar exogenous hormone to
matured cashew trees has the potential to increase yield and nut quality for sustainable cashew production.
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EFFECT OF APPLICATION OF N AND K FERTILIZERS ON

CASHEW NUTYIELD AND SOIL CHEMICAL PROPERTIES IN
OCHAJA, KOGI STATE, NIGERIA

Ibiremo, O. S; Akanbi, O.S. O

Cocoa Research Institute of Nigeria, Ibadan Oyo State, Nigeria.

Abstract

The experiment was conducted at the Ochaja Substation of the Cocoa Research Institute of Nigeria, Ibadan. Plantation soil nutrient
requirements were determined prior to applying the required fertilizers. The soil was deficient in nitrogen (N) and potassium (K), with
values of 0.41 gkg-1 soil and 0.012 cmolc/kg-1 soil, respectively, at depths of 0-20cm and 20-40 cm. These values were used to calculate
cashew fertilization rates of 54 kg N/ha and 84 kg K2Oha-1. Four treatment combinations of two rates of nitrogen fertilizer and two rates
of potassium fertilizer were formulated and applied to young cashew trees in the field. Nitrogen fertilizer (Urea) was applied at 0 and 54 kg
Nha-1 while the Potassium fertilizer (Muriate of potash) was applied at 0 and 84 kg Kha-1. The experiment was laid out in a Randomized
Complete Block Design (RCBD) with three replications. The first dose was applied in June while the second dose was applied in September
of both 2019 and 2020. Data was collected on crop nut yield and soil nutrient characteristics. Application of N fertilizer significantly
increased soil pH at both soil depths of 0-20 cm and 20-40 cm compared to the control. Specifically, application of potassium-based fertilizer,
with or without nitrogen fertilizer increased soil pH by 5.4%. Soil N was significantly increased compared to other treatments (P < 0.05)
by application of K fertilizer. Total N ranged from 0.5 g/kg to 0.7 gkg-1 for fertilizer treatments. N and K fertilizers did not significantly
improve available phosphorus (P) across fertilization treatments. Exchangeable K in soil followed a similar trend with available P in different
treatments. Yield of cashew nuts was significantly (P < 0.05) improved as a result of applying only N fertilizer without K and control.
Application of nitrogen-deficient-only nutrients yielded better results in terms of efficiency than extensive application of fertilizers without
relying on the natural fertility of the soil.

Keywords: Cashew, Soil, nutrients, deficiency, productivity.

l. Introduction

Cashew is an important commercial crop and has great potential as a source of foreign exchange earnings in Nigeria. Cashew is often planted
in poor soils and this hampers its survival and establishment (Topper, et al. 2001). In most cashew plantations, fertilizer is not part of the
production input system, so productivity is highly dependent on natural soil abundance (Ibiremo et al., 2017; Agbongiarhuoyi, et al., 2014).
As a result, the soil in which cashew is grown has been preserved by inherent nutrient status and the crop may not reach its full harvest
potential.

Fertilizers are rarely used in cashew production, and when they are used, they are blanket-applied. This practice leads to over-fertilization
in some areas and under-fertilization in others, or results in unbalanced soil nutrient levels (Bruuselma et al. 2012). Fertilization is therefore
unavoidable to compensate for the depletion of soil nutrients during the annual harvest of apples and nuts. Site-specific fertilizer management
(SSFM) improves nutrient use efficiency and yields higher returns on fertilizer investments (Ortiz-Monasterio and Raun 2007). The soil
at Ochaja Substation is deficient in nitrogen and potassium, and for effective soil management, additional nitrogen- and potassium-based
fertilizers may increase production. Traditionally, among the few farmers who use fertilizers on their crops in Nigeria, the use of solid
fertilizers containing the main nutrients nitrogen, phosphorus and potassium is common. The aim of this study therefore, was to evaluate
the effects of N and K fertilizer applications and their effects on soil properties based on soil test values on cashew yield.

2. Materials and methods

The cashew plantation at Ochaja substation used for the experiment were divided into two blocks (A and B) and soil samples were randomly
collected within each of the blocks to form the composite samples at 0-20 cm and 20-40 cm soil depths. These samples were processed and
analyzed for both physical and chemical properties using standard laboratory procedures based on the II'TA Laboratory Manual (1982).
Calculated fertilizer rates were based on the result of analysis of soil samples from 0 to 40 cm depths. The results of the soil analysis indicated
that the total nitrogen was 0.04g/kg soil which is inadequate to sustain cashew as it requires 1g/kg soil and the available P was adequate while
the exchangeable potassium was also deficient having a value of 0.012 cmolkg-1 which is far below the critical of 0.12 cmolkg-1 soil. Four
treatment combinations at two rates each of nitrogen and potassium fertilizers using Urea and Muriate of potash as nitrogen and potassium
sources respectively were formulated and applied to four years old young cashew trees in the field. Nitrogen fertilizers were applied at 0
and 54 kg Nha-1, potassium at 0 and 84 kg Khal, treatments were placed in three replicates in RCBD. Cashew nut yield and soil nutrient
characteristics were measured. The fertilizers were applied in two split applications. The first dose was applied in June while the second
dose was applied in September of both 2019 and 2020. Data collected were subjected to ANOVA and means separated using LSD with 5%
probability.

8 Innovations in Cashew Production in Africa



3. Results and Discussion

Pre — cropping soil analysis

The pre-cropping soil properties indicated that the soil was sandy loam, with average values for sand, silt, and clay of 888, 20, and 92 g/kg soil,
respectively (Table 1). The pH was slightly acidic and very close to neutral averaging 6.7, and organic carbon (OC) was low averaging 0.82 g/
kg soil. Block B OC was higher than Block A OC. Total nitrogen in soil was 0.41 gkg-1 soil, which is below the critical value of 1 gkg-1 soil
(Egbe et al. 1989). A deficiency of 0.6 gkg-1 soil required 54 kg N for optimal production, whereas the average available P was 5.28 mgkg-1
soil. This value exceeds the level required by cashew for optimal productivity. The mean potassium value was 0.012 cmolkg-1 soil. A deficit
0f 0.108 cmolkg-1 requires 84 kgha-1. Exchangeable calcium ranged from 1.26 to 2.26 cmolkg-1 at soil depths of 0 to 40 cm, with an average
of 1.68 cmolkg-1. The exchangeable Mg ranged from 0.25 - 0.35 cmolkg-1 soil with an average of 0.29cmolkg-1 soil.

Effects of Nitrogen (Urea) and Potassium (Muriate of potash) fertilizers on the soil pH

The soil pH of the two soil depths (0-20 and 20-40 cm) was significantly (p<0.05) affected by the application of nitrogen and potassium
fertilizers (Table 2). The Urea (N) and MOP fertilizers increased significantly the pH at both soil depths compared to the control but
application of urea (N) alone seemed to enhanced the acidity at the sub-soil (20-40 cm). The decrease in pH may be due to the properties
of urea fertilizer that lowers soil pH as observed by Agbede (2009).

Influence of N and K fertilizer application on soil N

The control (T1) and K fertilizer treated plots had a significant (P< 0.05) higher N value of 0.07gkg-1 soil than where urea (N) sole and
combined with MOP applied.at 0-20cm depth. However, the N value of control and plots treated to sole N and K fertilizers were lower
than when N and K were applied together but no significantly difference was observed among the values at 20-40cm depth. Nitrogen is
prone to leaching in sandy soil as it is washed by water flow through porous structure (Agriculture Victoria 2023). A high sand content in
the soil may support the water and be responsible for the low retention of the applied N which agreed to sandy texture soil generally having
limited nutrient holding capacity (Agbede, 2009). This observation therefore contradicted the general observation of Adejumo, (2010) that
application of urea increased the total soil N

Effects of N (Urea) and K (MOP) fertilizer application on soil Phosphorus

The application of Urea and potassium fertilizers significantly depressed the amount of available phosphorus in the soil irrespective of the
depths (Table 2). The plots without fertilizer application had the highest soil available P relative to the other plots with fertilizer addition.
Similar trend was observed at both depths (0 - 20 and 20 - 40cm) with the control plots recording the mean values of 11.17 and 10.35 mg/
kg soil respectively (Table 2). The order of available P in the plots was highest (11.17 and 10.35) in the control and lowest (7.39 and 8.98)
in plots that received potassium addition (T3) at both depths and was in order of Control (T1) > T2 > T4 > T3 and Control (T1) > T4
>T2 >T3at 0 - 20cm and 20 - 40cm depths respectively.

Influence of application of Urea and Potassium fertilizer on soil K

Similar trend was observed in the amount of exchangeable K in the soil arising from the effects of applied K and Urea fertilizers. The control
plot recorded the highest mean K values relative to the other plots where Urea and K fertilizers were applied irrespective of whether the
fertilizers were applied sole or in combination. T2 and T3 recorded similar effects (0.14 cmolkg-1 soil) at 0 - 20cm depth (Table 2). This
value was significantly (p<0.05) higher than that of T4. At 20 — 40 cm depth, T2 produced a significantly (p<0.05) higher K in the soil
compared to the rest (Table 2).

Influence of application of Urea and Potassium fertilizer on raw cashew nuts

Application of N fertilizer (Urea) promoted cashew yield, which was reflected in an increase in cashew nut. The Cashew nut yield was
significantly (P < .05) improved by nitrogen fertilizer application compared to sole and combined potassium fertilizers and control (Figure
1). Relative to other fertilizer type, Cashew plots that were treated with sole Urea fertilizer (T2) performed significantly better to confirm
the finds of Adejumo, (2010) and Babu et al., (2015) influence of N and K on vegetative and the reproductive growth of crop. In their
separate studies on Nitrogen and potassium application, positive effects on productivity, profitability and nutrient use efficiency of irrigated
wheat (Triticum aestivum L.) were reported. Also, Sandeep et al., (2022) revealed that wheat productivity, plant growth and yield attributes,
nutrients uptake and use efficiency increased significantly (p < 0.05) with N-fertilizer application. This observation is consistent with the
results obtained by Adejumo, (2010) that, application of N, P and K fertilizers significantly enhanced the yield of Cashew nuts relative to
the control, although the interaction effect of N and K application was statistically not significant (p<0.05).




Table 1: Baseline soil physical and chemical properties of the cashew plot

Soil Sand Sile Clay 0.C T(I):al Ava.P ExchK+ | Exch Ca2+ | g, g Mg2+ CEC Base sat-
Block Depth ko 1 gkg! pH - . , | uration
(cm) gs ogil g::fl oil gkg g’ mgkg' | Cmolkg'  Cmolkg" Cmolkg Cmolkg %)
Al 0-20 | 88520 @ 22.80 @ 92.00 6.7 0.78 0.07 5.03 0.012 226 0.35 2.78 95.83
A2 20-40 | 89520 12.80 = 92.00 6.8 0.66 0.02 5.20 0.011 1.73 0.29 2.18 95.05
B1 0-20 | 89520 @ 12.80 = 92.00 6.6 0.97 0.05 5.35 0.012 1.26 0.27 1.70 92.81
B2 20-40 | 87520 @ 32.80 = 92.00 6.7 0.86 0.02 5.55 0.012 1.34 0.25 1.15 91.62
Mean x 887.70 | 20.30 | 92.00 6.7 0.82 0.04 5.28 0.012 1.65 0.29 1.95 93.83

Table 2: Influence of Nitrogen and Potassium fertilizers on some soil chemical properties at Ochaja cashew plot.

Treatment pH (H?*O) Total N (gkg™) Available P (mgkg™) Exchangeable K (cmolkg?)
Soil depth 0-20cm | 20-40cm 0-20cm 20-40cm | 0-20cm 20-40cm 0-20cm 20-40cm
NOKO—TIControl) 5.13 4.94 0.07 0.03 11.17 10.35 0.16 0.10
N K -T2 5.77 4.77 0.05 0.03 10.22 9.74 0.14 0.11
N K -T3 5.27 5.17 0.07 0.03 7.39 8.98 0.14 0.09
N,K T4 5.54 5.37 0.05 0.04 9.37 10.32 0.13 0.10
LSD (P<0.05) 0.19 0.20 0.01 0.02 0.72 0.60 0.01 0.01

Legend: NOKO—TI (Control); NIKO-TZ, NOKI-T?), N1K1'T4

3000

2500 -

2000

1500 -

1000 -

CASHEW YIELD (kg)

TRT1 TRT2 TRT3 TRT4
TREATMENTS

Figure 1: Effects of Nitrogen and Phosphorus based fertilizer on raw cashew yield (kg)

Conclusion

Fertilizer application based on the results of soil test and the needs of the site yields optimal results in terms of efficiency of fertilizer use,
better crop yields compared to blanket application of fertilizers without recourse to the inherent nutrients of the soil. Hence, application of
Nitrogen (N) fertilizer enhanced nut yield of cashew better than when it is applied in conjunction with K fertilizer. Application of N and K
fertilizers increased the soil pH compared to the control.
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Abstract

Cashew cultivation started in Ghana in the 1960’s. Due to poor genotypes, early cashew introductions have resulted in large tracts of low
yielding farms. This problem is compounded by the harvesting of cashew nuts and apples that gradually depletes the soil of plant nutrients.
To reverse this trend, fertilizer application is very crucial to improve soil fertility and increase cashew nut yield. A study was carried out at
the Cocoa Research Institute of Ghana sub-station, Bole in the Guinea Savannah agro-ecology of Ghana. The objective was to investigate
the effect of different NPK fertilizer formulations on nut yield of cashew plantations of different age categories. Four age categories of
cashew plantations of unknown origin and established from seedlings were selected and used for the study. The age categories were 4, 6, 8
and 10 years old, respectively. Six fertilizer formulations viz; F1-Control, F2-100 kg N+40 kg P205+40 kg K20 ha-1, F3-125 kg N+60 kg
P205+60 kg K20 ha-1, F4-150 kg N+80 kg P205+80 kg K20 ha-1,F5-175 kg N+100 kg P205+100 kg K20 ha-1, F6- 200 kg N+120 kg
P205+120 kg K20 ha-1, were investigated. The trial was arranged in a 4 x 6 factorial and laid out in a randomized complete block with three
replicates. The fertilizers were ring-applied by single application in shallow trenches at the edge of canopies in July each year. Data on nut
yield were collected for six consecutive years. Cashew trees that received high amounts of fertilizers, especially F6, gave significantly (p<0.05)
higher nut yield (329.7- 488.3 kg ha-1) with the control recording the least (163.9-275.8 kg ha-1) in all four age categories. The six-year mean
nut yields were highest for the 10 year old plantation (275.8-488.3 kg ha-1) and lowest for the six year old plantation (180.4-329.7 kg ha-1).
The result has demonstrated that high cashew nut yield could be obtained with improved or elite planting materials and fertilizer application.

Key words: Fertilizer fbrmu/ﬂtz’on, P/dm‘ nutrients, age categories, cashew

1.0 Introduction

Cashew cultivation started in Ghana in the 1960’ under the then government’s savanna afforestation programme which resulted in the
establishment of cashew plantations in the coastal savannah belts of the Greater Accra and the Central regions and the forest savannah
transition of Brong Ahafo region (Addaquay and Nyamekye-Boamah, 1998). Due to poor genotypes, early cashew introductions have
resulted in large tracts of low yielding farms. This problem is compounded by the harvesting of cashew nuts and apples that gradually
depletes the soil of plant nutrients. For example, essential nutrient loss attributable to the removal of 1 kg of cashew fruits (nuts plus
apples) is estimated to be about 64, 2 and 25 g N, P, K respectively (Bhaskar et al, 1995) and this translate into huge amounts per hectare.
These nutrients can be returned into the soil through fertilizer applications. The application of inorganic fertilizers has been reported to
significantly increase growth and yield of cashew (Kumar and Sreedharan, 1998; Mahanthesh and Melanta, 1994). However, in Ghana
the usual practice is to remove cashew apples and nuts without soil nutrient replacement. A programme to improve cashew production in
Ghana was initiated in 2004. A cardinal part of the programme was to renew low yielding farms through canopy substitution or replanting.
Before these renewal strategies could be fully operational there is the need to find ways to improve the yields of existing mature cashew. One
strategy that can be considered is application of inorganic fertilizers. Compared to other sources of plant nutrients, inorganic fertilizers are
concentrated sources of such nutrients, however their use is limited by their high costs. Application of nitrogeneous fertilizer from sulphate of
ammonia and organic manure improved the growth of young cashew in Northern Ghana (Opoku-Ameyaw et al., 2000; Arthur et al., 2022).
Nitrogen application has the greatest effect of increasing yield when applied during the vegetative growth stage, which was shown to reduce
late flowering and nut drop (O’Farrell et al., 2010), while phosphorus and sulphur applications were proven to positively affect plant growth
and nut production (Grundon, 1999). The nutrient removed from the soil, due to fruit and pseudo-fruit harvesting, should be factored into
planning fertilizer application (Dendena and Corsi, 2014), hence, the application of 500 g N, 125 g P205, and 125 g K20 tree-1 annually
in two split doses was recommended when assuming an annual average nut yield of 5-10 kg tree-1 (Panda, 2013). A farmer is motivated
towards farming when the yearly harvest is high and for this to be achieved; the soil must be well maintained and conserved. Ghana as a
whole is faced with a problem of soil management and in particular to the farmers cultivating this commodity crop (cashew) which is faced
with a problem of poor crop yield due to the inability of carrying out soil management practices for maintaining the fertility of the soil. So,
any measure taken to manage the soil for its fertility will go a long way in improving the growth and yield of this crop and general well-being
of the farmers. Considering the significance of this commodity crop in the livelihood of farmers and economy of the nation, a concerted
effort on improving its yield and increasing production per unit area is very important. Consequently, an investigation was conducted with
the objective to assess the influences of NPK fertilizers on cashew nut yield of trees of different ages that had not received fertilizers since
establishment to determine the fertilizer formulation needed to improve the yield.

2.0 Materials and methods

2.1 Study sites

The study was carried out at the Cocoa Research Institute of Ghana sub-station, Bole in the Guinea Savannah agro-ecology of Ghana from
2008 to 2014.
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2.2 Soil sampling and analyses

Soil samples were collected at two distinct depths of 0-15 cm and 15-30 cm, respectively before treatments application. The soil samples
collected were placed in polybags, labelled properly and sent to the laboratory for the determination of physico-chemical properties. The
samples were air-dried, ground and passed through a 2 mm mesh sieve and stored for analyses. The soil pH was determined using Suntex pH/
Temp (SP-701) meter in a soil: water ratio of 1:2.5. Soil organic carbon was determined using the modified Walkley and Black wet oxidation
method. Soil total N was determined using the Kjeldahl digestion and distillation method, while available P was determined by the Bray P1
method. Exchangeable K, Ca and Mg were extracted with 1 N ammonium acetate solution, and the concentrations were determined using
the Atomic Absorption Spectrophotometer (Varian Spectr AA 220 FS). Particle size (sand, silt, and clay) distribution was carried out by the
hydrometer method. All methods were referred to Sparks et al. (1996).

2.3 Experimental design and treatments

Four age categories of cashew trees of unknown origin and established from seedlings were selected and used for the investigation. The age
categories of cashew plantations used were as follows; 4, 6, 8 and 10 years old. Six fertilizer formulations based on recommendation from
various sources (FAQO, 2010; Lefebvre, 1973) were investigated as follows:

F1- no fertilizer control F2 - 100 kgN+40 kg PO, +40 kg K-O ha'yr"
F3 - 125 kgN+60 kg P,Os+60 kg K,O ha'yr! F4 - 150 kgN+80 kg P,O,+80 kg K O har!
F5 - 175 kgN+100 kg P,Os+100 kg K,O ha'yr" F6- 200 kgN+120 kg P,Os+120 kg K2O ha''yr

The investigation was a 4 x 6 factorial arranged in randomized complete block with three replicates and 10 trees per replicate within each age
category. The fertilizers (Ammonium sulphate for N, triple superphosphate for P2Os and muriate of potash for K2O) were ring-applied by
single application in shallow trenches at the edge of canopies in July each year. Data on nut yield were collected annually for six consecutive
years.

2.4 Statistical Analysis

Data on nut yield were subjected to analysis of variance (ANOVA) and least significant difference used to separate significant differences
between means. All statistics were performed using GenStat statistical package (edition 12, Lawes Agricultural Trust, Rothamsted
Experimental Station, http://www.vsni.co.uk).

3.0 Results and discussion

3.1 Status of soil nutrients

Soil pH values recorded for both depths (6.37 and 6.35) were slightly acidic. These pH values are, however, suitable for the cashew crop, since
it has a wide range of tolerance from pH 4.5-8.5 while optimum values are within 5.2-7.5 (Dedzoe et al., 2001). Soil organic carbon (SOC)
for the two depths was below the critical value of >2% considered suitable for cashew cultivation (Table 1). The total nitrogen content of
the cashew soils was below the 0.1% nitrogen required for cashew cultivation (Aikpokpodion et al., 2010). The low nitrogen content could
be due to the low organic matter content of the soil. The calcium content of the soil recorded was above 0.8 cmol kg which is the critical
value for ideal soils for cashew. Soil potassium and magnesium recorded at the site for both soil depths were within the critical values of 0.12
cmol kg and 0.08 cmol kg, respectively. Available phosphorus content of the soil was generally low for optimum cashew cultivation since
the value recorded was below the optimum value of 10 mg kg.

Table 1: Some selected soil chemical properties at the study sites

i Avail. P Exch. K Exch.M Exch. Ca
Location Soil Depth pH Or;g c Total N 8
(cm) (%) (mg kg-1) cmol kg-1
Bole 0-15 6.33 1.11 0.07 3.76 0.18 1.13 1.58
15--30 6.29 0.86 0.05 3243 0.11 0.87 1.02

3.2 NutYield

There was no significant (p>0.05) effect of age of trees or its interaction with fertilizers on nut yield as such the results will be discussed based
on influences of the NPK fertilizers on nut yield of the different age categories. There was significant increase (p<0.05) in nut yield with
fertilizer application in all four age categories of cashew from 2008-2014 as the trees increased in age and size. Fertilizers increased the initial
nut yield in 2008 to between two to three folds in 2013 and 2014, whilst the nut yield of the control remained the lowest and differed slightly
from the initial level throughout the trial period. The slightly acidic nature of the soil, low organic carbon, and total nitrogen in baseline
soil (Table 1) suggests that the low yield of these cashew trees in T1 was a result of low availability and/or uptake of nutrients and that this
deficiency was exacerbated by lack of nutrient supply from an external source through fertilizer applications. Cashew crop requires regular
application of fertilizer, especially during fruit set and beyond (Nair et al., 1979). The combined application of potassium and phosphorus is
indispensable in the initial stages of cashew growth (Parent and Albuquerque, 1972). Continuous application of nitrogen, phosphorus and
potassium is beneficial for obtaining healthy trees and increasing cashew yields (Azam-Ali and Judge, 2001).




Table 2: Six-year mean cashew nut yield of trees of different ages as influenced by NPK fertilizer application.

Age Fertilizer treatment Mean yield (kg ha™') Increase over control (kg ha™') % increase
Fl 197.9 - -
F2 302.7 104.8 529
F3 324.1 126.2 63.7
4 F4 366.2 168.2 85.0
F5 3747 176.7 89.2
Fé 415.6 217.6 109.9
Fl 180.9 - -
F2 2482 67.3 372
F3 2725 91.5 50.6
¢ F4 290.3 109.4 60.4
F5 298.5 117.6 64.9
Fé 329.7 148.7 82.2
Fl 163.9 - -
F2 247.5 83.5 50.9
F3 298.0 134.0 8l1.7
8 F4 323.2 159.2 97.1
F5 350.5 186.5 113.7
Fé 364.5 200.5 122.2
Fl 275.8 - -
F2 374.0 98.1 355
F3 406.3 130.4 47.2
0 F4 410.2 134.3 48.6
F5 486.6 210.8 76.4
Fé 488.3 2124 77.0

Cashew trees that received high amounts of fertilizers, especially FS and F6, gave significantly (p<0.05) higher nut yield than trees which received less
amount of fertilizer and the control from 2012 in all four age categories. The youngest of the trees (4 years old) when the trial commenced in 2008 had
the highest increase in nut yield by fertilizer application, and was followed by, the oldest trees (10 years old) . The mean nut yields for the six-year period,
were highest for the 10 year old trees and lowest for trees in the 6 years old farm (Table 2). Irrespective of the rate of application, the nut yields for all trees
that received fertilizers were significantly higher than the control. The increase in mean nut yield by fertilizer application over the control was 98-212 kg
ha! (35-77%) for the 10 year old trees, 83-200 kg ha! (50-122%) for the eight year old trees, 67-148 kg ha™ (37-82%) for six year old trees and 104-217 kg
ha! (52-109%) for four year old trees. The lower and higher ends of the nut yield ranges are for F1 (the lowest) and F6 (highest) fertilizer application rates
respectively. This observation is in line with what was reported by Kumar et al. (1995). Thus, as NPK rate increased, the duration of harvesting time and the
total percentage of harvested nuts increased significantly. The critical concentrations of N and P in relation to yield were 2.09 and 0.14% as observed in fully
matured leaves (Kumar and Sreedharan, 1987). Moreover, higher yields of cashew nuts were obtained with a combination of N, P,Os, and K20 equivalent
to 200, 75, and 100 g plant-1 per year, respectively (Ghosh and Bose, 1986), while the application of 250, 125, and 125 g plant™ per year of N, P2Os, and
KO, respectively was reported as suitable for significantly increasing the yield of 15-year-old cashew plants (Subramanian et al., 1995).

4. Conclusion and Recommendation

This study has shown that the application of inorganic fertilizers on less fertile soils will greatly benefit the nutrition of cashew plants.
Cashew trees which were 10 years old responded well to fertilizer application compared to the 6 year old ones. The possibility and benefit
of supplying nutrients to cashew plants by combining NPK (inorganic fertilizer) have been clearly shown in this study. The best yield was
recorded for treatment F6 (200 kgN+120 kgP,O_+120 kgK,O ha'yr"). From its preeminence over the other treatments in promoting yield
of cashew, its application would ensure improved growth and yield of cashew trees in less fertile soils.
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Abstract

Anthracnose is one of the most important diseases of cashew in Ghana and other African countries. It affects aerial parts of cashew tree
particularly the leaves and the fruits, reducing the economic benefit of the crop. The disease is caused by Colletotrichum gloeosporioides
complex. There are limited anthracnose disease management options to cashew farmers, especially on the use of organic and inorganic
fungicides. In this study, antifungal efficacy of different concentrations of soybean extract and synthetic fungicides (77% Cupric Hydroxide,
6% Metalaxyl-M +60% copper oxide, 4% Pyraclostrobin + 7.2% Dimethomorph) were tested against five isolates of Colletotrichum
glocosporioides complex on agar plates under laboratory conditions for 7 days. Soybean extract at concentration of 50% (V/V) achieved
81.74% inhibition of mycelial growth of C. glocosporioides isolates and it was almost efficacious as the synthetic fungicide. Meanwhile,
fungicide containing 6% Metalaxyl-M + 60% copper oxide completely inhibited all isolates of C. glocosporioides while fungicides containing
77% Cupric Hydroxide and 4% Pyraclostrobin + 7.2% Dimethomorph inhibited the isolates with percentage inhibition ranging between
86.80-100% and 79.70-100% respectively. This study shows the efficacy of soybean extract as a potential bio-fungicide for field evaluation
in the management of anthracnose disease of cashew.

Keywords: Antifungal activity, inhibition, soybean, anthracnose disease Colletotrichum gloeosporioides

Introduction

Cashew (dnacardium occidentale L.) is an important cash crop in Ghana and by large West Africa, where 45% of the world’s Raw Cashew
Nut (RCN) is produced (Oliveira, 2008; Dedehou, 2015; Monteiro et al., 2017). Cashew cultivation in Ghana has been on the increase since
the inception of the Cashew Development Project (CDP) in 2002, making it second most important tree crop in the country (GBN, 2020).
Production of RCN increased from 6.33 tonnes in 2003 to 232,834 tonnes in 2015 (MoFA, 2016). In 2016, Ghana earned US$196.683
million from the export of RCN and this accounted for 53% of the total export earnings derived from non-traditional exports (ISSER,
2017). Income generated from sale of cashew over the years has raised the standard of living of most rural farmers and has brought the much
needed foreign exchange for the country.

Diseases are among the important limiting factors of cashew production in all growing areas including Ghana (Kone etal., 2015). They affect
both the quality and quantity of cashew nuts and apples produced (Ghini et al., 2011; Monteiro et al., 2015). Disease can affect all parts of
the cashew tree such as the leaves, branches, stem and roots (Adeniyi et al., 2011; Dominic et al., 2014). The most common diseases of cashew
in Ghana include anthracnose, leaf blight, inflorescence blight, leaf rust, gummosis and root rot (Amoako-Attah et al., 2021). Anthracnose
disease caused by Colletotrichum gloeosporioides is one of the most important diseases of cashew and it is estimated to cause 70-100% yield
loss (Wonni et al., 2017; Amoako-Attah et al,, 2021). The disease commonly affects the nuts, leaves, twigs and flowers (Freire et al., 2002;
Nakpalo et al., 2017) leading to severe defoliation, withering of flowers, darkening of apples and nuts (Freire and Cardoso, 2003; Amoako-
Attah et al., 2021).

Chemical control has been found to be effective in controlling anthracnose disease of cashew (Filoda, 2008; Silue et al., 2017). In Ghana,
synthetic fungicides containing mancozeb or copper oxychloride have been reported to be effective in controlling anthracnose disease of
cashew (Amoako-Attah et al,, 2021). Other active ingredients including azoxystrobin, trifloxystrobin, benomyl and dithianon have also been
reported to be effective against the disease (Menezes et al., 1975; Christian, 2001).

Despite the effectiveness of synthetic fungicides, there are growing concerns on the potential effect of fungicides on non-target organisms,

high cost of chemicals and higher residues in crops (Balakumar et al., 2011, Sande et al., 2011; Basco et al., 2017). There is therefore the need
to search for alternative control methods such as botanicals which could be used alone or in combination with synthetic chemicals to control
the anthracnose disease. Studies have shown that botanicals contain important metabolites which have antimicrobial properties and can be
used to control plant diseases (Wang et al., 2010; Villalobos et al., 2016; Bukari et al., 2022). The combination of synthetic fungicides and
plant extracts for integrated management of anthracnose disease could lead to reduction in the number of applications in a spraying season as
well as the quantity of synthetic fungicides required for the spray. This study therefore evaluated the efficacy of soybean extract and synthetic
fungicides (77% cupric hydroxide, 6% metalaxyl-M +60% copper oxide, 4% pyraclostrobin + 7.2% dimethomorph) on mycelial growth of
C. glocosporioides isolates.

16 Innovations in Cashew Production in Africa



Materials and Methods

Soybean extract

Soybean extract was obtained following the methods described in Bukari et al. (2022). The seeds were bought from a local market in Tamale,
the capital city of the Northern Region of Ghana. The seeds were thoroughly washed with tap water and rinsed with sterile distilled water
(SDW) before drying them under shade for three weeks. The seeds were then ground into fine powder using a blender. Then 5 L of water was
added to 1 kg of the powder and incubated at room temperature for one week. The sample was filtered using a muslin mesh and concentrated
to drying using a rotary evaporator. A stock solution of 60% (v/v) was prepared by dissolving 60 g of the powder in 100 ml of water for use.

Disease sampling and pathogen isolation

Sampling for anthracnose disease was done in commercial farms in the Eastern, Bono East and Volta Regions of Ghana from October to
December 2022. Cashew leaves showing symptoms of anthracnose disease were collected into sterile polythene bags. The geographical
coordinates of the sampling locations were recorded. Diseased leaves were surface sterilized with 70% ethanol and rinsed three times in
SDW. Diseased parts of the leaves were cut into 5 X 5 mm pieces, placed on water agar and incubated at 25 oC for 3-5 days. Hyphal strands
emerging from the fungal growth were transferred onto Potato Dextrose Agar (PDA) media and further incubated at 280C for seven days.
Pure cultures of C. gloeosporioides obtained were kept on fresh PDA plates for use. The pathogens were identified using morphological
and microscopic characteristics (Humber 2005; Kirk et al.,, 2008). The cultures of the pathogens were preserved in SDW inside McCartney
bottles and kept at room temperature. Five distinct isolates of C. glocosporioides (Colle 1, Colle 2, Colle 3, Colle 4, Colle 5) were used for
this study.

Bioactivity of the soybean extract and synthetic fungicides under laboratory conditions

The bioactivity of the soybean extract was performed following the method described by Nwosu and Okafor (1995) with some modifications.
Different concentrations (50, 20, 10, 1, 0.1%, v/v) of the soybean extracts were added to 100 ml molten PDA. Three synthetic fungicides
(77% cupric hydroxide, 6% metalaxyl-M + 60% copper oxide, 4% pyraclostrobin + 7.2% dimethomorph) were tested at their respective
manufacturers’ recommended rate against all the five isolates of C. gloeosporioides. A 6.67 g of 77% cupric hydroxide, then 3.33 g each
of 6% metalaxyl-M + 60% copper oxide and 4% pyraclostrobin + 7.2% dimethomorph were separately added to 100 mL sterilized PDA
(45-50 °C). The amended media were poured into Petri plates and allowed to solidify. A S mm mycelial disc from pure culture of each of
the five isolates was used to inoculate the centres of the PDA plates. Plates containing no extracts served as controls. The Petri plates were
incubated for 7 days at 28 + 2 oC. Radial growths were measured at the end of the 7th day and Percentage Inhibition (PI) was calculated as:

PI= (D-T)/Dx100

where D = average diameter of growth in control plates; T = average diameter of growth in test plates

Data analysis

The percentage inhibition of the isolates in response to the synthetic fungicides and soybean extract was calculated. The data was analysed
using ANOVA (Genstat 10" edition) at a significance level of 5%. Tukey post hoc test was also done.

Results

Sample location and Isolation of pathogens

The pathogens coded Colle 1, 3 and 4 were obtained from the forest transitional zone whiles Colle 2 and 5 were isolated from the Semi-
deciduous zone (Table 1).

Table 1: Sampling locations of anthracnose disease pathogens

Pathogen | Sampling location Ecological zone Region Coordinates of Location

Lat: N070 30.588”
Colle | Prusu Nkoranza Forest transitional Bono East

Lon:W01lo 33.931”

Lat:N701°38.13708”;
Colle 2 Kpando Gadza Semi-deciduous Volta

Lon:E00218°48016”

Lat:N 7 0 454.92012
Colle 3 Duabone Forest transitional Bono East

Lon:W 1 0429.75592

Lat:N 7 06’41.47812”
Colle 4 Adunasa Nkoranza Forest transitional Bono East

Lon:W 1022°38.3818”

Lat:N6 o0 21’4.75812”
Colle 5 Aframase Semi-deciduous Eastern

Lon:W0 0 4°31.26”




Efficacy of soybean extract

The soybean extract was effective against the isolates of C. glocosporioides at all the test concentrations with PI ranging from 3.73% to
81.74% (Table 1). None of the soybean extract was able to completely inhibit the mycelial growth of the pathogens. However, it was observed
that higher concentrations of the extract achieved greater reduction in mycelial growth of the pathogens. For all the isolates, the highest
PI was obtained with 50% concentration of the extract. The highest PI of 81.74% was recorded on plates inoculated with Colle 4 at 50%
concentration of the soybean extract. The value was significantly different (p<0.001) from the PI recorded for all the other isolates. At20%
concentration, there were no significant differences in PI obtained for Colle 3 (52.33%), Colle 4 (55.45%) and Colle 5 (51.67%). Also, the
PI of Colle 1 and Colle 2 were not significantly different at 20% concentration of the extract. Similarly, the PI of all isolates at 1% and 2%
concentrations of the soybean extract were not significantly different from each other.

Table 2: Percentage inhibition of the mycelial growth of Colletotrichum isolates on PDA amended with different concentrations of soybean
after 7 days of incubation (28 + 2°C).

Extract concentration (%)
Pathogen
50 20 10 1 0.1

Colle | 53.70¢ 37.41° 30.93° 9.63* 6.482
Colle 2 75.99" 42.52b 29.91° 13.952 3.732
Colle 3 68.78¢ 52.33* 40.26* 11.492 6.14*
Colle 4 81.74* 55.452 31.27° 5.682 3.742
Colle 5 71.11¢ 51.67* 37.96* 8.90° 4.63*

Values with the same letter within the same column are not significantly different

Efficacy of synthetic fungicides

All five isolates of C. glocosporioides were very sensitive to the three fungicides used. Metalaxyl-M +60% copper oxide fungicide completely
inhibited (100%) the mycelial growth of all the isolates (Table 3). Also, fungicide containing 4% pyraclostrobin + 7.2% dimethomorph
completely (100%) inhibited the growth of all the isolates except Colle 1 (79.77%). Colle 2 and Colle 3 were completely inhibited by all the
test fungicides. Colle 1, Colle 2 and Colle 4 were also completely inhibited by 77% cupric hydroxide fungicide.

Table 3: Percentage inhibition of the mycelial growth of Colletotrichum isolates on PDA amended with different synthetic fungicides after
7 days of incubation (28 + 20C).

Synthetic fungicides
Isolates
77% Cupric hydroxide 6% Metalaxyl-M + 60% Copper oxide 4% Pyraclostrobin + 7.2% Dimethomorph

Colle | 100* 100* 79.77°

Colle 2 100* 100? 100?

Colle 3 90.50° 100* 100*

Colle 4 100* 100? 100?

Colle 5 86.80° 100* 100°

Values with the same letter within the same column are not significantly different

Discussion

All the concentrations of the soybean extracts had inhibitory effects on the isolates of C. gloeosporioides and this confirms works done by
other researchers on the antimicrobial properties of soybean extract. For instance Bukari et al. (2022) reported a PI of 80.4 and 86.8% when
Erythricium salmonicolor and Marasmiellus scandens where grown in plates amended with soybean extract. Wang et al., 2010, also noted
that soybean extract degraded the quantity of both DNA and RNA of Staphylococcus aureus by 66.47 and 60.18% respectively. The highest
PI of 81.74% was recorded on plates amended with 50% of the soybean extract. However, work done by Igboabuchi and Llodibia (2018)
on Aspergillus niger and E. coli showed a PI of 62.2% and 68.8% respectively on plates amended with soybean extract. The results of the
study showed that the extent of inhibition of the isolates was dependent on the concentration of the extracts. The rate of mycelial inhibition
increased with an increase in extract concentration. This trend has been reported in other studies (Bukari et al., 2022; Velazquez- Nuenez et
al.,2013.). A lower PI of 10.9% to 61% was observed when glyceollins (200 and 600 pg/disk) isolated from soybean seeds were tested against
Fusarium oxysporum and Botrytis cinera (Hyo et al., 2010), an indication that the soybean extracts works better on C. glocosporioides.

The antimicrobial properties in soybean extracts can be attributed to the presence of phytochemicals such as phenols and alkaloids
(Villalobos et al., 2016; Dahanukar, 2000; Cowan, 1999). Wang et al. (2010) attributed the inhibition of Staphylococcus aureus to
isoflavones in soybean extract. These isoflavones inhibit the synthesis of nucleic acids in S. aureus. Also Morais et al. (2013) reported that
soybean toxin, isolated from soybean inhibited the development of nutrient uptake system in Candida albicans.

The high efficacy of the fungicides against isolates of C. gloeosporioides has been demonstrated. The metalaxyl-M +60% copper oxide
fungicide completely inhibited the mycelial growth of all the isolates. The lowest PI obtained on the synthetic fungicide was 79.77%.
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Patrice et al. (2021) reported a PI of 100% when 5 mg/ml of Mancozeb was tested against isolates of C. gloeosporioides. The authors also
reported PI ranging from 50-100% when 0.5 mg/ml of Mancozeb was used. Carbendazin and Prochloraz fungicides have also been reported
to totally inhibit growth of C. glocosporioides (Nakpalo et al., 2017). Metalaxyl+ copper oxide fungicide have been reported to inhibit spore
germination of C. gloeasporioides by 82.86% (Patrice et al., 2021). The use of soybean extract and synthetic fungicides in an integrated discase
management system could reduce the over reliance on synthetic fungicides to control anthracnose

Conclusion

The antifungal effects of the synthetic fungicides and soybean extract have been demonstrated in this study. After 7 days of incubation,
the soybean extract (50% V/V) and the fungicides inhibited mycelial growth of C. glocosporioides by a PI of 81.74 % and 79.77-100%
respectively. Fungicides containing 6% Metalaxyl-M + 60% copper oxide completely inhibited all isolates of C. gloeosporioides. The
combination of both extracts and fungicide in an integrated disease management strategy could reduce the amount of synthetic fungicides
needed to control anthracnose disease of cashew in the field.
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Abstract

For sustainable cashew sector in Nigeria, a number of things have to be put in place for the raw cashew nut (RCN) market to flourish.
This study was carried out in Abia state, Nigeria. Structured questionnaire was used to elicit information from 120 cashew farmers using
the multistage sampling technique in three cashew producing local government areas of Umumeneochi, Isikuwato and Abia North local
government areas. The study identified the constraints to cashew production and examined the level of awareness of production/ marketing
practices among cashew farming households. Data collected included socio-economic characteristics of farmers, constraints to cashew
production and marketing, the level of awareness of practices in cashew production and the factors that determine cashew production and
marketing. Data collected were subjected to descriptive and inferential analysis.

The results showed that the majority of the farmers are males (63.8%), with 52.4% having secondary education, operating on small-medium
scale farmlands of 4.3842.05 ha. Most of them (75%) acquired the land through inheritance with low adherence to good agricultural
practices and no organized markets for RCN in the state. About 28.6% have over 20 years of cashew farming experience with 81% of the
farmers belonging to associations. Constraints to production and marketing of cashew include high taxes and unfavourable government
policy (82%), climate change effects (89%), inability to access government assistance in marketing (87%), poor access to inputs and chemicals
(86%), poor access to improved planting materials (81%), low level of training on post-harvest handling (92%), incidence of pest and
discases (90%), poor access to credit facility (90%) and herdsmen disturbance (92%). Production practices among farmers showed low levels
of awareness on the research advances in cashew production, recommended planting population, appropriate marketing channels, climate
change mitigation and adaptation techniques. Access to land (p<0.05), age of farmers (p<0.01), access to inputs (p<0.05), training on
GAP (p<0.05) and disturbance by herdsmen (p<0.05), climate change (p<0.05) and access to credit (p<0.01) are positively significant for
sustainable cashew production. This study recommends that cashew farmers in Abia State be assisted and trained to mitigate the constraints
in cashew production.

Keywords: Constraints, Awareness, Cashew, Sustainable production, Nigeria

Introduction

Cashew (Anarcardium occidentalae) is an economic crop in Nigeria which is grown in plantations in almost every state because of the
case of cultivation and need for minimum attention. It is a major cash crop with high potential to generate foreign exchange and to
create employment, as well as curb desertification in Nigeria. The crop is an important industrial raw material with rising demand in the
confectioneries, food, and beverage industries. The three main cashew products traded in the international market are raw cashew nuts
(RCN), cashew kernels and cashew nut shell liquid (Azam-Alli and Judge, 2001). Cashew nut production trends have varied over the
decades with an increase in its importance as an export oriented cash crop (FAO 2013, INC 2013). It contributes over 10% of Nigeria’s GDP
based on export data of 2022. Nigeria is a leading exporter of premium quality (RCN), with an average of 48 kernel yield out-turn (Abubakar,
2023). Also, Nigeria is the world’s 6th largest producer of cashew fruits, with annual production volume of about 120,000 tonnes. The
Cashew Industry also provides about 600,000 jobs and a total annual trade worth N24 billion, thus making the sector a major contributor to
Nigeria’s non-oil GDP (Ajanaku, 2021). It is widely grown in the southern states of Nigeria, especially in the Enugu, Oyo, Anambra, Kogi,
Osun, Abia, Ondo, Benue, Cross River, Imo, Ekiti, Ebonyi, Kwara. Understanding the key factors that influence cashew product quality and
effective marketing strategies is crucial for maximizing the industry’s potential. This paper examines the awareness levels among stakeholders
regarding sustainability and identifies key constraints that hinder sustainable production and marketing efforts.

Methodology

Using a multistage sampling technique, primary data were collected from 120 cashew farmers from three Local Government Areas (LGAs)
of Abia State using well-structured questionnaire. Abia State was purposively chosen because it has a large number of cashew farmers. Three
high cashew growing LGAs (Umumeneochi, Isikuwato and Abia North) were selected randomly and four communities were selected from
a list provided by Abia State Agricultural Development Programme (ABSADP) per LGA with 10 farmers per community. Data collected
were subjected to both descriptive and inferential statistics. The data on socio-economic characteristics were subjected to descriptive analysis
to determine the frequencies, percentages, mean and standard deviations. Also, the other data collected like the farm /farm operation
characteristics on awareness and constraints were analyzed using the descriptive analysis while the determinants of production and marketing
was determined using multiple regression analysis.



Results and discussions

The minimum and maximum ages among the farmers were 25 and 74 years respectively with the mean age at 50+13.35 years (Table 1). This
indicates that the cashew farmers are young and in their active and productive years which is good for the sustainability of the industry. The
farming experience ranged from 6 to 49years with a mean of 2249.93 years, implying that the cashew farmers have wealth of experience in
the business and probably along the value chain that could help them succeed. Also, the number of persons per household was from 2 to 14
with a mean of 8+2. More than half of (56%) of cashew farmers in the study area use labour from within their families while 6.6% use hired
labour. This indicates that the houscholds with larger families may have more hands (family labour) to use on the farms.

The cashew farm sizes were from 1 to 7 hectares, with a mean of 4.3842.05 hectares. This implies that the cashew farmers are actually
smallholder farmers in the state and these calls for expansion of cashew farms due to the young ages of the farmers.

Table 1.0 Descriptive statistics of cashew farmers in the study area

Minimum Maximum Mean Std. Deviation
Age(years) 25 74 50.00 13.346
Years in cashew farming Experience 6 49 22.00 9.925
Household Size 2 14 8.11 2.657
Size of cashew farm 1 7 4.38 2.050

Source: Field Survey, 2021

Males dominated (63.3%) cashew farming in the study area and this makes it necessary to encourage more females to engage in cashew
farming in the state (Table 2). The result revealed that 52.5% of the farmers sampled have secondary education and which indicates the
farmers ability to read and write. They can therefore participate effectively in marketing and production trainings on cashew. About 80.1%
of the farmers belong to one association or the other where they get information on production and marketing of their produce. The result
further revealed that most of the farmers plant their cashew seeds in-situ as only 38.3% have nursery where they raise their nuts to seedlings
for planting. About 76.7% of the farmers do not test their soils for suitability before planting. Out of the few that tested, only 7.1% used
scientific methods for soil testing. In terms of Good Agricultural Practices (GAPs), 81% of the farmers carry out rehabilitation. Out of this,
52.5% do coppicing of old trees and 27.5% do replanting. For other GAPs, 78.33% did pruning with 95.8% of them pruning annually.
Weeding was done by 90% of the farmers with 95.12% weeding once and 4.88% weeding twice . Majority of the farmers (92.7%) do not
apply fertilizers on the assumption that their soils are fertile. A good number of the farmers (90.27%) applied herbicide for clearing of weeds.

Table 2: Distribution of the respondents by socio-economic characteristics in study area

Characteristics Frequency %
Male 76 63.3
Gender
Female 44 36.7
No formal Education 17 14.2
Primary 16 13.3
Level of Education
Secondary 63 52.5
Tertiary 24 20.0
Yes 97 80.1
Membership of association
No 23 19.9
Inheritance 90 75.0
Purchase 11 9.2
Land acquisition Lease 10 8.3
Gift 7 5.8
Through government 2 1.7
Family 68 56.7
Source of Labour Hired 8 6.6
Both 44 36.7
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b N Yes 46 8.33
o you keep nurse
youTeep ey No 74 61.67

Do you test your soil before Yes 28 23.34
planting No 92 76.66

Manually 22 78.57
If yes, how do you test the soil Other farmers 4 14.29

ADP 2 7.14

Yes 98 81.67
Do you carry out rehabilitation

No 22 8.33

Total replanting 33 27.5
Rehabilitation methods Coppicing 63 52.5

OTHERS 24 20.0

Yes 94 78.33
Do you prune

No 26 21.67

Once a year 90 95.74
If yes, how regular? Once in 2 years 3 3.19

Once in 3 years 1 1.06

Manual 108 90.00
Method of weeding

Chemical 12 10.00

Once 78 95.12
Frequency of weeding/annum

Twice 4 4.88

Yes 5 7.35
Fertilizer usage

No 63 92.65

Yes 10 8.73
Use of Herbicides

No 93 92.65

Yes 24 20.00
Use o pesticides

No 96 80.00

Source: Field Survey, 2021

The study shows that the farmers were very much aware of the use of agrochemicals, cashew farm sanitation, varieties of cashew, stakeholders
in the value chain, and good agricultural practices (Table 3). However, they did not know of practices like planting population, research
advances in cashew production, marketing channels, and mitigation/adaption to climate change. This calls for quick attention through
proper training of the stakeholders along the value chain.

Table 3.0 Level of awareness of practices in cashew production/marketing

Variables Very much aware (%) Not aware(%)
Use of agrochemicals 75% 25%
Cashew farm sanitation practice 89% 11%
Varieties of Cashew 87% 13%
Planting population 10% 90%
Research advances in cashew production 24% 76%
Marketing channels 8% 92 %
Stakeholders in the value chain 92% 8%
Good agricultural practices 94% 6%
Mitigation/adaption to climate change 13% 87%

Source: Field Survey, 2021

High taxes and unfavourable government policy (82%), climate change effects (89%), inability to access government assistance in marketing
(87%), poor access to inputs and chemicals (86%), poor access to improved planting materials (81%), low level of training on post-harvest
handling (92%), incidence of pest and diseases (90%), poor access to credit facility (90%) and herdsmen disturbance (92%) are constraints
in the cashew value chain (Table 4).




Table 4.0: Constraints to the production and marketing of cashew

Perceived Constraints Highly important (%) Less important (%)
Inadequate information on cashew production 22% 78%
2:5};1}61 ‘:]axcs and unfavourable government policy toward 2% 18%
Climate change effects on cashew production 89% 21%
Inability to access government assistance on production 22% 78%
Inability to access government assistance in marketing 87% 13%
High risks and uncertainty in Agric 46% 54%
Poor access to inputs and chemicals 86% 14%
No access to improved planting materials 81% 19%
Need of training on post-harvest handling 92% 8%
Incidence of pest and diseases 90% 10%
Poor access roads to cashew plots 19% 81%
Poor access to credit facility 90% 10%
Herdsmen disturbance 92 % 8%

Source: Field Survey, 2021

Determinants of production and marketing among cashew farming households in Abia state Nigeria

Access to land is a significant (p<0.05) determinant of production in the state as there is land scarcity and its availability is germane
for economic production. Age is also a significant (p<0.01) factor which motivates production as corroborated by the socio-economic
characteristics. Access to inputs is negatively significant (p<0.05) for production in the study area and this agrees with the constraints
indicated in Table 4. Training on GAP is positively significant (p<0.05) for production in the state. This result is in consonance with
the work of Akpomie and Ojeh (2018) who found that knowledge gaps highlight the need for targeted capacity-building programs and
extension services to raise awareness and promote sustainable RCN production and marketing. Disturbance by herdsmen is negatively
significant (p<0.05) for production and marketing. The herdsmen usually interfere with production and marketing activities. Poor access
to credit facility significantly (p<0.01) reduces the ability of farmers to increase production, market their raw cashew nuts and to invest
in sustainable technologies and practices. This result confirms works of Chukwu and Nwokocha (2019) that highlighted the need for
investment in infrastructure development to ensure the preservation of RCN quality and facilitate efficient marketing.

Conclusion and recommendation

This study conclude and recommends that the youths and females be encouraged into cashew production and marketing processes along the
value chain in the state to ensure sustainable production and marketing; while it was also found imperative that land for production, training
on GAP, adequate access to credit and production inputs be made available in the state to boost sustainable production and marketing of
RCN among producing households in Abia State, Nigeria.
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CASHEW (ANARCADIUM OCCIDENTALE L.) NUT AND APPLE

PROCESSING: IMPROVING THE LIVELIHOOD OF THE RURAL
POOR IN CASHEW PRODUCING AREAS IN GHANA
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ABSGTRACT

Cashew production has become very important in Ghana over the past two decades and it is supported by the Government of Ghana and
non-governmental organizations (NGOs) such as Competitive Cashew Initiative (ComCashew), African Cashew Alliance (ACA) and
Technoserve. Many developing countries have not been able to exploit the economic value of cashew despite the importance of the nut on
international markets and the high nutritional value of the apples. In Ghana, lots of efforts have been made to upgrade cashew production
through improved production techniques. However, with all the efforts being made to promote a competitive cashew nut processing
industry, processing of the nuts continues to remain very low with over 90% of the nuts being exported. The apples are also left on the
farm floor to rot. To generate more income from cashew, the need for value addition cannot be overemphasized. Cashew production is
concentrated in the transitional savannah and the northern savannah zones, which are known to be among the poorest areas in Ghana. In
order to reduce poverty in these areas and to improve on the livelihood of the people, it is imperative to evaluate the benefits of cashew
processing and also develop strategies to promote processing through the local consumption of cashew. In this paper, cashew nut and apple
processing are discussed in detail to show their importance to the Ghanaian economy. The processing cost analysis of the cashew fruit (nut
and apple) has been elucidated in the paper. The prospects, opportunities and challenges as well as strategies to mitigate these challenges in
the processing of the fruit are also discussed.

Keywords: Prospects, challenges and opportunities, production cost, SWOT analysis

INTRODUCTION

Cashew has become an important agricultural commodity in many countries. However, Ghana is yet to tap into the potentials of this
cash crop which has great benefits for the country as a whole. Its production is concentrated in the transitional savannah and the northern
savannah zones, which are known to be among the poorest areas in Ghana. It is a smallholder activity with individual holdings varying from
0.8-3.0 ha per farmer (Osei Akoto, 2022). As a resilient and drought resistant tree that is adaptable to poor soil conditions, cashew offers
environmental benefits in the prevention of deforestation and soil erosion, especially in Sub-Saharan Africa (Cambon, 2003). The tree
has been found to have medicinal and non-food uses from the bark, leaves, and apple juice. Bark teas were used for diarrhoea and malaria
treatment, and the caustic shell oil was used to treat skin infections, warts, worms, and botfly larvae beneath the skin (Davis, 1999). Most
importantly, its cultivation and exploitation are regarded as economically promising for both rural growers and urban industrial processors
in terms of employment generation and value addition to emerging economies.

Cashew apple, which is an excellent source of nutrition, contains vitamin C five times higher than an orange (Barros et al.,, 2001). It also has
more calcium, iron and vitamin B1 than other fruits such as avocados and bananas. However, they are highly perishable and can be eaten fresh
or juiced. In Brazil, fresh cashew apples are packed in trays and marketed in retail fresh produce outlets (Filgueira and Alves, 2001). Currently
in Ghana, the apples are normally left on the farm floor to rot. At the Cocoa Research Institute of Ghana, protocols have been developed on
the production of juice drink, jams and marmalades, alcoholic beverages such as wine, gin and brandy from the apples. The objective of this
paper is to evaluate the prospects, challenges and opportunities of cashew processing, particularly in the rural areas of Ghana.

Production and marketing of raw cashew nuts (RCN) in Ghana

The average yield of cashew production in Ghana currently stands at 800-1,500 kg/ha (Osei Akoto, 2022). The total production of cashew
for the year 2022 was 200,000 MT and Ghana is set to produce 300,000 MT by 2030, according to Osei Akoto, 2022. Since 1992, Ghanaian
cashew production has grown by 5.1 percent each year. Originally nuts were sold to buyers from Cote d’Ivoire, at low prices. However, in the
early 1990s Ghanaian companies began purchasing nuts for export and the first RCN of 15 MT were exported in 1991 (Dannson, 2002).
The crop is marketed through farmer cooperative societies, traders and agents. Over 90% of harvested nuts are sold for export to India, where
they are processed into kernels and sold to Europe, Asia and the US. Cashew nut trade in Ghana has rapidly increased over the last few years.
However, part of Ghana’s export is derived from cross-border trading from Cote d’Ivoire and Bourkina Faso. Cashew international trade is
still young compared to other commodities, starting about 70 years ago (Beyadi, 2008).

Marketing of cashew nuts have begun to take centre stage in the economic development of Ghana. The chain from producer to exporter
suffers from severe price fluctuations and this is due to a combination of internal and external factors (CDP, 2007). Internally, the flow of
information on marketing and pricing of cashew nut between producers and exporters is inadequate. The external factors include unstable
international currency markets and variations in global production of cashew. In some years, production may suddenly decline to about half
of the previous year’s level (Quenum, 2001). Generally, prices of cashew nuts at the beginning of the season are very low but wind up higher
by the end of the season. This may be due to the fact that buyers or processors in India may not have established contracts with exporters in
West Africa (Cambon, 2003). Farmers who are short of cash early in the season are also forced to sell their produce at very low price. Prices
vary between neighbouring villages and this is due to the lack of strong farmer co-operatives that could agree on a good minimum price for



the season. Farmers in remote areas also receive lower prices due to higher costs of transportation. Price of raw cashew nuts also depends on
the origin of production (Cambon, 2003). All these indicate that activities along the marketing chain of RCN are not regulated. Therefore,
the creation of the Tree Crop Development Authority (TCDA), regulatory institution, in the year 2020 is timely.

Cashew nut processing in Ghana

India pioneered the modern processing of nuts, and had been consistently the world’s leading producer for decades prior to 2002. Processing
of cashew starts with the collection of nuts on the farm and drying of the nuts in the sun on mats for about 3-4 days until they rattle in the
shell. The processing operations include roasting/steaming of nuts, cooling of steamed nuts, shelling, drying of kernels, peeling, sorting,
grading and packaging. Cashew nut processing is the most difficult of all nuts because of the caustic cashew nut shell liquid (CNSL) in the
shell. The CNSL can contaminate the nuts and cause blisters on the human skin. There are three processing modules, the manual, semi-
mechanized and fully-mechanized processing technologies (ACi, 2015). In Ghana, the processing operations are performed mostly by the
manual module, which requires a lower capital base and has greater output in terms of kernel yield and the quantities of wholes produced
as compared to the mechanized one. However, it requires a relatively large number of workers who work at the risk of exposure to CNSL.

Most of the processing factories are small and employ between 10-100 people depending on the capacity of the plant. One of the biggest
costs is stockpiling RCN to keep the factories running throughout the year. The cashew-harvesting season is only about 60 days, so that if
a plant which processes 500 kg raw nuts per day should be kept running for 200 days in a year, it will require a stock of about 100,000 kg of
RCN. Efforts are being made to develop the local processing industry for value addition to raw nuts, but the sector is still significantly less
developed than in other commodity processing industries.

A Profile of cashew nut processors in Ghana

Over the past two decades, seventeen (17) processing factories have been built in Ghana (Table 1). These factories vary in size and may be
classified into large-, medium- or small-scale enterprises. They may also be grouped into cooperatives, urban and rural-based factories. Each
factory is a combination of the above categories. The combinations are the urban-based large/medium/small enterprise, the rural-based large/
medium/small enterprise and the rural-based cooperative. There are 2 large-scale, 4 medium-scale and 11 small-scale processors in Ghana
(Table 1). The large- and medium-scale fac