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Abstract

Purpose: Poultry dropping and rice-mill wastes are generated in large quantities on daily basis in Ishiagu, Ebonyi
State, Nigeria. These bio-wastes can improve soil quality and pepper production. Hence, this study seeks to
evaluate the effects of amendments on soil physico-chemical properties and yield of pepper varieties.

Method: This experiment was carried out in the research farm of Federal College of Agriculture, Ishiagu, during
2020 and 2021 cropping seasons. Split-plot design replicated 3 times was employed. Two varieties of pepper
(Yellow and Red) constituted the main plots, while six soil amendments occupied the sub-plots. Soil amendments
employed were; poultry dropping (PD) at 10t/ha, rice husk dust (RHD) at 10t/ha, NPK 15:15:15 at 300kg/ha, PD
at St/ha + RHD at 5t/ha, NPK 15:15:15 at 150kg + RHD at 5t/ha and control.
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Results: Soil amendments improved soil pH, organic carbon (OC), total nitrogen (TN) and cation exchange
capacity (CEC) in both cropping seasons. Pepper varieties influenced these soil properties in the 2021 cropping
season, with yellow pepper showing higher soil pH, OC and CEC than red pepper (6.21 against 6.07, 14.07 against
12.24 g/kg and 16.13 against15.47 cmol/kg), respectively. Soil amendments varied fresh pepper yields from 3.60
t/ha in NPK + RHD treated plots to 6.67 t/ha in PD plots compared to the control with 2.44 t/ha.

Conclusion: PD and PD + RHD increased the soil pH, OC, TN and CEC in both 2020 and 2021, making PD and
its integration with RHD a sound strategy for improving soil attributes in the area. In 2020, yellow variety
increased higher than red variety with PD and PD + RHD giving higher yield than other treatments. In 2021,
yellow variety produced with NPK was similar to yellow variety and red variety produced with PD, but
significantly higher than other treatments. Hence, the use of PD and its integration in producing yellow pepper

variety on a long-term basis is an effective amendment procedure for pepper production in the area.

Keywords: Rice-mill waste, Cropping seasons, Inorganic fertilizer, Poultry dropping, Crop improvement, Soil

fertility

Introduction

Pepper fruit (Capsicum species) is a very good relish in diets of many communities in Nigeria. In recent time,
many families can hardly prepare any dish (food) without adding pepper because of its spicy nature, except for
some people with ulcer cases. This has made the cultivation of pepper, especially the yellow variety, so common
among the rural farmers in southeastern Nigeria. In-spite of the nutritional and industrial benefits of the crop, its
production is still relegated to the poor rural women farmers in the study area. Nigeria is known to be one of the
major producers of pepper in the world accounting for about 50% of the African production (Idowu-Agida et al.
2010). According to Yahaya et al. (2010), the world production statistics in 2006 showed that Nigeria’s pepper
production was about 204,200 metric tons. While the dry fruit production figures for Nigeria in 2007 was 49,500
metric tons out of Africa’s totals of 457,650 metric tons. Over the years, intensive cultivation of introduced high-
yielding pepper varieties has resulted in depletion of mineral nutrients and hence increased soil acidity (Nwite et
al. 2011). In view of this perpetrated problem, farmers in the study area find it difficult to produce crops
economically without adding to the soil those elements that are limiting the growth and productivity of the crop
through inorganic fertilizer application (Echezona and Nganwuchu, 2006).

Varietal analysis techniques according to Kahsay (2017) have been found to be useful tools to obtain precise
information about the types of gene actions involved in the expression of various traits and to predict the yield
performance of the progenies. He further stated that individual variety has its own significant effect on the yield
and yield components. In this regard, traits mostly considered include, number of branches per plant(count), plant
height, number of fruits per plant, days to maturity (count from days of transplanting), dry fruit yield per plant,
fruit length and single fruit weight (Kahsay, 2017; Fekadu et al., 2008).

Pepper takes up a large amount of nutrients from the soil hence the need for the addition of nutrients to the soil to
increase their growth and yield. Over the years, the intensive cultivation of introduced high-yielding pepper
varieties has resulted in depletion of mineral nutrients and hence increased soil acidity (Nwite et al. 2011). In the
understanding of this perpetrated problem, farmers in the study area find it difficult to produce crops economically

without adding to the soil those elements that are limiting to the growth and productivity of the crop through
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inorganic fertilizer application (Ekhuemelo and Olatunji, 2015; Echezona and Nganwuchu, 2006). Farmers
involved in pepper production usually employ different means of enriching the soil which includes the
incorporation of organic and inorganic fertilizers to improve the fertility status of the soil.

Umeugokwe et al. (2021) in their trial reported that the sustainability of crop production depends on soil fertility
and its maintenance. They further opined that fertilizers help to improve soil fertility and sustain crop production.
Aliyu (2002) in his own submission stated that the crop however responds to both organic and inorganic fertilizers
and has been shown to respond positively to nitrogen and phosphorus fertilizers. Research has shown that
continual application of inorganic fertilizer to our soil can cause a drop in pH around the pepper roots, increased
soil acidification and degradation of the environment (Yap, 2012). Unavailability of commercial fertilizers poses
a barrier to crop production among smallholder farmers (Lopez et al. 2009; Tanimu et al. 2007).

Incidentally, the supply of organic manure is not enough especially in urban areas to substitute the use of chemical
fertilizer that has been increasing the acidity levels of tropical soils, as a quick means of restoring the soil fertility
without possible increase in pH of the soils. The recent ban on the open grazing of cows in most parts of
southeastern Nigeria due to insecurity challenges has led to increased demand and patronage of poultry products,
leading to increased production and availability of the droppings in the area. Poultry droppings according to
Ogunezi et al. (2019) are a popular bio-resource in soil fertility management. Rice mill industries in the study area
on the other hand generate large quantities of fresh and partially burnt rice-mill wastes daily and these are either
dumped to the detriment of the environment or burnt into ashes (Nwite et al. 2011). This rice husk dust can be
used for the improvement of nutrient status of such soils as it contains those elements like Ca, Mg, S, Na, Cu, Mn,
Fe, K, P, N and other elements necessary in plant nutrition and for soil improvement.

The dependence on sole application of either inorganic or organic amendment sources has been described as
ineffective; due to fact that sole use of inorganic fertilizers are believed to contribute substantially to human,
animal food intoxication and environmental instability/soil degradation. This informed the use of integrated
nutrient management in recent agricultural practices for increased fertility status of the soil and crop improvement
(Nwite et al. 2013).

Complementary use of organic and inorganic fertilizers; and/or sole use of organic fertilizers has been reported as
soil fertility management strategy for crop production, correcting nutrient deficits associated with application of
either of the sources alone and uptake of N, Ca and Mg by amarathus (Stephen, 2010; Makinde et al. 2011; Zhang
and Fang 2007). Combined application of organic and inorganic fertilizers has agronomic benefits, including
improved soil fertility and crop yield (Zhang and Fang 2007). Because different organic wastes influence the
nutritional quality of crops differently, evaluating the performance of compositions of organic and organo-mineral
fertilizer compared to conventional mineral fertilizer is needed (Nwite et al. 2013).

The present study aimed at evaluating the effects of soil amendments and pepper variety on selected soil

physicochemical properties and yield of two varieties of pepper in degraded Ultisols of southeastern Nigeria.

Materials and methods

Description and location of experimental site

The study was carried out in the research farm of Federal College of Agriculture, Ishiagu, during 2020 and 2021
cropping seasons. The study area lies within latitude 05° 56' N and longitude 07° 41'E in the derived savannah

zone of Southeastern Nigeria. The area has a mean annual temperature of about 30° C and rainfall of 1350 mm.
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Geologically, the area is underlain by sedimentary rock derived from successive deposits of the cretaceous and

tertiary period and lies within Asu River Group (Lekwa et al. 1995; Ezeh and Chukwu 2011).

Field study

A split-plot fitted with a randomized complete block design (RCBD) was used to study two factors. Two varieties
of pepper (yellow pepper always known as sweet pepper and the red variety usually called the hot pepper)
constituted the main plots as different soil amendments were assigned to the sub-plots. The six soil amendment
sources used were replicated 3 times and these include; poultry droppings at 10 t/ha; NPK 15:15:15 fertilizer at
300 kg/ha; rice husk dust sole at 10 t/ha; NPK at 150 kg/ha + rice husk dust at 5 t/ha; poultry droppings at 5 t/ha
+ rice husk dust at 5 t/ha and the control. These amendment sources were equally repeated in the 2021 cropping

season study.

Field preparation: The land was tilled with native hoe into suitable seed beds representing treatment plots
measuring 1.8 m x 2 m with 0.5 m between plots and 1.0 m distance between blocks. The poultry dropping and
rice husk dust were applied a week before transplanting while the NPK 15.15.15 was applied 2 weeks after
transplanting. During transplanting, seedlings were uprooted late in the evening from the nursery beds and then
transplanted early in the morning of the following day to the main fields so as to reduce transplanting shock. This
was done at the depth of 4-6 cm with the spacing of 30 x 50cm inter and intra row spacing giving a total population

of 24 plants per plot equivalent to plant population of 66,666 per hectare.

Data collection: Fresh weight of the pepper was measured at harvest by using a weighing balance of 50 kg scale
to determine weight per plot, and later converted to tons per hectare. Harvesting of the fresh fruits was done at a
period of 4 weeks starting from the 5™ week after transplanting (WAT) and lasted till the 9" WAT. The harvesting
of the fresh fruits was done at a 4 day interval from all the 24 plants per plot. The weights of the fresh fruits at

different harvesting intervals were accumulated together and subjected to statistical analysis.

Soil Sampling and laboratory techniques

At the commencement of the experiment, a composite soil sample from random points was collected from the site
at the research farm of Federal College of Agriculture, Ishiagu, using a soil auger at 0 — 20 cm soil depth. At the
end of each harvest, another set of auger samples were collected from all the identified sampling points on each
of the plots from the top (0-20 cm) soil depth for laboratory analysis.

The soil samples were air-dried and sieved through 2.00 mm sieve. Soil fractions less than 2.00 mm from
individual samples were then analyzed using the following methods.

Particle size distribution of the samples was determined by the hydrometer method (Gee and Bauder 1986). Soil
pH was measured in a 1:2.5 s0il:0.1 M KCI suspension (McLean, 1982). The soil organic carbon (SOC) was
determined by the Walkley and Black method described by Nelson and Sommers (1996). Total nitrogen was
determined by semi-micro Kjeldahl digestion method using sulphuric acid and CuSO4 and Na>SO, catalyst
mixture (Bremner and Mulvancy, 1982). Cation exchange capacity (CEC) was determined by the method
described by Thomas (1982).
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Data analysis
Data collected were analyzed using GenStat 3 7.2 Edition. Significant treatment means were separated and
compared using Fisher’s least significant difference (F-LSD) and all inferences were made at 5% levels of

probability according to Obi (2002).

Results and discussion

Selected initial physical and chemical properties of the soil

The chemical properties of the studied soil before application of amendments are shown on Table 1. The soil is
classified as sandy loam which has been reported to be an ideal soil for pepper production as it holds moisture
fairly well with liberal supply of organic matter if properly maintained (Udoh et al. 2005; Ikeh et al. 2012). The
soil analysis indicated that the studied soil is acidic and was low in soil organic carbon, total nitrogen and cation

exchange capacity.

Table 1. Selected initial physical and chemical properties of the studied soil (0-20cm) depth.

Soil properties Value
Clay (g/kg) 160
Silt (g/kg) 290
Fine sand (g/kg) 460
Coarse sand (g/kg) 90
Textural class Sandy loam
pH (H,O) 4.5
Organic carbon (g/kg) 1.197
Total nitrogen (g/kg) 0.140
Cation exchange capacity (cmol/kg) 10.60
Base saturation (%) 36.58

Organic amendments nutrient composition

Soil amendments comprised of rice husk dust (RHD) collected from a rice-mill industry near the study site. Others
included poultry litter droppings (PD) and 15N-15P-15K. Chemical analysis of organic materials indicated that
rice husk dust (RHD) had the highest organic carbon percent compared to poultry dropping (PD). It was obtained
(Table 2) that PD had the highest contents of nitrogen, Calcium, phosphorous and magnesium. The analysis
showed that RHD had the highest C: N ratio and C:P ratio which may have retrogressive impacts on nitrogen
availability in the soil.(Table 2).

Table 2. Nutrient compositions (%) of the organic soil amendments of the study

Property Amendments

Poultry dropping Rice husk dust
Organic carbon 18.2 36.6
Nitrogen 2.5 0.84
Phosphorous 2.88 1.1
Calcium 16.4 0.88
Potassium 0.58 0.16
Magnesium 1.30 0.48
C:N ratio 7.28 43.57
C:P ratio 6.32 33.27

Soil amendments and pepper variety effects on soil physicochemical properties (Soil pH and organic

carbon)
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Soil pH

Table 3 shows that the soil pH in water did not vary significantly among the varieties of pepper studied in the
2020 cropping season. However, soils in the red pepper variety had higher pH value compared to the soils in the
yellow variety. The results indicated that soil amendments significantly influenced the soil pH in 2020 cropping
season with best improved pH (5.9) obtained from PD + RHD treated plots.

Soil pH was significantly improved among the varieties of pepper studied in 2021, as yellow pepper recorded a
higher value of 6.21 compared to 6.07 obtained in red pepper cultivated plots. Results also recorded that in 2021,
PD + RHD amended plots significantly increased the soil pH higher (7.07) than other amended plots. The
implication of the result was that the good attributes of poultry dropping and rice husk dust when combined gave
better improvement on pH of the soil, indicating its benefits as soil amendments in our soils especially the soils
of southeastern Nigeria (Olowokere, 2004). Generally, it was obtained that all the amended plots significantly (p
< 0.05) increased the soil pH higher than the untreated plots (Table 3).

Soil organic carbon

The results (Table 3) indicated that soil organic carbon (SOC) did not significantly improve in the 2020 cropping
season between the varieties used. On the other hand, soil amendments used significantly influenced the values
of the SOC. Also, all the amended plots except plots treated with poultry dropping (PD) improved the SOC higher
relative to the untreated plots in the 2020 cropping season. The highest improvement recorded in sole RHD treated
plots and its combination with other manure sources compared with PD and the control plots is not surprising
because of the higher value of OC obtained in the RHD amendment material (Table 2). This result is in agreement
with Nwite et al. (2017) who reported that the pattern of distribution of organic carbon in the organic soil
amendments suggests a greater potential of RHD than PD to enrich the soil with plant nutrients, though
slowly, as could be deduced from the high carbon:nitrogen ratio of the RHD compared with that of the
PD. The finding is not in conformity with Ugwu et al. (2020) who submitted that, PD is widely used as manure
source in soil-based media but the competitive use of this animal waste has led to its scarcity and high cost. The
results revealed that yellow pepper in 2021 increased SOC higher (14.05 g/kg) than the red pepper variety (12.24
g/kg). This difference could be attributed to genetic influence. The results showed that there was a geometric
increase on the SOC in PD plots when compared to the value obtained in the 2020 cropping season as it increased
from 2.93 g/kg in 2020 season to 17.74 g/kg in 2021 season (Table 3). The results indicated that NPK treated plots
and its combination with rice husk dust (NPK + RHD) did not improve the SOC higher than the untreated (control)
plots in 2021 cropping season. The finding was in agreement with the submission of Nwite et al. (2013) who
reported that the application of N-P—K alone mostly was unimpressive and may be linked to its inability to

improve soil OC status.

Table 3. Soil amendments and pepper variety effects on soil physicochemical properties (Soil pH and organic
carbon)

Variety Soil amendments Mean
CT NPK PD RHD NPK + RHD PD + RHD

Soil pH (H20)

Year 1 (2020)

Yellow variety 5.8 5.3 5.7 5.3 5.5 6.0 5.6

Red variety 5.3 5.5 5.9 5.6 5.9 5.8 5.7

Mean 5.6 54 5.7 5.5 5.7 5.9
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LSD (o.05) for variety NS p value = 0.074

LSD (o.05) for amendments 0.1586 p value = <.001

LSD (o.05) for variety x amendment 0.2078 p value = <.001

Year 2 (2021)

Yellow variety 4.90 6.17 6.10 6.57 6.47 7.07 6.21
Red variety 5.33 6.13 6.10 6.10 6.27 6.50 6.07
Mean 5.12 6.15 6.10 6.33 6.17 7.07

LSD (o.05) for variety 0.1195 p value = 0.038

LSD (o.05) for amendments 0.3854 p value = <.001

LSD (o.05) for variety x amendment NS p value = 0.138

Soil organic carbon (g/kg)
Year 1 (2020)

Yellow variety 2.63 3.83 2.33 4.32 4.49 4.11 3.62
Red variety 2.32 3.95 3.53 4.43 5.31 4.01 3.93
Mean 247 3.89 2.93 4.32 4.90 4.06

LSD (p.0s) for variety NS p value = 0.325

LSD (o.05) for amendments 1.360 p value = 0.013

LSD (p.05) for variety x amendment NS p value = 0.845

Year 2 (2021)

Yellow variety 7.80 9.57 21.47 17.21 11.42 16.81 14.05
Red variety 8.56 12.25 14.01 15.66 9.58 13.37 12.24
Mean 8.18 10.91 17.74 16.43 10.50 15.09

LSD (p.05) for variety 1.115 p value = 0.020

LSD (o.05) for amendments 4.339 p value = <.001

LSD (o.05) for variety x amendment NS p value =0.259

CT = control; PD = poultry dropping; NPK = nitrogen, phosphorous, potassium; RHD = rice husk dust; LSD =least significant
difference

Effects of different soil amendments and pepper varieties on total nitrogen and cation exchange capacity
of the soil

Total nitrogen

The total nitrogen (TN) of the soil changed significantly among the two varieties of pepper studied in 2020
cropping season as the yellow pepper variety gave higher (0.928 g/kg) TN than the red variety with TN value of
0.886 g/kg (Table 4). The results also indicated that total nitrogen was significantly (p < 0.05) affected following
the application of different soil amendments in the 2020 cropping season (Table 4). Poultry dropping (PD)
amended plots significantly (p < 0.05) improved the total nitrogen higher (1.120 g/kg) than other amended plots.
Generally, all the treated plots increased total nitrogen higher relative to the untreated plots in the first year (2020
year) of planting. Poultry dropping applied to yellow pepper variety plots significantly improved the TN (1.260
g/kg) compared to other treatment plots.

In 2021, there was no significant difference between the pepper variety plots as regards TN content (Table 4).
However, there was a percentage increase of 28.1% TN in 2021 compared to the cropping season. Plots treated
with poultry dropping (PD), rice husk dust (RHD) and PD + RHD in the 2021 cropping year showed similar
values (1.258, 1.438 and1.322 g/kg), respectively. It further showed that the mentioned amendments significantly
(p < 0.05) increased the TN higher compared to other amendments. Their significant improvement on the TN
higher than the sole NPK fertilizer and its integrated form with RHD could be attributed to its degrading effects

as increased soil acidity and nutrient imbalance on a long-term basis (Nottidge et al., 2005; Omisore, 2010).

Cation exchange capacity (CEC)
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Cation exchange capacity (CEC) was not improved in the 2020 cropping season between the two pepper varieties
(Table 4). Soil amendments on the other hand significantly increased the CEC of the soil as 16.96 cmol/kg and
16.53 cmol/kg values were recorded in PD and RHD treated plots, which were statistically similar and higher
compared to other amended plots. The findings showed the potentials of PD when combined with RHD in
improving soil properties of the studied area (Adubasim et al. 2018). Generally, all the amended plots increased
the CEC relatively higher than the untreated plots in the 2020 cropping season (Table 4). The results showed the
needs for soil amendment applications in the study area for remediation of the degraded soil and crop
improvement. This finding is in conformity with the submission of Hulugalle and Maurya (1991) who reported
higher increase in soil CEC and other soil nutrients on treated soils compared to the untreated ones.

In 2021, CEC varied between the two varieties of pepper used as yellow pepper improved the CEC (16.13
cmol/kg) higher in the soil compared to red pepper (15.47 cmol/kg). Meanwhile, the highest significant
improvement of CEC (18.60 cmol/kg) among the soil amendments was obtained from PD + RHD treated plots.
This implies that integrated nutrient management is a better option than sole application of soil amendments for
improvement of cation exchange capacity of the studied soil. Interactions in the study showed that the PD + RHD
amendment applied in the red variety of pepper plots (red pepper variety x PD + RHD) did increase (21.20
cmol/kg) the CEC significantly higher than other interactions (Table 4).

Soil amendments and pepper variety effects on fresh fruit yield of pepper varieties (tons/ha)

Table 5 shows that the fresh fruits yield of the pepper varied significantly between the two pepper varieties in the
2020 cropping year, but did not significantly change in the 2021 cropping season. It was obtained that yellow
pepper performed better (4.20 t/ha) than the red variety (2.51 t/ha) in the 2020 cropping season. The low yield
obtained in red pepper variety plots in the two years of study might be genetic differences as different varieties
respond differently to treatments in the same environment. The finding agrees with Appiraddy et al. (2008) who
reported less adaptability and low genetic performance of the red pepper variety to local environmental conditions.
The results revealed that amendments significantly influenced the fresh fruits yield as PD and PD + RHD amended
plots with similar values of 4.32 tons/ha and 4.16 tons/ha, respectively, gave the highest significant yield
improvement among the amendments in 2020 cropping season. The higher yield increase recorded in sole PD and
its integration with RHD could be attributed to its short time mineralization and high nutrient loads. Ogunezi et
al. (2019) has thus found utility of poultry droppings not only in agronomic production in low-fertility soils where
unguided use could have adverse ecological effects, but also in bioremediation of polluted soils and in biogas

production.

Table 4. Soil amendments and pepper variety effects on soil physicochemical properties (total nitrogen and cation
exchange capacity (CEC)

Variety Soil amendments Mean
CT NPK PD RHD NPK + RHD PD + RHD

Total nitrogen (g/kg)

Year 1 (2020)

Yellow variety 0.700 0.980 1.260 0.947 0.840 0.840 0.928

Red variety 0.837 0.980 0.980 0.840 0.840 0.840 0.886

Mean 0.768 0.980 1.120 0.893 0.840 0.840

LSD (o.05) for variety 0.02151 (p value = 0.014)

LSD (o.05) for amendments 0.02730 (p value = <.001)

LSD (o.05) for variety x amendment 0.03655 (p value = <.001)

Year 2 (2021)
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Yellow variety 0.880 1.153 1.180 1.660 1.010 1.300 1.197
Red variety 0.860 1.067 1.337 1.217 1.253 1.343 1.179
Mean 0.870 1.110 1.258 1.438 1.132 1.322

LSD (o.05) for variety NS (p value = 0.347)

LSD (o.05) for amendments 0.2462 (p value = 0.002)

LSD (p.05) for variety x amendment NS (p value=0.112)

Cation exchange capacity (CEC) (cmol/kg)
Year 1 (2020)

Yellow variety 9.83 15.42 17.72 16.73 12.21 12.80 14.12
Red variety 10.67 12.80 16.20 16.33 13.27 14.20 13.91
Mean 10.25 14.11 16.96 16.53 12.74 12.80

LSD (o.05) for variety NS (p value = 0.766)

LSD (o.05) for amendments 2.433 (p value = <.001)

LSD (o.05) for variety x amendment NS (p value = 0.475)

Year 2 (2021)

Yellow variety 10.40 18.40 14.80 18.40 18.80 16.00 16.13
Red variety 8.00 16.80 18.40 12.80 15.60 21.20 15.47
Mean 9.20 17.60 16.60 15.60 17.20 18.60

LSD (o.05) for variety 0.4610 (p value = 0.025)

LSD (o.05) for amendments 0.3744 (p value = <.001)

LSD (o.05) for variety x amendment 0.5322 (p value = <.001)

CT = control; PD = poultry dropping; NPK = nitrogen, phosphorous, potassium; RHD = rice husk dust; LSD =least significant
difference

In 2021 cropping season, the best increase in fresh fruits yield which are statistically similar were recorded in sole
PD and NPK 15:15:15 treated plots (6.67 tons/ha and 5.95 tons/ha), respectively, while the control and NPK +
RHD amended plots with similar values (2.44 and 3.6 tons/ha) gave the lowest improvement on the fresh fruit
yield (Table 5). In the same cropping season, sole NPK 15:15:15 fertilizer applied in yellow pepper plots (yellow
pepper x NPK) significantly increased (9.04 ton/ha). The fresh fruit yields more than other interactions within the

cropping season.

Conclusion

The study evaluated the effects of soil amendment sources on soil physicochemical properties and yield of pepper
varieties in a rainfed cropping system. Generally, the treated plots had significantly higher yield compared with
the untreated plot across the cropping seasons. It was obtained that PD increased pepper fresh fruit yield higher
in both seasons than other amendments. It was recorded that yellow pepper variety produced with PD amendment
significantly increased the fresh pepper yield higher in the first season of planting, while in the second cropping
season, NPK treated plots increased the yellow pepper variety yield higher. On the other hand, red pepper variety
grown where PD was applied increased yield significantly higher in the second season of cropping as the best
yield improvement on the red pepper variety was obtained in plots amended with NPK + RHD.

Findings from the study showed that soil pH was best improved in PD + RHD amended plots, implying that co-
application of PD and RHD is a better strategy for soil pH improvement in the study area. The study showed that
as total nitrogen was enhanced higher in the second year by application of RHD, PD treated plots improved TN
better in the first season. The results also indicated that while CEC was highly increased by PD treated plots in
2020, PD + RHD increased the CEC significantly higher in 2021. The implication of this result is that co-
application of PD + RHD in the study soil has a positive long-term basis improvement on CEC.

Overall, continuous PD + RHD application can increase the soil fertility index and consequently increase pepper

fresh yield in the area.



Accepted manuscript (author version)

Table 5. Soil amendments and pepper variety effects on fruit yield of pepper (tons/ha)

Variety Soil amendments Mean
CT NPK PD RHD NPK + RHD PD + RHD

Fruits yield weight (tons/ha)

Year 1 (2020)

Yellow variety 1.82 4.24 5.69 4.49 3.94 4.99 4.20

Red variety 1.23 2.14 2.96 1.67 3.76 3.32 2.51

Mean 1.52 3.19 4.32 3.08 3.85 4.16

LSD (o.05) for variety 1.199 p value = 0.026

LSD (o.05) for amendments 1.068 p value = <.001

LSD (o.05) for variety x amendment NS p value = 0.084

Year 2 (2021)

Yellow variety 3.65 9.04 6.54 4.18 4.08 4.29 5.30

Red variety 1.22 2.86 6.81 4.50 3.13 4.45 3.83

Mean 2.44 5.95 6.67 4.34 3.60 4.37

LSD (o.05) for variety NS p value = 0.251

LSD (o.05) for amendments 2.102 p value = 0.005

LSD (o.05) for variety x amendment 3.443 p value = 0.029

CT = control; PD = poultry dropping; NPK = nitrogen, phosphorous, potassium; RHD = rice husk dust; LSD =least significant
difference
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