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ABSTRACT

Hot pepper is an important vegetable and spice crop in Ethiopia. However, the productivity of hot
pepper is limited by poor soil fertility and lack of proper soil and water conservation measures under
irrigated condition. Therefore, hot pepper crop response to nitrogen (N) fertilizer and mulching
experiment was conducted at Alage ATVET College. The treatments consisted of three mulch
types (no mulch, transparent plastic mulch, and dry banana leaves mulch) and four levels of N (O,
50, 100 and 150 kg N ha™) factorial arranged in a randomized complete block design with four
replications. A hot pepper cultivar commonly known as “MarekoFana” was used for the study. Days
to 50% flowering, 50% fruit set, maturity and harvest were significantly prolonged in response to
increasing N application. The delays were about 7, 19, 23 and 12 days at the N levels of 50, 100
and 150 kg N ha'1respectively compared to the control. The analysis of variance revealed that plant
height, number of branches per plant, number of pods per plant, dry weight of seeds per pod, total
weight of dried pods per plant, weight of individual dry pods and width were significantly (P = .001)
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areas of Central Rift Valley of Ethiopia.

increased by the main effect of mulching. Generally, the results revealed that nitrogen application
significantly (P = .001) influenced all growth parameters, pod yield, and yield components of the
crop. Nitrogen application at 100 kg ha” resulted in the highest total dried pod yield (4.5 tha'1),
marketable yield (3.76 t ha™ '), pod length (13.3 cm), pod width (3.2 cm), mean dry weight of pod
(3.85 g), and seed number per pod (108.4). The interaction of N and mulching also significantly (P
= .05) affected marketable and total pod yields. In conclusion, based on agronomic performance
and partial budget analyses results we recommend a combined application of dry banana leaves
mulch and 100 kg N ha™ for economically feasible and sustainable hot pepper production in Alage

Keywords: Banana leaves; hot pepper; mulch; nitrogen rates; transparent plastic.

1. INTRODUCTION

Hot pepper (Capsicum annuumL.) belongs to the
Solanaceae family and is related to eggplant,
potatoes and tomatoes. It is consumed both as
fresh and dehydrated spices [1]. Hot pepper is
the world’s third most important vegetable after
potatoes and tomatoes in terms of quantity of
production. It is grown as an annual crop and
produced for its fruits. It is one of the most
important processing crops as a spice. The world
average productivity of chili and pepper is 8.5 t
ha” while Africa’s is 8.65 t ha” both as dry and
green fruit [2].

In Ethiopia, hot pepper is an important cash and
spice crop, and hence an economically and
traditionally important crop. It is therefore a very
important crop for Spice Extraction Company,
since it has a lot of oleoresin for dying of food
items [3].It is a major spice and vegetable crop
produced by the majority of farmers in Oromia,
Amhara and Southern Nations Nationalities and
Peoples Regional of States [4].The powder from
the dried pod is the main component in the daily
diet of Ethiopians. The nutritional value of hot
pepper, rich as source of vitamin A, C and E
merits special attention. Both hot and sweet
peppers contain more vitamin C than any other
vegetable crops [1].

Hot pepper is largely produced under rain fed
conditions for dry pods, however, as green
vegetables, it is mainly produced under irrigated
conditions in Ethiopia. The producers of hot
pepper are mainly consumed domestically as a
national spice in the traditional dishes. Despite its
importance, hot pepper productivity remained low
in the country with national average yields of 5.3
t ha™ for green pods and 1.1 t ha forthe dry pods

[5].

The low productivity of hot pepper production is
attributed to lack of improved varieties, poor

cultural practices, low production inputs,
inadequate knowledge on production and
management  (processing) systems, poor

extension services, poor marketing system and
the prevalence of fungal and bacterial as well as
viral diseases [6]. Among these, soil fertility
management is one of the most yield limiting
factors for hot pepper production in Ethiopia [7].
Furthermore, there are limited studies on soil
fertility management, particularly on the influence
of nitrogen fertilizers and mulching, for hot
pepper production in the country [8]. The soils of
the country are diverse in terms types, fertility
and properties such as pH and organic matter
content, and moisture holding capacity. The use
of nitrogen fertilizer in pepper to increase the
overall performance of cropping systems through
providing economically optimum nourishment to
the crop and thereby get optimum yield should
also be considered [9].

The vyield of hot pepper is low in Alage area,
Ethiopian rift valley system, due to poor cultural
practices, low rainfall and high evapo-
transpiration, and soil moisture stress. It was
reported that yield of hot pepper is highly
dependent on the moisture available in soil [10]
and soil fertility management [11]. The use of
supplementary irrigation along with proper soil
and moisture conservation practices such as
application of mulches could alleviate the soil
moisture stress in Alage area. However,
there was no study conducted on the use of
mulches to alleviate the moisture stress
problems in the study area. Although the
farmers producing local hot pepper use plant
residue as mulch, the practice is limited to
mainly nursery bed. Additionally, the farmers do
not apply recommended rates of chemical
fertilizers.

The study was therefore initiated to determine
the effects of mulching and increasing levels of N
fertilizer on growth performance, and yield and



yield components of hot pepper under irrigated
conditions at Alage, central rift valley of Ethiopia.

2. MATERIALS AND METHODS
2.1 Description of the Study Area

The study was conducted at Alage Agricultural
Technical and Vocational Educational and
Training College, Ethiopia. The college is located
at 217 km south of Addis Ababa and 32 km west
of Bulbula town in the vicinity of Abidjata and
Shalla lakes. The study site is situated at 7°65’ N
latitude and 38°56’E longitudes, an altitude of
1600 meters above sea level. The site has mean
annual rainfall of 800 mm, mean annual
temperature of 20°C and the soil of the site is
clayey in texture with alkaline reaction.

2.2 Description of the
Materials

Experimental

Hot pepper (Capsicum annuum L.) variety,
Marekofana, released by Melkasa Agricultural
Research Centre in 197I, was used as a test
crop. It grows to the height of 45 to 60 cm with an
erect and good branching habit and matures in
120-135 days after transplanting [12]. It has dark-
red colored large pods with pod yielding ability of
1.5 — 2.0tha”. The plant grows best at places
having mean temperature of 20 — 29°C and
receiving uniform mean annual rainfall of 600 -
1337 mm and altitude of 1400-2200 meters
above sea level [12].

White (transparent) plastic film that allows
sunlight to pass through and having atypical
characteristic of 20-25 microns or 0.2-0.25 mm
thick, and 100 cm wide was used. Transparent
plastic mulch was selected as it provides good
micro climate for the soil and the plants, and is
transparent for sun light as compared to the
black plastic mulch [13]. Dry banana leaves that
are easily available in the area were used as
organic mulch.

2.3 Experimental Design and Treatments

The treatments consisted of a factorial
combination of four levels of nitrogen(0, 50, 100
and150kg Nha'1) and three mulching materials
(no mulching, transparent white plastic mulch,
dry banana leaves) in Randomized Complete
Block Design (RCBD). The 4 x 3 factorial
arrangements had a total of twelve treatment
combinations (NOMO, NOM1, NOM2, N1MO,
N1M1, N1M2, N2MO, N2M1, N2M2, N3MO,
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N3M1 and N3M2) replicated four times. The
experiment was set at spacings of 30 and 70cm
between plants and 70 cm between rows
respectively, having 5.25 mzplot area (3.5 m
width 1.5 m length).The distances between plots

and blocks were kept at 1 and 1.5 m,
respectively.
24Land Preparation and Raising

Seedlings in the Nursery

A 5 x 3 m seed bed was prepared by ploughed
and harrowed to make a fine tilth. Seeds were
drilled by hand into the nursery beds at the inter-
row spacing of 15 cm. Di-ammonium phosphate
(DAP, 18-46-0) was applied at 43.5 kg Phaat
sowing as recommended by Cottenie [14]. After
sowing, the beds were covered with dry grass
mulch until emergence and watered using a
watering can. Ten to fifteen days before
transplanting, water supply to the nursery seed
bed was reduced to harden the seedlings to
reduce transplanting shock. Before transplanting,
the seedlings were watered to enhance easy
uprooting and prevent root damage.

2.5 Transplanting, Mulching and Other
Agronomic Managements

Uniform, healthy and vigorous seedlings
(standard seedlings) having a height of 20-25 cm
were transplanted after about 6 to 7 weeks in the
nursery to the experimental field on ridged beds
at the recommended spacing in the designated
plots [14]. Plastic mulches were spread on the
plots before transplanting the seedlings by
making small holes at the desired intra row
spacing. For banana leaf mulch treatments,
banana leaves of approximately 12-15 cm in
length and5cm  thickness were applied
immediately after transplanting the seedlings.

The entire dose of recommended phosphorus
(40 kg Pha™) in the form of TSP and half rate of
nitrogen fertilizers of the respective treatments
were applied in band spots at the time of
transplanting. The remaining half rate of nitrogen
fertilizers were applied during active vegetative
growth stage (4 weeks after transplant) [15].
Urea (46% N) was used as the source of N
fertilizer.

2.6 Data Collection and Measurements
Data were collected from the four middle rows,

leaving the plants in the border rows to avoid
edge effects. The collected data include plant



height, branch number, leaf number, total
biological dry weight, harvest index, days to 50%
flowering, days to 50% fruit set, days to maturity,
days to harvest, marketable pod yield,
unmarketable pod yield, total pod yield, pod
number per plant, seed number per pod, seed
dry weight per pod, average weight of individual
dry pod, average weight of dry pods per plant,
pod length and pod width.

2.7 Soil Sampling and Analysis

Twelve surface soil samples (0-30 cm) were
random collected in a diagonal walk from the
experimental field using an auger and a
composite was made. The soil samples were air
dried and ground to pass through 2 mm sieve for
selected physicochemical analyses, except for
determinations of organic carbon and total
nitrogen where a 0.5 mm sieve was used. The
bulk density (BD) was determined from
undisturbed core samples. Particle size (soil
texture) was determined by using Bouyoucos
hydrometer method [20]. Soil pH was determined
in 1:2.5 soils to water ratio using a glass
electrode attached to a digital pH meter [16].
Organic carbon content of the soil was
determined based on oxidation of organic carbon
with acid dichromate medium following the
Walkley and Black method as outlined by Dewis
and Freitas [17]. Total nitrogen was determined
by micro-kjeldahl method [17] and soil cation
exchange capacity (CEC) was determined by
ammonium acetate method [18]. Available
phosphorus was determined using Olsen method
as described by Olsen and Dean [19].
Exchangeable potassium was determined with a
flame photometer after extracting K from the soil
with 1M ammonium-acetate at pH 7 as described
by Hesse [21].

2.8 Partial Budget Analysis

Simple partial budget analysis was employed for
economic analysis of mulching types and
fertilizer application were carried out separately
for a given marketable yield. The potential
response of the crop towards mulching types and
the added fertilizer, and price of fertilizer and
mulching types during planting ultimately
determine the economic feasibility of mulching
types and fertilizer application [22]. The
economic analysis was based on the formula
developed by Cimmyt [22] and given as follows:

Gross average pod yield (kg ha'1) (AvY): Is an
average yield of each treatment.
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Adjusted yield (AjY): Is the average yield
adjusted downward by a 10% to reflect the
difference between the experimental yield and
yield of farmers.

AjY = AvY- (AvY-0.1)
GFB = AjY*field/farm gate price for the crop

Total cost: Is the cost of fertilizers for the
experiment. The costs of other inputs and
production practices such as labour cost for land
preparation, planting, weeding, and harvesting
were considered remain the same or were
insignificant among treatments.

Marginal cost (MC) = change in costs between
treatments.

Marginal benefit (MB) = change in net benefits
between treatments.

Gross field benefit (GFB): was computed by
multiplying field/farm gate price that farmers
receive for the crop when they sale it as adjusted
yield.

Net benefit (NB): was calculated by subtracting
the total costs from gross field benefits for each
treatment.

NB = GFB - total cost

Marginal rate of return (MRR %): was
calculated by dividing change in net benefit by
change in cost. MRR (%) = ANB/ATC x100
i.e.MRR (%)= (MB/ MC)*100

2.9 Statistical Analysis

The data were analyzed using GLM procedures
of SAS software version 9.2 [23]. Significant
treatment means were separated using the Least
Significant Difference (LSD) test at 5%.

3 RESULTS AND DISCUSSION

3.1 Selected Physicochemical Charac-
teristics of the Experimental Soil

The experimental soil was slightly neutral in
reaction (pH=7.33) and clayey in texture (Table
1). It was also well drained, which is consistent
with the recommendation given for producing hot
pepper [24] having a minimum depth of 30 cm.
Clayey soils with slightly basic reaction (pH=
7.33) are generally preferred for hot pepper
production [25]. The total nitrogen and organic
carbon contents of the soil were 0.18 and 2.10%,



respectively, and could be considered to be
moderate [26]. The available phosphorus content
of the soil is very low (Table 1), suggesting the
requirement of P fertilizer application for
profitable and optimum hot pepper production in
Alage area. The cation exchange capacity of the
soil is high [27], whereas the bulk density of the
soil is optimum for crop production [28].

3.2 Effects of Mulching and Nitrogen on
Growth Performance of Hot Pepper

Nitrogen fertilizer application and mulching
significantly (P =.001) affected plant height (PH)
and branch number (BN) (Table 2). Similarly,
increasing nitrogen levels significantly (P =.05)
affected leaf number (LN), whereas mulching
had no significant effect on LN. In general, the
interaction of mulching and nitrogen application
did not significantly influence all the growth
parameters.

Accordingly, higher PH and more BN were
recorded from plants treated with plastic
mulching, followed by dry banana leaves. The
plastic mulches increased PH and BN by 11.58
and 7.21% respectively compared to the control
treatment where the shortest and less numbers
of branches were recorded (Table 2). These
findings are in line with previous findings [33]
where the use of transparent polyethylene mulch
increased the plant height in chilli as compared
to organic mulch and control. Similarly, [34] also
observed increased plant height and more
number of structural plants in chilli pepper with
the use of plastic mulch. This might be due to
better availability of soil moisture and optimum
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soil temperature since mulching conserves
moisture and also better regulates temperature
by eliminating extreme temperatures. The dry
banana leaves mulch also improved hot pepper
growth parameters, although it was not as
effective as plastic mulch (Table 2). Similar result
was also reported from a study on sweet pepper
showing the use of mulch was better than control
in improving growth parameters during dry
season [35]. Higher number of branches and the
taller hot pepper plants were obtained from
organic mulches (vetiver grass, dry coffee husk
and dry banana leaves mulches) application as
compared to the control, non-mulched [30].

Nitrogen application significantly (P =.001)
affected PH, BN and LN of hot pepper (Table 2).
As the nitrogen level increased from 0 to 150 kg
Nha”, PH, BN and LN increased significantly by
42.7, 37.7 and 63.5%, respectively (Table 2). In
general, plants that received higher rates of
nitrogen produced taller plants than the control or
those with lower levels of nitrogen. This result is
in agreement with previous finding [36] which
reported that the vigorous increase in height and
leaf number of pepper plants was attributable to
the supply of nitrogen. The increases in PH, BN
and LN with increasing N levels could be mainly
due to the better availability of nitrogen at higher
rates that might have stimulated the production
of cytokines and gibberellins, which stimulate
high rate of shoot growth perhaps due to more
assimilate allocation. In line with this, [37] also
reported that nitrogen application increased
pepper PH and BN significantly at 10 weeks after
transplanting when applied at a rate of 75 kg N
ha'compared to the control treatment.

Table 1. Some physical and chemical properties of the soil in the experimental site

Soil characteristics Unit Result
Soil reaction (pH-H,0) - 7.33
Organic Carbon (OC) % 3.6
Total Nitrogen TN % 0.18
Carbon : Nitrogen (C/N) - 11.75
Avail Phosphorus (P) mgkg™ 4.12
Avil Potassium (K) mgkg”’ 1531.7
Cation Exchange Capacity (CEC) Cmolkg'1 soil 31.8
Bulk Density (BD) g'em?® 1.29
Sand % 18

Silt % 36
Clay % 46

Textural Class

- clay
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Table 2. Main effects of mulch and nitrogen on plant height, branch number, leaf number, pod
number per plant and seed number per pod under irrigated condition at Alage, rift valley of

Ethiopia
Treatment PH (cm) BN LN PN SN
Muich type
No mulch 63.84° 7.21° 311.17 49.58° 96.78°
Dry banana leaves  66.27° 7.73° 313.84 63.38° 99.21%°
White plastic mulch ~ 71.23° 8.29° 315.21 75.16° 102.23°
LSD (0.05) 2.82 0.35 ns 9.12 4.00
Nitrogen applied (kg ha™)
0 55.45° 6.37° 239.72° 43.85° 90.90°
50 62.62° 7.58° 283.43° 57.63° 96.75°
100 70.27° 8.26° 338.28° 69.15° 108.42°
150 79.12° 8.77° 392.20° 80.18° 101.55°
LSD (0.05) 3.26 0.40 50.65 10.53 4.62
CV (%) 5.85 6.25 19.46 20.22 5.59

PH= plant height, BN= branch number of per plant, LN= leaf number per plant, PN =pod number per plant and
SN = seed number per pod. Means followed by the same letter(s) in a column is/are not significantly different at
P<5

Table 3. Main effect of mulching and nitrogen on days to 50% flowering, days to 50% pod set,
days to maturity and duration of harvest of hot pepper under irrigated condition of Alage, rift
valley of Ethiopia

Treatment Days to 50% Days to 50% Days to 50%
flowering pod set maturity

Mulch type

No mulch 54.63° 82.31° 130.56 °

Dry banana leaves 49.50° 81.19° 124.13°

White plastic mulch 40.89° 76.75° 117.94 °

LSD(0.05) 3.50 4.27 4.31

N (kg ha™)

0 44.92° 89.75¢ 113.83 ¢

50 46.92° 82.67° 120.25 °

100 49.50% 77.17° 126.25°

150 52.00° 70.75° 136.50 °

LSD(0.05) 3.67 4.92 4.97

CV (%) 9.14 7.40 4.82

Means followed by the same letter(s) in a column are not significantly different at P<5

3.3 Phenology as Affected by Mulch and
N Fertilizer

Mulching and nitrogen application rates
significantly (P=.001) affected the number of
days to 50% flowering, 50% pod setting and
maturity (Table 3). However, there was no
significant interaction effect of mulching and
nitrogen on these parameters.

The results revealed that mulching hastened
flowering, pod setting and maturity in hot pepper.
The earliest dates to 50% flowering, 50% pod
setting and maturity was attained with
transparent plastic mulch followed by dry banana
leaves mulch. Plants grown with without mulch
on average took 33.6 and 10.4% more time to

reach 50% flowering compared to those with
mulching using transparent plastic and banana
leaves mulches, respectively (Table 3). Similarly,
days to 50% pod setting and maturity were
delayed by 7.2 and 1.4% and by 10.7 and 5.2%
in non-mulched plots as compared to those with
transparent plastic and banana leaves mulches,
respectively.

The present results are in agreement with earlier
reports [29] that showed hot pepper plants grown
by mulching with transparent plastic and vetiver
grass took more time to reach 50% flowering,
50% pod setting and maturity compared to plants
grown with no mulch. Others also reported that
mulch application during dry season reduces the
number of days required to reach 50% flowering



by providing optimum growing environment for
the crop [30]. The use of plastic mulch is
effective in promoting rapid plant growth and
early flowering because it creates favorable
conditions of soil temperature, moisture, and
nutrient availability, thereby resulting in better
uptake of nutrients for enhanced plant growth
and maturity [31].

Application of nitrogen fertilizer significantly (P
=.001) prolonged the time required by the hot
pepper crop to attain 50% flowering, 50%pod set
and maturity (Table 3). The longer duration for
pod setting and maturity could be due to
favorable growth conditions and less interplant
competition where higher levels of nitrogen
prolonged the developmental stage. The result is
in accordance with previous findings [32] which
reported applying higher rates of nitrogen had
negative effects on early pod setting through
delaying flowering date.

3.4 Effects of Mulch and Nitrogen on Pod
and Seed Number of Hot Pepper

The pods number (PN) per plant and seeds
number (SN) per pod were significantly (P=.01)
influenced due to mulch and nitrogen fertilizer
application (Table 2). However, there was no
significant interaction effect of mulching and
nitrogen on these parameters.

Mulch application increased, the PN and SN of
hot pepper produced under irrigation condition.
The highest PN and SN of hot pepper were
produced in plots treated with plastic mulch
followed by dry banana leaves, while the lowest
were recorded from non-mulched plots. Plants
grown with transparent plastic and banana
leaves mulches, on average, produced 51.6 and
27.8% more PN as compared to those with no
mulch, respectively (Table 2). The increased
number of fruits in transparent plastic and
banana leaves mulches over the control may be
explained by the conservation of more moisture
and the reduction of temperature in the top sail.
The increment might be due to better vegetative
growth of pepper plants with mulch material,
which results in higher number of flowers and
branches per plant resulting in increased pods.
This result is also in accordance with the earlier
findings [38] which stated that transparent
polyethylene mulch highly boosted up the pod
number in pepper followed by organic mulch over
the control. The highest SN per pod was also
obtained from transparent plastic mulch
treatment (by 5.6%) followed by the dry banana
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leaves, although the number of seeds per pod
from dry banana leaves treatment was
statistically at par with no mulch (Table 2). The
increase in the PN per plant of mulched plot was
probably associated with the conservation of
moisture and improved microclimate both
beneath and above the soil surface. The suitable
condition enhanced the plant growth and
development and thereby increased fruit bearing
nodes compared to the control. Considering
relationship between the soil moisture content
and pod number, it was clear that pod number in
chilli pepper was strongly related with sail
moisture content [34]. Similar results were
reported [39] indicating that the highest SN per
pod was obtained from plants grown with plastic
mulched pepper while the lowest was from the
control plot. It is essential to note that the seed
set affects development and subsequent growth
of the pod. There is a direct linear relationship
between the number of seeds per pod and final
pod size. This is consistent with the report [40]
showing pods with the biggest size also have the
highest number of seeds per pod in hot pepper.

Nitrogen application highly and significantly (P
=.001) increased PN per plant and SN per pod
(Table 2). Plants that received nitrogen at the
rates of 50, 100 and 150 kg Nha'1produced
3224, 58.05 and 83.47% higher PN,
respectively, over the control (Table 2). The
results obtained in the present investigation is in
accord with earlier findings [41] which reported
the total number of pods per plant in pepper
increased by 28.6% with increasinq nitrogen
fertilizer level from 100 to 150 kgha  .Similarly,
[42] reported that PN per plant of chili pepper
was increased by 86.2 and 64.6%, at 180 and
120 kg N ha™ supply, respectively as compared
to the control plots. These results are also in
conformity with the findings [43] which reported
that higher doses of nutrients resulted in higher
number of branches and more reproductive parts
coupled with less flower drop and more fruit set
through altering hormonal balance in the plant
system. The pod setting response to increased
nitrogen appeared to correlate with height
increment and branch development leading to
more vegetative development leading to
increased number of pods. Similar result was

obtained [44] when high nitrogen supply
increased primary, secondary and tertiary
branches that contributed to fruit set.

Furthermore, the increase in pod number as
nitrogen level increased is in agreement with
earlier work [45] which reported that doubling the
rate of nitrogen from 112 to 224 kg ha™ resulted



in increased flower buds of pepper by 21% per
plant, which led to increased pod number per
plant. [46] also reported that the number of
pepper pods increased with increased nitrogen
levels. The highest SN was obtained at 100 kg
ha™ nitrogen followed by 150 and 50 kg ha™, all
exceeding the SN per pod obtained from the
control plots by 19.27, 11.72 and 6.44%,
respectively (Table 2). This could be attributed to
the enhancing effect of nitrogen on vegetative
growth that might have resulted in the production
and partitioning of more photosynthate that
increased pod dry matter as well as pod length
and width of the crop. This may have led to the
production of higher number of seeds. The
results are in agreement with those [47] who
reported that highest number of hot pepper
seeds pod'1 was recorded where nitrogen was
applied at the rate of 100 kg ha 'followed by 50
kg N ha™ while the minimum was recorded from
control plots. The results from this investigation
are also in agreement with other findings [40]
which indicated pod size is the factor that
determines number of seeds per pod in hot
pepper. Similarly, [48] observed a positive
relationship between the number of seeds per
pod and pod size, where pod weight increased
linearly with the number of seeds per pod in
sweet pepper.

3.5 Effects of Mulch and Nitrogen on Hot
Pepper Pod Width and Length (cm)

Pod width (PW) and pod length (PL) showed
significant (P=.01) response to mulch and
nitrogen fertilizer application under irrigated
condition. However, there was no significant
interaction effect of mulch and nitrogen on these
parameters (Table 4).

The results showed that the highest hot pepper
PW and PL were produced with transparent
plastic mulch followed by dry banana leaves
mulch and no mulch. Thus, plants grown
mulched with transparent plastic and banana
leaves, on average gave, produced 48.74 and
36.18% more PW and PL respectively as
compared to plants grown with no muich,
although the average hot pepper PW and PL
recorded from plastic mulch was statically at par
with dry banana leaves (Table 4). This result is
consistent with that of Tnidartit and Ban [49] who
observed that both white and black plastic mulch
systems in bell pepper gave significantly larger
fruit diameter (86.7 and 85.2 mm respectively)
against bare soil (74.3 mm). Furthermore, the
increase in fruit length of pepper with different

Molla et al.; IJPSS, 27(5): 1-15, 2019; Article no.lJPSS.48221

mulching materials may be due to their varying
moisture conservation capacities in the soil [39].
Generally, mulches conserve more moisture due
to lower evaporative losses than the un-mulched
plots.

Nitrogen application significantly (P= .01)
increased PW and PL of hot pepper (Table 4).
Accordingly, increasing nitrogen level from 0 to
100 kg ha” led the highest increases in PW
(75.27%) and PL (22.0%) over the control (no-
mulch). Similarly, application of 150 and 50 kg N
ha” resulted in PW increment by 53.30 and
32.97%, respectively as compared to the control
treatment. The lower PW and PL at 150 than at
100 kg N ha' could be attributed to the
phenomenon that higher levels of nitrogen
beyond the optimum would usually lead to
growth of more branches, increased plant height
and number of pods, which could have increased
competition for assimilate partitioning among the
plant parts thereby reducing pod length and
width. Siti et al. [45] also found small-sized
pepper pods at higher levels of nitrogen. This
result is also consistent with that of Mebratu et al.
[50] who observed increasing nitrogen supply to
100 kg N ha™ resulted in about 74 and 69%
increases in PW and PL, respectively compared
to the control treatment. The increase in PW and
PL with increase in nitrogen level could be
attributed to enhanced assimilates partitioning by
plants grown on plots with adequate nitrogen
levels. The result is also in agreement with
earlier finding [46] that showed significant
increases in lengths of pepper pods with the
increase in nitrogen levels. This result also
corroborated that of Bosland and Votava [1] who
reported that applied N fertilizers resulted in
partitioning of assimilates to pods in addition to
partition to other biomass, thereby increasing
pod length and width. Larger and wider hot
pepper pods are considered to be the best in
quality and have better demand for fresh as well
as dry pod use in Ethiopian markets [44].
Therefore, the pod size and length attained at
100 kg N ha™ are within the range of preference
by consumers in the market in the country, and
are, hence, likely to be picked up by consumers
over the thinner and shorter pods.

3.6 Effects of Mulch and N Fertilizer
Application on Dry Pod Yields of
Hot Pepper

Mulching and nitrogen fertilizer  supply
significantly (P= 0.05) affected, marketable pod
yield (MPY), unmarketable pod yield (UPY) and



total pod vyield (TPY) of hot pepper under
irrigated condition. There was also significant
interaction between mulching and nitrogen on
these parameters except for the UPY (Table 4).

The highest UPY was observed from the control
followed by dry banana leaves treatment, but the
difference was non-significant (Table 4). The
lowest UPY was recorded from plants mulched
with transparent plastic. Accordingly, plants
grown with no mulch and dry banana leaves
mulch on average gave 17.95 and 12.82% more
UPY respectively compared to plants grown
mulched with transparent plastic. This finding is
supported by earlier finding [51] that indicated
the highest unmarketable fruit yield when straw
mulch was used compared to plastic mulch in
tomato. In present study, the dry banana leaves
might have favored occurrence of insect pests
and diseases that cause pod decay, leading to
high UPY in pepper [52].

Increasing nitrogen level from 0 to 50,100 and
150 kg N ha" increased UPY by 50, 75 and
96.43%, respectively (Table 4). When N supply
increases, the plants become succulent and
susceptible to diseases and pests. The highest
UPY was obtained at the highest level of
nitrogen, which could be attributed to the
production of more number of branches and
other vegetative organs that might increase
competition for photo assimilate between
vegetative and reproductive phases, thereby
resulted in higher number of small-sized pods.
The increased UPY at the highest level of
nitrogen application could be also attributed to
the production of high proportion of pods affected
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with insect pest and disease incidence. This
result is in conformity with earlier result [53]
which showed increased disease incidence with
more nitrogen fertilizer application, which was
more pronounced in densely planted peppers
due to shading effect. In line with this result, the
highest UPY was observed at 150 kg N ha™,
which was higher by about 88% over the control
[50].

The highest MPY and TPY were observed under
transparent plastic mulch treated plots followed
by dry banana leaves, while the lowest yields
recorded with no mulch. Thus, plants grown with
transparent plastic and banana leaves mulches
gave 64.08 and 37.38% more MPY compared to
no mulch, respectively (Table 4). The present
finding is in agreement with earlier results [51]
which showed that the highest marketable yield
(65.44 tha”') was obtained with black plastic
mulch followed by straw mulch (50.02 tha™) in
tomato crop. It was also reported that organic
mulch gave the highest MPY of bell pepper over
the control treatment [54].Plants mulched with
transparent plastic and with banana leaves
produced about 38.34 and 28.06% more TPY
respectively as compared to those on no mulch
(Table 4). In line with this study, [52] stated as
plastic mulching might have advantages in
maintaining soil temperature and humidity by
preventing soil borne diseases and pests and
thereby speed up crop growth. The increase in
pod yields of pepper in response to mulching
over non-mulching treatment could therefore be
attributed to the synergistic effects of mulch, that
improve absorption of nutrient by plant roots,
control weeds, diseases and insects, and

Table 4. Effects of mulch and nitrogen application on pod width, pod length, marketable pod
yield, unmarketable pod yield and total pod yield under irrigated condition at Alage, rift valley

of Ethiopia
Treatment PW (cm) PL (cm) MPY (t ha™) UPY (tha”) TPY (tha”)
Muich type
No mulch 1.99° 11.10° 2.02° 0.48° 250°
Banana leaves  2.71° 12.12% 275" 0.47 @ 322°
Plastic mulch 2.96° 13.19° 3.13° 0.41° 3.54°
LSD (0.05) 0.31 117 0.31 0.05 0.65
Nitrogen applied (kg ha™”)
0 1.82¢ 10.89° 1.65¢ 0.34¢ 1.99 ¢
50 2.42° 11.9b° 2.13° 0.78 ¢ 291°
100 3.19° 13.29° 3.76° 0.74° 450°
150 2.79° 12.45% 3.00° 0.96 2 2.96°
LSD (0.05) 0.35 1.35 0.36 0.06 0.75
CV (%) 16.7 13.27 16.59 15.76 29.31

PW=Pod width, PL= pod length, MPY= Marketable pod yield, UPY= Unmarketable pod yield, TPY= Total pod
yield. Means followed by the same letters in a column are not significantly different from each other



regulate or adjusts soil temperature [55]. Similar
result was also reported [56] indicating that the
use of different mulches improved the
performance of Capsicum annuum L. under
water deficit. In line with this study, [34]reported
that mulching produced higher pepper fruit yield
than the control, indicating that mulch had
positive effect in generating increased fruit yield.

Nitrogen supply significantly (P=0.05) influenced
MPY and TPY of hot pepper under irrigation
condition (Table 4). The highest MPY and TPY,
402 and 4551 t ha'1, respectively were
produced at 100 kg N ha™, while the lowest MPY
and TPY, 1.66 and 1.94 t ha™ respectively were
obtained from the control (no N application).lt is
important to note that N fertilizer application
improved pod yields via enhancing plant growth,
pod length, pod width, seed weight, seed number
and total dry matter of hot pepper. In agreement
with this result, Leghari and Oad [57] and
Mebratu et al. [50] reported that pod length, width
and total dry pod weight per plant were positively
correlated with marketable green pod yield in
pepper. Further increases in applied nitrogen
from 100 to 150 kg N ha” reduced marketable
yield by about 32.24% (Table 4). This result is in
agreement with previous findings [45] which
showed decrease in the marketable fruit weight
per plant in pepper as N level increased from 112
to 448 kg ha'. Other findings showed
significantly lower total and marketable yields of
pepper plants grown in plots not fertilized than
nitrogen fertilized plots [58].
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Total and marketable pepper yields were also
significantly  (P=0.05) influenced by the
interaction effect of mulching and nitrogen
application (Fig. 1). The analysis of variance
showed that the maximum TPY and MPY were
obtained from the treatment with transparent
mulch and received 100 kg ha” followed by
those mulched with banana leaves and received
100 kg ha”. The minimum TPY and MPY were
recorded at the combination of no mulching and
the 0 kg ha”" N (Figs. 1 and 2). The TPY and
MPY obtained from mulching with transparent
plastic at N application 100 kg ha™' exceeded the
TPY and MPY recorded at no mulching with100
kg ha' N by about 282 and 339% respectively.
The result of the present experiment is in
agreement with previous finding [59] which
indicated that the maximum weight of fresh yield
of lettuce per hectare was observed in response
to the optimum rates of N application with mulch
and the lowest fresh weight yield was found in
response to lower N fertilizer rates without
mulching.

This study is also consistent with the
investigation of [56] who reported that plastic,
lantana leaves and grass mulches significantly
maintained higher growth and yield parameters
as compared to unmulched treatments, and
capsicum vyield levels increased by 198% in
plastic mulch, 164% in lantana leaves and 141%
in grass mulched plants over non-mulched
plants.

Marketable pod yield
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Fig. 1. Interaction effect of increasing nitrogen levels and mulching types on marketable pod
yield at Alage, central rift valley of Ethiopia
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Total pod yield
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Fig. 2. Interaction effect of increasing nitrogen levels and mulching types on total pod yield at
Alage, central rift valley of Ethiopia

Table 5. Main effects of mulching and nitrogen on economic benefit of hot pepper production
in Alage irrigated condition, Central Rift Valley of Ethiopia

Treatments AVMTY  ADMTY  TCV GFB NB
mulch + N(kg) (kgha') (kgha') (ETBha') (ETBha") (ETBha') B:C
NM + 0 1050 945 0 30240 30240 -

NM + 50 1640 1476 978.3 47232 46253.7 47.28
NM + 100 2930 2637 1956.6 84384 82427.4 42.13
NM + 150 2480 2232 2934.9 71424 68489.1 23.34
DBL + 0 1480 1332 0 42624 42624 -
DBL + 50 2540 2286 978.3 50292 49313.7 50.41
DBL + 100 3750 3375 1956.6 108000 106043.4 54.20
DBL + 150 3250 2925 2934.9 93600 90665.1 30.89
WPM + 0 2430 2187 45977 69984 24007D 0.52
WPM + 50 2200 1980 46955.3 63360 16404.7D  0.35
WPM + 100 4610 4149 47933.6 132768 84834.4 1.77
WPM + 150 3260 2934 48911.9 93888 44976.1 0.92

NM=No mulch, DBL= Dry banana leaves, WPM= White plastic mulch, AVMTY kg ha™ = Average marketable pod
yield kg per hectare, ADMTY kg ha' =Adjusted marketable pod yield kg per hectare, TCV= Total cost that vary,

GFB = Gross field benefit, NB=Net benefit and ETB= Ethi

oPian birr, B: C= Benefit cost ratio. During experimental

period the price of Urea fertilizers were 9 Birr kg’ and selling price of pod yield of 32 birr kg.”'

3.7 Partial Budget Analysis of Mulch and
Nitrogen Application

The results of the partial budget analyses
revealed that maximum net benefit of Birr
106043.4 ha” with an acceptable marginal rate
of returns (MRR) of 57.99 were recorded in the
treatment combination of banana leaves and 100
kg ha” (Tables 5 and 6).

the
be

When the new
conventional

technology surpassed
practice, it is said to

1"

undominated (22). MRR % measures the
increase in the net income. MRR% become
unnecessary when the treatment costs less than
the existing practices. When the treatment yield
gives lower benefit, then the treatment is said to
be dominated. MRR is calculated by dividing the
marginal increase in net benefit with the marginal
increase in variable cost and multiplying the
result by 100. In the present study, the treatment
combination dry banana leaves and 100 kg N ha
'was more profitable. The highest MRR % was
5799 for the best combination of mulch types and
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Table 6. Marginal economic analysis of the non-dominated treatments of marketable pod yield
of hot pepper

Treatments  TCV MC (ETB) NB MB (ETB) MRR MRR (%)
mulch+ N(kg) (ETB ha™) (ETB ha™)

NM + 0 0 - 30240 - - -

NM + 50 978.3 978.3 46253.7 16013.7  16.37 1637
NM + 100 1956.6 978.3 82427 .4 36173.7  36.98 3698
NM + 150 2934.9 978.3 68489.1 -13938.3  -14.25 -1425
DBL +0 0 29349 42624 -25865.1  8.81 881
DBL + 50 978.3 978.3 49313.7 6689.7 6.84 684
DBL + 100 1956.6 978.3 106043.4 56729.7  57.99 5799
DBL + 150 2934.9 978.3 90665.1 -15378.3  -15.72 -1572
WPM + 100 47933.6 44998.7  84834.4 -5830.7  -0.13 -13
WPM + 150 48911.9 978.3 44976.1 -39858.3  -40.74 -4074

ETB= Ethiopian birr, NM=No mulch, DBL= Dry banana leaves, WPM= White plastic mulch TCV = Total cost that
vary, MC=Marginal cost, NB = Net benefit, MB=Marginal benefit, MRR = Marginal rate of return and MRR (%) =
Marginal rate of return in percent

N rates, the computed MRR % give an indication
of what a producer can expect to receive by
adopting technologies. Hence, high yield and low
cost evidently leads to high income.

4. CONCLUSION

The results revealed that mulching and nitrogen
fertilizer application resulted in high benefits for
growth and productivity of hot pepper under
irrigated condition of Alage, Central Rift Valley of
Ethiopia. Application of mulch and N fertilizer
improved most growth parameters and yield
components of hot pepper such as PH, BN, P,
SN, PW, PL and SN. It was observed that the
combined application of 100 kg N ha' and
transparent plastic mulch resulted in the highest
MPY and TPY. Combined application of 100 kg
N ha'and banana leaves mulch was also found
to be an alternative for farmers to optimize hot
pepper pod vyields or improve hot pepper
production under irrigated condition of semi arid
areas. The results also showed that the use of
dry banana leaves as mulching material could be
recommended when the cost of transparent
plastic is not affordable to farmers. The partial
budget analyses estimated for both transparent
plastic and dry banana leaves mulches also
showed that the use of dry banana leaves along
with 100 kg N ha'is preferred and economically
acceptable as compared to the other mulching
material when used in combination with nitrogen
fertilizer. The partial budget analyses revealed
that maximum net benefit of Birr 106043.4 ha
with an acceptable marginal rate of returns
(MRR) of 57.99 were recorded in the treatment
combination of banana leaves and 100 kg
ha'.The next alternative approach could be

12

application of 100 kg N ha'without mulch to
obtain better profit (cost  benefit ratio).
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