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ABSTRACT

Onion is one of the important vegetable crops produced in many home gardens and in some
extent commercially in different parts of Ethiopia. However, the average yield of the crop is
low compared with the world average yield. Declining soil fertility and lack of information on
appropriate fertilizer type and rates are the most important factors attributing for the low
yield of onion in Ethiopia. Therefore, the field experiment was carried out at Alage Central
Rift Valley of Ethiopia, during 2018/19 cropping season, with the objectives of assessing the
growth, yield and quality response of onion to the variable rates of poultry manure and
mineral nitrogen fertilizer. The experiment comprising of three nitrogen levels (0, 46 and 92
kg ha™) and four levels of poultry manure (0, 5, 10 and 15 t ha™) were laid out in randomize
complete block design with three replications. Data on plant growth, yield and quality
components were collected and subjected to ANOVA using SAS (9.2 version) software. The
main effects of poultry manure and nitrogen fertilizer significantly affected the leaf length, leaf
number, days to maturity, bulb length, unmarketable bulb yield and bulb dry matter content,
except total bulb yield and marketable bulb yield. Plant height, bulb diameter and harvest
index were significantly affected by the interaction of poultry manure and nitrogen fertilizer
levels. Application of poultry manure at the rate of 15 t ha™ recorded the highest total bulb
yield (63.33 t ha™) and marketable bulb yield (62.52 t ha™), but statistically there were no

iX



significant difference between 15t ha™ and 10t ha™ poultry manure application. Lower amount
of total bulb yield (53.44 t ha™*) and marketable bulb yield (52.40 t ha™) were obtained from
the control plot as compared to the maximum vyields obtained from other treatments.
Marketable bulb yield was positively and significantly correlated with most of the growth
parameters. The results of partial budget analysis showed that 15 t ha™ poultry manure
application gave the highest marginal rate of returns. Since, the highest bulb yield and
maximum marginal rate of returns are obtained at 15 t ha™ poultry manure application, this
rate can be recommended for onion production in the researched area, and areas having
similar agro-ecologies. However, as the research is conducted for a single season and
location, repeating the experiment over location and year will be required to give a conclusive
recommendation.

Key words: Bulb yield, Growth parameter, Nitrogen fertilizer and Poultry manure

1. INTRODUCTION

Onion (Allium cepa L.) belongs to the genus Allium of the family Alliaceae (Boukary et al.,
2012). It is one of the most important vegetable crops commercially grown in the world. It
probably originated in Central Asia between Turkmenistan and Afghanistan where some of its
relatives still grow as a wild. Onion from Central Asia, the supposed onion ancestor had
probably migrated to the Near East (Grubben and Denton, 2004; Bagali et al., 2012). Although
the green shoots of salad onion are important, the crop is mostly grown for its bulb. Onions
contribute significant nutritional value to the human diet and have medicinal properties and
are primarily consumed for their unique food flavoring purpose and distinctive pungency
attributed by the presence of volatile oil (Allylpropyl disulphide) (Ketter and Randle, 1998;
Geremew et al., 2010).The mature bulbs also contain some starch, appreciable quantities of
sugars, some proteins, and vitamins such as vitamin A, B, and C (Decoteau, 2000; Malik,

2000).

Onions is used in several ways as in fresh, frozen, canned, pickled, powdered, chopped and

dehydrated forms. Onions are primarily consumed for their unique flavor to enhance the



flavor of other foods (Randle and Ketter, 1998), in powder form as spice for seasoning in
cooking (Bagali et al., 2012). In addition, onion is known for its anti-bacterial, anti-viral, anti-
allergenic and anti-inflammatory potential (Saha, 2013; Yemane et al., 2014). It also contains
some important vitamins (A, B and B2) and minerals (Ca, P, Fe, Cu and Zn) in addition to

some soluble sugars and nicotinic acid (Decoteau, 2000).

Onion is grown in more than 130 countries of the world with annual production of 86.34
million metric tons (FAO, 2013). Onion ranks second after tomato among vegetable crops in
area coverage (FAO, 2012). The world’s top producer of onion is China, contributing about
28% to the total world production followed by India (19%). In terms of productivity, however,
Ireland is the first (67.3 t/ha), followed by Republic of Korea (63.8 t/ha), USA (55.3 t/ha) and
Spain (53.5 t/ha) (FAO, 2010; ICAR, 2011).In 2013, an estimated yield of 85,795,190.57 tons

of onion bulb produced from 4.4 million hectares of land worldwide (FAOSTAT, 2013).

In Africa, the major producers of onion are Egypt, Algeria, Morocco and South Africa with
corresponding average national yield of 25, 13.6, 18.2 and 21.1 t ha™, respectively (Bosch et

al.,2002).

Vegetables including onion are produced in many home gardens and to some extent, in
commercial terms in different parts of Ethiopia (Fekadu and Dandena, 2006). The major
producers are, however, the small-scale farmers using mainly rainfall, although some
produced using irrigation (CSA, 2016). Vegetable production of the smallholder farmers in the
country is mainly for self-sufficiency and to improve their income (Bezabih et al., 2015).
Statistics on the production of onion in Ethiopia showed that it is cultivated on about

29,517.01 ha with average annual production of 264849.35 tons. The average productivity of



onion in Ethiopia is about 8.97 t ha™® (CSA, 2016), which is very low compared to world's
average of 19.30 t/ha (FAO, 2013). Different factors contribute to the low yield of onion in the
country, among which lack of information on appropriate fertilizer type and level, declining
soil fertility and limited water availability are the most important ones (Takele, 2004). Lack of
information on appropriate nitrogen fertilizers and irrigation regimes (Pathak, 1994), soil
physical and chemical characteristics, and disease and pest problems are the main factors

constraining onion yield (Abbey and Joyce, 2004).

The use of appropriate agronomic practices plays a key role in increasing crop yields including
onion. Optimum agronomic practices for a crop may vary with plant population, planting and
harvesting dates and fertilizers used with the prevailing environmental conditions (soil
fertility, rainfall, etc), purpose of production of the crop and even with cultivar within a crop.
Therefore, to optimize productivity of onion crop, full information on production packages is

required for a particular production area (Dessalegn and Aklilu, 2003).

Improvement in environmental conditions with respect to public health has been observed as
adoption of organic farming by farmers in the world (Eifediyi and Remison, 2010). Manure is
among the organic sources of fertilizer used as an input in the organic farming system.
Manures serve as safer sources of nutrition as they are environmentally friendly, release their
nutrients in a slow and steady manner to crops in the field, thereby, activating soil microbial
activities (Eifediyi and Remison, 2010). Organic manures sustain cropping systems through
better nutrient recycling and improvement in soil physical, chemical and biological properties
(Ojeniyi, 2000). On the other hand, the use of inorganic fertilizer has been observed to cause

destruction of soil texture and structure which often leads to soil erosion and acidity as a result



of leaching of mineral nutrients, giving rise to reduced crop yields as a result of soil

degradation and nutrient imbalance (Ojeniyi, 2000).

The use of organic manures has been recommended for long term cropping in the tropics, as
slow mineralization of these manures promotes crop yield for a long period of time (Gambo et
al., 2008). Nevertheless the most satisfactory method of increasing crop yields is by judicious
use of organic manures in combination with little portions of inorganic sources to promote
nutrient use efficiency (Gambo et al., 2008). It has also been observed that organic manures
increase soil water holding capacity and, thus, make nutrients more readily available to crops
(Dada and Fayinminnu, 2010). Poultry manure is an excellent source of organic fertilizer,
which is cost effective to the farmers, and suiting with human and environmental health. It has

high nutritional value for plant growth (Zang et al., 1998; Ishak et al., 1999).

In the study area (Alage), the use of organic fertilizer including poultry manure is not a
common practice. Therefore, vegetable production is solely depends on mineral source of
fertilizers which is limiting onion production and contributing to environmental pollution.
Besides, the use of mineral source of fertilizer may not also be wise at small scale farmer level
due to its high cost, less accessibility and reduced profit margin. However, no sufficient
information is available on the combined application of poultry manure and inorganic nitrogen
fertilization, which can otherwise solve the aforementioned problems. The use of poultry
manure to meet the nutrient requirement of crops would be an inevitable practice in the years
to come for sustainable agriculture since organic manure generally improves the soil’s
physical, chemical and biological properties along with improving the water holding capacity

of the soil and, thus, resulting in enhanced crop productivity. Therefore, optimizing sole and



combined use of mineral and organic sources of fertilizers could be the better option to
maximize crop productivity, environmental and economic sustainability. This indicates the
existence of an urgent need to study the effect of combined application of poultry manure and
inorganic fertilizer to optimize onion yield in the era of climate change. The main purpose of
the present study was, therefore, to assess the effects of poultry manure and mineral nitrogen

fertilizers application on the growth, yield and quality performance of onion.

General Objective

To study the response of onion to different application rates of poultry manure and mineral

nitrogen fertilizer.

Specific objectives

To evaluate the effect of different levels of poultry manure and mineral nitrogen fertilizer on

the growth performance and yield response of onion.

To study the quality response of onion to the combined application of poultry manure and

inorganic nitrogen fertilizer.

To assess the economic feasibility of Poultry Manure for onion production over the use of

chemical fertilizers.



2. LITERATURE REVIEW

2.1.  The Onion Plant
Onions (Allium cepa L. var. cepa) originated in south-west Asia and the Mediterranean region.
From these centers, onion has spread widely too many countries of the world. Onions have
been used as a condiment in the cuisines of ancient China, India, and Egypt for well over 4000
years. Although its main role in cooking is to provide flavor, onion is a significant source of
vitamin C and potassium, contains about 60 calories in a medium-sized bulb, and has very low
sodium content. Onion and its relatives in the Alliaceae family have long been used by many
cultures for the treatment of various ailments, and modern science is beginning to reveal more
potential health and medicinal benefits of these plants. Of particular interest is the traditional
use in many cultures of onion and garlic to improve blood circulation, which may reduce the

incidence of heart attack and strokes (Valenzuela et al., 1999; Rabinowitch and Currah, 2002).

Onion is one of the most important vegetable crops in Ethiopia which is used almost daily as a
spice and vegetable in the local dish regardless of religion, ethnicity, and culture (CSSE,
2006). Onion has its own distinctive flavor, pungency and is eaten as fried, boiled, roasted or
raw in salad as vegetable and is widely used as a condiment in preparation of soups, savory
dish, canned food product, salads and sandwiches. Moreover, it is also processed as pickle,
chutney, and sauces and consumed in dehydrated form (Muhammad, 2004). Onion also has
great economic importance as dry onion, as process product which includes onion oils, onion
juice, onion salt, onion pickles and dehydrated products and as ornamental plant thereby

generating income to producers (Gambo et al., 2008).



Onion is an herbaceous biennial monocot plant which cultivated as an annual crop for the
purpose of bulb production; however, it is cultivated as biennial crop for seed production.
During the first season bulbs are formed while flower stalks and seeds are developed in the

second season (Corgan et al., 2000).

Alliums are placed in the class Liliopsida, Order Amaryllidales and Family Alliaceae
(Rabinowitch and Currah, 2002). Onion is a cross-fertilizing diploid species (2n = 2x = 16) in
which strong inbreeding depression is present (Bassett, 1986). The majority of cultivars grown
for dry bulbs and those having large bulbs and normally single bulb per plant belong to this
group. In Allium species there are very wide variation in shape, size and color and includes

hundreds of open pollinated varieties (Jones and Mann, 1963).

The onion bulb is composed of fleshy enlarged leaf base or scale (Shanmugasundaram and
Kalib, 2001). As the outer leaf base loses moisture and becomes scaly and inner leaves
generally thicken and develop as bulb. The sheath develops to encircle the growing points and
form a tube that encloses younger leaves and the shoot apex. Collectively the grouping of
these sheaths comprises the pseudo stem (Rabinowitch and Brewster, 1990). The green leaves
above the bulb are hallowed and arise sequentially from the meristem at the inner most point
at the base of the bulb. The pseudo stem is small and insignificant during vegetative growth
(Brewster, 1994; Shanmugasundaram and Kalib, 2001). Onion root system is fibrous,
spreading just beneath the soil surface to distance of 30 to 46 cm. The total root growth of
onion is sparse and has few laterals. Onion roots are short lived, being continuously produced,
rarely have branches and root hairs, and rarely increase in diameter (Brewster, 1994;

Shanmugasundaram and Kalib, 2001).



2.2.  Onion production and its importance in Ethiopia
In Ethiopia it is possible and has a great potential to produce onion throughout the year both
for local consumption and export. It is grown primarily for its bulb which is used for flavoring
the local stew, ‘wet’ which is considerably important in the daily diet, mostly used as
seasonings or as vegetables in stews. It is one of the richest sources of flavonoid in the human
diet and flavonoid consumption has been associated with a reduced risk of cancer, heart
disease and diabetes. In addition it is known for anti bacterial, antiviral, anti-allergenic and
anti-inflammatory potential (MoARD, 2009). Onions (Allium cepa L.) as bulb onion and/or
shallot is probably cultivated in all countries of tropical Africa including Ethiopia (Grubben,

Denton ., 2004,).

Onion requires adequate soil moisture due to the relatively short and small root system.
Onions are sensitive to photoperiod. Long days are favorable to onion production as this
enhances leaf development and formation which, in turn, is directly related to bulb size. Early
varieties require 13 hours for bulb initiation while late varieties require 16 hours for bulb
initiation. In Ethiopia onion can grow between 500and 2400 meter above sea level, but the
best growing altitude so far known is between 700and 1800 meter above sea level (Aklilu, S.

1997,).

Lemma and Shimelis, 2003 was reported that onion grows in all types of soils on sandy loam
to heavy clay. Suitable soil pH for onion ranges between 6.2 and 6.8 (Karim and Ibrahim,
2013). But on organic soils, a pH of 5.5 is considered sufficient. Temperatures around 20 —
22°C favor vegetative growth while temperatures around 12°C favor seed stalk formation

(Sukprakarn et al., 2005).0nion and shallot are produced in central, northern, eastern, and



northwest part of Ethiopia where there are favorable climate and soil types. The production is
rapidly expanding in all administrative regions even in non-traditional bulb crop producing
areas in the country in different agro-ecological zones (AEZs) either in small pockets or in
large commercial farms (MARC, 2004).

The area under this crop has been expanded even if the extent of their cultivation in the
peasant sector is difficult to indicate numerically because it is scattered throughout the country
and small plots commonly by the side of homestead. The main production regions were
Ambhara, Oromia, Tigray, Benishngule-gumuz, Gambella and South Nation Nationalities and
Peoples Regions, but the leading or dominantly producing regions are Oromiya (64%) and

Ambhara (30%), (EHDA, 2011).

The two cities Meki and Ziway are located in the fertile Lake region; this area is known as the
onion belt of Ethiopia. Of the 46,600 inhabitants in Meki, 11,320 are farmers working with
onion cultivation in an area of 5,650 ha. Of the 56,100 inhabitants in Ziway, 7,700 are farmers
in an onion cultivation area of 11,500 ha (Citypopulation, 2013). The onion production is
estimated to be 135,600 tons/year in Meki and 34,766 tons/year in Ziway (Meki & Ziway
agricultural office, 2014). The onion crops have contributed to Ethiopian economy by exports

of bulbs and cut flowers (Desalenge and Aklilu, 2003,).

Small farmers, private growers and some larger state enterprises in many parts of Ethiopia
cultivate onions. Areas with good soil and weather conditions for the cultivation of onions are
the Awash valley, Lake Region and areas close to the Sudan border (Desalenge and Aklilu,
2003,). In Ethiopia, the planted area for onions was 22,036 hectare (ha) in 2011, which

corresponded to about 0.5 % of all onion-cultivated areas in the world. The production of



onions in Ethiopia in 2011 was estimated to 236,922 tons, which was about 0.27% of all world

onion production (FAOSTAT, 2013).

2.3.  Nutrient requirement of onion
Onion is a heavy feeder of mineral nutrients. Nitrogen (N) and phosphorus (P) are often
referred to as the primary macronutrients because of the large quantities taken up by plants
from the soil relative to other essential nutrients (Marschner, 1995).Onions are more
susceptible than most crop plants in extracting nutrients, especially the immobile types,

because of their shallow and unbranched root system (Brewster, 1990).

Nitrogen is the most principal plant nutrient required in great quantity. Nitrogen is an
important component of protein, enzyme and vitamins in plants (Marschner, 1995). Nitrogen
has been identified as being the most limiting nutrient in plant growth. Plants absorb nitrogen
in the cation form (NH4+) or the anionic form (NO3-). Plants obtain readily available N forms
from different sources. The major forms include: biological nitrogen fixation by soil
microorganisms, mineralization of organic N, industrial fixation of nitrogen gas and fixation
as oxides of nitrogen by atmospheric electric discharge (Tisdale et al., 1995). The availability
of nitrogen through biological N fixation is influenced by soil pH, and its mineral nutrient
status, photosynthesis, climate and crop management (Miller and Donanue, 1995; Tisdale et

al., 1995).

The available nitrogen from soil can be made unavailable or lost via plant uptake,
denitrification, volatilization, leaching and ammonium fixation (Tisdale et al., 1995). The loss
of available nitrogen through natural processes is believed to surpass the gain (Miller and

Donanue, 1995; Tisdale et al., 1995).To compensate for the long growing season and the
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potential for nutrients to be lost by leaching due to rainfall or irrigation, apply N several times
during the growth period. About 75 percent of the N uptake takes place after bulbing begins.
Deficient amounts of available N result in early bulb maturity and reduced bulb size. High N
levels, although increase bulb size, may (if excessive) cause large necks, double center,

increased pungency, and soft bulbs with poor storage quality (Valenzuela et al., 1999).

Phosphorus availability is especially important during the first half of the onion crop growth
cycle, and Phosphorus is usually applied before planting if the need is indicated by soil
analysis. To amend the phosphorus status of the soil, phosphorus fertilizer must be thoroughly
mixed with the soil in the onion root zone before planting (Valenzuela et al.,
1999).Phosphorus is making up about 0.2% of a plant’s dry weight and it is essential for root
development. It is also a vital component of nucleic acids (DNA and RNA), energy molecules
(AMP, ADP and ATP) and phospholipids. Inadequate availability of these nutrients in the soil
affects the growth and development of crop plants including onion. In such cases therefore,
soils should be supplemented with plant nutrients in the form of fertilizers. In onions, P
deficiencies reduce root and leaf growth, bulb size and yield and can also delay maturation,
Generally onions are more susceptible to nutrient deficiencies than most crop plants because
of their shallow and unbranched root system. Hence they require and often respond well to the
addition of both inorganic and organic fertilizers (Brewester, 1994).
2.4. Poultry manure

The poultry industry is one of the largest and fastest growing agro-based industries in the
world. There is an increasing demand for poultry meat mainly due to its acceptance by most
societies and its relatively low cholesterol content. The poultry industry is currently facing a
number of environmental problems. One of the major problems is the accumulation of large
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amount of wastes, especially manure and litter, generated by intensive production, Large-scale
accumulation of these wastes may pose disposal and pollution problems unless
environmentally and economically sustainable management technologies are evolved (Power
and Dick, 2000; Kelleher et al., 2002; Sharpley et al., 2007). Most of the manure and litter
produced by the poultry industry is currently applied to agricultural land. When managed
correctly, land application is a viable way to recycle the nutrients such as nitrogen (N),
phosphorus (P) and potassium (K) in manure (Sharpley et al., 1998; Casey et al., 2006; Kaiser
et al., 2009). Addition of poultry manure to soils not only helps to overcome the disposal
problems but also enhances the physical, chemical and biological fertility of soils (Friend et

al., 2006; McGrath et al., 2009).

Poultry manure is a potential source of plant nutrients and chemical conditioner. The
exchangeable bases increased with application rate in all soil types, thus indicating positive
effects on soils. Similarly, significant increases of N and P were observed following addition

of poultry manure (Dikinya and Mufwanzala, 2010).

Poultry manure improved soil nutrient status by increasing soil organic carbon, total N,
available P and exchangeable K, Ca and Mg. Ewulo et al. (2008) reported an increase in soil
nutrient contents due to the application of poultry manure. They said that improved soil
nutrient contents caused by the addition of poultry manure led to increased uptake of N, P, K,
Ca and Mg by tomato plant (Adekiya and Agbede 2009). Adesodun et al. (2005) also found
that the application of poultry manure to soil increased soil organic matter, N and P and
aggregate stability. The improvement in soil physical properties was attributed to

improvement in soil organic matter content. Aluko and Oyedele (2005) reported that poultry
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manure improved soil moisture and was attributed to the mulching effect of organic matter and

improved moisture retention as a result of improved soil structure and macro porosity.

Soil organic matter has a benefit in increasing the response to mineral fertilizers, thereby
increasing the efficiency of fertilizer use. In addition, a major reason for the low efficiency of
fertilizers in sub Saharan Africa is the declining level of SOM. Improving the efficiency of
mineral fertilizers with SOM could expand the number of fertilizer users. Furthermore, using
organic soil ameliorants in conjunction with slow-release minerals has the advantage of

increasing the nutrient storage capacity of the soil (Kumwenda et al., 1995).

Biological activities in the soil increase by increasing soil organic matter, which increases
biological weathering, which in turn is important for releasing nutrients from minerals added
to the soil. Some organic fertilizers, such as poultry litter or blood meal, behave more like
mineral fertilizers because they are low in carbon and contain a lot of readily available
nitrogen. Their impact therefore is more important for immediate soil nutrient status than for
improving overall soil quality and SOM status. Thus depending on the soil type, the quantity
and quality of SOM, and the fertility status, organic amendments can have significant effect.
The quality of organic residues and SOM are as important as their quantity. Improving the
quality of organic matter, that is increasing its biologically active fraction, can lead to
increased aggregation in soils even when no change in the quantity of SOM can be detected
(Kumwenda et al., 1995).0Organic matter such as sheep and chicken manure, improves soil
physical and chemical properties that are important for plant growth. Application of organic

fertilizer increased the biomass yield of the main crop (Synman et al. 1998).
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In an experiment conducted to evaluate the effect of plant nutrient source and weeding regime
on the growth and yield of onion, poultry manure significantly produced the highest number of
leaves per plant among the different sources of plant nutrients. It was also observed that
poultry manure produced larger bulb size and the highest bulb yield than other fertilizer
sources (Tukur et al., 2009). The superiority of poultry manure over the other plant nutrient
sources with respect to number of leaves per plant, bulb size and bulb yield was attributed to
the high nutrient content and its ability to release adequate nutrients to the plants, leading to
the development of adequate leaf area index, which is necessary for assimilate production and

translocation to sinks (Adu Boakye, 2011).

Dauda et al. (2008) studied the efficacy of different levels of poultry manure on the growth
and yield of watermelon (Citrullus lanatus). The results showed that application of poultry
manure significantly enhanced growth and yield. They attributed the significant performance
of watermelon over the control in growth parameters and yield to the fact that poultry manure
contained essential nutrient elements associated with high photosynthetic activities and thus
promotes vegetative growth. Increased number of fruits and average weight was attributed to
the ability of poultry manure to promote vigorous growth, increase meristematic and
physiological activities in the plants due to supply of plant nutrient and improvement in the
soil properties, thereby, resulting in the synthesis of more photo-assimilates, which is used in
producing fruits. Hence, an increase in fruit number and size. Aliyu (2003) reported that

poultry manure supplies nutrients, which enhance vigorous growth and increase yield.

In an experiment involving the use of poultry litter for vegetable production, the level of

poultry litter application affected carrot yield significantly. Application of poultry litter gave
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better yields of carrot than application of cattle manure and the control. Poultry litter is better
than cattle manure for cabbage. Lack of positive response to increasing levels of poultry litter
was attributed to the low C/N ratio which might have resulted in the loss of nitrogen through

volatilization and leaching (AMAS, 2001).

2.5. Response of onion to organic fertilizer
Organic sources of plant nutrients are considered as an important factor for onion production
(Funda et al., 2011). Organic material such as sheep and chicken manures improve the
physical, chemical, and biological properties of soils that are important for plant growth

(Synman et al. 1998).

Organic matter in the soil directly contributes to the plant nutrients, influences CEC and binds
heavy metals and pesticides. Organic matter content of the soil is the key property that

determines the availability status of essential nutrients (Katyal, 2000).

The research results from Shaheen et al. (2007) showed that the application of a mixture of
chicken manure and bio fertilizer increased the yield of onion. Onion yield was also
significantly increased by the application of organic manure as indicated by Ezekiel et al.
(2014). Similarly, there was a significant linear effect on total onion yield with increasing

fresh poultry litter applications from 0 to 22 t/ha (Boyhan et al., 2010).

According to Mia et al. (2007) the application of 10 t ha™ of poultry manure was found to be
useful to reduce 50% inorganic N in onion cultivation. For yield maximization, poultry
manure at 10 t ha™* along with 50% recommended dose of inorganic N appeared to be the best
in respect of fertility management by enriching the soil with organic matter and turning

vegetable cultivation towards organic farming. Replacing the chemical fertilizers by poultry
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manure will considerably benefit the farmers and it will definitely reduce the environmental

pollution caused by chemical fertilizers.

Improvement in environmental conditions with respect to public health has been observed as
some of the major reasons for the need to adopt organic farming by farmers in the world
(Eifediyi and Remison, 2010). Though manures are usually very bulky and the cost of
transporting them from one location to another is high, but is a safer source of nutrition as they
are environmentally friendly, releases their nutrients in a slow and steady manner to crops in

the field thereby activating soil microbial activities (Eifediyi and Remison, 2010).

Organic manures also, sustain cropping systems through better nutrient recycling and
improvement in soil physical, chemical and biological properties (Ojeniyi, 2000). The use of
inorganic manures has been observed to cause the destruction of soil texture and structure
which often leads to soil erosion, acidity as a result of leaching effects of mineral nutrients
(Ojeniyi, 2000).However, onion yield response to animal manure or compost rates was not
always positive (Abdelrazzag, 2002; Gambo et al., 2008).The nitrogen availability from
manure varies greatly depending on the type of animal, type and amount of bedding, and age

and storage conditions of the manure (Bary et al., 2000).

Adekiya and Agbede (2009) found that application of poultry manure resulted in better growth
and yield of tomato than NPK fertilizer alone. It improved the performance of tomato and its
nutrient status. The finding that all levels of poultry manure performed better than the NPK
fertilizer alone was attributed to the fact that poultry manure supplied more nutrients than
NPK fertilizer. The poultry manure could have supplied micronutrients which are essential for

tomato growth and yield.
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Figueiredo et al. (2009) reported that Corn productivity in tropical low-external input systems
is usually limited by low soil fertility because crop uptake leads to a gradual depletion in soil
nutrient stocks. Since the use of chemical fertilizers is undesirable, management of the fertility
of these soils depends primarily on low-cost processes based on nutrient recycling. They also
reported the main processes that contribute to this recycling are biological nitrogen fixation

(BNF) and nutrient recycling via organic fertilization.

The major factor contributing to declining crop yields is reduced soil fertility caused by
continuous cropping without the addition of sufficient mineral fertilizers and manure
(Ndayisaba, 2014). The need to reduce costs of fertilizing crops with renewable forms of
energy has revitalized the application of organic fertilizers worldwide. The main reason for
promoting the increased use of organic materials is to improve environmental conditions and

public health (Ojeniyi, 2000; Maritus and Vlelc, 2001).

The harmful effects on the environment due to the heavy use of N fertilizers are becoming
more evident. There is a need for sustainable farming in which soil fertility is maintained by
the use of inexpensive renewable resources that are readily available on the farm. The supply
of other nutrients such as P can also be increased with the use of bio-fertilizers (BFs) (Mayer

et al., 2008; Oliveira et al., 2009).

Organic fertilizers, including farmyard manure, chicken manure (CM), sheep manure, and
BFs, may be used for crop production as a substitute for chemical fertilizers (Khan et al.,
2005). Compared with chemical fertilizers, organic fertilizers improve soil fertility without
leaving any residual effects in the soil and are much more inexpensive (Chater & Gasser,

1970).
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Nutrients are released more slowly from organic manure and stored for longer time periods in
the soil, thus ensuring a long residual effect (Sharma & Mittra, 1991; Abou et al., 2005).
Chicken manure was found to be a viable substitute for chemical fertilizers (Khan et al., 2005)
and strongly positively affected both the moisture-holding capacity and structure of the soil

(Sharif et al., 2004).

Generally appropriate type and rate of application of organic fertilizers can help to reduce the
use of inorganic fertilizers and sustain production and productivity of crops including onion

and to minimize environmental pollution.

2.6. Response of onion to inorganic fertilizer
Optimum amounts of plant nutrients Application play a significant role in increasing
production, productivity and quality of vegetable crops including onion. Onion is more
responsive to the application of inorganic fertilizer especially that of nitrogen fertilizer as it is
a shallow rooted vegetable (Drost and Koenig, 2001). On the other hand application of excess
nitrogen can encourage foliar growth and depresses onion bulb growth (Brewster, 1990). The
application of fertilizer however depends on the fertility status of the soil, the environmental
conditions and the developmental stages of the crop. Generally application of nitrogen at the
early growth stages of onion promote bulb formation by involving in the formation of dormant
structure and in increase insoluble carbohydrate, while lower levels delay the bulbing process

(Drost and Koenig, 2001).

Nitrogen is required for plant growth in much greater quantities than most other nutrients. It is
an important component of chlorophyll molecules, proteins, enzymes and vitamins in plants. It

also helps to enhance carbohydrate utilization, to improve development and activity of roots as
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well as to support uptake of other nutrients (CFA, 1995). Increased application of nitrogen
gives faster rate of leaf expansion, increased leaf area index, leaf area duration, photosynthetic
rate and increased radiation interception and radiation use efficiency (Connor et al., 1993).
More Nitrogen is required for vegetative growth than for reproductive development (Smith
and Hamel, 1999). Adequate supply of nitrogen promotes higher photosynthetic activity and
vigorous vegetative growth, and as a result the plants turn into dark green color

(Balasubramaniyan and Planiappan, 2001).

Onion is a heavy feeder, requiring ample supplies of nitrogen, phosphorous, and potassium.
Sub optimal levels of nitrogen, phosphorous, and potassium nutrients in the soil adversely
affect the yield and quality of bulbs (Gubb and Tavis, 2002). Too much N can result in
excessive vegetative growth, delayed maturity, increased susceptibility to diseases, reduced
dry matter contents and storability and thus, result in reduced yield and quality of marketable
bulbs (Sgrensen and Grevsen, 2001; Kebede, 2003). When nitrogen is limited, crop growth is
slow and yields are reduced. Under sub-optimum supply of nitrogen, onions can be severally
stunted with bulb size and marketable yields reduction (Kebede, 2003). Gustfson, (2010) also
reported that Nitrogen in plant controls the utilization of P and K and excess could delay

maturity by causing too much vegetative growth.

Nitrogen fertilization is greater importance for onion production (Rabinowitch and Currah,
2002). According to Kebede (2003) and Lemma and Shimeles (2003), onion is responsive to
nitrogen fertilizer. Brewster and Butler (1989) and Halvorson et al. (2002) reported that the
lower the nitrogen, the later bulb scale initiation occurred and also indicated that an initial

period of low N delayed bulb scale development and ripening relative to high N throughout.
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Effect of nitrogen on vegetative growth, yield attributes and yield of onion is documented by
Ghaffoor et al. (2003), Jilani et al. (2004), Aliyu et al. (2007), Nasreen et al. (2007), and
Gustfson (2010). Nasreen et al. (2007) reported that nitrogen had a significant effect on the
vegetative growth and yield attributes of onion. According to this experiment application of
120 kg N ha* increased the number of leaves per plant and plant height significantly over the
control as well as lower levels of N. It also indicated that the size and weight of bulbs were

increased due to application of nitrogen up to 120 kg ha™, which decreased thereafter.

An investigation was carried out at Melkassa Agricultural Research Center and Upper Awash
Agro-Industry Enterprise, Ethiopia from 1988 t01992, using equal level of N and P205 (0,
46,92 and 138 kg ha™®) under heavy clay and sandy soils. The highest dry bulb yield 28.9t ha™
and 32t ha™ was produced at 92 kg ha™ at Melkassa and Nura Era, which were also 10 % and
18 % higher than the control, respectively. At 92 kg ha™, there was better vegetative growth
and the average bulb weight increased to 49 and 60 g/bulb at Melkassa and Nura Era,
respectively (Lemma and Shimeles, 2003). Furthermore, the authors noted that application of

92 kg N ha™* gave high dry bulb yield, which was 11% and 19% higher than the check.

Research conducted by Nasreen et al. (2007) and Al-Fraihat (2009), indicate that increasing
nitrogen application rates up to certain ranges significantly enhanced plant height, number of
green leaves/plant and weight of plants and bulbs at different growth stages of onion.
Moreover total and percentage of marketable yields were doubled with increased nitrogen
fertilizers. Furthermore, bolter plants as well as total soluble solids were also increased.

Similarly In the research findings of Lee-Jongatae et al. (2003), the application of nitrogen at
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the rate of 180 and 240 kg/ha, respectively, gave the highest plant height and bulb diameter.

However, the highest marketable yield of onion was obtained at rate of 120 kg/ha of nitrogen.

Abdissa Yadeta et al. (2011) also found that about 8% increases in number of leaves over the
control was observed by the application of 92 kg/ha nitrogen. On the other hand, leaf diameter
and bulb length were not influenced by nitrogen fertilizer rates. Regardless of the rate of
application, nitrogen increased bulb diameter and bulb weight by about 12 and 21.5%,
respectively, over the control, while phosphorus did not showed significant effects on all of
the onion growth parameters studied. Brewster (1990) also reported an increase in onion bulb
weight to leaf blade ratio with a decrease in soil nitrogen levels. Therefore application of
optimum amount of inorganic fertilizer is necessary to improve growth, yield and yield

components of onion.

Generally, they found that addition of nitrogen fertilizer exerted significant influence on the
number of leaves per plant, plant height, and diameter of bulb, bulb weight, and yield of
onion. Similarly, Aliyu et al. (2007) reported that bulb yield of onion was significantly
affected by application of nitrogen:; i.e. increase in nitrogen rate up to 100 kg ha™ resulted in
59.2 % increase in yield of onion bulb, but further increase did not have significant effect.
Kumar et al. (1998) also reported that the highest plant height, leaf length, number of leaves
per plant, bulb diameter, bulb length, bulb fresh weight, bulb dry weight, time to bulb maturity

and bulb yield were obtained from 150 kg ha™* when urea was applied in split doses.

2.7. Combine application of organic and inorganic fertilizers
Integrated nutrient management is the method of integrating organic and inorganic fertilizers

to provide excellent opportunities to overcome all the imbalances besides sustaining soil
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health and enhancing crop production (Yadav et al., 2015). It optimizes the benefits of using
all possible plant nutrients for the production of crops in an integrated manner. In this regard
reports indicated that the application of Poultry manure combined with mineral fertilizer can

exhibit long residual effect, which improves growth and yield (Palm et al., 1997).

The use of organic manure is more beneficial when combined with inorganic fertilizers
(Mugwira and Murwira, 1998). Dalzell et al. (1987) reported that combined application of
compost and inorganic fertilizers have resulted in better juice quality in sugar cane and in

higher dry matter yields per plant in tomatoes.

Poultry manure alone or in combination with mineral fertilizer exert more beneficial effects on
fruit yield when compared to mineral fertilizer applied alone (Blandari et al., 1989). Poultry
manure alone and its combination with NPK fertilizer in first year of application and their
residual effects improved degree of saturation, soil moisture content and lower soil bulk
density in both forest and savannah zones, it was significantly better in the forest soils. Better
water stable aggregate, porosity, void ratio and air filled porosity due to residual effects of
poultry manure and fertilizer combination were also reported. This was contrary to fertilizer

applied alone which reduced some of the above properties (Isitekhale and Osemwota, 2010).

Awodun (2007) carried out a study to find out the effect of poultry manure and NPK fertilizer
on the growth, leaf nutrient content and yield components of Telfaria (Telfaria occidentalis
Hook F) at two sites in Akure, Nigeria. The treatments applied were 0, 2, 4, 6 t ha-1 poultry
manure and 250 kg ha-1 NPK 15-15-15 fertilizer. Application of 250 kg ha-1 of NPK fertilizer
gave the highest number of leaves and stem girth at the two sites. He attributed this to high

and fast release of nutrients in the NPK as against the use of the poultry manure.
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Gonzalez et al. (2001) reported that chemical fertilizer and organic manure, which were
supplied as essential nutrition at the initial establishment stage, produced the best results for
the measured parameters, such as plant height. Increased plant height in response to
applications of combined fertilizer is attributed to more availability of N from both urea and
manure throughout the growing season. Compared with control treatments, 50% poultry
manure+50% chemical treatments resulted in the tallest corn plants in corn-legume cropping

systems (Saleem, 2010).

Vanlauwe et al. (2002) reported that the integrated use of inorganic and organic nutrient
sources resulted in synergy and improved the conservation and synchronization of nutrient
release and crop demand, which led to increased fertilizer efficiency and greater yields. Dudal
and Roy (1995) indicated that the use of organic fertilizer could increase the efficiency of

inorganic fertilizer.

Chemical fertilizers are always available to provide an immediate supply of nutrients to plants
if the situation demands. In contrast to inorganic fertilizers, one aspect of organic fertilizers is
their slow-release capability. Slow release means there is less risk of over-fertilization, but
sometimes the slow release of organic fertilizers is not able to fulfill the supply of the nutrients

needed when required (Baghdadi et al, 2018).

A chemical fertilizer is defined as any inorganic material of wholly or partially synthetic
origin that is added to the soil to sustain plant growth. Many artificial fertilizers contain acids
such as sulfuric acid and hydrochloric acid; these acids tend to increase the acidity of the soil,
reducing the soil’s population of beneficial organisms and interfering with plant growth. In

contrast, organic fertilizers support the growth of N-fixing bacteria. Healthy soils contain
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enough N-fixing bacteria to fix sufficient atmospheric N to supply the needs of growing
plants. However, the continued use of chemical fertilizers may diminish the amount of these

N-fixing bacteria (Baghdadi et al, 2018).

Combinations of CM and NPK fertilizers could be considered a better option for increasing
fertilizer use efficiency and providing a more balanced supply of nutrients (Suge et al, 2011).
Complementary use of chemical fertilizer and organic manures has assumed great importance
nowadays to maintain as well as sustain a higher level of soil fertility and crop productivity

(Shalini et al, 2002).

24



3. MATERIALS AND METHODS

3.1. Description of the Study Area
The study was conducted in the experimental field of Alage Agricultural Technical and
Vocational Education and Training College. The site is located 217 km away from the capital
city, Addis Ababa, in the southern direction and 32 km west of Bulbula town in the vicinity of
Abidjata and Shalla lakes. It is situated at 7°65° N latitude and 38° 56’ E longitudes and at an
altitude of 1600 meters above sea level in the dry plateau agro ecology of the southern part of
the central rift valley of Ethiopian. The area is characterized by a bimodal rainfall pattern
where short rainy season occurs during the months of March and April and the main rain starts
in June and extends to September. The area receives relatively high amount of rainfall is in the
months of July and August. The mean total annual rainfall is 800mm, with annual mean
minimum and maximum temperatures of 11 °C and 29 °C, respectively. The soil textural class
of the area ranges from sandy loam to sandy clay loam with some clay loam and few clay soils
(Eylachew, 2004). Its reaction is slightly alkaline (pH = 7.87), which is suitable for onion
production (Lemma and Shimeles, 2003). The soil is medium in total nitrogen (0.14%) and
organic carbon (1.61%) (Tekalign et al., 1994), and low in phosphorus (3.38 mg/kg) and EC

(1.24 ds/m) (Landon, 1991).
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3.2. Description of the Experimental Materials

Onion variety Bombay red was used for the study, as it is dominantly produced in the
experimental area:

Table 1. Detail description of the onion variety (Bombay red) used for this experiment

Characteristics

Leaf color Dark green
Leaf arrangement Medium
Bulb size (g) 85-100
Bulb shape Flat globe
Bulb skin color Light red
Bulb flesh color Reddish white
Maturity (days) 100- 120
Altitude (m) 700-2000
Farmers yield (tha ™) 13-16

Dry bulb (t ha™) 30

TSS% 9-11
Growing altitude (m.a.s.l) 500-2400
Optimum altitude (m.a.s.l) 700-1800
Soil pH level 6.5-7
Seeding rate (kg/ha) 3-4

Source: (EARO, 2004)

3.3. Experimental Treatments and Design
The experiment consisted of factorial combinations three levels of mineral nitrogen fertilizer
(0, 46, and 92 kg ha™) and four levels of poultry manure (0. 5, 10 and 15 t ha ™) which were
laid out in randomized complete block design (RCBD) with three replicates. Each treatment
combination was assigned randomly to the experimental units within a block. The onion plants

were planted on the plots using double rows on ridges with spacing of 40cm between ridges
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20cm between the double rows and 10cm between plants (40cm x 20cm x 10cm). Each
experimental plot had 2 m length and 2 m width having an area of 4 m?, with six double rows,
and 20 plants per row and, thus, total plants were 200 per plot. The distance between plots and
blocks were 0.5 m and 1 m, respectively. Details of the treatment combinations are given in
Table 2.

Table 2. Treatment combination of mineral nitrogen and poultry manure with their respective
codes

Treatment number Poultry manure  Nitrogen Treatment combination
(code) (tha?) fertilizer (kg ha™)

1 0 0 0 t ha'PM+0 kg ha’N

2 5 0 5t ha'PM+0 kg ha*N

3 10 0 10 t ha*PM+0 kg ha*N
4 15 0 15 tha™ PM+0 kg ha™*N
5 0 46 0t ha™ PM+46 kg ha'N
6 5 46 5t ha™ PM+46 kg ha™N
7 10 46 10 t ha™ PM+46 kg ha™*N
8 15 46 15 t ha PM+46 kg ha™*N
9 0 92 0tha™ PM+92 kg ha'N
10 5 92 5t ha™ PM+92 kg ha*N
11 10 92 10 t ha* PM+92 kg ha™*N
12 15 92 15t ha™ PM+92 kg ha™N

3.4. Agronomic Practices and Treatment Applications
Seedlings were raised in nursery beds having a width of 1.0 m and 5.0 m length. The nursery
site was well cleared, ploughed thoroughly and made into a fine tilth. Onion seeds were drilled
into rows of 10 cm apart, and the seed beds were mulched with grass until germination. As
soon as the seeds start germination, the mulching material was removed. Seedbeds were
regularly irrigated manually twice per day with the help of watering can. Other management
practices, such as weeding, cultivation and disease and insect pest control, were performed as

required. Seedlings were hardened before transplanting to the main field to enable them
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withstands the field conditions. After 45 days of sowing at 3 to 4 true leaf stage with 12-15cm
height, healthy and vigorous seedlings were selected and transplanted to well-prepared

experimental plots.

The experimental field was ploughed by using tractor and harrowed by harrower, leveling and
ridging was made manually right before planting. Seedlings were carefully transplanted to the
experimental plots using double rows; with 40 cm between double rows and 20 cm between
the rows within the double rows and 10 cm between plants (40cm x 20cm x 10cm). Each
experimental plot had 2 m length and 2 m width having an area of 4 m?, with six double rows,
20 plants per row and a total of 200 plants per plot.

The full amount (dose) of poultry manure of each treatment (i.e. 0, 5, 10 and 15 t ha™) was
applied during land preparation, 15 days before transplanting. The recommended rates of
(P20s) for onion for the study area (92 kg/ha) was applied in the form of TSP uniformly to all
plots during transplanting, when half dose of Nitrogen (N) rate of each treatment was also
applied as two sides dressing. The remaining half dose of N was side-dressed 45 days after
transplanting. The source of N was urea fertilizer (46% N). Other than the treatments, field
management practices including disease, pest and weed control and cultivation were uniformly

applied to all plots as per the recommendation made for the crop (EARO, 2004).

3.5.  Soil sampling and analysis
Soil samples were randomly collected before sowing from the field using diagonal method of
sampling at a soil depth of 0-20cm for determination of physical and chemical properties of
the soil. At least nine sampling unit per plot was taken using auger and composite the samples.

The soil was air dried and broken in to small crumbs and thoroughly mixed. From this
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mixture, a sample weighing about one kg was filled in to a plastic bag, and the prepared
sample was sent to horticoop Ethiopia soil and water analysis laboratory for the laboratory
analysis.

The soil texture was determined by the Hydrometer method. Soil pH was measured in a 1:2.5
soil-water ratio using a glass electrode pH meter. The soil-water solution stirred thoroughly
and allowed to stand for 30 minutes. After calibrating the pH meter with buffers of pH 4.01
and 7.00, the pH read by immersing the electrode into the upper part of the soil solution and
the pH value was recorded.

The soil samples were analyzed for total nitrogen, available phosphorous, and cation exchange
capacity (CEC) and organic carbon. Total nitrogen in the soil was determined by the Kjeldahl
method (Horneck et al., 2011). Organic carbon content of the soil was determined by wet
combustion procedure as out lined by Walkley and Black (1934). Cation exchange capacity
(CEC) was determined by ammonium acetate method (Cottenie, 1980).Available phosphorous
content of the soil was determined by extraction with 0.5M NaHCOj3; (Olsen et al., 1954).
Phosphorus in the extracts was determined with atomic absorption spectrophotomer

calorimetrically according to the procedure described by Olsen and Sommers (1982).

3.6. Poultry manure sampling and characterization
The standard method of sampling with the advent of nutrient management planning is
sampling litter while still in the poultry house. Sample representing the entire litter volume
was collected with point method of sampling and prepared for physical and chemical analysis.
A sub sample was composited and put in to a plastic bag, labeled and sent to Oromiya soil and

water design agency for laboratory analysis.
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3.7. Field data collection
Data on onion growth parameters and bulb characters were recorded at physiological maturity
stage and harvesting, respectively, and expressed as average of ten randomly taken plants in
each experimental plot. Maturity and yield data were collected on net plot basis. Accordingly,

the following data were collected on the following parameters.

3.7.1. Growth and Phenological parameters
Plant height (cm): Plant height was recorded in centimeters at physiological maturity stage
by measuring the height of each plant from soil surface to the tip of the longest mature leaf
using ruler.
Number of Leaves per plant: It refers to the mean number of leaves produced by sampled
plants at maturity. Total number of leaves of sampled plants were counted and divided by the
number of plants to get mean leaf number per plant.
Leaf length (cm): it was recorded that of the average lengths in centimeter of the longest leaf
from ten plants at maturity stage were measured by a ruler.
Days to maturity: The days to maturity were recorded starting from date of transplanting to

the date when 70% of plants shows neck fall (EARO, 2004).

3.7.2. Yield and yield component parameter
Bulb length (cm): Bulb length should be expressed in centimeter and measured using caliper
and then, average bulb length were calculated.
Bulb diameter (cm): The diameter of ten randomly selected plants bulbs were measured at

the widest point in the middle portion of the mature bulb using a slide caliper.
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Average bulb weight (g): refers to the bulb weight of randomly selected plants weighted
using a digital balance.

Total biomass yield (t ha™): all above ground and underground biomass from net plot
weighed after harvest using balance.

Unmarketable bulb yield (t ha™): refers to small sized (<3cm in diameter), discolored,
physiological disordered and pest damaged bulbs which was determined from weight of bulbs
harvested from the net plot using digital balance (Moray et al., 2012).

Marketable bulb yield (t ha™): refers to yield of onions, which are (>3cm in Diameter), free
from physiological disordered and pest damaged bulbs. It was determined from weight of
bulbs harvested from the net plot using digital balance.

Total bulb yield (t ha™): was recorded from net plot by weighed all bulbs taken from central
row (5) and converted in to t ha™.

Bulb dry matter content: was determined after a homogenate was prepared from bulbs of
each plot after harvest. So, 100 g of the chopped homogenous bulbs were taken and oven dried
at a temperature of 70°C to a constant weight. Then the weight was measured using digital
balance. Finally, percent dry matter was calculated by dividing the oven dried bulb samples by
their respective fresh weights.

Harvest index: was determined as the ratio of the dry bulb weight to dry biological yield of

the onion.

3.8. Methods of data analysis
All the relevant data collected from the experimental plots were subjected to analysis of

variances (ANOVA), which was computed using SAS computer soft ware program (Version
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9.2). Significant treatment means were compared using least significant difference (LSD) test

at P<0.05 probability level.

3.9. Partial budget analysis

Partial budget analysis was conducted using the methodology described by CIMMYT (1988).
It was used to organize experimental data and information about the cost and benefits of
various alternative treatments. Bulb yield ha™, gross benefit (GB), total variable cost (TVC)
and net benefit (NB) are concepts used in the partial budget analysis. The following formula
was used to estimate the cost and benefits of different treatment combinations: The (gross field
benefit) GFB ha™ was obtained as a product of real price of onion yields for each treatment.

Gross benefit = Adjusted yield x unit price

Adjusted yield (t hal): is the average yield adjusted downward by 10% to reflect the
difference between the experimental yield and yield of farmers. Because of optimum and

management, better crop is expected under experimental condition.
Adjusted Yield = Average Yield - (Average Yield*0.10)

The total variable cost in the partial budget analysis refers to the sum of cost of all variable
inputs and managements practices. Whereas, Net benefit (NB ha™) was calculated by
subtracting the total cost of production from the gross benefit. Any treatment that has net
benefits less than or equal to those of a treatment with lower costs were considered as
dominated and excluded in the analysis of marginal rate of return (MRR). For the majority of
situations, the minimum rate of return acceptable to farmers is between 50 and 100%
(CIMMYT, 1988). Therefore, the minimum acceptable marginal rate of return was considered

to be 100 % in this study. The following formula was used to calculate MRR:
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change in net benefit

Marginal rate of return (%) = 100

change in total cost
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4. RESULT AND DISCUSSION

4.1. Selected soil physico-chemical properties of the experimental area
Results of laboratory analysis of the soil before planting showed that it was silty clay in
texture, having particle size distribution of 17% sand, 43% clay and 40% silt. Its reaction was
slightly alkaline (pH value of 7.11), which is believed to be suitable for onion production
(Lemma and Shimeles, 2003). The soil was medium in total nitrogen (0.14%), available
phosphorus (22.66 ppm) and organic carbon (1.63%) Tekalign et al. (1994). The CEC content
of the experimental soil before was 38.72 cmol (+) kg™, with organic matter content of 2.81%
and EC of 1.94 ds/m. Details of the laboratory results of some physiochemical properties of
the soil samples taken before planting and that of poultry manure (PM) are presented in

Appendix Table 5 and Appendix Table 6, respectively.

After harvesting, the soil analysis was done for the plots which were received the respective
treatment combinations, where the soil samples from the three blocks were composited for
each treatment. Accordingly, the pH level of the soil gradually increased with increasing rate
of N fertilizer and poultry manure (PM) (Table 3). The result showed that total nitrogen
content was in the ranges of medium to high (0.12%-0.25%), while electrical conductivity
value of the soil ranged from 1.26 to 1.50 ds/m, which was in low range (Landon, 1991). On
the other hand, CEC of the soil after harvesting was high which indicates the high cations
holding capacity of clay soils (Horneck et al., 2011). In general, results of the soil analysis
after harvesting showed increasing trend with increased rates of N and PM application for
Av.P and OM content, though values similar to those measured before planting were observed

in some cases (Table 3).
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Table 3. Effects of poultry manure (PM) and nitrogen (N) fertilizer on some soil properties of
after harvesting at Alage, Ethiopia, during 2018 growing season.

No. Chemical properties of sampled plots soil
Treatment combination pH  EC (ds/m) CEC TN%  Avai.P(ppm) OM%
(cmol(+)/kg

1.  Otha’PM +0kg N ha™ 7.10 1.26 38.20 0.12 20.31 2.4
2. 5tha'PM+0kgN ha™ 7.14 1.28 38.41 0.18 25.50 3.6
3.  10tha'PM+0kg N ha™ 7.17 1.31 38.50 0.22 28.82 4.4
4. 15tha’PM+0kgNha*  7.21 1.35 39.56 0.22 29.46 4.4
5. Otha'PM+46kgNha' 7.15 1.30 38.30 0.17 22.32 3.4
6. 5tha'PM+46kgNha! 7.18 1.37 38.70 0.25 27.25 5.0
7. 10tha'PM+46kgNha' 7.21 1.40 39.49 0.31 29.50 6.2
8. 15tha™ PM+46 kg Nha*  7.24 1.50 41.41 0.35 33.00 7.0
9. Otha'PM+92kgNha' 7.14 1.33 38.50 0.19 26.11 3.8
10. 5tha'PM+92kgNha'  7.21 1.39 39.10 0.30 28.75 6.0
11. 10tha™ PM+92 kg Nha?  7.30 1.45 39.50 0.32 30.33 6.4
12. 15tha™ PM+92 kg Nha' 7.35 1.50 41.54 0.35 33.24 7.0

4.2. Phenology and growth parameters

4.2.1. Plant height
Highly significant difference (P<0.001) in plant height was observed due to main effect of
nitrogen fertilizer and poultry manure application as well as their interaction effects (Fig. 1).
Numerically the maximum plant heights was observed from the application of 15 t ha™ of
poultry manure with the mean values of (55 cm) followed by application of poultry manure at
the rate of 10 t ha™ (54.66 cm) and 5 t ha™ (52.66cm). However, the lowest (49.33cm) plant
height was recorded from 0 t ha™ of poultry manure application. The observed differences
could be due to the difference in application rate of poultry manure in which increment in
poultry manure especially in nitrogen availability enhances vegetative growth though

increasing cell division and elongation. This result was in line with the findings of Farooq et
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al. (2015), who reported an increase in height of plants with increased rate of application of

organic fertilizers.

Application of Nitrogen fertilizer at the rate of 92 kg ha™* resulted with the tallest plant height
(54.75cm) followed by 46 kg N ha™ while, the lowest plant height was recorded from the
control treatment. The increase in height in response to increasing the rate of nitrogen may be
ascribed to increased availability of nitrogen in the soil for uptake by plant roots that have
enhanced vegetative growth through increasing cell division and elongation (Halvin et al.,

2003).

Similarly, Gubta and Sharma (2000) reported that increasing nitrogen rates increased plant
height of onion. Nasreen et al. (2007) have also reported that an increase in the level of
nitrogen to 160 kg ha™ increased plant height, while further increases tended to decrease the
height. The result of the present study was also consistent with the findings of Aliyu et al.
(2007), Mozumder et al. (2007), Nasreen et al. (2007) and Al-Fraihat (2009) who have

reported liner increases in plant height with increasing rate of nitrogen application.

The interaction effects of poultry manure and nitrogen fertilizer application revealed that the
highest value for plant height (56 cm) was recorded with the application of PM at a rate of 15t
hat with 46 and 92 kg N ha™. This is followed with the plant height obtained from the
combined application of 10 t ha™ PM and 46 and 92 kg N ha™, followed by the combined use
of 5tha™ PM and 46 and 92 kg ha™ N (54 cm). The lowest plant height was obtained from the
control treatment (Fig. 1). The results of the interaction effect indicate that increasing the
combination rate of nitrogen and poultry manure promotes plant growth. This may be

attributed to the fact that poultry manure contains carbon, nitrogen and other essential
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nutrients, which may have synergy with the inorganic nitrogen supply in promoting plant

growth,

This result is in line with the findings of Reddy and Reddy (2005) who observed a significant
increase in plant height of onion with increasing levels of vermicompost (from 10 to 30 t ha)
and N fertilizer (from 50 to 200 kg ha™). Similarly, Gonzalez et al., (2001) have reported that
organic manure and inorganic fertilizer supplied all the essential nutrients, resulting in
increase of measured variables like plant height. Bwembya and Yerokun (2001) also reported
significantly taller plants treated with both organic and inorganic fertilizers compared with the

unfertilized plots.
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Figure 1. Interaction effects of poultry manure and nitrogen levels on plant height (cm) of
onion grown at Alage, Ethiopia, during 2018 cropping season,

Means followed by the same letter are not statistically different from each other at 5% level of significant.
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4.2.2. Number of leaves per plant
The leaf number of onion plants was significantly affected (P<0.001) by application of poultry
manure and application of nitrogen fertilizer (P<0.05). However, it was not significantly

affected by the interaction effect of those treatments (Appendix Table 1).

Application of poultry manure significantly increased the number of leaves per plant as
compared to the control treatment (Table 4). The highest leaf number (12.55) was obtained
from application of PM at the rate of 15 t ha™* followed by 10 t ha™ of PM (12.33). However,
plants fertilized with 15 and 10 t ha™ did not differ statistically with each other. The lowest
leaf number (9.66) was recorded from unfertilized plants. The higher number of leaves per
plant and plant height in the amended treatments over the control check could be attributed to
increases in vegetative growth, resulting from the significant roles or effects of available
essential plant nutrients in the synthesis of the different components of protein required for
leaf development, photosynthesis and metabolic processes required for plant growth, thus

enhancing rapid growth (Sekhon and Meelu, 1994).

In line with this, it has been reported that organic manures and inorganic fertilizers support a
lot of vegetative growth as a result of high supply of nutrients, especially nitrogen (Singh et
al., 1989; Blay et al., 2006). In agreement with the present study, it has been observed that
application of FYM significantly affected the number of leaves of onion (Bashir et al., 2015).
Kokeb et al., (2013) have also reported that application FYM has positively influenced leaf
number of onion. Similarly, Khan et al., (2002) have reported higher number of leaves per

plant on plots treated with cow dung.
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Regarding nitrogen rates, the highest leaf number per plant was obtained from the plots treated
with 92 kg N ha™ (11.83), while the lowest value was recorded from plots with no nitrogen
application (10.58). However, plants treated with nitrogen at the rate of 92 and 46 kg ha™ did
not differ statistically with each other. The results of this study are similar to those observed
by Abdissa and Tekalign, (2011), who reported that N fertilization (92 kg N ha™) significantly
increased the number of leaves per plant and plant height of onion by 8% and 10%,

respectively, over the control.

Vachhani and Patel (1993) and Nasreen et al., (2007), have also found that application of 120-
150 kg N ha™ significantly increased the number of leaves per plant for onion crop. The high
number of leaves per plant recorded at higher dose of nitrogen may be attributed to the effect
of nitrogen in the synthesis of proteins and enzymes which are essential for cell division and
growth. The positive effect of nitrogen on vegetative growth is due to improved production
and use of carbohydrates through photosynthesis, which is vital for growth and formation of

new leaves (Jeyakumar et al., 2007).

4.2.3. Leaf length
The analysis of variance of leaf length showed that main effects of PM had highly significant
(P<0.001) influence on leaf length of onion and also the main effects of N fertilizer had
significant (p<0.05) influence on leaf length of onion. However, it was not significantly

affected by the interaction effect of those treatments (Appendix Table 1).

The study indicated that, statistically there were no significant differences observed among the
treatments except with the control. The tallest leaf length was recorded from the application of

15 t ha™ of poultry manure with the mean value of (52.04 cm) followed by 10 t ha™ (51.66)
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and 5 t ha™ (50.39) poultry manure application. While the shortest (45.70) leaf length was
recorded from the unfertilized plants. As the result showed the leaf length was increased with
increased poultry manure, this might be due to high nutrients content of the PM including

nitrogen (Table 4).

The result supported by the observation of Mandal et al., (2013) who reported an increase in
length and number of leaves with the application of both organic and inorganic fertilizers.
Organic manures and inorganic fertilizers support a lot of vegetative growth as a result of high

supply of nutrients, especially nitrogen (Singh et al., 1989; Blay et al., 2006).

Application of nitrogen fertilizer at a rate of 92 kg ha™ resulted with the tallest leaf length
51.66 cm. while, the shortest leaf length was recorded on unfertilized onion plants. The leaf
length response to nitrogen fertilizer is in agreement with Gubta and Sharma (2000), Ghaffoor
et al., (2003) and Jilani et al., (2004) who reported that higher rates of nitrogen resulted in
longer leaves of onion. Similarly, the present finding was in accordance with the finding of
Sarensen and Grevsen (2001) and Kebede (2003) who reported that too much nitrogen
promoted excessive vegetative growth (leaf length) in onion plant. The positive effect of N on
leaf length may be due to the role it plays on chlorophyll, enzymes and proteins synthesis
essential for vegetative growth (Halvin et al., 2003) and also due to its enhancing effect on

efficient uptake and utilization of phosphorus and other nutrients (Gustfson, 2010).

4.2.4. Days to maturity
Number of days to maturity of onion was significantly (P<0.001) affected by the main effects

of nitrogen fertilizer and poultry manure application, but not significantly affected by the

interaction effect of the treatments (Appendix Table 1). The present result showed that,

40



application of 15 t ha®, 10 t ha®and 5 t ha™ poultry manure took relatively longer time for
onion bulb to mature. Although there was significant difference between the two factors, the
maximum number of days to maturity (113.66) was recorded from the plants treated with 15t
ha, followed by 10t ha™ poultry manure application (113.44), but the result from the two
rates are not statistically different. While the earlier (108.77) days to maturity were taken by
the untreated plants. The result indicates that the prolonged time required to reach maturity at

higher level of poultry manure may be attributed to enhanced vegetative growth.

Days to maturity was significantly delayed (113 days) by the application of nitrogen fertilizer
at the level of 92 kg ha™, followed by 46 kg ha™ N level; while plants from unfertilized plots
matured earliest (109 days). The result indicates that the prolonged time required by the plants
to reach maturity at higher rates of nitrogen fertilizers may be due to enhanced cell division
and stimulation of vegetative growth which, as a result, delayed maturity of the plants. The
current observation is in line with Brewster (1994), Sgrensen and Grevsen (2001) and Kebede
(2003) who reported that higher nitrogen levels resulted in excessive vegetative growth and
delayed maturity. This result also supported by Ojala et al., (1990) who reported that the
application of higher nitrogen levels to potato promoted excessive vegetative growth and

delayed maturity.

The results of this study also are similar to those observed by Marschner, (1995) and Gupta
and Sharma, (2000), who reported prolonged vegetative growth of onion with the application
of nitrogen and thus delayed plant maturity. This indicates that the nutrients taken up by plant
roots used for increased cell division and synthesis of carbohydrate, which will predominantly

be partitioned to the vegetative sink of the plants, resulting with a luxurious foliage growth of
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plants (Marschner, 1995). Generally, plants grown under higher nitrogen rates tended to delay

maturity (Table 4).

The result clearly indicated that days of maturity were prolonged in response to increased
levels of poultry manure and mineral nitrogen fertilizer. This may be attributed to nitrogen

contained in both fertilizers which prolonged the vegetative growth of onion.

Table 4. Main effects of poultry manure and nitrogen fertilizer rates on leaf length, leaf
number and days to maturity of onion grown at alage, Ethiopia, during 2018 cropping season

Treatments Leaf length(cm) Leaf number Days to maturity (day)
PM (tha™)

0 45.70° 9.66° 108.77°
5 50.39% 11.00° 111.77°
10 51.66° 12.33° 113.44%
15 52.04° 12.55% 113.66%
LSD (5%) 2.16 1.12 1.77

N rate (kg ha ™)

0 48.95 10.58" 109.75°
46 49.23" 11.75% 112.16"
92 51.66° 11.83° 113.83%
LSD (5%) 1.87 0.97 1.53
CV (%) 4.42 10.12 1.62

Means followed by the same letter within a column or row are not statistically different from each other at 5%

level of significant.

4.3. Yield and yield component parameters

4.3.1. Bulb length
Result from the analysis of variance revealed that the main effects of PM and mineral N
fertilizer rates influenced the bulb lengths of onion. However, the two factors did not interact
to influence bulb length (Appendix Table 2). The application of 15 t ha™* PM were produced
the largest (4.28cm) bulb lengths followed by 10 t ha™ PM application (4.01cm) but, there
were no significant difference observed between them. While the lowest bulb length was
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recorded from the plant received zero PM, which mean from unfertilized plants. In this result

with increasing application rates of poultry manure the bulb length also increased (Table 5).

In agreement with the present study, the use of organic fertilizer increased the length of onion
bulbs as observed by Jayathilake et al., (2003) and Akoun (2005). In contrast with the present
study, Funda et al., (2011) and Kokeb et al., (2013) found that no difference in onion bulb
lengths due to application of organic and mineral fertilizers. Brewster, (1994) report that this
could be due to the fact that nitrogen is responsible for vegetative growth of plants rather than

bulb length.

In the other hand, the application of 92 kg ha™ N fertilizer showed the largest bulb length
(4.04cm) on onion, followed by 46 kg ha™ nitrogen application (4.00 cm), while the shortest
bulb length were obtained from plants treated with no fertilizer. The analysis of variance
showed that the application of nitrogen fertilizer at rate of 92 and 46 kg ha™ did not showed

significance difference between them (Table 5).

The result agreed with observation of Kumar et al., (1998) who reported that the highest bulb
length was obtained from 150 kg N ha™. Similarly, Mozumder et al., (2007) reported that bulb
length significantly increased with the increases of nitrogen fertilizer up to 150 kg ha™. The
longest bulb length with the increased application rates of nitrogen dose, may be due to higher
synthesis of carbohydrates in the leaf and their translocation to the bulb, which comparatively
helped in the increased length of onion bulbs (Neeraja et al., 1999; Yadav et al., 2003; Reddy

and Reddy, 2005).
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4.3.2. Bulb diameter
The main effects of poultry manure and nitrogen treatments as well as their interaction had
significant effects on the bulb diameter of onion (Appendix Table 2).The main effect of
poultry manure showed highly significant influence (p<0.001) on bulb diameter. The effect of
poultry manure indicated that plants treated with 15 t ha™ PM had the highest bulb diameter
(4.87cm) followed by 10 t ha™ PM (4.72cm) and 5 t ha™* PM (4.52cm) and plants treated with
no PM had the shortest bulb diameter (3.87cm). Even though there is a difference between
means of treatments; they were not statically different between 15 t ha PM and 10 t ha™ PM,
and between 10 t ha™ PM and 5 t ha™ PM. The shortest bulb diameter at unfertilized plant
might be due to the low level of nutrient in the soil which was essential for increasing bulb
diameter. The present result were supported by the finding of Mandal et al., (2013) and Brinjh
et al. (2014) where an increase in organic manure application increased the bulb diameters. In
confirmation to this study Wondye, (2017) reported that as the rates of FYM increased, the

onion bulb diameters increased progressively up to some levels.

The effect of nitrogen significantly influenced the bulb diameter. The highest bulb diameter
(4.70cm) was recorded from the plant treated with 92 kg ha™ nitrogen followed by 46 kg ha™
nitrogen (4.65cm) while the shortest (4.13 cm) bulb diameter was obtained from unfertilized
plants. The analysis revealed that there was no statistical different between 92 and 46 kg ha™
nitrogen application. The present result was supported by the finding of Wondye, (2017) who
found that application of NPS fertilizer had a profound effect on bulb diameters of Adama red
variety of onion. The current result showed that the bulb diameter was higher with application
of higher doses of N, which may be attributed to highest synthesis of carbohydrate in the leaf

and their translocation into bulb as reported by Halvin et al., (2003). This might also be
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ascribed to the role of N in promoting efficient utilization of other nutrients (Mengel and
Kirby, 2001).The result also in agreement with that of Ghaffoor et al., (2003), Yadav et al.,
(2003), Jilani et al., (2004), Mozumder et al., (2007) and Nasreen et al., (2007) who reported a
significant increase in the diameter of onion bulbs due to the application of N ranging between
100 - 200 kg ha™. Similarly, Gubta and Sharma (2000) showed that increasing the nitrogen

level significantly increased bulb diameter of onion.

With the interaction effect of poultry manure and nitrogen fertilizer the largest onion bulbs
(5.10 cm ) were recorded at the rate of 15 t ha™ poultry manure with 92 kg ha™ nitrogen
application, but with no significant difference from those fertilized at 0,46 and 92 kg ha™ of
nitrogen levels and received same rate of poultry manure (15 t ha™) and also there were no
significant difference between the treatment at the rate of 10 t ha PM combined with 0, 46
and 92 kg ha™ N fertilizer, in addition those treatment combination were also no significant
difference with the plant treated with the combination of 5 t ha™ PM combined with 46 and 92
kg ha™ nitrogen fertilizer application. The smallest bulb diameter (3.13cm) was recorded from
the unfertilized plots. Under 0 kg ha™ of nitrogen fertilizer, bulb diameter notably increased as
the poultry manure level increased, but no significant difference was produced between plants
received 10 t ha™ and 15 t ha™ poultry manure. In 46 kg ha™ nitrogen level, increase in
application of poultry manure up to 10 t ha™ significantly increased the diameter of onion
bulbs; while further increase of nitrogen did not significantly alter bulb diameter (Fig 2). In
agreement with the present study Metwally and Abdel-Bray (1999) recorded the smallest bulb
diameter and average bulb weight in the control plot and attributed the higher values obtained

in the combined application of organic and inorganic fertilizer to the role of organic manure in
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improving soil structure, thereby reducing nutrient loses by leaching and deep percolation

compared to application of inorganic fertilizer alone.

Similarly Jeyathilake et al., (2006) have also reported increased bulb diameter weight on
combined application of organic and bio fertilizers and linked it to accelerated synthesis of
chlorophyll and amino acids, resulting in more translocation of photosynthesis from leaves to
the bulbs translating to increased bulb and diameter of onions. Mondal et al., (2004) reported
increased onion bulb diameter and vitamin C content with combined application of organic

manure and NPK fertilizer.
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Figure 2. Interaction effects of poultry manure and nitrogen levels on the bulb diameter (cm)
of onion grown at Alage, Ethiopia, during 2018 growing season.

Means followed by the same letter are not statistically different from each other at 5% level of significant

4.3.3. Average bulb weight
The main effect of poultry manure and its interaction with nitrogen fertilizer did not
significantly influence average bulb weight of onion (Table 5) (Appendix Table 2). However,
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the mineral nitrogen fertilizer in its main effects were significantly influenced (P<0.01) the

average bulb weights of onion.

The highest average bulb weight of onion were (52.16g) obtained by application of mineral
nitrogen fertilizer at a rate of 92 kg ha™ N followed (47.00g) by application of nitrogen at the
rate of 46 kg ha, even though the mean value between them is differ but statistically they
were similar. While the lowest average bulb weight was recorded from the unfertilized plants
(Table 5). The average bulb weight improvement in response to N could be attributed to the
increase in leave number, leaf length and extended physiological maturity. The increase in leaf
number and leaf length resulted in an increase in assimilate production and allocation to the

bulbs (Kokobe et al., 2013).

This finding with N fertilization was in agreement with the findings of Islam et al., (2007) and
Nasreen et al., (2007) who reported that average bulb weight of onion significantly increased
with increased nitrogen level up to 120 kg ha™ N. Similarly, Lemma and Shimeles (2003) have
also reported that higher average bulb weight was obtained with application of 90 kg N ha™.
Furthermore, Gubta and Sharma (2000) and Nasreen et al., (2007) have also indicated that
high nitrogen level increased bulb weight of onion. Similarly, Aliyu et al., (2007) and Kokeb
et al., (2013) have found that application of 150 kg ha™ N produced higher average fresh bulb

weight compared to the lower doses of nitrogen.

The correlation analysis reviled that average weight of bulb was found to be positively and
significantly correlated with bulb length (r=0.54), leaf number (r=0.43), plant height (r=0.53)
and total biomass yield (r=0.42) indicating that N fertilization and poultry manure increased

bulb weight by improving these parameters (Appendix Table 4). Abdissa et al., (2011)
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indicated that bulb weight had positively strongly association with plant height, leaf number

and leaf length as affected by nitrogen and phosphorus fertilization.

4.3.4. Total biomass yield
Total biomass yield of onion which is the sum of all above and underground biomass was not
significantly influenced by the main effects of PM and N fertilizer. Similarly, the interaction
effects did not influence the total biomass yield of onion (Appendix Table 2). However
regarding the poultry manure application, relatively the highest total biomass yield (74.33 t ha”
1) were obtained by the application of 15 t ha™ PM, followed by 10 t ha™* (73.77 tha') and 5 t
ha of PM (69.66 t ha™). While the lowest total biomass yield were recorded from the plant
with no PM (Table 5). The total biomass yields of onion were relatively increased with
generally increasing amount of poultry manure, which is in line with the finding of Melaku
(2010) who reported that the application of 20 t ha™ FYM increased the biological yield of
onion by 33% compared to non fertilized controls. The increased yield and yield components
due to the application of FYM are largely attributed to the improved soil organic matter, soil
physical, chemical and microbial properties that enhance plant growth as well as nutrient

availability and its uptake by the plants (Funda et al., 2011).

Regarding nitrogen application the highest total biomass yield were obtained from the plants
treated with 92 kg ha™ N (75.66 t ha™) followed by 46 kg ha™ N with the mean value of (69.91
t ha™) while the lowest were recorded from unfertilized plants (67.08 t ha') (Table 5). The
result was consistent with the finding of El-Tsntawy and El-Beik (2009) who reported the
highest total biomass yield of onion at the application of higher rates of nitrogen. The total

biomass yields were decreased with decreasing nitrogen application. The increase in biomass
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yield in response to the increased N application may be ascribed to the predominant role that
N plays in enhancing the physiological function of plants through promoting leaf expansion

and photosynthesis (Balasubramaniyan and Planiappan, 2001).

The correlation analysis reviled that total biomass yield was found to be positively and
significantly correlated with bulb diameter (r=0.43***), bulb length (r=0.52***) and leaf
number (r=0.40*). This implies that improving any of these parameters may lead to

improvement in total biomass yield. (Fig. 3 and Appendix Table 4).
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Figure 3. Relationship between total biomass yield and bulb diameter

4.3.5. Marketable bulb yield
The analysis of variance showed that PM was significantly influenced the marketable bulb
yield of onion, but mineral N fertilizers and interaction effects were not significantly

influenced the total bulb yield of onion (Appendix Table 2).
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Highest marketable bulb yield of onion (62.52 t ha™) were obtained by the application of 15 t
ha® PM followed by 10 t ha™ (58.63 t ha™) and 5 t ha PM (53.13 t ha!), While the lowest
(52.40 t ha®) marketable bulb yield was recorded from the control plot. However, they no
statistically difference was observed in yield between 15 t ha™ and 10 t ha™* and between 10 t
ha’, 5t ha' and 0 t ha' PM application. Satyanarayana and Prasad (2002) reported that
organic manure plays an important role in improving soil permeability to air and water and
water stable aggregates. Thus application of organic materials such as FYM considerably
improves soil physical properties and nutrient uptake resulting in greater growth, yield and
yield components. Akoun (2004) has shown that increasing the rate of manure application
from 5.6 t ha™ to 22.4 t ha™ caused significant difference in yield. The highest yield of 9.55 t
ha' was obtained with the application of 22.4 5.6 t ha™. Unlike chemical fertilizer that
supplies only the major nutrients, FYM is a store house of several other plants nutrients and
act as a good soil conditioner (Mishra and Nayak, 2004). In agreement with results of this
study, Daniel (2006) also has shown that marketable potato tuber number was increased as the
rates of both FYM and vermicompost increased from 5 to 10 t ha™ and 4 to 8 t ha?,

respectively.

The result of PM was supported by the finding of Wondye (2017) who reported that the
application of 20 t ha™ FYM on Bombay red increased the marketable yield by 21% compared
to the respective control. Funda et al. (2011) also reported that the application of 20 t ha
lorganic manure increased onion vyield. And Sankar et al. (2009) reported that increased
marketable bulb yield of onion by the addition of organic manures, which was agreed with the
present study. Ouda and Mahadeen (2008) reported that organic manures supplies nitrogen
required for the multiplication of microorganisms and thus release of phyto-hormones which
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may promote the growth and development of plants. Similar results also reported by Sharma et

al. (2003) where they found increased onion yield due to the applications animal manure.

On the other hand, even though with the mineral nitrogen fertilizer the analysis of variance
showed non-significance difference. However, relatively the highest (59.95 t ha™) marketable
bulb yield of onion was obtained from the plots fertilized with 92 kg ha™ N followed by 46 kg
ha® (56.96 t ha™), while the lowest (53.10 t ha™) marketable bulb yield was recorded from the

plants received 0 kg ha™N (Table 5).

The correlation analysis revealed that marketable bulb yield positively and significantly
correlated with total bulb yield (r=0.99***), total biomass yield (r=0.57***), bulb diameter

(r=0.53***) and bulb length (r=0.47**) (Appendix Table 4).

4.3.6. Unmarketable bulb yield
The analysis of variance revealed that PM and N fertilizers had significant effect unmarketable
bulb yield of onion. However, no interaction effect of the factors was observed on
unmarketable bulb yield of onion (Appendix Table 2). Based on the present result, highest
unmarketable bulb yield (1.04 t ha™) in the case of poultry manure application were recorded
from 0 t ha™* PM followed by 5 t ha PM (0.86 t ha™) and 10 t ha™ PM (0.83 t ha™!) while the
lowest was obtained from 15 t ha™ PM application (0.81 t ha™) (Table 5). The result showed
that with increased poultry manure the unmarketable bulb yield were decreased. The present
result was disagreed with the findings of Daniel (2006) who reported a decrease in

unmarketable potato tuber number with a decreasing rate of FYM.

On the other hand unmarketable bulb yield was affected by the application of nitrogen

fertilizer. Therefore, the highest (1.05 t ha™®) unmarketable bulb yield were recorded from 0 kg
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ha® N followed by 46 kg N ha™ (0.84 t ha™) while the lowest were obtained by plants treated
with 92 kg/ha N (0.76 t ha™) (Table 5). In confirmation with this study Brewster (1994)
reported that under sub optimal supply of nitrogen, the marketable yield of onion and shallot
can be severely reduced. Likewise, Jilani et al. (2004) indicated that nil nitrogen fertilizer rates
resulted in more unmarketable bulb yield. In addition, in onion, low as well as lack of nitrogen
fertilizer may have been associated with early bulb formation, stunted growth, with bulb size
and marketable yields reduced (Kokeb et al. 2013).

Table 5. Main effects of poultry manure and mineral nitrogen fertilizer rates on average bulb

length, bulb diameter, bulb weight; total biomass yield; marketable yield and unmarketable
yield of onion grown at Alage, Ethiopia, during 2018.

Treatments BL(cm) ABW(g) TBIY(tha') MBY(tha’) UBY(tha™)
PM (tha ™)

0 3.27° 40.88 65.77 52.40" 1.04°
5 3.87° 46.66 69.66 53.13" 0.86°
10 4.01%° 48.22 73.77 58.63% 0.83°
15 4.28° 49.33 74.33 62.52° 0.81°
LSD (5%) 0.32 Ns Ns 7.63 0.13
N rate (kg ha ™)

0 3.54° 39.66" 67.08 53.10 1.05%
46 4.00° 47.00° 69.91 56.96 0.84°
92 4.04° 52.16 75.66 59.95 0.76°
LSD (5%) 0.27 7.13 Ns Ns 0.11
CV (%) 8.52 18.21 14.15 13.77 15.45

Means followed by the same letter within a column or row are not statistically different from each other at 5%
level of significant. Where, BL=bulb length, BD=bulb diameter, ABW= average bulb weight, TBIY= total
biomass yield, MBY= marketable bulb yield and UBY= unmarketable bulb yield.
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4.3.7. Total bulb yield
The analysis of variance showed that the main effect of PM was significantly (P<0.05)
influenced the total bulb yield of onion, but mineral N fertilizers and interaction effects were

not significantly influenced the total bulb yield of onion (Appendix table 2).

Generally, increasing application rate of PM produced highest total bulb yield. The highest
total bulb yield (63.33 t ha™ ) were obtained by the application of 15 t ha™ PM, while, the

lowest (53.44 t ha™) total bulb yield were recorded from unfertilized onion plants (Table 6).

The results were agreed with the finding of Mia et al. (2007) who reported that the Plant
height, total dry matter, single bulb weight, yield and nutrients uptake at different growth
stages of onion varied significantly due to application of poultry manure and inorganic N
fertilizer. The present study were also in line with the finding of Kokeb et al. (2013) who
reported that the highest rate of total bulb yield increase with the application of FYM and
mineral fertilizers. Another author reported that the application of 20 t ha FYM increased the
total bulb yield of onion by 24% compared to controls (Funda et al. 2011). The result in the
present study are generally agreed with the findings of Sharma et al. (2003) who found animal
manure applications increased onion yield. Similarly, Melaku (2010) reported an increase of
32.9% onion bulb yield compared to the control treatment. Ezekiel et al. (2014) reported the

application of poultry litter at the rate of 15 t ha™ produced the highest yield per hectare.

The finding of Diriba et al. (2015) reported that yield and yield attributes of garlic bulbs
increased with the increases in the rates of nitrogen, phosphorus, and sulfur, which was also in

line with to the present result of nitrogen application.
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The correlation analysis revealed that the total bulb yield showed significant and positive
correlation with total biomass yield (r=0.56***), bulb diameter (r=0.51**), bulb length
(r=0.46**), leaf number (r=0.45**), plant height (r=0.46**) and average bulb weight
(r=0.36%) this indicated that those parameters had contribution to total bulb yield, might be
due to production of taller plants with higher number of leaves leading to increased
photosynthesis and increased production of assimilates to fill the sink, which contribute to
total bulb yield. However, total bulb yield was associated non-significantly positive with leaf

length (r=0.29) and days to maturity (r=0.32) (Figure. 4 and Appendix Table 4).

Table 6. Main effects of poultry manure and mineral nitrogen levels on total bulb yield dry
matter content and harvest index of onion grown at Alage, Ethiopia, during 2018.

Treatments TBY (tha™) BDMC (%)
PM (tha™)

0 53.44° 11.85°
5 54.00° 11.542
10 59.46%° 0.84°
15 63.33° 8.70°
LSD (5%) 7.68 1.11
N rate (kg ha ™)

0 54.15 11.78°
46 57.80 10.62°
92 60.72 9.04°
LSD (5%) Ns 0.96
CV (%) 13.65 10.85

Means followed by the same letter within a column or row are not statistically different from each other at 5%
level of significant. Where, TBY=total bulb yield, BDMC=Dbulb dry matter content and HIl= harvest index
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Figure 4. Relationship between total biomass yield and total bulb yield of onion

4.3.8. Bulb dry matter content
The analysis of variance showed that the main effects of PM and mineral N fertilizers were
significantly influenced the bulb dry matter content. However, the interaction was not

significantly influenced the bulb dry matter content (Appendix Table 2).

According to the present result, the highest (11.85 %) bulb dry matter content was recorded at
the control plants and the lowest was recorded (8.7 %) at 15 t ha™* poultry manure application.
It means that the more application of poultry manure the lower the bulb dry matter content
(Table 6). The study was disagreed with the findings of Mia et el. (2007) who reported that the
highest amount of dry matter content was recorded from the application of 57.5 kg ha™ N with
10 t ha™* poultry manure at all growth stages, the plants in the control treatment produced the

lowest dry matter at all growth stages.
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Regarding mineral nitrogen fertilizer application the highest (11.87%) bulb dry matter content
was recorded from the plants treated with 0 kg N ha™ followed (10.62%) by 46 kg ha™ N while
the lowest bulb dry matter (9.04%) was recorded from the nitrogen application at the rate of
92 kg N ha™. Similarly, bulb dry matter content decreased with increasing application rates of
mineral nitrogen fertilizer (Table 6).In line with dry matter accumulation response to N
application in this result, Maier et al. (1990) reported that dry matter of onion bulbs was not
affected by nitrogen application. This result indicates that nitrogen fertilizer at lower rate
would result in bulb with proportional dry matter content of onion. Patricia and Bansal (1999)
also reported that nitrogen application had no effect on potato tuber dry matter. According to
Brewster (1994), Serensen and Grevsen (2001) excessive nitrogen resulted in a vigorous

vegetative growth and reduced dry matter contents of onion bulbs.

4.3.9. Harvest index
Analysis of variance indicated that harvesting index was significantly influenced by the main
effects of poultry manure and nitrogen fertilizer application as well as by their interaction

effects (Appendix table 2).

The analysis of variance revealed that the main effects of poultry manure application had
significant (p<0.001) influence on harvest index. With poultry manure application the highest
(81.55%) harvest index were recorded at the rate of 15 t ha™ PM followed by 10 t ha™* PM
(80.44%) and at 5 t ha™ (73.55%) while the lowest were recorded at 0 t ha™PM (71.77%)

application
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The highest harvest index (80.00%) were obtained from 92 kg N ha*, while the lowest harvest
index (72.16%) was recorded from 0 kg ha™ N application. This result was supported by the
finding of Abdissa (2008) who observed that harvest index of onion increased with increasing
nitrogen rate up to 115 kg ha™ compared to the control. This could be attributed to improved
photosynthetic capacity of plants and movement of assimilates from the leaves to the bulbs

during the growing period.

The interaction effects of poultry manure and nitrogen fertilizer had significantly affected the
harvest index of onion. Therefore, a harvest index of (86.66%) was obtained from poultry
manure application at the rate of 10 t ha™ with 92 kg ha™ of nitrogen fertilizer, which were the
highest one among all combination of PM and N application while the lowest was recorded
from unfertilized plants. However there were no significant differences were observed
between the treatment rate of 10 t ha™ PM combined with 92 kg N ha, 15 t ha™ PM combined
with 46 kg N ha™ and 15 t ha™ PM combined with 92 kg N ha™ fertilizer application (Figure

5).

The result were in line with the finding of Tadila (2011) who reported the application of 50 kg
N ha‘combined with 10 t ha*manure showed maximum harvest index of garlic. This finding
is also supported by the results of Wondimu ( 2009) who reported that the highest harvest
index for Adama Red cultivar of onion was recorded from treatments that received N and

FYM at 25 kg N ha™+ 8 t FYM ha.
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Figure 5. Interaction effects of poultry manure and nitrogen levels on harvest index of onion
grown at Alage, Ethiopia, during 2018.
Means followed by the same letter are not statistically different from each other at 5% level of significant.

4.4. Partial budget analysis
The economic analysis was done for only poultry manure application, where significant

variation was observed. Partial budgeting is a method of organizing experimental data and
information about the costs and benefits of various alternative treatments. According to
CIMMYT (1988), the average yield was adjusted downward by 10% in order to represent the
yield obtained by the farmers as compared to that of the research. In line with this, the
analysis revealed that the highest gross field benefit (450,080 ETB ha™) and net benefit
(430,580 ETB ha™) were obtained from 15 t ha™ PM application, whereas the lowest gross
field benefit (377,280 ETB ha™) was recorded for the control plot and the lowest net benefit
(375,980 ETB ha™) was obtained from 5 t ha® PM. The dominance analysis indicated that
application of only 5 t ha’ PM was dominated and thus, further marginal rate of return

analysis was not considered for the treatment.
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The analysis of marginal rate of returns (MRR) for this experiment revealed that treatment that
received 10 t ha™® and 15 t ha™ PM have given a marginal rate of return above the minimum
acceptable rate (100%). The highest marginal rate of return of 6624% was obtained from 15 t
ha® PM fertilizer, indicating that for every 1.00 ETB invested for application of 15 t ha™* PM
in the field, producers can obtain an additional benefit of 66.24 ETB. Poultry manure
application at the rate of 10 t ha™ exhibited the second most promising result with 3146%
marginal rate return and net benefit of 409,080 ETB ha™. This MRR analysis indicated that

farmers at the study area need to use 15 t ha™ PM in order to maximize their profitability.

Table 7. Partial Budget Analysis for poultry manure application at Alage.

Treatment

Otha’ 5tha’ 10tha™ 15tha™
Average yield (t ha™) 52.40 53.13 58.63 62.52
Adijusted yield (t ha) 47.16 47.81 52.76 56.26
Gross benefits ETB ha™ 377,280 382,480 422,080 450,080
Labour cost for poultry manure 0 1500 3000 4500
application ETB
Poultry manure cost ETB ha™ 0 5000 10,000 15,000
Total cost that vary ETB ha™ 0 6500 13000 19500
Net benefits ETB ha™ 377,280  375,980D 409,080 430,580

Where, ETB= Ethiopian Birr (currency); price for poultry manure= 1.00 ETB kg™

Table 8. Analysis of Marginal rate of return for poultry manure application at Alage.
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PM (tha') Total variable  Marginal cost Net benefit Marginal net Marginal rate
cost (Birr ha®) (Birrha®)  (Birrha®) benefit (Birr ha™) of return (%)

0 0 - 377,280 - -
10 13000 13000 409,080 31.46 3146
15 19500 6500 430,580 66.24 6624
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5. SUMMARY AND CONCLUSION

Onion (Allium cepa L.) is a widely recognized cash crop, successfully produced under rain fed
as well as irrigated conditions in different parts of Ethiopia. The area under onion production
in the country is increasing from time to time. Despite the increase in area coverage, the
productivity of the crop is much lower due to biotic and abiotic factors. However, lack of
information on appropriate fertilizer type and rates, declining soil fertility and limited water
availability are the most important factors attributing for the low yield of onion. This study
was, therefore undertaken to assess the effect of different rates of poultry manure and nitrogen
fertilizer on growth, quality and yield of onion and to identify economically feasible rates of

poultry manure.

The experiment was carried out at Alage Agricultural Technical and VVocational Education and
Training College (Alage) campus, Central Refit Valley of Ethiopia during 2018/19 season.
The experiment comprised three levels of nitrogen fertilizer (0.46 and 92 kg N ha™) and four
levels of poultry manure (0, 5, 10 and 15 t ha™®) using RCBD with three replications. The soil
physical and chemical properties of experimental site were analyzed before and also after
harvesting, Data were collected on phenological and growth parameters, yield and yield

components of onion.

The relevant data collected were subjected to analysis of variance using SAS software and
significant treatment means were compared using least significant difference (LSD) test at 5%

probability level.

The main effects of poultry manure and nitrogen fertilizer levels significantly affected most

plant growth and bulb yield characters of onion. Plant height, leave number per plant, leaf
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length, days to maturity, bulb length, bulb diameter and harvest index were increased as the
poultry manure and nitrogen fertilizer increased while the unmarketable bulb yield and bulb
dry matter content were significantly reduced with increased poultry manure and nitrogen

fertilizer levels.

The main effects of poultry manure alone significantly affected total bulb yield and
marketable bulb yield of onion, On the other hand, average bulb weight was significantly
affected by sole application of nitrogen fertilizer. The interaction of poultry manure with
nitrogen fertilizer were significantly affected the plant height, bulb diameter and harvest index

of onion at the study area.

Plant height showed increasing trend with increased level of PM and N fertilizer. Days to
maturity showed increasing trend as the nitrogen and poultry manure rate increased. However,
the analysis of variance showed that at 10 t ha™ and 15 t ha™ poultry manure level did not vary
significantly in days to maturity, while the bulb dry mater content and unmarketable bulb yield

were significantly reduced with increased fertilizer application.

Similarly, the longest leaf length (52.04 cm), leaf number per plant (12.55) and bulb length
(4.28 cm) were obtained from the poultry manure application at 15 t ha™. However, lowest
leaf length (45.70 cm), leaf number per plant (9.66) and bulb length (3.27 cm) were recorded
from the unfertilized plants. The total and marketable bulb yield was increased with increasing
poultry manure application, but sole application of nitrogen fertilizer not affected the total and

marketable bulb yield.

Correlation analysis indicated that marketable bulb yield positively correlated with most of

growth parameters. The partial budget analysis revealed that highest gross field benefit
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(450,080 ETB ha™) and net benefit (430,580 ETB ha™) was obtained from 15 t ha' PM
application, whereas the lowest gross field benefit (377,280 ETB ha™) was recorded from the
control plot and the lowest net benefit (375,980 ETB ha™) was obtained from 5 t ha* PM. The
dominance analysis indicated that only 5 t ha™ PM application rate was dominated and further
marginal rate of return analysis was not considered for the treatment. The analysis of marginal
rate returns (MRR) for this experiment revealed that treatment that received 10 t ha™ and 15 t
ha' PM application had given a marginal rate of return above the minimum acceptable rate

(100%).

Therefore, it was concluded that yield of onion variety Bombay Red could be substantially
increased through poultry manure application. Based on the result of the current study
application of poultry manure at the rate of 15 t ha™ was numerically provided the highest
growth and yield related characters of onion. Moreover, the highest rate of return was obtained
from the use of the same rates of PM. Therefore, PM application of 15 t ha' can be
recommended for optimized yield and economic benefits of onion for the study area and
similar agro-ecologies. However, since this experiment is conducted for a single location and

year, over location and year research is warranted to confirm the present results.
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7. APPENDICES
Appedix table 1. Mean square for growth and phenological parameters of (Bombay Red) onion grown at Alage

Sources of variation DF PH LL LN DM
Replication 2 12.02** 0.33ns 0.69ns 7.00ns
Poultry manure 2 60.77*** 76.74%** 16.11%** 45.80***
N rate 2 52.02%** 26.73* 5.86* 50.58***
Poultry*N rate 6 5.58* 11.52ns 1.97ns 3.25ns
Error 22 1.90 4.88 1.33 3.30

CV (%) 2.60 4.43 10.12 1.62

PH= plant height, LL= leaf length, LN= leaf number per plant, MD= maturity days, DF= degree of freedom * =Significant at
(P<0.05), **= Significant at (P< 0.01), ***= significant at (P< 0.001) and ns =Non-significant (P >0.05).

Appedix table 2. Mean square for yield and yield component parameters of (Bombay red) onion variety at Alage

Sources of variation DF BL BD ABW TBIY TBY MBY UBY BDMC HI
Replication 2 0.003ns  0.005ns  163.44ns 301.77ns 62.23ns  58.79ns  0.05ns 0.22ns 4.33ns
Poultry manure 2 1.63***  1.73*** 126.92ns 143.48ns 199.74*  206.51*  0.10**  19.73*** 214.9***
N rate 2 0.93** 1.21***  473.44** 229.52ns 130.27ns 141.85ns  0.25***  22.7*** = 204.3***
Poultry*N rate 6 0.03ns 0.28* 35.81ns 51.67ns  41.40ns  40.17ns  0.045ns  0.88ns 29.92*
Error 22 0.10 0.11 71.08 100.74 61.77 60.92 0.018 1.29 10.15
CV (%) 8.52 7.40 18.21 14.15 13.65 13.77 15.45 10.85 4.14

BL= bulb length, BD= bulb diameter, ABW= average bulb weight, TBIY= total biomass yield, TBY= total bulb yield, MBY=
marketable bulb yield, UBY= unmarketable bulb yield, BDMC= bulb dry mater content, HI= harvesting index, DF= degree of
freedom
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Appedix table 3. Interaction effects of poultry manure and nitrogen level on onion (Bombay red) gown at Alage.

PM N kg/ha PH LL BD BL LN DM TBlY ABW TBY MBY UBY BDMC HI
t/ha

0 0 47.33d 43.33 3.13e 3.03 9.00 105.00 61.66 34.66 49.33 48.07 126 10.00 70.33c
0 46 47.66d 46.10 4.00d 3.26 9.33 109.67 62.66 4133 49.00 4810 0.90 1231 73.00c
0 92 53.00b 47.66 4.50bcd 3.53 10.66 111.67 73.00 46.66 62.00 61.03 0.96 13.23 72.00c
5 0 50.33c 4981 4.20cd 3.60 10.00 110.67 68.33 44.00 5166 5050 1.16 991 71.00c
5 46 54.00ab 49.36 4.66abc 4.03 1166 112.00 67.66 48.00 57.33 56.53 0.79 11.23 74.66¢
5 92 54.00ab 52.00 4.70abc 4.00 11.33 112.67 73.00 48.00 53.00 5236 0.63 13.47 75.00c
10 0 52.00bc 50.33 4.60abc 3.63 1233 111.67 73.66 37.33 5526 5436 090 897 74.00c
10 46 56.00a 53.00 5.03ab 4.16 12.00 113.33 73.33 4933 6090 60.10 0.80 9.69 80.66b
10 92 56.00a 51.66 4.53bcd 4.23 1266 11533 7433 58.00 6223 6143 0.80 10.86 86.66a
15 0 53.00b 52.33 4.60abc 3.90 11.00 111.67 64.66 42.66 60.33 59.46 086 7.27 73.33c
15 46 56.00a 4846 4.93ab 456 1400 113.67 76.00 4933 64.00 63.10 0.89 9.26 85.00ab
15 92 56.00a 55.33 5.10a 440 12,66 115.67 82.33 56.00 65.66 6499 0.67 9.56 86.33a
Significance * ns * ns Ns Ns ns ns ns Ns ns ns *

Where, ns, *, = interaction is significant at P > 0.05 and P < 0.05, level of probability, respectively.PH=plant height, LL=leaf
length, BD=bulb diameter, BL=bulb length, LN= leaf number, DM= days to maturity, ABW= average bulb weight, TBIY= total
biomass yield, TBY= total bulb yield, MBY= marketable bulb yield, UBY= unmarketable bulb yield, BDMC= bulb dry mater

content and HI= harvesting index
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Appedix table 4. Linear correlation among phenology, growth variables, yield and yield components

par PH LL BD BL LN DM TBIY ABW  TBY MBY UBY BDMC HI
PH 1

LL 0.70*>** 1

BD 0.73***  0.61*** 1

BL 0.74***  0.56***  0.78*** 1

LN 0.63***  0.41** 0.60***  0.61*** 1

DM 0.83***  0.68***  0.69***  0.68***  0.56*** 1

TBIY 0.30ns 0.28ns 0.43***  0.52***  0.40* 0.29ns 1

ABW 0.53***  0.41* 0.31ns 0.54***  0.43** 0.61***  0.42* 1

TBY 0.46** 0.29ns 0.51** 0.46** 0.45** 0.32ns 0.56***  0.36* 1

MBY 0.47** 0.30ns 0.53***  0.47** 0.46** 0.33* 0.57*** 0.37*  0.99*** 1

uBY -0.61*** -0.63*** -0.57*** -0.51** -0.40* -0.67*** -0.20ns  -0.38* -0.06ns -0.09ns 1

BDMC -0.79***  -0.63*** -0.71*** -0.67*** -0.53*** -0.72*** -0.33* -0.50** -0.48** -0.49** 0.63*** 1

HI 0.67***  0.45** 0.56***  0.65***  0.64*** 0.66***  0.23ns 0.45** 037* 0.39* -0.46** -0.68*** 1

Where, ns, *, **, *** = correlation is significant at P > 0.05, P < 0.05, P < 0.01 and P < 0.001 level of probability,
respectively.PH=plant height, LL=leaf length, BD=bulb diameter, BL=bulb length, LN= leaf number, DM= days to maturity,

ABW= average bulb weight, TBIY= total biomass yield, TBY= total bulb yield, MBY= marketable bulb yield, UBY= unmarketable

bulb yield, BDMC= bulb dry mater content and HI= harvest index
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Appedix table 5. Some physical and chemical properties of the experimental soils before

planting of onion

Soil characteristics

Analytical value

pH

Available P(ppm)
Organic matter (%)
Organic carbon (%)
Total nitrogen (%)
C:N

Electric conductivity (ds/m)

7.11
22.66
2.81
1.63
0.14
11.64
1.94

Cation exchangeable capacity (cmol(+) kg™ soil) 38.72

Particle size distribution (%)
Sand

Clay

Silt

Textural class

17
43
40
Silty clay

Appedix table 6. Some chemical properties of poultry manure used in the experimental field

Chemical properties

Analytical value

Total N (%)

Total P (%)
Organic carbon (%)
Organic matter (%)
C:N

1.12
1.2
13.00
22.41
11.6
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