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Effects of chemical fertilizers and compost on growth and yield of
Guizotia abyssinica (L. f.) Cass. in potted vertisol at
Bichena town, West-central Ethiopia
By: Addisu Edemealem Yitayew
Addis Ababa University, 2018
ABSTRACT
Guizotia abyssinica L. f. Cass (synonym Polymnia abyssinica L. f.) belongs to Asteraceae

(Compositeae). The species is said to have originated in the Ethiopian highlands and has spread
to other parts of the world. In Ethiopia, niger seed is cultivated primarily for valuable edible oil
for local consumption. Elsewhere, the crop is used in pharmaceutical products and other
industrial applications, and as a green manure for increasing soil organic matter. In reality neither
farmers nor extension institutions give focus on using improved practices such as optimum
fertilizer applications for niger seed production. The present study was undertaken to find out the
effects of chemical fertilizers and compost on growth and yield of G. abyssinica in potted
vertisols at Bichena town, West central Ethiopia. A total of 150 plastic bags (depth 20 cm,
diameter 10 cm) were filled with 1 kg vertisol, among which 50 bags contained only vertisol, 50
bags contained soils mixed with DAP and urea and the rest 50 contained soils mixed with
compost. The study found out that application of DAP and urea at rates of 50 and 30 kg/ha
respectively improved the vegetative growth by 195% compared to the control. Similarly, yield
increased by 294%. On the other hand, niger plants grown in soils mixed with compost at rates
of 12 tons/ha improved the vegetative growth by 66% and yield increased by 82%. Though, the
analysis of variance showed that there was no significant difference (p < 0.05) among the three
treatments for all the germination parameters measured, vertisol mixed with chemical fertilizers
(VR + CF) showed the best germination percentage, mean germination time and germination
vigor compared to seeds germinated in vertisol mixed with compost (VR + Comp) or in vertisol
only. Maximum mean plant height (cm), internodal length (cm), branches/plant, leaf number,
leaf area (mm?), RCD (cm), number of capitulae/plant, number of seeds, seeds weight (g), 1000
seeds weight (g) and total dry weight (g) were 73.8, 39.6, 18, 50, 136, 1.8, 19, 355, 0.9, 2.3, and
5.5 respectively for plants grown in VR + CF. The corresponding values for plants grown in VR
+ Comp were 41.5, 11.9, 7, 26, 43.2, 1.3, 8, 164, 0.5, 2.2, and 1.9 respectively. The control
plants resulted in 25, 5.3, 3, 19, 26.2, 1.2, 4, 90, 0.3, 1.8, and 1.2 respectively. Based on the
results obtained, it is concluded that application of optimum amount of chemical fertilizers
significantly (p < 0.01) improved almost all the growth and yield components of Guizotia
abyssinica.
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1. INTRODUCTION

1.1 Background

Ethiopia is one of the world’s major centers for indigenous plant domestication.
Indigenous plants are critical in providing clean water, fresh air, fertile soil, food, fiber, fuel, and
drugs (Legesse Negash, 1995; Thomas and Balakrishinan, 1999). Because of the little attention
given to indigenous crop varieties in favor of improved seed varieties, Ethiopia’s indigenous

crops are facing a serious of threat of extinction (Yonas Abiye, 2015).

Food is an essential requirement of mankind and plants provide up to 95% of world’s food
supply, directly or indirectly. But global population projections are a grim reminder that food
production must continue to increase and must be doubled in next 35 years (Johnson, 1975). The
research output jointly conducted by the Ethiopian Biodiversity Institute (EBI) and the
International Biodiversity Institute (IBI) proved that the local varieties have better yields and
productivity. Local crops include grains (teff), oilseed (noug), and crops grown for their
underground storage organs (yam, enset). Oilseeds are the third major crops after cereals and
pulses in terms of cultivation area in Ethiopia (CSA, 2011), accounting for more than 20% of
foreign exchange earnings. After coffee, oilseeds are the second largest export earner for the
country (USDA FAS, 2010) and more than 3 million smallholders are involved in its production.

One of the most important oilseed crops is niger seed (Guizotia abyssinica).

Guizotia abyssinica L. f. Cass (synonyms Polymnia abyssinica L. f.), commonly known as
noog/noug, niger, nyger, nyjer, or niger seed, Ramtil or ramtilla; inga seed; and black seed) is
indigenous to Ethiopia and holds significant promise for improving rural livelihood in sub-
Saharan Africa. It is an underutilized and high value oilseed crop (Getinet and Sharma, 1996).
Niger seed, Guizotia abyssinica (2n=30) belongs to family Asteraceae. The genus Guizotia
consists of six species, of which five, including niger, are native to the Ethiopian highlands. It is
an annual oilseed crop mainly grown in India and Ethiopia in rotation with cereals and pulses. It
constitutes about 50-60% of Ethiopian and 3% of Indian oilseed production (Seegeler, 1983;
Riley and Hiruy Belayneh 1989). The two countries are the first and second niger seed producers

and users in the world, respectively. The species is used in intercropping systems, usually



produced on poor, coarse texture soils (Chavan, 1961) and contributes to soil conservation.
Being a photoperiod sensitive plant (Lin, 2005), it requires short day-length and moderate
temperatures, above 30 °C the rate of growth and flowering are adversely affected and maturity
is accelerated (Weiss, 2000). For seed set, the plant depends on cross pollination as they are
mostly self-incompatible (Sujatha, 1993); honey bees are the typical vectors in pollination. Niger
seed can tolerate high rainfall during the vegetative phase (Weiss, 2000), and in Ethiopia the
crop can be grown on waterlogged soils where most crops and all other oilseeds fail to grow, but
rainfall at physiological maturity may lead to seed shattering (Getinet and Sharma, 1996). It is
extremely resistant to poor oxygen supply in the soil, explained by the development of
aerenchyma and the ability to form respiratory roots. While hardly improved, and suffering from
low yields and susceptibility to insect herbivores, it contributes up to 50% of Ethiopian oil seed

crop.

The growth and yield of niger seed is greatly influenced by a number of physical and
chemical factors including bio and chemical fertilizers (Getinet and Sharma, 1996). Research has
indicated that Ethiopian soils are generally low in available nitrogen and phosphorus and cannot
produce high crop yields unless these are supply. If crops are planted in the same soil year after
year, the nitrate supply becomes depleted and the mineral removed from the soil by crops are
replaced by the use of fertilizers (Hall and Lesser, 1966). Now, fertility status of most niger soils
is declining, but farmers don’t yet use fertilizers for niger seed production. That was the question
why farmers don’t use fertilizers as well as why extension institutions don’t advice farmers to
use fertilizers for niger seed production under the present serious fertility declining conditions.
Therefore, the present study was to evaluate the effect of chemical fertilizers and compost on
growth and yield components of niger seed in potted vertisols under nursery bed conditions.



1.2 Statement of the problem

Ethiopia’s long history of agriculture has contributed to the diversification of the general
agro biodiversity, biodiversity for food and agriculture of the indigenous crops as well as those
that reached the country long time ago (Zemedie Asfaw and Abebe Getahun, 2001). Ethiopia is
an important biodiversity center in both plants and animals including domesticated species. It is
the land of many unique endemic species of mammals, birds, higher plants and other groups. The
diversity in cultivated plants in terms of species, varieties and genetic constitution is remarkable.
Some important crops (e.g. teff, noug, enset, and many others) have their origins in Ethiopia
while some others have their highest center of diversity in Ethiopia (Zemedie Asfaw and Abebe
Getahun, 2001). Niger seed (Guizotia abyssinica) is among the most important oilseed both in
terms of area coverage and volume of production; and the main source of edible oil for local
consumption. In reality neither farmers nor extension institutions give focus on using improved
practices such as optimum fertilizer applications for niger seed production. Therefore, this study
was conducted to evaluate the effect of chemical fertilizers and compost on growth and yield of
Guizotia abyssinica and in an effort to draw attention to this neglected and underutilized species

S0 it can contribute to food security and income of subsistence farmers.



2. OBJECTIVES OF THE STUDY

2.1 General objective
The general objective of this study was to compare vegetative growth and yield
performances of Guizotia abyssinica L. f. Cass. plants grown in potted vertisols only, and

vertisols with the addition of chemical fertilizers and compost.

2.2 Specific objectives

This study was conducted to:

e Determine and compare biomass of niger seed plants grown in vertisols
only, vertisols with chemical fertilizers and those grown in vertisols with
compost.

e Determine and compare yields of niger seed plants grown in vertisols only,
vertisols with chemical fertilizers and those grown in vertisols with
compost.

e To study the effect of different sources of nutrient application on

morphological and yield attributing parameters of niger seed.



3. LITERATURE REVIEW

3.1 Guizotia abyssinica (L. f. Cass.)

3.1.1 Taxonomy and morphological features

The genus Guizotia was named in 1829 by Cassini after a French historian Guizot and has
been studied and included in Compositeae (Asteraceae) family according to its taxonomy. It has
tribe Helianthoides and sub tribe verbisininae by Baagoe (1974). Guizotia is a small genus
containing six species with Guizotia abyssinica (L. f.) Cass the important oilseed which together
with other members of the genus has the somatic number 2n=30. Guizotia abyssinica is the only
species of economic importance. It is also the only cultivated species of the genus Guizotia.
Turner and Powell (1962) did the systematic review of Guizotia and found it to be quite similar
to Jaumea especially in style, branches, achenes and habit and suggested that Guizotia borders
upon verbisininae, that it might be positioned with members of the Jauminae instead of the usual
members of sub tribe Coreopsdinae.

Generally, there is no much work done on niger seed. An in depth treatment of its
taxonomy and distribution was done by Baagoe (1974). She reduced the number of species
within the genus Guizotia to six: G. abyssinica (L. f.) Cass., G. scabra (Vis.) Chiov. sub sp.
scabra and sub sp. Schimperi (Sch. Bip.) Baagoe, G. arborescens 1. Friis, G. reptans Hutch, G.
villosa Sch. Bip; and G. zavattarii Lanza. Guizotia scabra contains two subspecies, scabra and
Schimperi. Guizotia scabra subsp. Schimperi, known locally as ‘mech,” is a common annual
weed in Ethiopia. There is a controversy on the taxonomical category of G. abyssinica and G.
scabra subsp. Schimperi (Murthy et al., 1995). According to Kifle Dagne (1994), Guizotia
abyssinica is more closely related to G. scabra subsp. Schimperi, which is distinguished from
other species, belongs to the same genus by ovate outer phyllaries and large achene size.
Furthermore, both G. abyssinica and G. scabra subsp. Schimperi are morphologically very
similar, they are both annuals, and are attacked by the same pests and diseases. Both species
have 2n=30 chromosomes with a similar karyotype. The hybrid between G. abyssinica and G.
scabra subsp. Schimperi is fertile and forms 15 bivalents in 95% of the pollen mother cells
(Kifle Dagne, 1994). This strengthens the assumption that G. abyssinica may be evolved from G.
scabra subsp Schimperi through selection by Ethiopian farmers (Kifle Dagne, 1994). The two



wild and cultivated species, can be distinguished from each other by the shape of the paleae and
involucres bracts which are narrow and pointed in G. scabra subsp Schimperi and broadly ovate
in G. abyssinica (Rilay and Hiruy Belayneh, 1989). Furthermore, the seeds of niger are much
bigger than the seeds of the weedy species. Indeed, G. scabra subsp. Schimperi is closer to the
G. abyssinica than to the perennial G. scabra subsp. scabra. On the basis of cytological evidence,
Murthy et al. (1995) proposed that the two species G. abyssinica and G. scabra subsp. Schimperi
be merged into one species. However, G. abyssinica was described by Cassini in 1829 and G.
scabra in 1841 and the International Rules of Botanical Nomenclature would not support the
inclusion of G. scabra subsp. Schimperi as a subspecies of G. abyssinica. Since G. scabra subsp.
Schimperi is a wild species, it is unlikely that a wild species was derived from a cultivated
species. Therefore, for the time being the original description by Baagoe (1974) of cultivated
niger as G. abyssinica (L. f.) Cass. should be retained.

Niger seed is a stout, an erect, moderately branched annual dicotyledonous herb that grows
up to a height of 2 m (Bulcha, 2007). The root system is usually well developed, with a taproot
that has many lateral roots, particularly in the upper 5 cm but since the plant often grow on poor
or stony soils, roots seldom develop to their maximum. Niger seed roots show exceptional
resistance to water logging, attributed to the existence of arenchyma, which appear to vary with
the degree of soil saturation (Prinz, 1976). Germination is epigeal and seedlings have pale green
to brownish hypocotyls and cotyledons, remain on the plant for a long time (Seegeler, 1983). The
first leaf is paired and small and successive leaves are larger, arranged on opposite sides of the
stem but at the top of the stem they are arranged in an alternate fashion. Leaves are 10-20 cm
long and 3-5 cm wide. The leaf margin morphology varies from pointed to smooth and leaf color
varies from light green to dark green, the leaf surface is smooth. The stem of niger is smooth to
slightly rough, hollow and break easily. The color of the stem varies from dark purple to light
green and about 1.5 cm in diameter at the base. The number of branches per plant varies from
five to twelve and in very dense plant stands fewer branches are formed. The niger flower is
yellow and, rarely, slightly green that produce shiny black seeds. The heads are 15-50 mm in
diameter with 5-20 mm long ray florets. Two to three capitulae (heads) grow together, each
having ray and disk florets. The hermaphrodite disk florets, usually 40-60 per capitulum, are
arranged in three whorls. The disk florets are yellow to orange with yellow anthers, and a

densely hairy stigma, has two curled branches about 2 mm long. The receptacle, which is
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surrounded by two rows of involucral bracts has a semi-spherical shape and is 1-2 cm in
diameter and 0.5-0.8 cm high. Botanically niger seed is known as achene. The achene is club-
shaped, obovoid and narrowly long (Seegeler, 1983). The achenes are black with white to yellow
scars on the top and base and have a hard testa.

3.1.2 Origin and geographical distribution

Guizotia abyssinica is originated in the northern high lands of Ethiopia where it grows
wild and is cultivated (Baagoe, 1974; Weiss, 2000). It is almost certainly derived from G. scabra
most likely from subspecies Schimperi through selection and cultivation (Hiremath and Murthy,
1992). All the six species of Guizotia are native to tropical Africa and five are found in Ethiopia
(Baagee, 1974). In Africa, Guizotia abyssinica is largely found in the Ethiopian highlands,
particularly west of the Rift valley. Guizotia villosa is concentrated in the northern and
southwestern highlands of Ethiopia. Guizotia zavattarii is endemic around Mount Mega in
southern Ethiopia and the Huri hills in northern Kenya. Guizotia arborescens is endemic to the
southwest of Ethiopia and Imantong mountain areas on the border between Sudan and Uganda.
Guizotia scabra subsp. scabra is distributed from Ethiopia to Zimbabwe in the south and to the
Nigerian highlands in the west, dissected by the Sudanese desert and Congo rainforest. Guizotia
reptans is endemic to Mount Kenya, the Aaberdares and Mount Elgon region in East Africa and
is the only taxon which is not reported from Ethiopia (Kifle Dagne, 1994b). Baagge (1974)
raised four points about the origin of niger; first, the highest concentration of Guizotia species is
in Ethiopia; second, Guizotia abyssinica can also be collected in Ethiopia both as a crop plant
and as a weed and in natural localities, but in India it has never been collected in natural
localities; third, the similarity of the distribution of niger with that of other cultivated crops, and
fourth, the historical trade between Ethiopia and India. This would suggest that niger is not
native to India and may have been taken from Ethiopia to India by traders. It is believed to have
been taken to India by Ethiopian immigrants, probably in the third millennium BC along with
other crops such as finger millet (Dogget, 1987). It is important to note that its wild relatives
were not taken with it. There are also reports that explain niger to be among the earliest of the
domesticated crops in Ethiopia, along with teff (Eragrostis tef), Ensete (Ensete ventricosum),

finger millet, and coffee (Coffea arabica) (Riley and Hiruy Belayneh, 1989).



Niger seed is mainly cultivated in Ethiopia and Indian sub continents (Murthy et al., 1993)
but it is also present in other African and Asian countries (Sudan, Uganda, Zaire, Tanzania,
Malawi, Zimbabwe, Nepal, Bangladesh, Bhutan), and the West Indies (Riley and Hiruy
Belayneh, 1989). It was also tested in Russia, Germany, Switzerland, France and Czechoslovakia
in the 19™ century (Weiss, 1983). In France, it is used as a cover crop (Sem-Partners, 2016). In

Zimbabwe it has been grown as green manure and for silage (Vaughan, 1970).

3.1.3 Ecological and economic importance

In Ethiopia, niger is cultivated on waterlogged soils where most crops and all other
oilseeds fail to grow and contributes a great deal to soil conservation and land rehabilitation
because of its mycorrhizal relationship and its potential as a bio-fertilizer. The dried stalks may
be used to mulch fruit trees or merely spread out to decompose over the soil surface, serving as a
source of organic matter. Due to a possible allelopathic weed-suppressing effect, niger is
recognized as an effective green manure cover crop between cereal crops and it can be turned
into green manure (Getinet and Sharma, 1996). The residual seed cake after oil extraction has a
high manurial value. It is a good precursor for many crops because crops following niger seed
have less weed infestation and profit from the large amount of organic matter left in the ground

(www. Prota. org). It has less diseases and pests infestation than other oilseed crops.

Niger seed is a valued source of edible oil in Ethiopia, where it is called ‘noug’. In
Ethiopia it is the prime supplier of edible oil in most regions, accounting for about half of the
total production of vegetable oil. In India it is mainly a substitute for or extender of sesame oil
and contributes only 2% in the national edible oil production. It is prepared into chutneys,
condiments and porridge, mixed with pulses to make snack foods and ground to produce flour
and beverages. In Ethiopia slightly roasted seeds are ground with salt and mixed with roasted
cereals to prepare snacks, locally called ‘litlit” and ‘chibito’, (preferred food for growing youths)
which are presented during coffee ceremonies. The seed is warmed in a kettle over an open fire,
crushed with a pestle in a mortar and then mixed with crushed pulse seeds to prepare ‘wot’ in
Ethiopia (Seegeler, 1983). Niger seed yields pale yellow oil with a pleasant nutty taste. The seed
contains about 40% oil with fatty acid composition of 75-80% (typical for other Compositeae
family oils, such as safflower and sunflower, and is considered to be among the healthier

selections Getinet and Sharma 1996) linoleic acid, 7-8% palmitic and stearic acids, and 5-8%
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oleic acid (Getinet and Adefris, 1995), which makes it important in preventing arteriosclerosis in
humans (Vaughan, 1970). The Indian types contain 25% oleic and 55% linoleic acids
(Nasirullah et al. 1982). Niger seed oil is also used for cooking, as illuminant, as lubricant for
manufacturing soap and paints (Simmonds, 1976). It also has potential for cosmetics (Vaughan,
1970). It is used for lighting, anointing, painting and cleaning of machinery and substitutes for
sesame oil for pharmaceutical purposes (Getinet and Sharma, 1996). The oil from the seeds is
used in the treatment of rheumatism by application of oil on the parts where the pain is present.
By periodical consumption of the niger seed oil, the risk of the disorder can be avoided (Chopra
et al., 1986). In traditional medicine, the oil is also used for birth control and for the treatment of
syphilis (Hiruy Belayneh, 1991). Niger seed sprouts mixed with garlic and honey are used for the
treatment of coughs (www.prota.org). It can also be used as poultices which can be applied to the
surface of the body to relieve pain, itching, swelling and inflammation, abscesses, boils, and in
the treatment of scrabies (Manandhar, 2002). A medical test for the identification of the fungus
Cryptococcus neoformans, which causes a serious brain disease, is carried out on a niger seed-

based agar medium (www.prota. org).

The niger seed leftover remaining after the oil extraction is an excellent feed for animals.
The seed cake, having about 70% in-vitro digestibility, is the most widely used protein
supplement in animal feed in Ethiopia. Niger seed meal is reported to be free from any toxic
substance and contains more crude fiber than most oilseed meals. The by-product also contains
30% protein and 23% crude protein. In general, the Ethiopian leftovers niger seed contains less
protein and more crude fiber than the niger seed leftovers grown in India (Chavan, 1961;
Seegeler, 1983). In Western countries, niger seeds are important components of bird seed
mixtures (Lin, 2005). The whole niger plant can be used as fodder for sheep, but it is unpalatable
to cattle, to which it is only acceptable as silage (Chavan, 1961). In Ethiopia the straw is used as
fuel for cooking.

3.1.4 Production

Though niger has long history in its production and various uses in the socio-economic
settings the average national yield is very low. The national average productivity is about 0.09
ton/ha (CSA, 2016). Statistical data on the production of niger seed vary greatly and should be
interpreted with care. India and Africa, together is estimated to produce 300,000-350,000 tones
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of niger seeds per annum (Weiss, 2000). India tops in area, production and total exports for niger
seed in the world (Bisen et al., 2015). The average seed yield in India is somewhere between 177
and 300 kg/ha when grown as intercrop and between 300 and 625 kg/ha if grown in pure stands
as against the yield of 600 kg/ha realized in some African countries. Bhardwaj and Gupta (1977)
reported seed yield of 1,000 to 1,200 kg/ha on fertile Himalayan soils, 200-400 kg/ha in
degraded habitats and 100-200 kg/ha when grown with ragi. In Kenya, monocultural average
yield of 600kg/ha (Duke, 1983). In Ethiopia, the area covered by niger in the main season is
about 285236 ha, which is 40% of the total area of oil crops (CSA, 2008). The total production is
about 159819.7 metric tons, which is about 26% of the total production of oil crops (CSA, 2008).
It is cultivated mainly in Gojjam, Shewa, Wellega and Gondar regions and to a lesser extent in
Jimma, Wollo, Arsi and Hararghe regions (Getinet and Sharma, 1996). It should be noted that
accurate statistics of crop production for Ethiopia are difficult to obtain; however, it is estimated
that Gojjam, shewa, Gondar and Wellega are the largest areas of production, accounting for
about 90% of the country’s total production (Getinet and Nigussie, 1997). The remaining 10% is
produced in Wello, Hararghe, Arsi and Bale. According to Getinet and Sharma (1996), the niger
populations in Ethiopia fall into three maturity groups referred to as ‘Bunigne’ niger, ‘Mesno’
niger and ‘Abat’niger. Bunigne is the early maturing type with a shorter growing period of about
four months (July to October), while Abat niger takes about seven months to mature (June to
December). Mesno niger is late maturing (September to February) but frost resistant unlike the
other two (Getinet and Sharma, 1996). Ethiopian niger is a variable species adapted to different
environments. It is reportedly produced mainly in mid-altitude and high areas (1600-2200 m or
5249-7218 ft. elevation) but also in lower elevations with enough rainfall, where average daily
maxima and minima are 23 and 13 °C respectively during the rainy season. It is not grown in
high rainfall areas where a too vigorous plant growth would negatively affect seed and oil

production; more than 2000 mm rainfall may result in depressed yield.

The niger plant has many limitations which constrain its productivity. The major limiting
factors contributing to low productivity of the crop are numerous and complex which include:
indeterminate growth habit leading to seed shattering, self-incompatibility, genetically low
yielding characteristics, lodging, less or low responsiveness to management inputs, difficulty of

pollination behavior, disease, insects and parasitic weeds (Getinet and Sharma, 1996 and Adefris
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and Adugna, 2004). The availability of limited genetic information and semi-domesticated nature
of the crop has been an obstacle for further improvement programs (Dempewolf et al., 2008 and
2015). Apart from using all other improved cultural practices, optimum application of fertilizers
would increase niger seed production (Amare Aleminew, 2012).

® Parthenium hysterophorus

[ Noog growing areas (mid- to
high altitude)

Figure 1: Map of Ethiopia showing the main Guizotia abyssinica growing areas (McConnachie,
2015)

3.1.5 Seed harvest and saving

As niger seed ripens over a period of several weeks, it is harvested when plants are still
yellow to reduce shattering, which can reduce the yield by as much as 25%. The optimum stage
to harvest is when the top leaves starts turning from green to yellow, the fruits are yellow-brown
and their moisture content is 45-50% (Hiruy Belayneh, 1987). Harvesting is done manually; the
niger stalks are cut below the branches and laid out to dry in the fields for 3 to 4 days and taken
to the threshing ground in an upright position for further drying and threshing. As niger seeds are
loosely held in the head, threshing is easy. In India it is harvested when the leaves dry up and the
head turns black (ICAR, 1992). Following drying, farmers thresh the seeds by grasping the stalks
and beating the seed heads on a wooden platform placed over a canvas in the field. Afterward,
the shiny, black seeds are cleaned and stored. Niger seed has orthodox seed storage behavior
(meaning seeds can tolerate drying and/or low-temperatures) and, when properly dried, can be
stored for many years without losing its viability (Hong et al., 1996). The method of on-farm
conservation could be applied to niger. In Ethiopia at present, the on-farm conservation programs

are only practiced for crops with high genetic erosion such as durum wheat and barley. The
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replacement of local landraces by improved varieties in the farmers’ fields is not widespread and

therefore on-farm conservation of niger is not urgent.

3.1.6 Mode of reproduction

Niger seed is described as a completely out crossing species. For seed set, the plants
depend on cross pollination as they are mostly self incompatible (Sujatha, 1993). It is highly
cross pollinated and self incompatible (Hiremath and Murthy, 1986). Thus growers may be
recommended to have hives close to the growing area of the crop to facilitate cross pollination by
bees. Bees and other insects are the major aids in pollination (Ramachanderan and Menon, 1979)
and are required for seed set. The plant is basically self sterile, although some self pollination has
been recorded. The physical structure of the niger lower forces cross pollination, but this appears
to be reinforced by sporophytic self incompatibility system. Insects are more important than
wind as pollinating agents and in India plants that flowered in cages to which bees were
introduced had three times as many seeds per head than the plants from which bees had been
excluded. There was little or no seed set obtained under bagging with muslin bags, even when

the bagged heads of the same plants are rubbed together (Riley and Hiruy Belayneh, 1989).

3.1.7 Factors affecting seed germination

Seeds are central to crop production, human nutrition, and food security. They carry the
full genetic complement of the crop and are therefore the delivery system for agricultural
biotechnology and crop improvement. The vast majority of crops produced in world agriculture
begin with the sowing of a seed to establish a new plant in the field. Successful seedling
establishment is the first critical step for crop production, and determines the success or failure of
the future harvest. Seed is composed of three generation of plant tissues including the sporophyte
that produces an immature seed known as ovule and the gametophyte that develop inside the
ovule to produce ova. The third plant tissue of the seed is the new sporophyte embryo.
Endosperm is the nutritive substance of the seed up on which the seed embryo feeds as its
development (Konging, 1994). Despite these anatomical structures of seed in higher plants, seed
morphology differs from one plant species to another, there are small and big seeds, thin, flat,
light, papery, dehiscent and indehiscent, smooth and hard seed coat.
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Germination is the process by which the embryo wakes up from the state of dormancy and
takes to active life. This process, in fact, covers all the changes from the earliest sprouting of the
seed till it established itself as an independent plant. The signs of seed germination are
redemption essential process, including transcription, translation, and DNA repair followed by
cell elongation, and eventually at the time of radicle protrusion, resumption of cell division
(Barroco et al., 2005). Germination is a two process, where testa rupture is followed by
endosperm rupture. Following rupture of micropylar endosperm by emerging radicle,
germination is complete (Krock et al., 2002; Liu et al., 2005). During seed germination various
stored substrates are reactivated, repaired if damaged and transformed into new building
materials necessary for initial growth of the embryo, its subsequent growth, and seedling
establishment in its natural habitat (Koller and Hadas, 1982). External and internal factors are
declared to affect seed germination (Raven et al 2005). But according to Legesse Negash (1995,
2010), propagation of many indigenous tree species from seed had been difficult due to lack of
precise knowledge on their seed biology and germination physiology, because many native plant
species have developed survival strategies through evolutionary process for million years,
understanding these strategies in the context of seed physiology for successful plant propagation.

3.1.7.1 External factors

Environmental factors such as temperature, light, pH, and soil moisture are known to affect
seed germination (Chachalis and Reddy, 2000). Burial depth of seed also affects seed
germination and seedling emergence. Some of the most important external factors are water,
oxygen and suitable temperature. (I) Water or moisture: A dormant seed is generally
dehydrated and contains hardly 10 to 15% water in its living cells. The active cells, however,
require about 75-95% of water for carrying out their metabolism. Therefore, the dormant seeds
must absorb external water to be active and show germination. Besides providing the necessary
hydration for the vital activities of protoplasm, water softens the seed coats, causes their
rupturing, increases permeability of seeds, and converts the insoluble food into soluble form for
its translocation to the embryo (Raven et al., 2005). Water also brings in the dissolved oxygen
for use by the growing embryo. Entrance of oxygen is also facilitated, and as a result, the rate of
transpiration is accelerated. Seed germination incorporate those events that commence with the

uptake of water by quiescent dry seed, and terminate elongation of embryonic axis (Bewley and
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Black, 1994). Water uptake by a seed is tripe phase, phase | rapid initial uptake; phase Il plateau
phase, and phase Ill further increase of water uptake , however, when only germination occurs
(Bewley, 1997). The amount of water taken into seed for germination depend anatomical,
physiological nature, and plant species, most seeds critical water (moisture) content for seed
germination occur i.e. corn (Zea mays) 30%, wheat (Triticimae sativum) 40%, and soybean
(Glycine max) 50% (Wash and Nyomora, 2012). If the internal water (moisture) content decrease
below or increase above the critical moisture content seed essentially decay. (I1) Supply of
oxygen: Oxygen is necessary for respiration which release the energy needed for growth.
Germinating seeds respire very actively/feebly and need sufficient oxygen. The germinating
seeds obtain this oxygen from the air contained in the soil. It is for this reason that most seeds
sown deeper in the soil or in water logged soils (i.e. oxygen deficient) often fail to germinate
due to insufficient oxygen. Seeds of many species will not germinate at oxygen level
considerably lower than the normal present in the atmosphere. Ploughing and hoeing aerate the
soil and facilitate good germination. (I11) Suitable temperature: Moderate warmth is necessary
for the vital activities of protoplasm, and, therefore, for seed germination. Some seeds are
sensitive to temperature, while other can germinate in wide range of temperature (Michael,
2005). Though germination can take place over a wide range of temperature (5-40 °C), the
optimum for most of the crop plants is around 25-30 °C. The germination in most cases stops at 0
and 45 °C. Above optimum seeds will not germinate because some seed enzymes which are
protein in nature are denatured including the seed embryo (Bewley and Black, 1994). For
Guizotia abyssinica seed the minimum germination temperature is 13 °C and the optimum
temperature is 16 to 20 °C. Night temperatures should not fall below 2 °C (www.prota. org). At
temperatures above 30 °C the rate of growth and flowering are adversely affected and maturity is
accelerated (Weiss, 2000). It is reported to tolerate an annual precipitation of 660-1790 mm and
an annual temperature range of 13.6-27.5 °C (Duke, 1983). (1V) Light: Light also has influence
on germination of some seeds, but in most cases light regards germination at the early stages.
The presence or absence of light may or may not have effect on seed germination. However, the
light factor is not an important factor as water, temperature, and oxygen. According to Neff et al
(2009), why seeds don’t germinate in light is that light is reported to decompose carbolic acid

gas, expel oxygen which is germinating factor and fix carbon, thus hardening all parts of seeds
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which prevent germination. Darkness has no effect to carbolic acid gas, and oxygen remains

undisturbed to favor germination.
3.1.7.2 Internal factors

Hormones contained in various developmental stages, the seed, and enzymes are some of
internal factors which in one way or another can affect seed germination (Neff et al., 2009).
Many researchers also agree that seed dormancy period, seed viability (power of germination),
and thickness or thinness of the seed coat may affect seed germination and hence are factors for
seed germination (Finch-Savage and Leubner-Metzger, 2006). In some plants the embryo is not
fully mature at the time of seed shedding. Such seeds do not germinate till the embryo attains
maturity. The seeds of almost all the plants remain viable or living for a specific period of time.
This viability period ranges from a few weeks to many years. Seeds of Lotus have the maximum
viability period of 1000 years. Seeds germinate before the ending of their viability periods. In
many plants, the freshly shed seeds become dormant due to various reasons like the presence of
hard, tough and impermeable seed coats, presence of growth inhibitors and the deficiency of
sufficient amount of food, minerals, and enzymes, etc. Dormancy is a simple operational block to
completion of germination of an intact viable seeds under favorable conditions (Bewley, 1997).
The seeds of some species are prevented from completing germination because the embryo is
constrained by its surrounding structures this phenomenon is known as seed coat dormancy
(Legesse Negash, 1993) even though; embryos isolated from these seeds are not dormant. The
other type of dormancy is found when the embryos of the seeds are dormant, known as embryo
dormancy. The third type of dormancy regulates seed germination by the inner tissue of the seed,
which is the embryo, the enclosing endosperm and inner integument layer or both (Hartmann and
Kester, 1975). Thus, dormancy must be broken to induce germination and various methods are
used for this depending on the plant species and type of dormancy. Dormancy is self-guard for
some seeds and seedling for suffering damage of death and allow some seeds to germinate when
competition from other plants for light and water. Seeds germinate only after the dormancy is
overcome or broken either through natural means such as animal gut activities (Manzano et al.,
2005), wild fire (Van Staden et al., 2000), rainfall (Hartmann et al., 2004) or through artificial
means such as scarification, seed coat cracking, removing chemical inhibitors through leaching
by water (Legesse Negash, 1995, 2002).
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3.1.8 Parasitic weeds, pests and diseases

Niger seed blight caused by Alternaria sp. and leaf spot caused by Cercospora sp. are the
most serious diseases of niger seed. Other diseases recorded are leaf spot caused by
Macrophomina phaseolina and Phytophthora root rot on young seedlings in India and bacterial
blight due to Pseudomonas spp. in Africa and India. Leaf spot affects the leaves and has the
potential to reduce the photosynthetic leaf area of the plant. However, the niger accessions tested
probably had more leaves than the plant needed to nourish the flower sinks (Yitbarek and
Tiruwork, 1992). Niger seed is a novel biological approaches to overcome against nematodes
and arthropods. According to Getinet and Sharma (1996) a total of 24 insects have been recorded
on niger seed in both Ethiopia and India, of these the niger flies (Dioxyna sororcula and
Eutretosoma spp.) and black pollen beetles (Meligethes spp.) are the most important. Niger fly
lays eggs in the disk florets and later, the larvae destroy the flowers. The black pollen beetle eats
pollen grains and adversely affects pollination. Some of the insect pests found in Ethiopia are not
yet identified. In India, control measures for niger caterpillar, semi-looper, hairy caterpillar and
surface grasshopper have been developed (ICAR, 1992). The parasitic weed ‘dodder’ (Cuscuta
campestris) causes serious losses of niger seed production throughout Ethiopia (Fessehaie,
1992). Dodder was also a major threat to Indian production (Sharma and Sengar, 1989). Tosh
and Patro (1975) reported that dodder can be controlled by the application of the herbicide
Chlorpropham as a granulate, at the initiation of dodder germination, and at a rate of 4 kg/ha. A
90% control of dodder was achieved using Propyzamide applied as a post-emergence, 20-25
days after sowing at a rate of 1.5-2.0 kg/ha with no phytotoxicity (Tosh et al. 1977, 1978).
Dodder could also be controlled by sifting seed before sowing.
3.2 Soil

Soil is a loose material made up of different materials and elements. Major components of
soil include (I) Inorganic matter: - this is the non-living thing found in the soil, 45% of the total
soil volume. (1) Organic matter: - this is the dead bodies of animals and plants in the soil. Micro
organisms like bacteria and fungi in the soil are also organic matters. About 5% of the soil is
organic matter, improves soil structure and increases the nutrient and water holding capacity of
the soil provides a food supply for soil biology and reduce nutrient leaching (CSIRO, 1999),
organic matter is fully broken down one of the things that is left is humus. Humus has some

useful qualities in that it adsorbs nutrients, adsorbs much higher quantities of water than clay
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can, and improves soil structure due to its low plasticity and good cohesion. (I11) Water: - water
accounts about 25% of the volume of the soil. (IV) Air: - different gases may enter and fill the
open space in the soil; a good soil has 25% of its volume composed of air.
3.3 Soil formation

The process by which rocks are broken down into pieces called weathering, physical
(mechanical) and chemical weathering. In physical weathering rocks are broken into small
particles of soil and are affected by climate, type of rock, plant and animal action. Because of
variation of temperature during day time and at night rocks contract and expand. The contraction
and expansion make the rock layer peel-off and fall to the ground. This process is called
exfoliation (onion-skin weathering). Roots of trees entering into cracks of rocks force the rocks
to break down into pieces. Small creatures, such as rabbits, worms, moles etc. making holes in
the soil in search of food and shelter, while doing this they break down rocks. Young rocks are
softer so they can easily break down. EX. sedimentary and igneous breaks down easily than
metamorphic rocks which are old and hard. In chemical weathering there is chemical change
(reaction) in soluble minerals. Such factors as heat, cold, air, water, and certain plants, acting
over a long period of time, break rocks into small particles; the tiny rock particles, when mixed
with water, air, and organic material, form soil, humus and the uppermost layer called topsoil

normally supports plant life (Hall and Lesser, 1966).

3.4 Soil types

Different methods are used to identify the type of soil. A) Texture: - it is the size of soil
particles. Soil texture is determined by the proportions of sand, (large size) silt, (medium size)
and clay (small size) in the soil. When they are wet, sandy soils feel gritty, silt soils feel smooth
and silky, and clay soils feel sticky and plastic, or capable of being molded. Soil texture
influences many soil physical properties, such as water-holding capacity and drainage. Coarse-
textured sandy soils generally have high infiltration rates but poor water holding capacity.
Because of its porous, readily admits air and water, which are essential to plant growth (Hall and
Lesser, 1966). Silt particles are much smaller than sand, have a greater surface area, and are
generally quite fertile. They do not hold as much moisture as clay soils; however more of the
moisture is plant available. Fine-textured clay soil generally has a lower infiltration rate but a
good water holding capacity (Brand and Weil, 1999). The tiny, firm-packing clay particles form
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a nonporous soil that is difficult to till and likely to cake. Being nonporous, the soil can absorb
very little water. B) Structure: - it shows the arrangement of soil particles (sand, silt and clay)
and pores in the soil and to the ability of the particles to form aggregates (Braunack and Dexter,
1989). Macro-pores allows good aeration, rapid infiltration of water, easy plant root penetration,
good water drainage, as well as providing good conditions for soil micro-organisms to thrive.
Micro-pores hold water against gravity (capillary action) but not necessarily so tightly that plant
cannot extract the water (Brand and Weil, 1999). C) Color: -it indicates the type of materials in
the soil- Ex: red soil is rich in iron. Black soil is rich in humus. D) Fertility: - Soils with high
nutrient content are fertile soils, if not they are infertile. E) Soil profile: - Soils have three layers
from top to bottom. F) Location: - different soils are found in different parts of the world. In
equatorial rain forest region soils are red and called late rites. In the temperate zone soils are
black and known as chernozems. In the cold zone soils are grey and called podosols.

According to the Ministry of Agriculture about 19 soil types are identified throughout
Ethiopia. The big proportion of the country’s landmass is covered by lithosols/liptosols (14.7%),
nitosols (13.5%), cambisols (11.1%) and regosols (12%) in order of their importance, the rest
include vertisol (10.5%), fluvisols (7.9%), luvisols (5.8%), acrisol (5%), xarosols (4.8%),
solonchaks (4.2%), yermosols (3.1%) phaeazems (2.9%), rendzinas (1.5%), andosols (1.2%),
arenosols (0.81%), gleysols (0.47%), histosols (0.42%), solonetz (0.04%) and chernozems
(0.07%). Complexes of soil forming factors have primarily influenced the distribution of the soil
types (MoA, 2000). There is limited information on the fertility status of the various soils.
Research showed that potassium; nitrogen; cation exchange capacity (CEC) and organic matter
contents of most Ethiopian highland soils are generally high by international standards (EARO,
1998), whereas their phosphorous content is low to very low compared to the African standard
most soils in the highlands of Ethiopia are fertile (FAO, 1984). Contrary to most other African
soils, the majority of Ethiopian highlands soils remain relatively fertile at depth. However, most
highland soils are deficient in important nutrients and require fertilizer to sustain crop yields.
Research has indicated that Ethiopian soils are generally low in available nitrogen and
phosphorous and cannot produce high crop yields unless these are supplied. In Ethiopia, niger is
valued for its ability to thrive on waterlogged soils where other crops fail. It is usually grown on
"light poor soils with coarse texture" basically on almost any soil that is not extremely heavy

(Chavan, 1961). Getenet and Sharma (1996) also report that niger seed grows well at pH values
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between 5.2 and 7.3. Some niger seed selections are moderately salt tolerant, but flowering may

be delayed by increased soil salinity (Bulcha, 2007).

According to Ashenafi Gedamu (2008) the dominant soil types of the Amhara Region

include black vertisols (43%).

3.4.1 Vertisols (VR) and its key characteristics

Vertisols from Latin Verto, “turn” are clay rich soils that shrink and swell with change in
moisture content. The clay minerals adsorb water and increase in volume, swell when wet and
during dry periods, the soil volume shrinks, and deep wide cracks form. Surface materials fall
into these cracks and are incorporated into the lower horizons when the soil becomes wet again.
As this process is repeated, the soil experiences a mixing of surface materials into the subsoil
that promotes a more uniform soil profile. Because they swell when wet, vertisols transmit water
very slowly and have undergo little leaching. They tend to be fairly high in natural fertility. The
basic property of vertisol, that endows them with high water holding capacity in their clay
content, which commonly lies between 40-60% and it, may be as high as 80% (Ahmad and
Marmut, 1996). The dominant clay mineral in most of the vertisols appears to be
montmorillonite. The mineral montmorillonite, which belongs to the smectite family of minerals,
is responsible for the general attributes of the soils and their vertic properties. Since
montmorillonite has the property of swelling and shrinking, the classification concept of vertisols
was based on their shrink-swell potential. This potential is a function the clay content of the soil
and the relative amounts of montmorillonite in the clay fraction. Vertisols are usually very dark
in color, with widely variable organic matter content (1-6%). They typically form in Ca and Mg
rich materials such as limestone, basalt, or in areas of topographic depressions that collect these
elements leached from uplands. Vertisols are most commonly formed in warm, sub humid or
semi-arid climates, where the natural vegetation is predominantly grass, savanna, open forest, or
desert shrub. Large areas of vertisols are found in Northeastern Africa, India, and Australia, with
small areas scattered worldwide, make up about 2% of the world’s ice-free land surface. The
bulk density of Vertisols varies greatly because of their swelling and shrinking nature with
changes in soil moisture content. The soils have high bulk density when these are dried and low
values when in a swollen stage. The bulk density of a vertisol may vary from approximately 1 to

2 g/lcm3 depending on the moisture content.
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A B
Figure 2: Sample of vertisol (A) and thoroughly mixed sun dried vertisol (B) used for the
present study. The whole soil employed for the study was collected from Ayertena Gebreal

Kebele, Enemay Wereda, East Gojjam Zone, Amhara National Regional State.

3.4.1.1 Management related properties of vertisols

Soil management, the basis of all scientific agriculture, which involves six essential
practices: proper tillage; maintenance of a proper supply of organic matter in the soil;
maintenance of a proper nutrient supply; control of soil pollution; maintenance of the correct soil
acidity; and control of erosion (Microsoft Encarta, 2009). It is important that for optimum
sustainable benefits from the use of the soils, their particular properties and behavior must be
understood and incorporated in management strategies. Proper use of the soil, therefore, starts
with appropriate selection of crops to be grown and the adoption of practices suitable for the
soils. The use of the soils is considered in three broad categories, that is, for crop production, for
pasture both native and improved, and for agro forestry. For crop production on a worldwide
basis, vertisols are presently used for a range of crops including cereals, small root crops,
oilseeds, fiber crops and sugarcane (Ahmed, 1996). Vertisols, as a class of soils, are easily
recognized because of their clayey textures, dark colors, and special attributes. These soils are
very productive if well managed, but present constraints to low input agriculture. The surface
micro variability of vertisols, reflected in their internal soil properties, imposes constraints on
their use for agronomic research and agriculture in general. Temporal changes in physical
attributes of these soils require accurate timing of agricultural practices for efficient use. As the

unique mineralogy of vertisols makes these soils very susceptible to erosion, soil management
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practices must be geared to reduce soil loss. Although their high natural fertility and positive
response to management make vertisols attractive for agriculture, some of their other properties
impose critical limitations on low input agriculture. The inherent limitations of vertisols are
largely a function of the moisture status of the soils and the narrow range of moisture conditions
within which mechanical operations can be conducted. Farmers using traditional methods of
agriculture are aware of the high risks associated with the use of these soils. Even with high input
technologies, risk a version is difficult since timing of tillage and of other farming operations is
critical. As a consequence, the full agricultural potential of vertisols has not yet been exploited in
many parts of the world. In order to appreciate the management related properties of vertisols, it
is necessary to know not only the general soil properties, but also the properties in different parts

of the soil.

3.5 The effects of fertilizers on growth performance and yield of crops

Fertilizer is a substance added to soil to improve plants' growth and yield. First used by
ancient farmers, fertilizer technology developed significantly as the chemical needs of growing
plants were discovered. Like all living organisms, plants are made up of cells. Within these cells
occur numerous metabolic chemical reactions that are responsible for growth and reproduction.
Since plants do not eat food like animals, they depend on nutrients in the soil to provide the basic
chemicals for these metabolic reactions. The supply of these components in soil is limited,
however, and as plants are harvested, it dwindles, causing a reduction in the quality and yield of
plants. Fertilizers replace the chemical components that are taken from the soil by growing
plants. However, they are also designed to improve the growing potential of soil, and fertilizers
can create a better growing environment than natural soil. They can also be tailored to suit the
type of crop that is being grown. Typically, fertilizers are composed of nitrogen, phosphorus, and
potassium compounds. They also contain trace elements that improve the growth of plants. The
use of chemical fertilizers and organic compost has both positive and negative effects on plant
growth and the soil. Fertilizers affect plant growth by supplementing plant nutrients which allow
plants grow faster and thicker. However, this applies only if the soil is deficient in nutrients.
Fertilizers do not compensate for other growth inhibiting factors such as lack of water, poor soil
preparation and weeds (Maxton, 1926). Incorporating inorganic and organic fertilizers to soil

would provide multiple benefits for improving the chemical and physical status of the soil to
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which results in improved crop yield (Basso and Ritchie, 2005). Fertilizers enhance the growth
of plants. This goal is met in two ways, the traditional one being additives that provide nutrients.
The second mode by which some fertilizers act is to enhance the effectiveness of the soil by

modifying its water retention and aeration.

FEEDING THE SoIL FEEDING THE PLANT

Organic Fertilizers Chemical Fertilizers

Figure 3: How does a fertilizer work (www.lovethegarden.com). Chemical fertilizers feed the

plant whereas organic fertilizers feed the soil.

3.5.1 Effects of chemical fertilizers on growth performance and yield of niger
Chemical fertilizers have high nutrient contents, and are rapidly taken up by plants and
significantly improve the quality and quantity of the food available today, although their long-
term use is debated by environmentalists. The use of excess fertilizer can result in a number of
problems, such as nutrient loss, surface and ground water contamination, soil acidification or
basification, reactions in useful microbial communities, and increased sensitivity to harmful
insects (Chen, 2006). The NPK chemical fertilizer decreased the soil pH and exchangeable
calcium concentration, did not affect the soil concentrations of nitrogen and magnesium, and
increased the concentrations of available phosphorous and exchangeable potassium. It is not
worthy that a single element may not be enough to harvest good yield of crop even when other
nutrients may be present in soil in sufficient amount. According to Patil and Balal (1964)
individual nutrients (N:P:K) application did not give any increase in the yield of seed and straw
of niger at Poona (Maharashtra), but combined application of N and P was found to be very
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effective in increasing the yields. Singh and Verma (1975) underlined that application of both 20
kg N + 40 kg P,Os/ha gave higher seed yield than application of a single nutrient or in
combination of lesser dose of both fertilizers at Jabalpur (Madhya Pradesh). Singh et al. (1990)
again added that application of 20 kg N + 20 kg P,Os/ha proved to be optimum dose for
enhanced seed yields of winter season niger at the same locality. Thakuria and Gogoi (1991)
from Jorhat (Assam) underlined that application of 40 kg N + 20 kg P,Os + 1 0 kg K,O/ha gave
higher yield than other combinations of these nutrients. Agreeing to them, Upadhyay and
Paradkar (1992) reported maximum seed yield of niger with the application of 40 kg N + 20 kg
P,Os + 20 kg K;O/ha in vertisol of Chhindwara (Madhya Pradesh). According to Paul et al.
(1993) application of 30 kg N + 15 kg P,Os + 15 kg K;O/ha was found to be optimum and
remunerative fertilizer dose for niger under rain fed conditions in sandy loam soils at Gossaigaon
(Assam). But, Sharma and Kewat (1994) emphasized that application of 40 kg N + 40 kg
P,0Os/ha without K significantly increased the seed yield of niger mainly due to improvement in
yield attributing characters at Jabalpur (Madhya Pradesh). Kulmi and Soni (1995) recorded the
highest seed yield of rainy season niger with the application of 30 kg N + 30 kg P,Os + 15 kg
K.O/ha at Sidhi (Madhya Pradesh). With agreement to them, Agrawal et al. (1996) emphasized
that application of 40 kg N+40 kg P,0s+20 kg K,O/ha was optimum fertilizer dose for winter
season niger under irrigated condition at Jabalpur (Madhya Pradesh) mainly due to improvement
in number of capitulae/plant and seed/capitulum. A dose of 30 kg N + 15 kg P,Os kg + 15 kg
K.O/ha proved to be economically viable to increase niger yield under rain fed condition of
north bank plains agro-climatic zone of Assam (Baishya and Thakur, 1997). Paikary et al. (1997)
found significantly higher seed yield from niger grown during pre-winter (rabi) season with the

application of 40 kg N+ 40 kg P,Os/ha than other combinations at Semiliguda (Orissa).

Application of secondary nutrients particularly S has been reported advantageous for niger.
Mamatha et al. (1994) underlined that the oil content in niger seeds decreased with increased
nitrogen application, while it increased with phosphorus and sulphur application, but the seed
and oil yield was maximum with application of 40 kg N + 80 kg P,Os and 25 ppm S/ha at
Bangalore (Karnataka). Application of 15 kg ZnSO, and 30 kg MnSO4/ha along with
recommended dose of fertilizers proved to be best for yield maximization of niger at Chhindwara
(Madhya Pradesh) and Semiliguda, Orissa (DOR, 1996). Nandini Devi et al. (2000) emphasized
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that application of 60:30:30:40-N:P:K:S kg/ha proved to be the best fertilizer dose for increasing
the grain and oil yields of niger in the lateritic belts of West Bengal. While summarizing the
results of work done on nutrient management in niger seed at different locations of the country
(DOR, 2002) balance fertilization as 30 kg N + 30 kg P,Os + 15 kg K,0 + 15 kg S/ha found to
be beneficial. From Maharashtra, Patil et al. (2006) emphasized that the application of all major
nutrients (40 kg N + 40 kg P,Os + 20 kg K,O/ha) along with 20 kg S/ha proved to be optimum

dose for yield maximization of Kharif niger under rainfed condition.

3.5.2 Effects of compost on growth performance and yield of niger

Organic fertilizer include compost, farm yard manure, slurry, worm castings, urine, peat,
green manure, dried blood, bone meal, fish meal, and feather meal (Haynes and Naidu, 1998).
Compost is a finely divided, loose material consisting of decomposed organic matter. It is
primarily used as a plant nutrient and soil conditioner to stimulate crop growth. It helps the tilth
quality of the soil, stabilize the pH or acidity/alkalinity, and release balanced quantities of many
nutrients, and including quite a few not found in most commercial fertilizers. Compost has the
added advantage of being natural. Mother Nature has been making compost for a lot longer than
man has been around to enjoy the benefits. Composts are slow release organic fertilizers and
excellent sources of most plant nutrients to increase crop yields (Sukhdev and Kabal, 2013).

According to ANRSBA (2004) 12 tons/ha compost is recommended for niger seed production.
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4. MATERIALS AND METHODS
4.1 Description of the study area

The study was conducted at Bichena town between December 2017 and April 2018.
Bichena is found in West-central Ethiopia. Located in the East Gojjam Zone of the Amhara
Region on the hillside overlooking the Abay River, it has a latitude and longitude of 10°27°N
38°12°E and an elevation of 2541 m. a. s. I. It is the administrative center of Enemay Wereda.
The area is situated at the distance of about 265 km from Addis Ababa in the central west
direction of Ethiopia (Figure 5). The area receives an average annual rain fall of 1150 mm. The
minimum and maximum temperatures are 18 and 21°C respectively. The soil of the study site
comprises 75% vertisol, 15% reddish-brown, nitosol and 10% other soil types. The area is a
mixed farming zone and is one of the most important teff (Eragrostis tef) growing belts of
Ethiopia. Also cultivations of barely, wheat, maize, sorghum, bean, pea, chickpea, lentil, niger

and vetch are common.
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Figure 4: Map showing location of Bichena town in East Gojjam Zone of Amhara National

Regional State.
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4.2 Seed procurement
Seeds of Guizotia abyssinica were purchased during the 4" week of October 2017 from the
local market of Bichena town. Seeds were sieved to remove any debris materials and were stored

at room temperature in paper bags until required.

Figure 5: Seeds of G. abyssinica used for planting in plastic bags. The seeds were purchased
from the local market of Bichena town in October 2017.

4.3 Nursery bed preparation

Before starting the actual plastic bag experiment, a rectangular nursery bed of 250 cm x
650 cm was prepared, which was enough to accommodate the 150 bags. The nursery was fenced
wooden materials such that the niger plants were protected from wind and domestic animals. The
fence has a suitable entrance fitted with appropriate protection so as to ward off animals. Dried
grass stalks were used to cover the bags for conserving moisture, but the cover was removed at
the onset of germination as the continued presence of the grass stalk forced bending of the

emerging seedlings.

4.4 Soil sampling and analysis

Soil samples were collected from the same site of bare field. Samples were randomly
removed to the end of the vertisols horizon with the help of pick axe. Sampling from plots under
crop cultivation was intentionally avoided. Since farmers in the locality used commercial
fertilizers and this may add chemical residues to the soil and influence niger plant growth. A
large composite soil sample was then prepared by drying the vertisol in sun, powdering this and
thoroughly so as to ensure sample homogeneity as much as possible. Composite soil sub sample
was made from the powdered soil and was then subjected to various analyses in the Debre

Markos Soil Testing and Fertility Improvement Center Laboratory.
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4.5 Fertilizer amount and application
The research outputs conducted by Amhara National Regional State Bureau of Agriculture
(ANRSBA, 2004) proved that for niger 50 and 30 kg/ha DAP and Urea respectively as well as

12 tons/ha compost were recommended. Circular plastic bags were used for the present study
(depth 20 cm, diameter 10 cm).

A = r? Where, r is the radius of a circle (r = diameter (D)/2)

Pi (n) = 3.14
A =314 x (5cm)? =3.14 x 25 cm? = 78.5 cm?
1m = 100 cm (1m? = 10,000 cm?) = 78.5 cm?® = 0.008 m?
1 ha =100 m x 100 m = 10,000 m?
For DAP application
10,000 m? = 50 kg
0.008 m?=? = 4 x 10” kg = 0.04 gm = 40 mg
For Urea application
10,000 m? = 30 kg
0.008 m? =? = 2.4 x 10° kg = 0.024 gm = 24 mg
For compost application
10,000 m? = 12 ton, 12 ton = 12000 kg (1 ton = 1000 kg)
10,000 m? = 12000 kg
0.008 m? =7 = 0.0096 kg = 9.6 g

The required quantity of all organic sources of nutrients, composts were weighted as per
treatments using digital balance SF-400 and mixed with the soil one day before the time of

planting (9.6 g compost per pot was applied) while nutrients from chemical sources were applied
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in split dose, half at the time of planting (12 mg) and the remaining half (12 mg) applied at 30
days after planting in case of urea but full dose of phosphorous (as DAP, 40 mg) was applied
(Rai, 1986) once at planting per bag using TANITA 1479X. In control treatments no additional

nutrients were added.

A

Figure 6: Samples chemical fertilizers and compost used for the present study: (A) DAP, (B)
Urea and (C) Compost. The chemical fertilizers were purchased from the local market of
Bichena town, and the compost was obtained from Enemay Wereda Rural Development
Agricultural Office and Tree Planting Center.

4.5.1 Raw materials used for composting and the manufacturing processes

For the present study 2 m depth and 5 m width pit was prepared then raw materials, leaves,
dung, nitosol and ash were mixed together during the mid of August, 2017. Rain keeps the raw
materials wet and aided the decomposition process, producing rich compost. The mixture of

different raw materials were turned and mixed once every 15 days for about three months.

4.6 Planting of seeds of G. abyssinica and planting method under nursery bed
conditions
One hundred fifty plastic bags (depth 20 cm, diameter 10 cm) were filled with 1kg of
vertisol, among which 50 bags contained only vertisol, 50 bags contained soils mixed with
chemical fertilizers (DAP and urea) and the rest 50 bags contained soils mixed with compost
(Figure 8: A). Each plastic bag were picked up by using sharp nail of 3 cm size at the bottom 7
narrow holes, and a total of 14 narrow side holes . The bags were labeled and randomly arranged
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on the prepared nursery bed. Lottery methods are used to randomize the placement of plastic

bags.

Seven hundred fifty seeds were planted on December 23, 2017 by hand in planting plastic
bags. Before planting the seeds, the soil was watered so as to ensure enough moisture for the
seeds. Five healthy looking and big seeds of niger were planted in the middle of each of the 150
moisten pots at the depth of 2 cm (Bulcha, 2007). This was because correct planting depth gives
good germination. Just after the planting, the seeds were well covered in the soil, a light watering
was given for germination of seeds and bird watching was done till the germinating seedlings got
well established. Each bag containing the planted seeds was watered the same amount of tap
water twice a day (200 ml morning, 200 ml late evening) initially, from December 23-31, 2017
and was provided with a daily dose of 200 ml thereafter using a watering can and were allowed
to grow for four months and a week under nursery bed conditions, where the mean minimum and
maximum temperatures during the study period were 22.3 + 24.1 °C noon and 16.7 + 20.2 °C

nights respectively.

Figure 7: Measuring 1 kg thoroughly mixed sun dried vertisols collected from Ayertena Gebreal
Kebele, Enemay Wereda, East Gojjam Zone, Amhara National Regional State used to fill

plastic sleeves for the present study.
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Figure 8: One hundred fifty labeled and randomly arranged plastic bags (depth 20 cm, diameter
10 cm) under nursery bed conditions (A). Each plastic bag was watered equal amount of
tap water (B), twice a day (200 ml morning and 200 ml late evening) initially for about a
week and was provided a daily dose of 200 ml thereafter using a watering can.

4.7 Harvesting

Crop was harvested when majority of leaves (nearly 80%) in plants senescened and
capitulae turned into brownish in color. Harvesting was done on 127, 113 and 120 days in
vertisol only, VR + CF and VR + Comp after germination respectively for biomass
determination. The roots of harvested seedling were watered too much to minimize the
detachment of fine roots, the detached parts were tied on the corresponding part. The shoot and
root of the fresh seedlings were carefully separated by cutting with dissecting knife. The
respective shoot and root of seedlings were labeled and arranged. Dry matter data has been
recorded for three consecutive measurements after drying the seedling in the sun for four days so
as to attain constant dry weight. The dried shoot and root of each seedling were measured
separately to determine shoot and root weight and together to get total dry weight by using a
digital balance SF-400. The ripen capitulae (head) of each treatments were collected using
scissor and stored in plastic bags separately. The collected capitulae were sun dried separately
for the determination of seed yields per plant. Threshing was done on winnowing and the chaffs
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were separated so as to keep seeds clean. The seeds were weighted on TANITA 1479X and

stored in plastic bags.

Figure 10: Sun dried capitulae of G. abyssinica obtained from control (A), chemical fertilizers
(B) and compost (C). Threshing was done on winnowing (D) to separate seeds from the
chaffs for the determination of seed yields.
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4.8 Data collection and statistical analysis

Data on seed germination response were collected every two days, after the first day of
germination, for about 15 consecutive counts. Seeds were considered germinated at the time
when protrusion of radicle. The final germination was recorded, and expressed in terms of
germination parameters such as germination percentages (GP) mean germination time (MGT),
and germination vigor (GV) were calculated according to Lbourian and Agudo (1987), as

follows.

1. Determination of germination days: The duration of seed germination was
recorded.

2. Determination of Germination percentage. It is the proportion of the seeds that
germinate from all seeds subjected to the right conditions for growth. Germination
percentage (GP) = (n/N)x 100; where: n = total number of germinated seeds in
plastic sleeves. N = Total number of seeds.

3. Mean germination time: MGT = (}Yniti) /n where: ni = percentage of seeds
germinated between consecutive counts.

ti = Time (in day) taken since germination experiment started.
n = Total number of seed germinated.

4. Germination vigor: GV =Y. (Gi/ti) x 100/N
Where: Gi = number of seeds germinated up to the day under consideration.

ti = Time taken for all germination.
N = Total number of seeds used.

After germination had occurred and the seedlings had grown to a height of 5 to 7 cm, only
one of the most vigorous and looked health seedlings was kept as judged by eye and the others
were removed. From each treatments totally 20 plastic bags were selected by simple random
sampling technique. Plant height, intermodal length, number of leaves, leaf area, number of
branches per plant and RCD were considered as an important growth parameters of the present
study. Similarly, number of capitulae/plant, number of seeds/plant, seeds weight, 1000 seeds

weight, chaff dry weight and total dry weight were also considered as yield parameters. To
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compare growth responses of seedlings under nursery bed conditions, height (cm) increment
measurements were taken every 5 days for the first 30 days and every 7 days until anthesis each
from the ground to the tip of the apex. Likewise, intermodal length (cm), number of leaves and
leaf area (mm?) were measured periodically at 15, 30, 45, 60, 75, 90 days after germination and
number of capitulate (heads) per plant, number of branches per plant, total dry weight (g), chaff
dry weight (g), RCD, seed yield (g) and 1000 seeds weight (g) were recorded at harvest. Because
the feature to be measured, leaf area has an irregular shape, its area cannot be directly calculated
by using mathematical formula. Therefore, to found the area of the leaves (three leaves from
each sampled plant) was spread over millimeter graph paper, a uniform interval 1mm and the
outline of leaves were drawn while still attached to the plant. Then the number of grid squares
was counted within the leaves (number of full squares, 34, % and % squares) and the number of
grid squares was added to get the total number of squares. The approximate areas of the leaves

were calculated using area = S°.

The data of plant parameters were analyzed and their means were computed. The Analysis
of variance (ANOVA) was carried out for germination, growth and yield parameters of the study
using SPSS version 20. Duncan’s post hoc test (p < 0.05) was used to determine the homogeneity
subsets whenever significant differences existed among mean values presented in the appendices

and excel program, excel 2007 to illustrate and compare data on Figures.
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5. RESULTS

5.1 Germination parameters of niger as influenced by chemical fertilizers and

compost under nursery bed conditions

5.1.1 Germination percentage

Results on percentage germination of Guizotia abyssinica obtained from plants treated
within chemical fertilizers, compost or a combination of both, as well as the control are provided
in Figure 11. Seed germination began within five days in all treatments under nursery conditions.
Maximum germination percentage was observed in VR + CF treatments, which were 66%
compared to compost (62.8%) and control treatments (50.4%). However, there was no

significant difference among the various treatments (p < 0.05).
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Figure 11: Germination percentage of G. abyssinica seeds planted in plastic bags filled with
vertisol only, VR + CF and VR + Compost. Data points represent mean percentage

germination on the respective days.
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5.1.2 Mean germination time

The effects of application of chemical fertilizers and compost on mean germination time
are shown in Figure 12. Maximum mean germination time was obtained from seeds planted with
control treatments (11.7%) compared to compost (10.6%) and chemical fertilizer treatments
(10.4%). Minimum mean germination time was obtained from chemical fertilizer treatments.

However, there was no significant difference among the various treatments (p < 0.05).
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Figure 12: Mean germination time of G. abyssinica seeds planted in plastic bags filled with
vertisol only, VR + CF and VR + Compost. Data points represent mean germination time

on the respective days.

5.1.3 Germination vigor

Germination vigor percentage of vertisol only, VR + CF and VR + Comp seeds planted in
plastic bags under nursery conditions were calculated. There was no significant difference
among the various treatments (p < 0.05). However, maximum germination vigor percentage was
obtained in chemical fertilizer treatments (2.6%) compared to compost (2.4%) and control

treatments (1.8%) as shown in Figure 13 below.
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Figure 13: Germination vigor of G. abyssinica seeds planted in plastic bags filled with vertisol
only, VR + CF and VR + Compost. Data points represent germination vigor on the

respective days.

5.2 Flowering and maturity of niger as influenced by chemical fertilizers and

compost under nursery bed conditions

As shown in Table 1 application of fertilizers fasten flowering and maturity. The start of
flowering, 50% and complete flowering and maturity in VR + CF groups were 12, 7, 13, and 14
days respectively earlier compared to the control. The corresponding days in the VR + Comp

treatments were 7, 1, 6 and 7 respectively.
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Table 1: Treatment employed, planting date, flowering and days of maturation. Seedlings grown
in VR + CF showed earlier start of flowering, 50% and complete flowering as well as days

of maturation.

Treatments | Planting Start of Start of 50% Complete Days of
date germination | flowering | flowering | flowering | maturation

Vertisol only | December December 79 DAG 89 DAG 101 DAG 127 DAG
23/2017 2712017

VR + CF December December 67 DAG 82 DAG 88 DAG 113DAG
23/2017 27/2017

VR + Comp | December December 72 DAG 88 DAG 95 DAG 120 DAG
23/2017 27/2017

5.3 Growth parameters of niger as influenced by chemical fertilizers and

compost under nursery bed conditions

5.3.1 Plant height increment

Seedlings grown in vertisol only, VR + CF and VR + Comp have shown significant
differences in their mean height. However in the 1%, 2", 3" 4™ 5" g™ 7" 8" and 9™ weeks
i.e. 5, 10, 15, 20, 25, 30, 37, 44, and 51 days there was no significant differences. Seedlings
grown in the control resulted with mean height of 0.7, 1.6, 2.5, 3.2, 3.9, 4.3, 4.6, 4.9, and 5.3 cm
respectively. The mean height were 1.1, 2.3, 3.3, 4.5, 5.6, 6.4, 7.4, 8.5, and 9.5 cm respectively
for plants grown in VR + CF. The corresponding mean height for plants grown in VR + Comp
were 0.9, 1.9, 2.7, 3.8, 4.7, 5.1, 5.5, 5.9, and 6.4 cm respectively. After 10", 11" 12" 13" 14"
and 15™ weeks i.e. 58, 65, 72, 79, 86, and 93 days plants grown in VR + CF showed better
significant growth (p < 0.01) with mean height of 14.2, 26.6, 41.4, 51.4, 63.3, and 73.8 cm
respectively. The control plants resulted in mean height of 5.6, 6.5, 8.8, 12.5, 16.7, and 25 cm
respectively. The corresponding values for plants grown in VR + Comp were 7.3, 10.4, 15.5,
22.5, 30.5, and 41.5 cm respectively as shown in Figure 14. In general application of DAP and
urea at rates of 50 and 30 kg/ha respectively improved the vegetative growth by 195% compared

to the control.
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Similarly, application of compost at rates of 12 tons/ha improved the vegetative growth by
66%.
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Figure 14: Mean height (cm) of G. abyssinica seedlings grown in vertisol only, VR + CF, and

VR + Compost. Data points represent the mean height increment on the respective days.

5.3.2 Internodal length

The mean internodal length of seedlings grown in vertisol only, VR + CF and VR + Comp
are shown in Figure 15. Plants grown in VR + CF showed better significant internodal length (p
< 0.01). The highest internodal length difference was observed in the 10™ and 12" weeks i.e. 75
and 90 days with mean internodal length of the control were 2.8 & 5.3 cm, VR + CF 23.6 & 39.6
cm and VR + Comp 6.7 & 11.9 cm respectively. In 2", 4" 6™ and 8™ weeks there were no big
mean internodal length differences. The mean internodal length of the control groups were 0.7,
0.9, 1.1 & 1.5 cm respectively. The corresponding values in VR + CF treatments were 2.9, 4.2, 6
& 10.6 cm respectively. The VR + Comp groups resulted in 1.4, 1.8, 2.5 & 3.4 cm respectively.

39



ul
o
J

540 -
S
230 -
k) )
= —&—\ertisol
5 20 -
8 ==VR + CF
g 10 - i 4~VR + Comp
= i
0 4 A A .

15 30 45 60 75 90
Days after germination

Figure 15: Mean internodal length (cm) of G. abyssinica seedlings grown in vertisol only,VR +
CF and VR + Compost. Error bars indicate + SE.

5.3.3 Number of branches/plant
Maximum mean number of branches was registered in VR + CF treatments (18) compared
to VR + Comp (7) and the control treatments (3). The control treatments had significantly lowest

number of branches/plant among the treatments (p < 0.01) as shown in Figure 16.
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Figure 16: Mean number of branches of G. abyssinica seedlings grown in vertisol only, VR +
CF and VR + Compost. Vertical bars indicate + SE.
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5.3.4 Leaf number

The mean number of leaves produced per plant was highly significant (p < 0.01) for
seedlings grown in VR + CF (50) compared to those grown in vertisol only (19) and VR + Comp
(26) as provided in Figure 17.
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Figure 17: Mean leaf number of G. abyssinica seedlings grown in vertisol only, VR + CF and
VR + Compost. Vertical bars indicate + SE.

5.3.5 Leaf area

Seedlings grown in VR + CF showed highly significant (p < 0.01), maximum mean leaf
area value of 136 mm? compared to those grown in vertisol only (26.2 mm?) and VR + Comp
(43.2 mm?) as shown in Figure 18 below.
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Figure 18: Mean leaf area (mm?) of G. abyssinica seedlings grown in vertisol, VR + CF and VR

+ Compost. Vertical bars indicate + SE.

5.3.6 Root collar diameter (RCD)

Significantly maximum RCD (p < 0.01) was obtained in the chemical fertilizer treatments
(1.8 cm) compared to compost (1.3 cm) and control treatments (1.2 cm) as shown below in
Figure 19.
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Figure 19: Mean root collar diameter (cm) of G. abyssinica seedlings grown in vertisol only, VR
+ CF and VR + Compost. Vertical bars indicate + SE.
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5.4 Yield parameters of niger as influenced by chemical fertilizers and

compost under nursery bed conditions

5.4.1 Number of capitulae per plant

Significantly highest number of capitulae /plant was recorded (p < 0.01) in VR + CF
treatments (19) compared to VR + Comp (8) and the control treatments (4). The control
treatments had the lowest number of capitulae/plant among the treatments as shown in Figure
20.
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Figure 20: Mean number of capitulae per plant of G. abyssinica seedlings grown in vertisol
only, VR + CF and VR + Compost. Vertical bars indicate + SE.

5.4.2 Number of seeds per plant

Plants grown in VR + CF had significantly (p < 0.01) highest value of mean number of
seeds/plant (355) compared to VR + Comp (164) and the control treatments (90). Application of
DAP and urea at rates of 50 and 30 kg/ha respectively increased the yield by 294% compared to
the control. Similarly, application of compost at rates of 12 tons/ha increased the yield by 82%

as shown in Figure 21 below.
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Figure 21: Mean number of seeds /plant of G. abyssinica seedlings grown in vertisol only, VR +
CF and VR + Compost. Vertical bars indicate + SE.

5.4.3 Seeds weight per plant (g)

Mean seeds weight had significantly (p < 0.01) maximum in VR + CF treatments with the

value of 0.9 g compared to VR + Comp (0.5 g) and the control treatments (0.3 g) as shown below
in Figure 22.
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Figure 22: Mean seeds weight (g) per plant of G. abyssinica seedlings grown in vertisol only,
VR + CF and VR + Compost. Vertical bars indicate + SE.
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5.4.4 Thousand seeds weight (g)

One thousand seeds were taken randomly from the sampled plants of each treatments then
weighed in TANITA 1479X to determine 1000 seeds weight from each treatments. Though
slight differences of 1000 seeds weight was recorded between VR + CF and VR + Comp,
maximum 1000 seeds weight was recorded in VR + CF treatments (2.3 g). 2.2 g and 1.8 g of
1000 seeds weight was recorded in VR + Comp and control treatments respectively (Figure 23).
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Figure 23: Thousand seeds weight (g) of G. abyssinica seedlings grown in vertisol only, VR +
CF and VR + Compost. Vertical bars indicate + SE.

5.4.5 Biomass production

The VR + CF treatments had highest biomass production of 5.5 g compared to VR + Comp
(1.9 g) and control treatments (1.2 g). The highest mean shoot, root and total dry weight (g) was
recorded in VR + CF treatments as shown below in Figure 24, 25 and 26 respectively. Plants
grown in VR + CF also exhibited the highest chaff dry weight (1.2 g) compare to those grown in
VR + Comp (0.5 g) and control treatments (0.3 g) (Figure 28). However, the highest mean shoot
to root dry weight (g) ratio was recorded in control treatments (4.7) compared to the VR + CF

(3.8) and VR + Comp treatments (4.4) as shown in Figure 27.
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Figure 24: Mean shoot dry weight (g) of G. abyssinica seedlings grown in three treatments.
Seedlings grown in VR + CF showed the maximum value compared to the vertisol only

and compost. Error bars represent + S.E.
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Figure 25: Mean root dry weight (g) of G. abyssinica seedlings grown in three treatments.
Seedlings grown in VR + CF showed the maximum value compared to the vertisol only
and compost. Error bars represent + S.E.
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Figure 26: Mean total dry weight (g) of G. abyssinica seedlings grown in three treatments.
Seedlings grown in VR + CF exhibited the highest dry weights compared to those located
in Vertisol only and VR + Compost. Error bars represent + S.E.
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Figure 27: Mean shoot to root dry weight (g) ratio of G. abyssinica seedlings grown in three
treatments. Seedlings grown in the control treatments exhibited the highest shoot to root

ratio compared to those located in VR + CF and VR + Compost. Error bars represent +

S.E.
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Figure 28: Mean chaff dry weight (g) of G. abyssinica seedlings grown in three treatments.
Seedlings grown in VR + CF exhibited the highest chaff dry weight compared to those

located in Vertisol only and VR + Compost. Error bars represent + S.E.
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5.5 Results of soil analysis

The results of vertisol analyzed for texture, pH, OC, TN, Av. P, and Av. K are presented in
Table 2. The results indicated that the vertisol used for the present study was below the standard
in terms of organic carbon (1.17% compared to the standard average value of 4-10%), total N
(0.101% compared to the standard average value of 0.125-0.225%) and available P (2 ppm
compared to the standard average value of 8-12 ppm). However, the vertisol used contained high
available K (267 kg/ha compared to the standard average value of 100-250 kg/ha) (Frank, 1990).

Table 2: The results of physico-chemical properties of vertisols analyzed in Debre Markos Soil

Testing and Fertility Improvement Center Laboratory used for the present study

S. No. Constituent | Analytical | Interpretation | Method of
value determination
A Physical properties
Texture Clay soil class Hydrometer
method
1 Sand (%) 8
2 Silt (%) 16
3 Clay (%) 76
B Chemical properties
1 Soil pH 6.85 Slightly acidic | Water method
2 Organic Carbon 1.17 Very low Walkely &
Black method
(OC %)
3 Total Nitrogen 0.10 Low Kjieldhal
(TN %) method
4 Av. P (ppm) 2 Very low Olsen method
5 Av. K (kg/ha) 267 High Ammonium
acetate method
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5.6 Plant materials used for compost manufacture
The compost used for the present study was manufactured from dung, nitosol, ash and

different plant materials. The plant materials were used in their vegetative stages (Table 3).

Table 3: List of plants used for compost manufacture for the present study. The plant materials

were used at their vegetative stages (data obtained from agricultural extension workers of

Enemay Woreda through interview).

S. No. | Local Amharic English name Scientific name
name

1 Sensel/Semiza | Poison arrow tree Justica shimperiana
2 Gerawa Bitter leaf Vernonia amygdalina
3 Yekura hareg Corton Cucumis dipsaceus
4 Astenager Jimsonweed Datura stramonium
5 Sesbania Sesbania Sesbania seshan
6 Yeferenge tid Mexican cypress Cupress lusitanica
7 Serdo Bermuda grass Cynodon dactylon
8 Muja Snowdenia Snowdenia polystachya
9 Telenje Chaff flower Achyranthes aspera
10 Yahiya eshoh Milk thistle Silybum marianum
11 Chakema/Gullo Caster bean Ricinus communis
12 Lite Cheeseweed Malva parviflora
13 Bisana Corton Corton macrostachyus
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6. DISCUSSIONS

6.1 Germination parameters of niger as influenced by chemical fertilizers and

compost under nursery bed conditions

6.1.1 Seed germination

Not all the seeds planted in the plastic sleeves germinated. However, greater than 50%
seed germination was achieved in this study. Some of the seeds did not germinate may be due to
seed dormancy mechanisms that are specific to the species. That plants develop diverse
dormancy mechanisms so as to avoid unfavorable environmental conditions is well established
(Bewley and Black, 1994; Bradbeer, 1988; Legesse Negash, 1995; 2010). Maximum germination
percentage was recorded in VR + CF (66%). This may be due to nitrogen, the most effective in
breaking dormancy and stimulating germination and emergence (Agenbag and Villiers, 1989).
The potential role of nitrogen, and especially nitrate, as a stimulator of seed germination is
known (Bewley and Black, 1982; Hilhorst and Karssen, 1992; Baskin and Baskin, 1998).

However there was no significant difference among the treatments at p < 0.05.

6.2 Flowering and maturity of niger as influenced by chemical fertilizers and

compost under nursery bed conditions

A significant variation was noted among the treatments in relation to days for flowering
and maturity. The minimum days for start of flowering, 50% and complete flowering and
maturity was recorded in VR + CF. Similar result was obtained by Jirali et al. (1988), they
opined that niger produced maximum number of flowers on 75" day after sowing and produced
maximum Yyield. Salim and Saena (1993) noted that early flowering was associated with high

harvest index, large number of capitulae and high seed mass.

6.3 Growth parameters of niger as influenced by chemical fertilizers and
compost under nursery bed conditions

6.3.1 Height increment

Plant height is a simple measurement of plant growth and it depends on number of nodes
and length of effective nodes. In this study a significant effects of application of chemical
fertilizers and compost on plant height was obtained. Maximum plant height was noted in
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chemical fertilizer treatments (73.8 c¢m), while minimum plant height was in the control
treatments (25 cm). Plants were shorter in the control groups, probably because no fertilizer was
applied. An increase of plant height in VR + CF treatments would likely to be associated with
nitrogen and phosphorus vegetative growth promoting effect, which increased the seedling
height by 21% (Taiz and Zeiger, 2006).
6.3.2 Branches per plant

Application of DAP and urea at rates of 50 and 30 kg/ha respectively and compost at rates
of 12 tons/ha exerted their marked influence on production of branches/plant at maturity. The
VR + CF treatments produced maximum number of branches/plant (18) compared to VR +
Comp (7) and the control (3). The lowest number of branches/plant in the control treatments was
probably because no fertilizers were applied (Mondal et al., 1992). In this study, VR + CF
caused to increase the number of branches/plant of niger. This increased number of
branches/plant in VR + CF might be due to the vegetative growth promoting effect of nitrogen
as well as branch development effect of phosphorus (ICAR, 1992). Mohan (2008) reported that
number of branches/plant significantly increased with application of NP fertilizers.
6.3.3 Leaf number

Application of chemical fertilizers and compost significantly increased the number of
leaves. Maximum number of leaves was registered in VR + CF (50). This might be due to
favorable effect of high nutrient availability. Nitrogen is a chlorophyll component, and it
promotes vegetative growth and green foliage (Jones, 1983). The control treatments produced
significantly minimum mean number of leaves (19).

6.3.4 Leaf area

Leaf area fairly gives a good idea of photosynthetic capacity of the plant. It is an important
variable for most eco physiological studies in terrestrial ecosystem concerning light interception,
evapo-transpiration, photosynthetic efficiency, fertilizers, and irrigation response and plant
growth (Blanco and Folegatti, 2005). It is also valuable in studies of plant nutrition, plant
competition, plant-soil-water relations, plant protection measurement and heat transfer in plants
(Mohsenin, 1986) and thus it is an important parameter in understanding photosynthesis, light
interception, water and nutrient use and crop growth and yield potential (Smart, 1974; Williams,
1987). It has been observed in the present study that the effect of chemical fertilizers and

compost had profound influence on leaf area of niger at different crop growth stages. Maximum
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leaf area was noted in VR + CF (136 mm?). This might be due to the fact that 50 and 30 kg/ha
DAP and urea respectively provide better nutritional environment. A high leaf area is desired for
high productivity. Further increase in leaf area beyond optimum level causes lodging and
reduction in yield (Nichiporovich, 1970). However, optimum leaf area reaches well before
anthesis and fell progressively as water stress increases (Fisher and Khan, 1996).
6.3.5 Root collar diameter

The RCD is defined as the diameter of the main stem measured at or within a specified
distance from the root collar. The highest mean RCD was obtained in VR + CF groups (1.8 cm).
Fertilization treatments increased the seedling root collar diameter by 29% (Taiz and Zeiger,
2006). Nitrogen and phosphorus are critical determinants of plant growth and productivity, and
both plant growth and root morphology are important parameters for evaluating the effects of
supplied nutrient (Razaq et al., 2017).
6.4 Yield parameters of niger as influenced by chemical fertilizers and

compost under nursery bed conditions

6.4.1 Capitulae per plant

The VR + CF treatments had significantly highest number of capitulate/plant (19)
compared to VR + Comp (8) and the control (4). This was due to the production of highest plant
height and number of branches, correspondingly increased number of capitulae/plant (Cheema,
et al., 2001 and Sharma, et al., 1994). The poor vegetative growth (height, branches and foliage)
of plants in control groups were due to less accumulation of food materials and photosynthates
by the plants resulted into production of minimum number of capitulate /plant (VVenkatakrishanan
and Ravichandran, 1998).

6.4.2 Number of seeds/plant

Application of DAP and urea as well as compost at rates of 50 and 30 kg/ha and 12
tons/ha respectively had a marked effects on seed of niger under nursery bed conditions.
Because of superiority in growth parameters due to efficient accumulation of desired food
materials and photosynthates in VR + CF the number of seeds/plant increased over other
treatments. Plant height possessed the positive association with grain yield (Lic and Chin, 1980).
The decreased seed yield of niger in the control groups might be due to a decrease in plant height

and number of branches and there by leading to reduced number of capitulae/plant and number
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of seeds/capitulum. Sharma et al. (1994) reported that improvements in seed yield attributed to
increments in yield components and associated with better nutrition, plant growth and increased
nutrient uptake (Sharma, 1990a). Moreover, the lower organic matter, lower total nitrogen and
phosphorus contents observed on the vertisols analyzed had also positively influenced crop yield
and increased niger seed yield at VR + CF.

6.4.3 Seed weight
The highest seeds weight and 1000 seeds weight was recorded in VR + CF groups; which

was 0.9 & 2.3 g respectively. The minimum value was registered in control groups about 0.3 &
1.8 g respectively. One thousand seeds (achenes) weight is from 2 to 5 g (Weiss, 2000), with
about 40 seeds per head. Such significance in the productivity of niger was very low which may
be enhanced by adequate supply of nutrients especially phosphorus, because being oil crop niger
respond well to phosphorus (Nambaiar and abrol, 1989).
6.4.4 Biomass production

The VR + CF groups had highest biomass production of 5.5 g compared to VR + Comp
(1.9 g) and the control (1.2 g). This was due to VR+CF treatments received supply of more N
and P resulted into more utilization of food nutrients as well as more accumulation of
photosynthates than other treatments. Fertilization treatments increased the seedling mean dry
weight of the stems and leaves by 72% and 123%, respectively (Taiz and Zeiger, 2006). The
niger seeds which are small and shiny black contain 30 to 40% good quality edible oil. It is
mainly grown in tribal pockets with the use of minimum agro inputs, particularly fertilizers
leading to very low productivity (Sharma, 1993). Mondal et al. (1992) and Ramamurthy and
Shivshankar (1996) have reported higher dry matter accumulation by plants due to balanced

supply of essential elements to the crop.
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7/ CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

Application of DAP and urea at rates of 50 and 30 kg/ha respectively improved vegetative
growth by 195% compared to the control. Similarly yield increased by 294%. On the other hand
niger plants grown in soils mixed with compost at rates of 12 tons/ha improved the vegetative
growth by 66% and yield increased by 82%. This was because fertilizers are sources of mineral
elements, which plants require for effective growth and development. However VR + CF
treatments showed better growth performance and yield components compared to VR + Comp

treatments.

7.2 Recommendations

Application of DAP and urea at rates of 50 and 30 kg/ha respectively and compost at rates
of 12 tons/ha should be recommended in niger seed production of similar climatic and soil
conditions. Moreover, fertilizer applications on niger seed production should consider soil
related factors that affect the availability and evolution of nutrients in soils as integral parts of
efforts to improve niger seed production and soil fertility. Thus, a further research work should
be undertaken to determine the effectiveness of integrated use of nutrients from chemical
fertilizers and compost. It may be said that neither organic nor inorganic chemical fertilizers
alone can supply desired nutrients to crop plants and there by the high yield whereas; the
combination of both can achieve the expected result. The investigation required to be conducted

with more number of treatments under various agro climatic zones.
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A Germination percentage
Days

Vertisol VR+CF VR+Comp

9. APPENDICES

Appendix 1: Germination percentage, Mean germmation time and germiation vigor of Guizotia abyssinica seedlings grown m Vertisol only, VR+CF and VR+Comp

5 3.6 56 52 Anova: Single Factor
7 44 8 76
9 4 72 6.8 SUMMARY
11 52 10 92 Groups  Count Sum  Average Variance
13 4 92 8 Vertisol 15 504 336 1709714
15 4.4 7.6 6 VR+CF 15 66 44 1211429
17 36 52 6 VR+Comg 15 62.8 4186667 9254095
19 4 4.8 48
21 4 32 24
23 36 2.8 28 ANOVA
25 3.6 12 1.6 Source of Varii 5§ df MS F P-value Fcrit
27 28 08 08 Between ( 5052444 2 4526222 0588379 0559738 3219942
29 16 04 0.8 Within Gre 323.0933 42 7.692698
31 0.8 0 0.4
33 0.8 0 04 Total 332.1458 44
B. Mean germination time
Days Vertisol VR+CF VR+Comp
5 05 0.6 0.59 Anova: Single Factor
7 0.69 097 0.96
g 0.69 0.96 0.95 SUMMARY
11 0.99 15 14 Groups  Count Sum  Average Variance
13 0.83 1.45 13 Vertisol 15 11.67 0.778 0.07369
15 0.97 1.28 1.07 VR+CF 15 1043 069533 02563
17 0.86 095 1.1 VERA+Com 15 10.51 0.70067 0.19192
19 1 09 097
21 1.07 0.66 0.52
23 1 06 0.64 ANOVA
25 1.08 027 038 Source af Varie SS df MS F P-value F crit
27 09 0.19 02 Between ( 0.06421 2 003211 0.18455 083215 321994
29 0.53 0.1 021 Within Gri 7.30671 42 0.17397
31 0.27 0 0.1
33 0.29 0 0.12 Total 7.37092 44
C. Germination vigor
Days Vertisol VE+CF VR+Comp
5 02 031 028 Anova: Single Factor
7 022 0.4 038
9 0.18 0.33 031 SUMMARY
11 021 042 038 Groups Couwnt Sum  Average Variance
13 0.15 0.35 0.3 WVertisol 15 1.82 0.12133 0.0045
15 0.16 0.27 021 VE+CF 15 2619 01746 0.02466
17 0.12 0.17 0.2 VE+Com 15 2.447 0.16313 0.01959
19 0.13 0.15 0.15
21 0.12 0.09 0.07
23 01 0.07 0.08 ANOVA
25 0.09 0.03 0.04 Source of Varie  SS df MS F P-value Fcrit
27 0.07 0.02 0.02 Between ( 0.02358 2 0.01179 0.72551 049004 3.21994
29 0.04 0.009 0.01 Within Gri 0.68253 42 0.01625
31 0.02 0 0.009
33 0.01 0 0.008 Total 0.70611 44
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Appendix 2: Mean height (cm) of Guizotia abyssinica seedlings grown in Vertisol only, VR+CF and VE+Comp (93 DAG)

sample  Vertisol WVERE+CF VE+Comp Angva: Single Factor
1 296 68 29
2 215 69.2 233 SUMMARY
3 26.7 88.5 37.5 Groups  Count Sum  Average Variance
4 255 92 34 Vertisol 20 500.4 25.02 28.56168
5 26.6 69 40 VR+CF 20 1476.7 73.835 2748856
6 28.1 99.2 4.6 VE+Comg 20 829.7  41.485 76.87397
7 37.5 65 62
8 28 78 422
9 18 88.5 322 ANOVA
10 29.5 98.3 31 Source of Varii 8§ df MS F P-vaglue Fcrit
11 225 86 50 Between ( 24670.15 2 1233508 97.29994 419E-19 3.158843
12 22 48.5 51.5 Within Gr¢ 7226.103 57 126.7737
13 26.5 82 45
14 25 36 426 Total 31896.26 59
15 296 50 45
16 272 76 46.4
17 19 78.8 44
18 22 62.5 39
19 12 71 374
20 236 70 43

Appendix 3: Mean internodal length (cm) of Guizotia abyssinica seedlings grown in Vertisol only, VR+CF and VR+Comp (90 DAG)
Sample Vertisol VR+-CF VR+Comp

1 6.6 30.9 8.4 Anova: Single Factor

2 39 332 37

3 6.7 371 79 SUMMARY

4 4.0 399 71 Groups | Count Sum | Average Variance

5 83 47.8 13 Vertisol 20 105 5.25 3227895

6 42 64.8 9.1 VR+CF 20 7921 39.605 187.4068

7 5.9 30.5 263 VE+Comg 20 238.1 11.905 22.11734

8 6 60.8 81

9 35 38.7 125

10 73 363 12 ANOVA

1 438 58 139 Source of Vari,  8S df MS F P-value = F crit
12 42 27 14.2 Between ( 13278.97 2 6639.484 93.02284 9.T76E-19 3.158843
13 44 65.2 12.3 Within Gre 4042.28% 57 7091735

14 5.2 13.4 17.6

15 35 271 155 Total 1732126 59

16 4 30.5 135

17 4.9 45.0 113

18 44 318 12.6

19 1.3 36.4 88

20 93 371 103

Appendix 4: Mean number of branches per plant of Guizotia abyssinica seedlings grown in Vertisol only, VR+CF and VR+Comp at maturation
sample  Vertisol VR+CF VR+Comp

1 2 35 4

2 4 7 2 Anova: Single Factor

3 3 25 5

4 1 15 12 SUMMARY

5 2 25 10 Groups  Count Sum  Average Variance

6 4 20 2 Vertisol 20 61 3.05 3.944737

7 8 21 17 VR+CF 20 339 17.95 123.5237

g 5 17 6 VR+Comy 20 148 7.4 14.77895

9 1 13 9

10 7 26 13

11 1 27 9 ANOVA

12 2 3 4 Source of Varin 5SS df MS F P-value Ferit
13 3 21 3 Between ( 234§.233 2 1174117 2476215 1.82E-08 3.158843
14 2 5 9 Within Gre 27027 37 4741579

15 3 13 4

16 5 17 4 Total 5050.933 39

17 1 1 5

18 3 12 8

19 1 12 8

20 3 14 9

68



Appendix 5: Mean leaf mumber of Guizotia abyssinica seedlings grown in Vertisol, VR+CF and VR+Comp (90 DAG)
Sample Vertisol WR+CF VR+Comp

1 16 92 19 Anova: Single Factor

2 17 33 18

3 15 71 21 SUMMARY

4 12 43 39 Groups = Count Sum | Average Variance

3 13 87 30 Vertisol 20 374 18.7 350.85263

6 25 57 17 VER+CF 20 992 49.6 448.7789

7 34 39 37 VR+Comyg 20 320 26 69.68421

8 24 49 32

9 14 38 20

10 34 51 43 ANOVA

11 13 85 3 Source of Varii 8§ df MS F P-value Fcrit
12 18 16 15 Between ( 10433.73 2 5216.867 27.49019 4.38E-0% 3.158843
13 18 37 24 Within Grc 10817 57 189.7719

14 15 19 19

15 25 29 15 Total 21250.73 59

16 28 50 22

17 16 31 25

18 14 46 32

19 11 47 34

20 12 52 27

Appendix 6: Mean leaf area (mm2) of Guizotia abyssinica seedlings grown in Vertisol only, VR+CF and VR+Comp (90 DAG)
Sample  Vertisol VR+CF VR+Comp

1 2862  139.04 24.58 Anova: Single Factor

2 21.77 83.27 28.36

3 260 130.64 34.58 SUMMARY

4 28.65 155.84 453 Groups = Count Sum | Average Variance

5 2545 106.25 35.31 Vertisol 20 52356  26.178 93.13934

6 26.1 198.05 30.12 VR+CF 20 272138 136.069 2026.265

7 37.61 82.11 78.64 VE+Comg 20 863.71 43.1855 200.7417

g 30.47 141.44 62.92

9 16.98 172.7 34.94

10 56.97 147.89 42.86 ANOVA

11 29.82  228.23 70.37 Source of Varli 55 dr MS F P-value Fcrit
12 2447 93.04 39.67 Between ( 139950.9 2 6997544 90.47979 2.05E-18 3.158843
13 26.14  210.87 47.18 Within Gre 44082.77 57 773382

14 19.66 62.08 36.55

13 29 83.53 32.15 Total 184033.7 39

16 27.35 168.79 39.98
17 17.12 116.71 44.08
13 16.18 12431 35.29
19 238 122.68 56.42
20 15.82 133.89 4041

Appendix 7: Mean root collar diameter (cm) of Guizotia abyssinica seedlings grovn in Vertis ol only, VR+CF and VR+Comp (during harvesting)
Sample  Vertisol VR+CF VR+Comp

1 12 27 1

2 1 1.8 1.5 Anova: Single Factor

3 1 25 12

4 13 2 13 SUMMARY

5 09 12 12 Groups  Count Sum  Average Variance

6 15 2 15 Vertisol 20 241 1.205 0.041553

7 15 1.5 1.7 VR+CF 20 37 1.85 0324737

8 12 22 12 VR+Comy 20 25.7 1.285 0.026603

9 13 25 12

10 16 25 13

11 1.1 25 13 ANOVA

12 0.9 1.1 1.1 Sowrce of Varic S5 df MS F Pvalue  Fcrit
13 1.1 24 14 Between (4944333 2 2472167 18.87656 5.12E-07 3.158843
14 1 1.2 13 Within Gre 7.465 57 0.130965

15 12 12 1.1

16 15 22 14 Total 12.40933 39

17 13 13 13

18 12 12 1.1

19 12 13 13

20 1.1 13 13
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Appendix 8: Mean number of capitulae’plant of Guizotia abyssinica seedlings grown in Vertisol only, VR+CF and VR+Comp (at maturity)

sample

Vertis

ol VR+CF VE+Comp
3 36 3
5 8 3
4 26 ]
2 16 13
3 26 11
5 21 3
9 22 18
6 18 7
2 14 10
§ 27 14
2 28 10
3 4 3
4 22 9
3 6 10
4 14 5
6 18 5
2 12 ]
4 13 9
2 13 9
4 15 10

Appendix 9: Mean number of seeds/plant

Sample  Vertisol VR+CF VR+Comp
1 81 999 59
2 75 163 58
3 90 712 161
4 16 415 194
5 64 615 225
6 138 420 88
7 248 230 526
g 38 131 140
9 35 114 162

10 243 316 300
11 47 381 170
12 36 121 129
13 99 634 127
14 70 82 224
15 92 276 89
16 113 351 72
17 35 299 79
18 i1 196 86
19 78 192 254
20 112 250 141

Appendix 10: Mean seeds weight/'plant of Guizotia abyssinica seedlings grown in Vertisol only, VR+CF and VR+Comp (after harvesting)

Sample

N = T R = O Y e

el =gy

=

Vertisol VR+CF VR+Comp
02 1.8 0.4
03 0.7 0.2
02 1.1 0.5
02 0.9 1
02 0.5 0.9
0.4 1 0.3
0.6 1 1.1
0.5 1 0.5
0.1 1.1 0.8
0.5 1.1 0.4
0.3 12 0.8
02 0.5 0.3
03 1 03
02 0.4 0.4
0.4 0.9 0.6
03 12 03
0.1 1.1 0.2
0.4 0.3 0.5
02 0.4 0.3
0.5 0.7 0.4

Anova: Single Factor

SUMMARY
Groups  Count Sum  Average Variance
Vertisol 20 81 4.05 3.944737
VRACF 20 379 18,95 123.5237
VR+Comg 20 168 8.4 14.77895
ANOVA
Souwrce of Varl, S8 df MS F Pvalue Fcrit
Between ( 2343233 2 1174117 2476215 1.82E-08 3.158843
Within Gre  2702.7 57 4741579
Total 5050.933 59

Anova: Single Factor

of Guizotia abyssinica seedlings grown in Vertisol only, VR+CF and VR+Comp (after harvesting)

SUMMARY
Groups  Count Sum  Average Variance
Vertisol 20 1801 20.05 3666.155
VR+CF 20 7097 35485 58439.29
VE+Comy 20 3284 1642 11844.38
ANOVA
Source of Varti 8§ df MS F P-value Ferit
Between ( 746431.2 2 373215.6 1514063 532E-06 3.158843
Within Gr¢ 1405047 57 24649.94
Total 2151478 59

Anova: Single Factor

SUMMARY
Groups  Count Sum  Average Variance
Vertisol 20 6.1 0.305  0.0205
VR+CF 20 17.9 0.895 0.128921
VE+Comyg 20 10.2 0.51 0.072526
ANOVA
Source af Varii 55 df MS F P-value Fcrit
Between ( 3.589 2 1.7945 2425575 2.39E-08 3.158843
Within Grc 4217 57 0.073982
Total 7.806 39
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Appendix 11: Mean total dry weight (gm) of Guizotia abyssinica seedlings grown in Vertisol only, VR+CF and VR+Comp

Sample  Vertisol

1 1.6
2 1.5
3 1
4 0.3
5 0.7
6 1.4
7 22
8 1.9
9 0.3
10 2.1
11 0.4
12 0.7
13 1.1
14 0.9
13 1.5
16 1.6
17 0.3
18 1.4
19 0.6
20 1.5

VE+CF VR+Comp

13
49
83
6.1
38
73
5.1
4.1
52
8.0
74
27
6.2
1.5

3
6.6
43
23
36
KR

1.2
0.7
1.1
28
27

1
4.1
1.3
26
33
26
1.2
1.7
22
1.3
1.1
1.1
1.8

2
22

Anova: Single Factor

SUMMARY
Groups = Count Sum  Average Variance
WVertisol 20 23 1.15 0.367895
VR+CF 20 110 5.5 89
VER+Comy 20 38 1.9 0.807368
ANOVA
Source of Varii  8S df MS F P-value = Fcrit
Between ( 216.3 2 108.15 32.20263 4.38E-10 3.158843
Within Gre ~ 191.43 57 3.358421
Total 407.73 39

Appendix 12: Fifteen days old G. abyssinica Seedlings grown in equal sized plastic bags under

nursery bed conditions where the daily minima and maxima temperatures during the study
period were 22.3 + 24.1 °C noon and 16.7 + 20.2 °C nights respectively.
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Appendix 13: Thirty seven days old G. abyssinica seedlings grown in vertisol only (A), VR +
CF (B) and VR + Comp (C) under nursery bed conditions in Bichena town in 2018.

B

Appendix 14: Ninety days old G. abyssinica seedlings grown in vertisol only (A), VR + CF (B)

and VR + Comp (C) under nursery bed conditions at Bichena town in 2018.
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Appendix 15: Roots of G. abyssinica seedlings grown in vertisol only (A), VR + CF (B) and

VR + Comp (C) under nursery bed conditions after harvesting the seeds.

antgec/Datura stramonium annzg/Seshania sesban ¢4.27¢ 82 /Cupressus lusitanica
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a4 /Corton macrostachyu

Appendix 16: List of plant samples photo used for compost manufacture. The plant samples
were collected from Bichena Debre kebele, Enemay Wereda, East Gojjam Zone, Amhara
National Regional State.
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