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ABSTRACT: Water erosion is a major part of land degradation that affects the physical and
chemical properties of soils and resulting in on-site nutrient loss and off-site sedimentation of water
resources in arid and semi-arid areas of Ethiopia. The heavy reliance of some 85 percent of
Ethiopia’s growing population on an exploitative kind of subsistence agriculture is a major reason
behind the current state of land and soil degradation. Tackling on-site effects of soil erosion requires
understanding of the rates of soil loss as well as identification of the major controlling factors that
enhance or retard these processes. Therefore, the objective of this study was to predict the amount of
soil loss in different landforms and land uses using USLE which is modified and adapted to
Ethiopian conditions, at Medego watershed, northern Ethiopia. This study was conducted after
massive SWC practices have been implemented in the past 15-year in the study watershed. Primary
data and secondary data were collected related to the factors that influence soil loss estimated by
USLE and for area description. The land surfaces in the watershed is mainly a reflection of past
erosion processes as indicated by many researchers. In this study, the lowest soil loss is estimated on
flat plains (< 2% slope) about 1.59 tons ha™' y', which is less than the minimum tolerable soil loss (2
tons ha" y™) for the country. However, the highest soil loss is from steep slopes (30-50%) which is
35.43 tons ha™' y™', about twice the maximum tolerable soil loss (18 tons ha™' y™'). The average soil
loss rate at watershed level is 9.63 tons ha™ y™ about half of the maximum tolerable soil loss. The
implication is the contribution of the implemented SWC measures in decreasing the rate of soil
erosion is encourageable as compared to the results related to high soil loss estimated in the past
studies i.e., before massive SWC implementation. However, the present value indicates still a need
for wise SWC planning that decreases the amount of soil loss in the watershed at least below the
maximum tolerable soil loss rate of the country. Therefore, to maximize the available resources in
targeting the effect of water erosion on soil loss, those landforms and land uses having large rate of
erosion should be given first priority during the introduction of intensive and well designed SWC
interventions at Medego watershed, northern Ethiopia. [Journal of American Science 2009: 5(1), 58-
69] (ISSN: 1545-1003)
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1. INTRODUCTION

Growing degradation and loss of soil means that
the expanding population in many parts of the
world is pushing this resource to its frontier. In its
absence, the biospheric environment of humans
would collapse with devastating effects on
humanity. Judson (1965) was one of the first
geologists to assess the world soil erosion. He
estimated that the amount of river-borne soil
carried into the oceans had increased from 9.9
billion tons a year before the introduction of
agriculture, grazing and related activities, to the
present rate of 26.5 billion tons a year.
Hydrologists estimated that one-fourth of the soil
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lost through erosion in a watershed actually makes
it to the ocean as sediment (FAO/UNEP, 1978).
The remaining three-fourths are deposited on
foothill slopes, in reservoirs, in river plains and
other low-lying areas or in the river-bed itself,
which often causes channel shifts. In an overview
of global erosion and sedimentation, Pimental
(1995) stated that more than 50% of the world’s
pastureland and about 80% of agricultural land
suffer from significant erosion.

The causes of land degradation are
complex and have diverse nature and dimensions,
depending on peculiarities of different countries,
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influenced as it is by a combination of natural and
socio-economic-cultural factors. In Ethiopia, the
heavy reliance of some 85 percent of Ethiopia’s
growing population on an exploitative kind of
subsistence agriculture is a major reason behind
the current state of land degradation. Moreover,
land degradation is a long-term process in which
the effect and steady expansion is hardly noticed
until it manifests itself with disastrous drought and
famine. Most studies indicate that sheet and rill
erosion by water and burning of dung and crop
residue are the major components of land
degradation that affects on-site land productivity
(Hurni, 1993; Zeleke et al., 2001).

Water erosion is a major part of land
degradation that affects the physical and chemical
properties of soils and resulting in on-site nutrient
loss and off-site sedimentation of water resources
in arid and semi-arid areas like Ethiopia
(Boardman, 1998; Lal, 1999; Bartsch et al., 2002;
Emrah et al., 2007). The off-site effects of erosion
such as reservoir sedimentation and water
resources pollution are usually more costly and
severe than the on-site effects on land resources
(Phillips, 1989). Therefore, proper management of
on-site effect of soil erosion could reduce the risks
and negative impacts of down stream water
resources due to water erosion. Tackling the on-
site effects of soil erosion requires an
understanding of the rates of erosion processes as
well as identification of the major controlling
factors that enhance or retard these processes. The
knowledge of “what are the factors and where”
may help to distinguish the potential causes and
the associated reasons behind the respective causes
even though this may not be enough to design site-
specific management, as the factors playing a
major role in erosion may be widely distributed
within watersheds (Ferro et al., 1998; Mirco et al.,
2003).

Soil erosion by water and its associated
effects are recognized to be severe threats to the
national economy of Ethiopia (Hurni, 1993;
Sutcliffe, 1993, Tamene, 2005). Since more than
85% of the country’s population depends on
agriculture for living, physical soil and nutrient
losses lead to food insecurity. Hurni (1990, 1993)
estimates that soil loss due to erosion in Ethiopia
amounts to 1493 million tons per year, of which
about 42 tons ha™' y' is estimated to have come
from cultivated fields. This is far greater than the
tolerable soil loss as well as the annual rate of soil
formation in the country. According to an estimate
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by FAO (1986), some 50% of the highlands of
Ethiopia are already ‘significantly eroded,” and
erosion causes a decline in land productivity at the
rate of 2.2% per year. The study also predicted that
by the year 2010, erosion could reduce per capita
incomes of the highland population by 30%.
Hence, soil and water conservation measures have
been implemented to alleviate both problems of
erosion and drought, which are symptoms of two
different extremes of rainfall conditions since the
1980s in the country. However, so far, little or no
sufficient documented information has been
available on the contribution of the different SWC
measures implemented on soil loss reduction since
the last 15-years at the study watershed in the
semiarid areas of Ethiopia as compared to the
tolerable soil loss determined by Hurni (1985) to
Ethiopia condition. Such information is vital to
take additional measures and soil conservation
planning at the watershed and other similar areas
in the semiarid areas. Therefore, the purpose of
this study was to estimate the amount of soil loss
in different landforms and land uses using USLE
at Medego watershed, northern Ethiopia.

2. MATERIALS AND METHODS
2.1. Study Area Description

The study was carried out at Medego watershed in
the administrative unit of Lalay-maychew district
in Tigray region, northern Ethiopia (Figure 1),
from August 2007 to July 2008. Its altitude ranges
from 2000 to 2720 m above sea level. The study
area is bounded by latitudes N14°05.955’and
14°05.937°, and longitudes E038°42.352° and
038°42.333". The total area of the watershed is
about 1091.5 ha as delineated using Geographical
Positioning System (GPS) during the field study.
The study watershed is characterized by different
landforms which are ranged from flat plains,
undulating plains and rolling land to steep
mountains and very steep escarpments. The
description of the topography is adopted the slope
capability classification made by (Chekun, 2002),
and the slope ranges and area coverage of each
landform was recorded at field using clinometers
and GPS, as it is presented in Table 1. The
geological setup of the watershed is originated
from volcanic. However, alluvial deposits at flat
lands are also found in the watershed. The soil
type at the study watershed is quite different along
the slope. At steep slopes, coarse earth materials,
gravels and boulder are dominated where as at flat
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plain, the largest portion of the study area is
covered by clay loam soil and the smaller portion
laid on clay and sandy soil textures. The main soil
types are cambisols on undulating plains and
rolling landforms; lithosols on hilly and steep to
very steep lands and vertisols are found on the flat
plateau plains of the watershed (BoARD, 2007).

The number of households and total
population at Medego watershed is 397 and 1537,
respectively. The land holding size of most
farmers in the study area is less than 1.3 ha. The
watershed has uni-modal and erratic rain fall
patterns. The rainy season is very short and
extends from June to first week of September. The
mean annual amount of rain fall ranges from 600 -
700 mm from historical rainfall data. The mean
monthly temperature during the growing season
ranges from 15 - 20 ° C (BoARD, 2007).
According to the BoARD (2007), the farming
system of the study watershed is principally crop
oriented. Tef cultivation (Eragrostic tef) account
for the majority of arable lands and followed by
wheat (Triticum vulgare) crop. Other crops such as
faba bean (Vicia faba), field pea (Pisum sativum),
lentil (Lens culinaris), chick pea (Cicer arietinum),
flax (Linum usitatissimum), barley (Hordeum
vulgare) and maize (Zea mays) are also important
crops in the farming system. Irrigation is also
widely practiced at Medego watershed. In spite of
the fact that the high crop diversification in the
watershed, it observed that there is still a room to
improve the crop productivity. Livestock rearing is
also an integral part of the farming system, though
the number of livestock in the watershed area is
reduced from time to time due to animal feed
shortage. According to farmers view, cattle are
kept mainly for draught power and milking; goat
and sheep are kept for live sale; and equines
(donkey, mule, horse, camel) for transportation.
The study indicated that 83% of the households in
the watershed have some livestock. Of these, 75%
are cattle (average of 2 cattle per household), 21%
are sheep and goats and the rest is covered by
poultry and equines.

It was observed that the vegetation in
Medego watershed in general is sparse and has
been overexploited for long time and at this time
consists of shrubs and bushes of little economic
value. The available vegetation species in the study
area include seraw (Acacia etbaica), chea’ (Acacia
abyssinica), acacha (Acacia decurrence) and Awhi
(Cordia africana) on uncultivated land; and
momona (Acacia albida), tambock (Croton
machostachys), keyih  bahrizaf  (eucalyptus
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comoldulensis) and some ‘seraw (Acacia etbaica)
on cultivated and marginalized areas. Leucena
(Leuceana leucacephala), sesbania (Sesbania
sesban) and some other grasses are commonly
found in the gully of the watershed. Farmers' used
such vegetation for the purpose of farm implements,
house construction and furniture, fuel wood, soil
and water conservation measures and fencing
(Table 2). But most farmers have no or little
awareness on the function of these tree species for
soil and water conservation as compared to the
other uses. Hence, awareness creation to farmers in
the watershed and other areas should be done in
order to the farmers give attention on planting and
managing tree species from different perspectives
including soil and water conservation, soil fertility
improvement.

2.2. Methodology

Primary and secondary data were collected at
Medego watershed related to the assessment of
SWC measures on soil loss at Medego watershed.
Primary data were gathered by topographic transect
walk, measuring of input data, informal discussion
and observation. The secondary data include
climate, demographic and other related data were
collected from Bureau of Agriculture and Rural
Development (BoARD) at the administrative unit.
These data were used to estimate soil loss after
tremendous activities of SWC measures have been
implemented at Medego watershed, northern
Ethiopia. The rapid rural appraisal technique of the
topographic transect walk method was employed
for its effectiveness in the assessment of the natural
resource base and topography of the watershed. In
order to obtain as much information as possible,
the transect walk was applied in two direction, east
to west and south to north. In both directions, the
transect walk started at the top edge of the
watershed and went all the way across to the other
end of the watershed. During the transect walk,
observations and estimates of vegetation type and
density, and impact of the existing soil and water
conservation measures were observed. These were
followed by recording land-use types, soil color,
soil depth, soil drainage condition, slope gradient
and length. The transect walk also provided an
opportunity for informal discussions with farmers
working on their plots.

Annual soil loss in the form of runoff
from different land forms and land uses of the
watershed was estimated using the Universal Soil
Loss Equation (USLE) (Wischmeier and Smith,
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1978) and modified and adapted to Ethiopian
conditions by Hurni (1985) and Gebreselassie
(1996) as follows.

A=R*K*L*S*C*P

Where; A = estimated soil loss (t ha yr'), R =
Rainfall Erosivity factor, K = Soil Erodibility
factor, L = Slope length factor, S = Slope gradient
factor, C = Land cover factor, P = Management
practice factor

The R-factor is defined as the product of
kinetic energy and the maximum 30 minute
intensity and shows the erosivity of rainfall events
(Wischmeier and Smith, 1978). However, in this
study, to determine the value of the R-factor, the
average of annual historic rainfall event (10-years)
was collected from meteorological station located
at 8-Km distance from the watershed. Then the R-
value corresponds to the mean annual rainfall of
the watershed was found using the R-correlation
established in Hurni (1985) to Ethiopia condition.
Therefore, the annual R-factor for the average
rainfall (650 mm) at the watershed as extrapolated
from Hurni (1985) is 357. The soil erodibility (K),
slope length (L), slope gradient (S), C, and P-
factors of USLE for the entire watershed based on
landforms and land use is presented in Table 3.

The K-factor is defined as the rate of soil
loss per unit of R-factor on a unit plot (Renard et
al., 1997). To determine the value of the K-factor,
a systematic observation on soil color of watershed
was carried out, based on the approach described
in Hurni (1985). This was done by classifying the
watershed into similar land uses and land forms
(Table 1). For soils having different color in the
same land use and landform, the K-factor was
taken as their mean value of these colors as it is
described on Hurni (1985). As an example, the K-
factor for flat plains in Medego watershed is the
mean value of the soil color black (0.15) and
brown (0.2), which is about 0.18; and the same
approach was used in determining the soil color
for the other landforms in the watershed (Table 3).
SL is the topographic factor expressed as the
expected ratio of soil loss per unit area from a field
slope to that from a unit plot under otherwise
identical conditions. Slope length and slope
gradients factors were recorded using meter tape
and clinometers, respectively, in the watershed on
different landform and land uses. It is taken the
weighted value of the slope gradient and slope
length range measured at the field for each
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landform and land use and so extrapolated based
on Hurni (1985) to Ethiopia condition (Table 3 and
4).

The C-factor is defined as the ratio of soil
loss from land with specific vegetation to the
corresponding soil loss from continuous fallow
(Wischmeier and Smith, 1978). Assessment of the
type of land use-cover was made separately for
each land unit and the corresponding land cover
was obtained from Hurni (1985) which was
developed to Ethiopia condition. For variations in
land cover with specific land unit or landform, the
C-factor was obtained using weighted value of the
different land cover (Table 3).

The P-factor gives the ratio between the
soil loss expected for a certain soil conservation
practice to that with up-and down-slope ploughing
(Wischmeier and Smith, 1978). Specific
cultivation practices affect erosion by modifying
the flow pattern and direction of runoff and by
reducing the amount of runoff (Renard and Foster,
1983). In areas where there is terracing, runoff
speed could be reduced with increased infiltration,
ultimately resulting in lower soil loss and sediment
delivery. Values for this factor were assigned
considering local management practices and based
on values suggested in Hurni (1985). Management
factors were obtained by assessing the different
supporting practices in the study watershed and it
was taken the weighted value for similar land
forms and land uses types (Table 3). The data
related to management practices were collected
during the field work. The presence and status of
conservation activities were assessed with
emphasis on the existing conditions of terraces and
protected areas. Most of the areas in the watershed
are well-terraced, mainly the upslope parts.
However, most of the terraces are broken due to
high runoff and/or livestock trampling in many
parts of the watershed.

The data were analyzed following the
interpolation of the values of USLE in Hurni (1985)
and Gebreselassie (1996) to Ethiopia condition.
The data was then interpreted qualitatively and
using descriptive statistics.

3. RESULTS AND DISCUSSION

3.1. Estimated Soil Loss Using USLE at Medego
Watershed, Northern Ethiopia
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In spite of the fact that tremendous efforts of SWC
have been implemented, their contribution in
reducing soil loss due to water erosion demands
recent assessment for appropriate  future
conservation planning. It is understood that heavy
rainfall cause severe soil erosion in agricultural
fields of the semiarid regions of Ethiopia. Soil
erosion in agricultural fields affects not only land
productivity but also the water environment in the
down stream. Many investigations have been
conducted for the development of prediction
methods of water-induced soil erosion processes.
Among the methods, the empirical Universal Soil
Loss Equation (USLE) has been applied broadly
for predicting the average annual soil loss from
upland fields in Ethiopia (Wischmeier and Smith,
1978; Hurni, 1985) for the reasons described in the
discussion part of this paper.

The soil loss estimated using USLE on
this study from cultivated land on flat plain land
form (< 2% slope) of Medego watershed, northern
Ethiopia is the lowest as compared to the other
land uses or landforms, which is 1.59 tons ha™ y
(Table 4). This indicates that soil loss due to rill
and inter-rill erosion is almost balanced by
deposition within the flat landforms of the
watershed. Next to the flat land form, the
landforms having lower soil erosion are undulating
plains (slope 2-8%) and flat- flood prone areas (<
2% slope) which are 3.13 and 4.87 t ha y,
respectively. The highest soil loss at the study
watershed was recorded at the landform -steep
mountains (slope 30-50%), which is 35.43 tons ha
"yr'!. The small soil loss rate of the landforms is
related to the factors of the USLE in the watershed
(Table 4). Therefore, more attention should be
given to slope ranges between 30-50% while SWC
measures is planning to implement in the
watershed.

The general trends of the finding indicate
that soil loss increases as the slope steepness
increases in the watershed (Table 4). However, at
the landform of very steep mountains (> 50%
slope), the annual soil loss is estimated as 7.63
tons ha™', which is even less than the landforms
such as rolling land forms (8-15% slope), hill
landforms (15-30% slope) and steep mountains
(30-50% slope). This is because these slope ranges
are susceptible to daily human interferences such
cultivation and grazing as compared to very steep
slopes (> 50%) and also slopes having more than
50% in the watershed have land cover of ‘Bad
Lands Hard’ and stone cover which can retain the
impact of the kinetic energy of raindrops and at the
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same time decrease runoff amount. Moreover,
there are rock-out crops, which are difficult to
detach or transport by raindrops and water erosion
on the very steep escarpment of Medego watershed.
Landforms more than 50% slopes are protected
areas in the watershed. The C-factor represents
resistance of the ground surface to the transport of
water-soil mixture on the very steep mountains of
the watershed includes badlands hard, and bushes
and shrubs which dissipate the force of the
raindrops. The P-factor stands for erosion
inhibition effect, and reflects partly awareness and
control measures implemented to minimize soil
erosion more than the other landforms by the
community (Table 3). It is also noted that the
lower slope landforms are susceptible to daily
human interferences where as the steepest
landforms are protected areas. This proves that the
USLE is useful for assessing the adequacy of
conservation measures and management practices
in agricultural watersheds.

The average annual soil loss estimated by
USLE from the entire Medego watershed is 9.63
tons ha™. If we interpret the annual soil loss as a
proxy to watershed erosion, it is possible to see
that the magnitude of annual soil loss reported in
Table 4 is generally higher than the tolerable soil
loss of 2 — 18 tons ha” y™ estimated for Ethiopia
by (Hurni, 1985) except flat landforms of the
watershed. The soil loss rate in all the landforms
are below the maximum tolerable soil loss for
Ethiopia condition, which is 18 tons ha' y™,
except the steep mountains (slope 30-50%)
landforms that indicate almost double of the
maximum soil tolerance value. In general, the
average soil loss in the watershed in about half of
the maximum tolerable soil loss and five times the
minimum soil loss tolerance value given by Hurni
(1985). The implication is that there is a need to
integrate a sound management practices so that to
decrease the amount of soil loss in Medego
watershed, northern Ethiopia below the maximum
as well as the minimum soil loss tolerable value
for the country.

As compared to the soil loss estimated for
Ethiopia as 42 tons ha y™' from cultivated fields
by Hurni (1990, 1993); 21 tons ha™ y" (Machado
et al. 1995), and 30-80 tons ha” y (Tekeste and
Paul, 1989) in Tigray region, northern Ethiopia,
the soil loss estimated on this study in 2007/08 is
by far the smallest. The results of the present study
as compare to past findings indicate that the
amount of soil loss from a given unit of land is low.
This could be due to the contribution of the



Estimating Soil Loss Using Universal Soil Loss Equation (USLE) for Soil Conservation planning at Medego Watershed, Northern

Ethiopia
Gebreyesus Brhane et al.

different  soil  conservation  interventions
implemented for at least the last decades in the
country in general and the study watershed in
particular. This related to the fact that SWC
intervention increases soil moisture, fertility and
decrease slope factor and thereby enhance the
availability of vegetation covers. The combined
effect of such factors will be decreasing the impact
of raindrops, detachment and transporting of soils.
This was evidenced by the opinion of the
respondents which evaluated as less soil erosion
after the soil conservation practices were built at
the watershed as compared to before the
implementation (data not presented here).
Therefore, as noted in the above, the soil loss
estimated by different scholars has showed
discrepancy for the same environment (semi-arid
region of Ethiopia). This implies that there is a
need to have site specific (watershed level)
information on soil erosion in order to support
timely information for decision makers so that to
plan the correct soil conservation planning. In
doing so, it is categorized the severity of erosion in
the study watershed’s landforms as follows.

According to Singh and Phadke (2006)
classes of soil loss range (very slight, slight,
moderate, severe and very severe), the mean
annual soil loss (9.63 tons ha') from Medego
watershed, northern Ethiopia is categorized under
slight class of soil erosion (5 — 9.99 tons ha™ y™).
According to them, the only part of the watershed
landforms having very slight class of soil loss (0 -
4.99 tons ha” y') are the flat plains, undulating
plains and the flat-flood prone areas; and followed
by slight soil loss (5 — 9.99 tons ha™ y) for the
very steep escarpment of the watershed; and
moderate soil loss class (10 — 24.99 tons ha™' y™)
on rolling to hill landforms of the watershed,
where as severe class of soil loss (25 — 44.99 tons
ha' y') was estimated using USLE on slopes 30-
50% (Table 4). This doesn’t mean that to give less
attention to those landforms with very slight to
slight soil loss classes in the study watershed but
this is to indicate that parts of the watershed
landforms that need high priority for SWC
implementation using the available existing
resource. This is because; it may be worth noting
that nature takes 200—400 years to build up 1 cm
of top soil (Pimental 1995) but thousands tons of
soil are lost in a season from a watershed . He also
reported that each millimeters of cultivated soil
loss could cost 10 kg of nitrogen and 2 kg of
phosphorus per ha. Hence, this study suggests for
effective control of soil erosion at specific area
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which would occur under alternative management
strategies and practices in order to minimize the
costs related to fertilizer and environmental
rehabilitation.

4. DISCUSSION

4.1. Soil Erosion Models and Their Potentials and
Challenges

Soil erosion is the most serious causes of land
degradation have influenced tremendous pressure
on productivity and environmental stability of arid
and semiarid areas. Serious impacts led the
demand for conservation and management
measures to reduce the magnitude of soil loss and
the extent of its associated impacts in many parts
of the arid and semiarid areas. There are many
models in existence estimating soil erosion. The
USLE has the advantage of being less data
demanding than other models. A wide range of
models that differ in their data requirement for
model calibration, application, complexity and
processes considered are available for use in
predicting soil loss (Merritt et al., 2003).
Physically based spatially distributed soil erosion
models can be used to quantitatively determine the
amount of soil loss from watersheds and also to
identify critical soil loss source areas (De Roo,
1998; Emrah et al., 2007). The successful
application of such models, however, depends on
the availability and quality of data for calibration
and validation (De Roo, 1998; Stefano et al., 1998;
Takken et al., 1999). Such problems are more
pronounced in developing regions where data
availability is scarce, existing data are not easily
accessible and data collected and stored are mostly
in different formats. In addition, more complex
models do not necessarily perform better for
watershed-scale management purposes, mainly
because input errors can increase with increasing
model complexity (Favis-Mortlock, 1998; Mitas
and Mitasova, 1998a; Jetten et al., 2003; Merritt, et
al., 2003).

Empirical models are frequently used in
preference to complex physically based models as
they can be implemented in situations with limited
data and parameter inputs, particularly as a first
step in identifying sources and rate of soil loss
(Merritt et al., 2003). However, such models
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cannot be directly applied to environments other
than those for which they were developed, and
extrapolation of results from larger-scale plot-level
to small-scale watershed level application is
difficult. It is, therefore, necessary to identify
models that are not very much simplified and
under-represent the physical basis or not too
complicated and very expensive to implement. The
best example is USLE, which is identified and fit
to apply in the case of the study area of Medego
watershed, northern Ethiopia. The USLE is an
empirically based model developed in the United
States by using data on soil erosion rates. This
equation has certain limitations but still is the best
available method which is used most widely for
estimating soil losses as average annual mass per
unit area as a function of the major factors
affecting sheet and rill erosion in data scarce areas
of developing countries. As all landscape positions
are not equally sensitive to erosion, one important
approach to tackling the problem of erosion could
be identifying where the sources of most of the soil
loss are in a watershed (Dickinson and Collins,
1998; Kim et al., 2007). Identification of potential
areas of erosion for appropriate management
interventions to tackle the major causative factors
at their specific locations is, therefore, imperative
from an economic, management and sustainability
point of view. This study was attempted in
indicating the areas or landforms of high soil loss
in Medego watershed, northern Ethiopia.

4.2. Soil Loss and the Influencing Factors in
Medego Watershed

It is a fact that environmental degradation
has been a problem in Tigray region, northern
Ethiopia. The land surfaces in the region is mainly
a reflection of the past erosion processes. The main
causes of soil erosion in the area among others
were out lined by different researchers ([Hurni,
1985; Gebresilassie, 1996, Tilahun, 1996; Tamene,
2005) and even witnessed by farmers as over-
cultivation, deforestation, over grazing, steep
topography, high rainfall intensity, unwise land
use and management. This is evident by the huge
amount of soil loss, by water erosion and very low
productivity of the farm lands. Therefore, to
rehabilitate the environment and enrich it to a
meaningful level, a concerned effort on SWC
program has been carried out by the community
coordinated by of bureau of agriculture under the
umbrella of the Tigray Regional Government,
northern Ethiopia. In the name of SWC program,
various types of physical and biological SWC
measures have been undertaken in the study
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watershed. These activities are: watershed
treatment as area enclosure, afforestation, trench;
reclamation of big gullies using check dams,
biological, moisture harvesting techniques on
farms and degraded grazing lands like soil, stone
and trench bunds; and soil faced stone bund on
hillsides.

Soil loss in different landforms of the
study watershed is influenced by erosion factors
differently. For instance, the soil erodibility (K)
factor of the landforms in the watershed is a
function of soil texture, drainage condition and soil
depth. These sub-factors can influence the soil
color, which determined the value of K-factor in
USLE, adapted from Hurni (1985). The landforms
in the watershed have different in texture, drainage
condition, soil depth, soil color, land cover,
erosion controlling management practices and
slope factors (Table 3). Fine texture soils are
dominated on flat land areas where as coarser
textural class increases with increasing steepness.
The same trend was observed for the soil depth
with deeper soil on flat areas and shallow soil on
high slope gradient landforms. The drainage
condition is extremely high on steeper landforms
and poor on flat area of the watershed. Therefore,
the principle of Hudson (1992) that describe as
fine soil particles resist to detachment by raindrops
but they are susceptible to transport easily is soil
drainage dependent. This is because if the
landform is poor in drainage, so the probability of
transporting by waters the fine particles long
distance leaving the original area is too low.
Transportation and deposition processes are almost
balanced in such occasions. Drainage is affected
by the slope factor. That is why soil loss estimated
on flat landform is below the minimum tolerable
soil loss (2 ton ha' yr') determined by Hurni
(19985) for Ethiopia condition. This is the lowest
soil loss as compared to the other landforms in the
watershed (Table 4). Sand dominant soil textures
are common on higher slopes of the watershed.
Even though they are coarser to transport as
compared to clay texture due to high soil drainage
condition of steep slopes, they are susceptible to
erosion in the watershed.

Of course, the management practices in
the watershed also play its own great role in the
magnitude of soil loss. Landforms with well land
cover indicated less soil loss. Because it dissipates
the energy from rain drops and also decreases the
volume and velocity of runoff effect. Soil loss
estimated from landforms with very step slope (>
50%) in the study watershed is smaller than slopes
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in the rage of 15-30% and 30-50%. The reason is
cover factors and land managements factor are
better in the very steeper slopes of the watershed.
This includes less human and livestock
interferences, intensive terraces and relatively
better vegetation cover of bushes and shrubs.
Therefore, the overall implication of this study is
that after the implementation of SWC measures the
amount of soil loss in a given land unit is
decreased in many parts of the landforms by more
than 50% in the watershed as compared to the high
values indicated in the past studies in northern
Ethiopia (e.g., Hurni, 1985; 1990; 1993; Tekeste
and Paul, 1989; Gebreselasie, 1996)). However,
the present soil loss amount has also a significant
influence on the overall productivity of the study
watershed unless the correct measures on the
targeted landforms are undertaken. This is because
as compared to the soil formation in the region
which is not more than 2 ton ha™ yr”' (Hurni, 1985);
the present soil loss estimated in Medego
watershed, northern Ethiopia is not neglected or it
is very big. Therefore, base on the landforms
identified in this study, soil conservation planning
should be undertaken to address the problem of
erosion in areas having large soil loss as areas of
prioritization in the future.

5. CONCLUSION

The entire watershed area experienced intensive
rainfall which coupled with steep gradient slopes,
cause highly erosive runoff as in many other arid
and semi-arid areas of Ethiopia. It is this high
runoff and soil detachment that is responsible for
the high rate of soil erosion at Medego watershed,
northern Ethiopia that range from 1.59 — 35.43
tons ha” y"'. There is a need to regulate this soil
loss by all possible means so as to decrease the
existing amount of soil loss and enhancing
watershed  rehabilitation and  productivity.
Suggested watershed rehabilitation as long and
short-term measures should be included the
following: As long-term measures re-vegetation of
denuded hill slopes with trees and perennial
grasses such as vetiver strips and belts;
introduction of an agro-forestry program that is
compatible with crop, livestock; and forestry
development; where as short-term soil and water
conservation measures are given due attention to:
cut-off drains which need to construct that
intercept runoff; constructing and maintenance
stone and soil bund and trenches on proper slopes
and soils and integrating with vegetation
intensively. This has to include interventions such
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as inter-bund management, bund stabilization,
buffer zone establishment and re-bank re-
vegetation; and gully control by both vegetative
and structural measures should be being
intensively implemented.

As a result of the implementation of
SWC, the hydrological behavior of the watersheds
is improved such as base flow in streams and
springs increased, sediment load to reservoirs
reduced, crop yield improvement due to soil
moisture  enhancement,  vegetation  cover
improvement and increased availability of forage
for livestock were observed. These are some of the
indicators of the effectiveness of the implemented
soil and water conservation practices in the study
watershed. However, maintenance of the existing
SWC and introducing additional appropriate land
management practices and rules should be given
attention by concerned bodies in order to decrease
and totally stop the rate of soil loss and then to
increase the total biomass production in the
watershed, even though the biggest rate (35.43
tons ha™ yr'") of soil loss is coming from landforms
having slopes 30-50% and the lowest soil loss is
from slope less than 2%. Therefore, to maximize
the available resources in targeting the effect of
water erosion on soil loss, those landforms and
land uses having large rate of erosion should be
given first priority during the introduction of
intensive and well designed SWC interventions at
Medego watershed, northern Ethiopia.
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Tahle 1

Land founs and their avea coverage in Medego vwratershed, Lalay-Maychewr district, noaethem Ethopia.

land fonns! feahnes Slope rnge [ Area coverage [ha)

Flat plams =2 200

Tndulating plams 28 300

Folling land 8-15 50

Hill ta mlling 1530 290

Steep Mowdams S0-50 20

Very steep escarprmert =50 a0

Flat, flood prome aea =2 15

Total 1081 &

Table 2.
Farmers com rankmg of mpottat tee and sheub inthe ceder of mnportance at Medegn watershed, Lalay-I apchew district, northem Ethiopia.
Cobmm mevher* 1 2 3 [ 5 [ 7 ] 9 10 11 12
Species use for Sodl fodder Bee  fewring Fire  chaccal Constir Hand  Sod shading  total Scoreframk
Impeove forage wood ctm tools  conserve-
meant atrm

Che’alAcaci 1 3 [ ) [) 2 2 q K| 3 30 4
abyssiniea
Serawideaci 3 2 1 2 5 5 1 4 3 3 28 8
ethaica
beachalAravia 3 5 4 3 4 3 ) 1 3 4 4 1
decurrens
Eikaldgamwe - 1 2 5 - - 1 - 5 - 14 11
sisalana
Erefdlebethna - 1 4 4 - - - - 5 - 14 11
Tebeb/Feciem 4 - 5 - 2 - 1 - 3 - 15 &
gradiforum
hzam!Candssa 2 1 - 3 3 1 1 1 2 1 15 &
edulis
Tahsusilbdmea 3 2 3 3 3 4 3 5 4 3 333
angEuisSha
BahrimfiPucalpms 3 5 2 1 4 3 5 3 2 2 o 4
comvoldulensis
EnlkualiPuphorbia - - 3 5 1 - 3 - 4 4 207
abyssinica
Lowlielea 2 1 2 1 5 5 5 5 3 5 4 1
surapea
Beles/Chumtia fius - 5 2 4 - - - - 5 - s &
india

- = nofenw value, WI-5) = 1 with the lowest value and 5 with the highest value Br colrm [ ap o 10 but it i3 the reverse of this i eohmm I3 which &5 e bop
rank starts with I and the lastowest xank ends with 11, (obenm 11 s siom afeolumms Tp © 10
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Tahle 3
Selected sl characteristies, average shpe langth(L) and gradiert (5), land oover () and management
(P practices collkcted for different landforms o Medego watershed, nosthern Ethiopia

Land form Soil bve, L Ave 5 C-factor¥ Pfactor* o1l dapth texrhire drainage
cobr (m) [4)

Flat plams Blask 25 2% Ethwpianteff(0.25)  Phughmg on somto ([0 207 deep Clay bam poot
and
brom

Undulating Black 22 5 Cereal, Fihwpian teff Plughing on comtowr and stip  Modentely Sandy loam  moderately

plams and ed and degraded mass cropping(0.73) desp

[0.15)

Folmgland  Brown 18 12 Badlands soft, pulses Phughing on cortour, store cover  shallow Sandy silt Hizh

and md and degraded grass  40% and tewares (073
(0z)

Hilltowling Brown 25 15 Soattered forest, Store cover 40%, profected aeas  Veryshallow  samdy Extrenely
and degraded grass, and terraves (043) high
yelowr badlands soft and

bush (0.13)

Steep Fedand 15 a0 Scattered fomest and  Store cover B0%, protected mmeas  Extremely sandy Extrenely

momtams yelkwar badlands soft (0221 and terpaves (0.53) shallonr hugh

Very steep yelbwr 10 al Badlands hard and Store cover 80%% and terraces Esxtremely Coarsesand  Extremely

momt ams bushesfshuh (004 (053) shallowr and high

rock ot crops

Flat, fhed blask 20 2 Dense forest and Dense intereropping (0.7) Very deep clay Esxtrenely

pIoNE @ea Ethipaanteff(0.13) poot

* Mombers mpawrthests ave the mean vahes of move thantwo C ox P prachices based on irterpoltion fioom Huw [ 1985) amd Gebresilassie [ 1996).

Tahle 4.
ELACE factors values adapted based on Hueni (198 3); Gebreselasie (1996) to land forms and land wse ot
Medezn watershed, nohesn Ethiopia, R factor is 357 for all landforms in the watershed.

Landform land use K- L- - C- P tons hirlyl
factor Factor factor  factor  factor

Flat plainis eultivated 0.13 Ll 0.l 0.23 0.90 L%

Undulating plains — cultivated, some grazing 0.20 L0 04 0.15 0.73 313

Rolling land eultivated, some grazing 0.3 09 10 0.20 0.73 1033

Hillto rolling geattered natural forest, reforestation, grazingand 023 11 14 0.13 0.3 1236
atea clogure, some marginal area

Ateep moundains  grazing area, some closed area, marginal ares 028 03 33 0.2z 0.53 543

Very steep Protected area with tushes/shubs 0.30 07 43 0.04 0.53 7.3

mousitaing

Flat, flood prone  Rain fod and ivigated land, dense eucalyphus trees 013 L0 01 0.13 0.70 417

aea and check dams and biological measures in gullies

Mean soilloss 8.3
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Conservation through in vitro method: A case of plant regeneration
through somatic embryogenesis in Quercus semecarpifolia Sm.

'Sushma Tamta , > Lok Man S. Palni, ’P. Vyas and “M.S.Bisht
1Botany Department, D. S. B. Campus, Kumaun University, Nainital, UA, 263 002, India.
’G.B.Pant Institute of Himalayan Environment and Development, Kosi-Katarmal, Almora, UA, 263

643, India

An efficient and reproducible protocol for in vitro propagation via somatic embryogenesis (direct as
well as indirect) induced on cotyledon halves (with embryo) taken from seeds of Quercus
semecarpifolia (Sm.) has been developed. Direct as well as indirect somatic embryogenesis was
induced from the cotyledons on Woody plant (WP) medium supplemented with 6-Benzyladenine (BA)
+ Indole-3-butyric acid (IBA), and, BA + 2,4-Dichlorophenoxyacetic acid (2,4-D), respectively.
Somatic embryos thus obtained were multiplied profusely on Schenk and Hildebrandt (SH) +
Murashige and Skoog (MS) basal as well as BA supplemented media. Germination and conversion of
somatic embryos into plantlets was achieved on SH+MS medium supplemented with BA (0.44- 8.88
puM). Rooting of in vitro produced shoots was achieved on WP (1/2 macro + full concentration of rest
of the constituents) medium supplemented with IBA (14.76 uM). The plants were hardened ex-vitro
and transferred to earthen pots containing garden soil. [Journal of American Science 2009: 5(1), 70-76]
(ISSN: 1545-1003)

Key words: Quercus semecarpifolia, brown oak, somatic embryogenesis, micropropagation.

1. INTRODUCTION

The genus Quercus has a wide distribution
range; mostly trees, either deciduous or evergreen
and is of enormous ecological and economical
value. One of the species of Quercus, i.e., Quercus
semecarpifolia Sm. (family-Fagaceae); common
name-brown or kharsu oak; is the main forest
forming evergreen tree species around 2400 m
amsl in parts of Indian Himalaya (Singh and Singh,
1987). In view of the general importance of this
species and problems associated with its
regeneration (Tamta et al. 2008), in the present
study attempt has been made for the first time to
develop an efficient in vitro micropropagation
method through somatic embryogenesis.

Micropropagation ~ through  somatic
embryogenesis offers considerable advantages
over other methods of clonal propagation; this
route has a high proliferation potential. It has been
considered as a very promising method of oak
micropropagation (Chalupa, 1995, Wilhelm 2000,
Purohit et al.2002), and was found to be highly
reproducible in this study on Q. semecarpifolia.
Efficient protocols on SE induction and plant
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regeneration have recently become available for
many plant species, including Arabidopsis
thaliana, a model plant in genetics and
embryogenesis (Gaj, 2004).

2. MATERIALS AND METHODS
Plant material and surface sterilization

Seeds of Quercus semecarpifolia Sm. were
collected from well grown adult tree in the natural
forests at Kilbury, Nainital (2100-2400 m amsl;
29° 24’ 30" N- 29° 27' N lat. and 79° 25' E- 79°
29" 40" E long.), Uttarakhand, India. Following
surface disinfection (Tamta et al. 2008), the seed
coat was removed and seeds were divided into two
halves; one half containing only one cotyledon
while the other half contained the other cotyledon
along with the embryo. These seed halves were used
as explants for inoculation.

Media and culture establishment
Three basal media, namely MS (Murashige

and Skoog, 1962), WP (Lloyd and McCown, 1980)
and SH+MS, i.e., a combination of macronutrients
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of SH (Schenk and Hilderbrandt, 1972) and the
remaining constituents of MS, were used. The basal
media  were  supplemented with  various
concentrations of auxins, cytokinins and
gibberellins. The sucrose concentration was 3.0%
(w/v) and the media were solidified with 0.8% agar
(w/v). The experiments were done using glass
petridishes (10 cm dia, 25 ml medium per petirdish)
or conical flasks (250 ml volume, 100 ml medium
per flask). Incubation of cultures was carried out at
25+1°Cina 16 h light and 8 h dark cycle, with 42.0
umol m s™ and 60.0 umol m s irradiance inside
and outside the culture flasks, respectively by cool
fluorescent tubes (Philips TI 40 W/54).

Production of somatic embryos

Seed halves turned green when inoculated
on WP basal medium. After seven days,
cotyledons with or without the zygotic embryo,
were transferred on to WP or MS medium
supplemented with either BA (0.44 uM) alone or
in combination with 2,4-D (4.53 uM) or IBA (4.92
uM) or GA; (2.89 uM). Direct as well as indirect
somatic embryogenesis with the intervening callus
phase was induced within 13 weeks and 18 (10
weeks for callus establishment and proliferation +
8 weeks for induction of somatic embryos) weeks
of culture, respectively. In both the cases, the
presence of zygotic embryo seems to have some
role in the production of somatic embryos. The
callus raised from cotyledons without the zygotic
embryos did not survive on further subculture and
degenerated. For germination of somatic embryos,
formed both from the direct as well as indirect
pathways, SH+MS medium supplemented with
BA (0.44-8.88 uM) was used. The somatic
embryos germinated to form well developed
shoots, leaves and tap root system.

Adventitious rooting of microshoots

The survival rate of plantlets thus obtained,
after transfer to ex vitro conditions was very poor
(data not shown). Therefore, the main tap root was
excised and the shoots were transferred to the
rooting medium, ie., WP (1/2 macro + full
concentration of rest of the constituents) or SH + MS
(macro of SH + rest of the constituents of MS)
media supplemented with different auxins (Table 4),
containing sucrose (3.0%; w/v) and phytagel (0.25%;
w/v). Well developed adventitious roots were found
to form within 4 weeks.

Transfer of plantlets to soil
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After 5 weeks, the shoots with well developed
roots were taken out from the culture flasks, the
roots gently washed with water to remove traces of
phytagel and the plantlets were then transferred to
small plastic cups (8.0 cm ht; 7.0 cm dia) containing
garden soil and the cups were covered with a
transparent polythene sheet. Plants were kept inside
a polyhouse for acclimatization for 1 month. After
that the plants were transferred to the earthen pots
(18 cm high; 20 cm dia) containing the same soil.

Statistical analyses

Experiments were conducted wusing a
randomized block design to determine the effect of
treatments and were repeated as described in
individual experiments. For all the experiments
explants were used in triplicates.

3. RESULTS AND DISCUSSION
Direct somatic embryogenesis

Globular structures were found to develop
directly on the periphery of cotyledons with
attached zygotic embryo, after 13 weeks on WP
medium supplemented with BA and IBA (Table 1).
These structures were loosely attached to the
surface of cotyledons (Fig. 1A). On subculture
these globular structures were converted into
bipolar somatic embryos (Fig. 1B). This has been
reported in some other species of Quercus
(Chalupa, 1995; Gingas and Lineberger, 1989).
Bipolar somatic embryos were also observed in Q.
robur (Cuenca et al., 1999) and in Q. suber
(Puigderrajols et al., 1996), which were reported to
be translucent or opaque-white in appearance.
These somatic embryos were multiplied by
secondary embryogenesis (Fig. 1C), and the
frequency of secondary embryo formation was
found to increase when subcultured on SH+MS
medium, without any growth regulators. In Q.
suber also secondary embryogenic lines were
mainted on medium lacking PGRs (Fernandez-
Guijarro et al., 1995). Proliferation of secondary
embryos was most prolific from the root pole of
the somatic embryos. Secondary embryos were
produced mostly from the root pole end of the
primary embryos as also observed by El Maataouti
et al. (1990) and Gingas (1991). Cotyledons
without the embryonic axes failed to give rise to
direct embryos.

Indirect somatic embryogenesis
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Callus was induced from the surface of
cotyledons inoculated on both MS or WP media
supplemented with BA and 2,4-D or IBA (Table 1).
The creamy yellow callus developed on MS medium
was slow to proliferate and degenerated on further
subcultures. On the other hand friable callus was
formed on WP medium after 10 weeks on
cotyledonary halves with embryo (Fig. 1D);
subsequently this callus was subcultured on MS
basal medium (half or full strength) supplemented
with CH (0.02%, w/v) and activated charcoal (1.0%,
w/v) (Table 2). The friable callus developed on WP
medium supplemented with BA (0.44 uM) and
24-D (453 puM) (Table 1) was found to turn
embryogenic after 8§ weeks (two months) of
subculture (Table 2; Fig. 1E) when transferred to the
above medium, i.e., MS basal (half or full strength)
medium supplemented with CH (0.02%; w/v) + AC
(0.1%; w/v). Somatic embryos could be multiplied
through secondary embryogenesis on SH + MS
medium supplemented with BA (0.44-8.88 uM)
(Table 3). BA, a potent cytokinin, alone or in
combination with auxins, particularly IBA or 2,4-D,
has been known to induce somatic embryogenesis
from the zygotic embryos (Chalupa, 1995; Gingas
and Lineberger, 1989; Sasamoto and Hosoi, 1992;
Kim et al. 2006). Somatic embryos of all stages
(globular, heart and torpedo shaped) could be
observed on the same medium.

The rate of multiplication of somatic
embryos through secondary embryogenesis varied
from 1.66 to 3.14 secondary embryos per somatic
embryo, over a period of 5-6 weeks, depending
upon the PGR supplements (Table 3). It is often
reported in case of Quercus that calli turn
embryogenic when transferred to the basal medium
(Gingas and Lineberger, 1989; Guijarro et al., 1995;
Kim et al., 1994).

Germination of somatic embryos

Somatic embryos (produced from the direct
as well as indirect pathways) were transferred to BA
(0.44-8.88 uM) supplemented SH+MS medium for
germination. Some of the somatic embryos
germinated and produced root and shoot in a well
coordinated manner (Fig. 1F). In a number of
somatic embryos only the root primordia elongated
(Fig. 1QG); its frequency varied from 4.0-27.0 per
cent depending upon the concentration of BA in the
medium. The overall conversion frequency of
somatic embryos was only around 10 per cent. BA
at 222 uM was found to be optimum for
germination and conversion of somatic embryos
into plantlets (Table 3). The frequency of
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conversion of somatic embryos into full plants in
oaks is usually quite low (Chalupa, 1995); this is a
matter of future investigations. Fig. 1H shows the
germination of somatic embryo.

Adventitious rooting of microshoots excised from
germinating somatic embryos

Out of various media tried (MS, WP,
SH+MS) supplemented with various auxins (IAA,
NAA, IBA) in different concentrations (4.92 uM -
28.55 uM), WP medium supplemented with IBA
(1476 pM) was found to be most effective
(100.0%) in inducing rooting without any callus
formation at the basal end (Table 4). The root
initials were observed within 10 days and well
developed roots were formed in four weeks (Fig. 11).
The average number of roots was 12.46 with
maximum length of 6.97 cm (Fig. 1J). WP medium
supplemented with NAA or IAA also induced
rooting (16.6% and 50.0%, respectively). However,
the average number of roots was 3.0 and 3.02 and
the length of the longest roots were 0.2 and 2.2 cm,
respectively. When IBA was added to SH+MS
medium, this combination also induced rooting
(100.0%) but the formation of callus was invariably
seen at the base of the explant, and the average
number of roots (4.3) and length of the longest root
(0.21 cm) were also considerably less. The addition
of NAA to SH+MS medium totally failed in
inducing rooting, whereas IAA induced rooting in
40.0% shoots with the average number roots being
4.0. However, the roots did not elongate and the
length of the longest root never exceeded beyond
0.2 cm. Secondary roots were found to develop only
on WP medium supplemented with IBA with
profuse adventitious rooting. Addition of IBA to the
rooting medium gave better results in comparison to
another auxin, NAA, in Q. suber (Manzanera and
Pardos, 1990) also.

Hardening: Well rooted plants were taken out
of the culture vessels and the adhering phytagel was
carefully removed; the delicate roots were then
gently and thoroughly washed before transferring to
plastic cups containing garden soil (Fig. 1K). The
survival of these plants was only 20.0 per cent.
After one month, these plants were transferred to
earthen pots containing same soil and maintained
inside the polyhouse until new leaves were found to
emerge (Fig. 1L). In conclusion, the present study
describes, for the first time, the -effective
multiplication protocol for in vitro propagation of Q.
semecarpifolia.
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Table 1
Effect of treatments on seed halves of Q. semecarpifolia in different media

S. No. Treatments MS medium WP medium
1 Control - -

2 BA (0.44 uM) - -

3 BA+2,4-D (0.44 uM+4.53 uM) Callus Callus*

4 BA+IBA (0.44 uM+4.92 pM) Callus Direct SE

5 BA+ GA; (0.44 uM+2.89 uM) - -

*embryogenic callus, - nil, SE: somatic embryogenesis, data recorded after 10 weeks of culture for callus
formation and after 13 weeks for direct somatic embryo formation

Table 2
Callus proliferation and somatic embryogenesis in Q. semecarpifolia

Medium constituents Callus Embryogenesis No. of embryos/
Proliferation petri dish

MS ++ ok 125

MS+CH (0.02%) -+ wox 96

MS+CH (0.02%) +AC (0.1%) + - NA

1/2 MS + CH (0.02%) + - NA

1/2MS+CH (0.02%) + AC (0.1%) ++ wkk 110

The callus was initiated on WP medium supplemented with BA and 2,4-D;

MS: Murashige and Skoog medium; CH: Casein hydrolysate, AC: activated charcoal, all concentrations are
w/v basis; + poor, ++ medium, +++ prolific; * poor, ** moderate, *** abundant, - nil, NA: not applicable;
data recorded after 8 weeks (2 months) of culture; 6 petridishes were used per treatment with 4 callus pieces
per petridish; the experiment was repeated twice with similar results
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Table 3
Response of somatic embryos of Q. semecarpifolia on SH+MS medium supplemented with various
concentrations of BA

BA No. of somatic Germination of Secondary Frequency of root
M) embryos somatic embryos (%) embryogenesis’ formation (%)
transferred

0.44 30 0 1.66 26.60

0.88 97 4.50 2.28 18.40

1.78 44 5.20 3.14 18.18

2.22 49 6.90 3.00 14.00

4.44 68 2.90 1.85 4.40

8.87 90 0.89 1.76 4.10

" No. of total somatic embryos after six weeks/no. of somatic embryos initially inoculated per flask; each
treatment consisted of 12 flasks, data was recorded 6 weeks after transfer of somatic embryos to the medium.
The experiment was repeated twice with similar results.

Table 4
Effect of auxins and media on in vitro rooting of SE derived
microshoots of Q. semecarpifolia

Medium PGRs Shoot ht % % No. of roots/ Length of Sec.

(conc.in pM)  (cm) £SD callusing rooting shoot £SD longest root roots
(cm)xSD

WP IBA (14.76)  2.20+1.04 0.00 100.00 12.46 +4.87 6.97 £1.47 +
NAA(16.11) 1.33+0.68  100.00 16.60 3.00 £1.22 0.20 +£0.03 -
IAA (17.13)  2.17 +0.69 0.00 50.00 3.02+4.24 2.20+£0.57 -

SH+MS  IBA (14.76) 2.56+0.42  100.00 100.00 4.30£2.07 0.21 +0.13 -
NAA (16.11)  1.93 £0.89 48.00 0.00 NA NA NA

IAA (17.13)  2.00£1.31 0.00 40.00 4.00 £2.3 0.20 £0.11 -

WP: 1/2 macro + full concentrations of rest of the constituents; SH+MS : macro (SH) + rest of the
constituents of MS; SE: somatic embryo, +: occurred; -: did not occur; NA: not applicable; SD: standard
deviation, data recorded 5 weeks after transfer to rooting medium, treatments were carried out in triplicate and
each flask contain 9 microshoots
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Fig. 1. In vitro propagation of Q. semecarpifolia

(A) Globular structures loosely attached to the surface of the cotyledon.
(B) Bipolar somatic embryos

(C) Secondary embryogenesis

(D) Friable embryogenic callus on WP medium

(E) Indirect somatic embryogenesis

(F) Germination of somatic embryo

(G) Elongation of root primordial from the somatic embryo

(H) Different stages of somatic embryo germination

(I) Well rooted plantlets after 4 weeks of culture on WP medium
supplemented with IBA

(J) Rooting from basal view

(K) Well rooted plant 1 month after transfer to plastic cup containing
garden soil

(L) Two —months-old in vitro propagated plant in earthen pot
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ABSTRACT: A novel luminescent boron compound, BPh,(2-(benzimidazol-2-yl) pyridinato)

(B-BIP), have been synthesized by reactions of triphenylboron with appropriate ligands,

2-(2-pyridyl)benzimidazole (BIP).

For the three-layer OLED with the structure ITO/NPB/

B-BIP /Alq;/Mg-Ag, an emission band covering the whole visible region from 400 to 650 nm

with the maximum brightness of 50 cd/m” was observed, indicating a perfect white light OLED
(CIE =0.32, 0.37). [Journal of American Science 2009: 5(1), 77-82](ISSN: 1545-1003)

Keywords: white light; electroluminescence; imidazole; boron;

1. INTRODUCTION

The chemistry of organoboron compounds have
attracted much more attention recently because
they are of interest for practical applications
[1-3].
(OLED) was reported by Tang and Vanslyke [4],

Since an organic light emitting diode

LEDs based on organic materials have generated

considerable  interest and enabled the
development of low-cost, full-color, flat-panel
displays [5-8]. The best-known EL metal
complex used in OLED is Alqg; which is not only
a good emitter but also a highly efficient
electron-transporting material, where q is the
8-hydroxyquinolinato ligand [9-12]. Via the
modification of the ligands of metal complexes,
the emission spectra of devices and other
properties, such as thermo stability and carrier

mobility, can be tuned. The imidazoles have
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been known as good chelating ligands [13] and
the attachment of the pyridyl group at 2-position
of imidazole would allow the new ligand to form
stable compounds with the other atoms. In the
present work, the syntheses, structures, and
electroluminescent properties of two new boron
BPh,(2-(benzimidazol-2-yl)
pyridinato)(B-BIP) is reported.

compounds

2. EXPERIMENTAL METHOD

The synthesis of the title compound was
accomplished by following processes, as shown
in Scheme 1. The triphenylboron (1.45g, 6.0
mmole) was slowly added to 100 ml of THF
solution containing 2-(2-pyridyl)benzimidazole
(2.63g, 13.5 mmole) at 0°C under N,. After the
was stirred at

resulting  mixture room
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temperature for 6 hours, 5 ml isopropyl alcohol
was added to quench the reaction. The solvents
were removed under vacuum condition at 5x107
Torr, and the residual solid was sublimed to
purify the final product. Light green of B-BIP
was obtained in 90% yield. The organic light
emitting device, Fig. 1, using B-BIP as the
emitting and electron-transporting layer were
fabricated on the transparent conductive
indium-tin oxide (ITO) glass substrate. The
organic layers and the cathode were sequentially
conventional

deposited by vacuum vapor

deposition in the same chamber without
breaking the vacuum under 3x10° Torr. The
cathode composed of magnesium silver alloy
(Mg:Ag = 10:1) were deposited onto the top
layer of organic materials by co-evaporation of
Mg and Ag from different source. Before the
deposition, all of the organic materials were

purified by the train sublimation method. In the

LI oo 1)
Ty + BPhs «h—]

present wok, the

N,N’-bis-(1-naphthyl)-N,N’-diphenyl-1,1’-biphe
nyl-4,4’-diamine (NPB) was
(HTM), and tris
(Algs) was

used as the
hole-transport ~ material
(8-quinnolinolato)  aluminum
employed as the electron-transporting material
(ETM). The EL spectrum and the Commission
Internationale de 1’Eclairage (CIE) co-ordinates
were measured by Pro-650 Spectroscanner (step
size is 1.0 nm and bandpass is 4nm), the
current-voltage  (I-V)  characteristic =~ was

measured by Keithley 2400 Source meter.

Thermogravimetric  analysis (TGA)  was
performed on a Perkin-Elmer thermogravimeter
(Pyris 1) under a dry nitrogen gas flow at the
heating rate of 20°C/min. Glass transition
temperature (T,) and melting point (T,) of
materials were determined by differential
scanning calorimetry of the Perkin-Elmer

differential scanning calorimeter (DSC-7).

Scheme 1. Synthesis process for the title compound

Meg/Ag (2000A)

Ala3 (500A)

B-BIP (500A)

NPB (500A)

ITO
Substrate

Fig 1: Device structure of organic light emitting device (OLED) fabricated in this work
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3. RESULTS AND DISCUSSION

A new boron compound

BPh,(2-(benzimidazol-2-yl) pyridinato) (B-BIP)
was prepared by reacting triphenylboron with
appropriate imidazole in dry THF (Scheme 1).
Both of the compounds are air-stable in the solid
state and in solution. The Thermogravimetric
analyses (TGA) scans under nitrogen for B-BIP
powder showed weight loss of 10% at 301 °C,
respectively, which reveal that B-BIP is quite
stable in the atmosphere of nitrogen. The DSC
indicate that the compound B-BIP
possess a very high melting temperatures, 289°C,

results

respectively, which may serve as an advantage
for OLED device fabrication because the
materials having high transition temperature
could provide the device with greater longevity

Absorbance (a.u.)
o
(==
1

=}
IS
1

0.04

[14, 15]. The thin films of B-BIP used for the
analyses of UV-vis and photoluminescence
spectra were obtained by depositing B-BIP onto
quartz substrates under vacuum condition. At
room temperature and low concentration (1x10~
M), the absorption spectral features of B-BIP in
N,N’-dimethylformamide (DMF) consist of two
discrete bands (Fig. 2 ). The strong absorptions
centered at 280 nm for B-BIP, respectively, can
be assigned to the m-n* transition. The other
intense band centered at 348 nm shows a
vibrational separation of 1000 cm™ with the vy o
transition at 2.94 x 10° cm™.  This lower energy
band  possesses reasonably  high
absorptivty (e ~ 3x10* dm’mol'cm™)
and a red shift with increasing polarity
of solvent, which is typical for a m-m*
transition [16-18].

a

—=— B-BIP (1X10°M)

300

T
400

Wavelength (nm)

Fig 2: UV-vis spectra of B-BIP in N, N’-dimethylformamide

Fig. 3 show the photoluminescence (PL) spectra
of the solutions and neat film of B-BIP excited
with 355 nm laser line. All concentration in
DMF, only one emission band was observed
with a maximum at 455 nm. Compound B-BIP
possess the appreciable PL quantum yield, with
®¢ = 0.66 respectively, 10° M in DMF relative

to

3-(2-benzothiazolyl)-7-
(C540). To investigate the electroluminescent
properties of B-BIP typical three-layer device

diethyl-aminocoumarin
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with the configuration of

ITO/NPB/B-BIP/Alq3/MgAg was fabricated by
using NPB as the hole-transporting layer and
B-BIP the and Alg3
electron-transporting layer. The EL spectrum of

as emitter is
organic light emitting device at the bias voltage
of 10 V, Fig. 4, shows the broader emission
bands ranging from 400 to 650 nm were
observed, indicating that the three-layer LED
device emitted white light covering the whole

visible light region. The band around 455 nm in
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EL spectrum can be attributed to emission of
B-BIP, because its emission position is almost
identical with that in PL spectrum of B-BIP. The
emission band at 535 is Alq3 emission position.
The emission is almost fixed in the white region
in the CIE coordinate of x = 0.32 y = 0.37. For
the
develop the double layer of device with white

small molecular organic materials, to

0.8

0.64

Normalize Intensity

0.4

0.24

0.0

emission is very important because this kind of
material is very seldom prepared so far, and it is
very important for the fabrication of display
panels. At the same time important role here
play
determining the spectral broadening of the

may electron-vibration  interactions

emission lines. So the future strategy of the
materials design may be in this way also.

—a— bimp-B(1X10°M)
—o— bimp-B(1X10™M)
bimp-B(5X10°M)
—sv— thin film

T
500

Wavelength(nm)

Fig 3: PL spectra of the B-BIP in solutions and neat film

———B-BIP
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Fig 4: EL spectrum of OLED fabricated in this work.

Figure 5. shows the energy level diagram of the
HOMO and LUMO of the different organic
materials and the work function of cathode and
anode. By using cyclic voltammetry (CV)
method obtaining LUMO energy of B-BIP is
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3.4eV and the optical band gap estimated from
the absorption onset, we can determine the
HOMO energy at 6.5¢V. In Comparison with
the energy level of B-BIP and NPB, B-BIP has
much higher hole injection barrier than that of
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NPB. As a matter of fact, it is impossible for the
hole injection from ITO into B-BIP without the
assistance of NPB or some HTLs.  This
diagram pointed out Alqg; has lower electron
injection barrier than that of B-BIP. Therefore,
the electron injection from the MgAg into B-BIP
will be enhanced and confines the recombination
zone at the interface between NPB and B-BIP.
Fig.6 the and
luminance-voltage characteristics of this device
having a low turn on voltage of about 4.5V for

shows current-voltage

current and luminance. This device shows a
brightness of 50 cdm™ at the driving voltage of
12V with current density of 390 mA/cm?
decaying to 25 cdm™ in 100 hours.

4. CONCLUSION

A new compound of emitter for OLED,
BPh,(2-(benzimidazol-2-yl)pyridinato) (B-BIP),
has been successfully synthesized and
investigated. It has been shown that the novel
ligands BIP is capable of chelating to B(III)
centers and the resulting compounds possess
appreciable photoluminescent efficiency and
This study further
indicates that the emission band of the devices
could be modified by changing the composition
of emitting layer and therefore, OLEDs with

different colors could be obtained.

very high thermal stabilities.

2.5eV
3.1eV
3.4eV | 3.7eV_
MgAg
NPB
A1q3
4.7eV
B-BIP
ITO 5.5eV
5.8eV
6.5eV

Fig 5: Energy level diagram of OLED materials, ITO, and Mg-Ag alloy

0.04 4

0.03

0.02 4

0.01+

Current density (Alcmz)

0.00

2)

Luminance (cd/m

N+

Voltage (V)

Fig 6: Current-voltage and luminance- voltage characteristics of OLED fabricated in this work
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ABSTRACT: A bright blue emission material, tris{2-(benzimidazol-2-yl) pyridinato}
Aluminum (AIBIP) used for white-light of organic light emitting devices has been synthesized.

The decomposition temperature was observed at 400 ‘C and no melting transition (T, ) was
observed up to 400°C. For three-layer LED devices with the configuration of ITO/NPB/AIBIP
/Alq3/MgAg, the white light emission covering the whole visible region from 400 to 700 nm

with the maximum brightness of 75 cd/m? and current density of 330 mA/cm” was observed.
[Journal of American Science 2009: 5(1), 83-87] (ISSN: 1545-1003)

Keywords:

1. INTRODUCTION
light

attracted much attention, because their potential
the backlights of laptop
computers and portable panel light sources. In
the strategies
multi-layer devices have been developed to
highly
electroluminescence [1-5]. Luminescent chelate
complexes have been shown to be particularly
useful (EL) displays
because of their relatively high stability and
volatility. The most well-known example of such

White organic emitting diodes have

applications in

literatures, several including

realize efficient ~ white  organic

in electroluminescnt

chelate compounds is Alqgs;, not only a good
but highly
electron-transporting material, where q is the

emitter also a efficient
8-hydroxyquinolinato ligand [6, 7]. Via the
modification of the ligand of metal chelate
compound, the emission color of a metal chelate
compound may be tuned. Other properties,
such as thermal stability and carrier mobility,

may also be improved upon. In the present

work, we report the synthesis and
electroluminescent (EL) property of
tris{2-(benzimidazol-2-yl) pyridinato}

Aluminum (AIBIP). The AIBIP containing
N,N-bidentate ligand instead of N,O-bidentate
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one such as 8-hydroxyquinoline. Therefore,
the thermal stability, an important character for
the practical application in the electronic fields,

of this metal complex is investigated by

thermogravimetric ~ analysis  (TGA)  and
differential scanning calorimetry (DSC). The
organic emitting device using AIBIP as emitting
layer has been fabricated to study the
electroluminescent property of this metal
complex.

2. EXPERIMENTAL METHOD

The synthesis of the title compound was
accomplished by following processes, as shown
in Scheme 1. The triethylaluminum solution
(25% w/w in hexane 1.86ml, 2.82x10~ mole)
was slowly added to 100 ml of THF solution
containing 2-(2-pyridyl)benzimidazole (1.75g,
9.0x10° mole) at 0°C under N,. After the
resulting mixture was stired at room
temperature for 6 hours, 5 ml isopropyl alcohol
was added to quench the reaction. The solvents
were removed under vacuum condition at 5x107
Torr, and the residual solid was sublimed to
purify the final product. Light green of AIBIP
was obtained in 85% yield. The formula of this

compound has been determined by 'H NMR and
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elemental analysis. The organic light emitting
device, Fig. 1, using AIBIP as the emitting and
electron-transporting layer were fabricated on
the transparent conductive indium-tin oxide
(ITO) glass substrate.
the cathode were sequentially deposited by
conventional vacuum vapor deposition in the

The organic layers and

same chamber without breaking the vacuum
under 3x10° Torr. The cathode composed of
magnesium silver alloy (Mg:Ag = 10:1) were
deposited onto the top layer of organic materials
by co-evaporation of Mg and Ag from different
source.  Before the deposition, all of the
organic materials were purified by the train
sublimation method. In the present wok, the

N,N’-bis-(1-naphthyl)-N,N’-diphenyl-1,1’-biphe

nyl-4,4’-diamine (NPB) was wused as the
_ ]
SN N AI(CHs)s

hole-transport material (HTM), and tris
(8-quinnolinolato) (Algs)
employed as the electron-transporting material
(ETM). The EL spectrum and the Commission
Internationale de 1’Eclairage (CIE) co-ordinates
were measured by Pro-650 Spectroscanner (step
size is 1.0 nm and bandpass is 4nm), the
current-voltage  (I-V)
measured by Keithley 2400 Source meter.
Thermogravimetric analysis (TGA) was

aluminum was

characteristic =~ was

performed on a Perkin-Elmer thermogravimeter
(Pyris 1) under a dry nitrogen gas flow at the
heating rate of 20°C/min. Glass transition
temperature (T,) and melting point (T,) of
materials were determined by differential
scanning calorimetry of the Perkin-Elmer

differential scanning calorimeter (DSC-7).

Y

Scheme 1. Synthesis process for the AIBIP complex.

Mg/Ag(200nm)

Alqg3;(50nm)

AIBIP(50nm)

NPB(50nm)

ITO

Substrate

Fig 1: The organic light emitting device (OLED).
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3. RESULTS AND DISCUSSION
The TGA of AIBIP
maximum rate of weight loss occurring at 400

that possesses a

°C and no weight loss was observed at the
temperature lower than 350 °C.  Above 600 °C,
there is about 14 wt % of residue composed of
aluminum ash. This aluminum complex is
reasonably stable upon exposure to air and
exhibited a high thermal stability in nitrogen.
The melting temperature (Tm) of AIBIP was not
observed up to 400 °C with DSC curve. The
DSC and TGA results indicate that the AIBIP
possesses a high thermal stability, which may
serve as an advantage for the fabrication of
organic light emitting device because the use of
the materials with high thermal stability as the
active emissive layer or carrier transporting layer
may provide the device with greater longevity
[11, 12].

The Photoluminescent (PL) spectra of the
AIBIP solutions and neat film, excited with 350
nm laser line, were illustrated in Figure 2. At
low concentration, 1x10”° M in DMF, only one
emission band is observed with maximum at
450 nm, corresponding to the relaxation of
AIBIP from the excited state of a single
molecule into ground state. There is red shift
emission band that a maximum at 460 nm is

photoluminescence

observed in the spectrum of the AIBIP neat
film. To investigate the electroluminescent
properties of AIBIP typical three-layer device
with the configuration of
ITO/NPB/AIBIP/Alq3/MgAg was fabricated
by using NPB as the hole-transporting layer and
AIBIP the and Alg3
electron-transporting layer. The EL spectrum of

as emitter is
organic light emitting device at the bias voltage
of 10 V, Fig. 3, shows the broader emission
bands ranging from 400 to 700 nm were
observed, indicating that the three-layer LED
device emitted white light covering the whole
visible light region. The band around 465 nm in
EL spectrum can be attributed to emission of
AIBIP, because its emission position is almost
identical with that in PL spectrum of AIBIP.
The emission band at 525 is Alg3 emission
position and 565nm can be attributed to the
exciplex emission originated from the interface
between NPB and AIBIP . The emission is
almost fixed in the white region in the CIE
coordinate of x = 0.32 y = 0.37. For the small
molecular organic materials, to develop the
double layer of device with white emission is
very important because this kind of material is
very seldom prepared so far, and it is very
important for the fabrication of display panels.

o 1x10°M
A 1x10°M
neat film

T
450

T
400

T T T 1
500 550 600 650

Wavelength(nm)

Fig 2: Photoluminescent spectra of the AIBIP in solutions and neat film
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The change of the spectral wavelength may
be achieved also by general conception of
search and design of modified materials for
wide band emission consists in substitution of
the backside groups by electron acceptors like
halogens etc. and different kind of donors [13,

0.10 5
0.08
0.06
0.04 +

0.02 H

Electroluminescence(arb.units)

oo
0.00 4

14]. At the same time important role here may
play electron-vibration interactions determining

the spectral broadening of the emission lines.
So the future strategy of the materials design
may be in this way also.

T
400 500

T
600 700

Wavelength(nm)

Fig 3: EL spectrum of OLED fabricated in this work.

Figure 4 shows the energy level diagram of
the HOMO and LUMO of the different organic
materials and the work function of cathode and
anode. By using cyclic voltammetry (CV)
method obtaining LUMO energy of AIBIP is
2.8eV and the optical band gap estimated from
the absorption onset, we can determine the
HOMO energy at 5.6eV. In Comparison with
the energy level of AIBIP and NPB, AIBIP has
much higher hole injection barrier than that of
NPB. As a matter of fact, it is impossible for the
hole injection from ITO into AIBIP without the
assistance of NPB or some HTLs.  This

diagram pointed out Alqg; has lower electron
injection barrier than that of AIBIP. Therefore,
the electron injection from the MgAg into AIBIP
will be enhanced and confines the recombination
zone at the interface between NPB and AIBIP.
Fig.5 shows the current-voltage and
luminance-voltage characteristics of this device
having a low turn on voltage of about 4.0V for
current and luminance. This device shows a
brightness of 75 cdm™ at the driving voltage of
16V with current density of 330 mA/cm’,
decaying to 30 cdm™ in 120 hours.

2.5eV
NPB
4.7¢V |
ITO
5.5¢V

2.8eV
3.1eV
3.7eV
MgAg
AIBIP
Algs
560V 5.8eV

Fig 4: Energy level diagram of OLED materials, ITO, and Mg-Ag alloy
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L-V and I-V characteristics of Al-BIP device

400 — T T T T T — 80
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® .
—e—L-V D/D
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% 200 { 1% 8
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% .D'[/ >
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Fig 5: Current-voltage and luminance- voltage characteristics of OLED fabricated in this work.

4. CONCLUSION

A novel bright blue material,
tris {2-(benzimidazol-2-yl) pyridinato}
Aluminum (AIBIP), was successfully prepared
by the reaction of 2-(2-pyridyl)benzimidazole
and trisethylaluminum. Because of its high
thermal stability and excellent electrical
characteristics, AIBIP and its related compound
suggest a possible application for the use of
white-light of the organic light emitting devices.
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