ISSN: 2456-1878

Internationalflotrnallef{EnVironment
Agriculturefand|Biotechnology

(LJEAB)
Anfopenfaccess]|Peer{Reviewed|InternationalJournal

< 10' )
NN \\\ X "’“’“‘«‘0

of-\\\w

Al PUBLICATION Vol-- 3 | Issue - 3 | May - Jun, 2018

editor@ijeab.com | http://www.ijeab.com/

DOI: 10.22161/ijeab/3.3



Editorial Board

Dr. Pietro Paolo Falciglia

Ph.D. Environmental Engineer, Supervisor,
Environmental and Sanitary Engineering Group,
University of Catania, Italy

Marcelo Huarte

Professor, Potato Crop and Quantitative
Genetics, National Univ. of Mar del Plata.
College of Agricultural Sciences, Balcarce,
Argentina

Dr. Mehmet FiratBaran

Assist. Prof., Faculty of Technology, Department
of Energy Systems Engineering, Altinsehir,
Adiyaman /Turkey

Dr. Alexandra D. Solomou

Agricultural Engineer, Hellenic Agricultural
Organization = "DEMETER", Institute  of
Mediterranean and Forest Ecosystems, Terma
Alkmanos, llisia, 11528, Athens, Greece.

Dr. Barbara Molesini

Assistant professor, Plant Physiology,
Department of Biotechnology, University of
Verona, Italy

Dr. Krishnakumar Srinivasagam

Assistant Professor, Vanavarayar Institute of

Agriculture, Manakkadavu, Pollachi, Tamil
Nadu, India

Prof.Guoju Xiao

Environmental Ecology, Yinchuan, Ningxia,
China

Dr. Adolf A. Acquaye

Specialization: Environmental Science,

University of York, Stockholm Environment
Institute, York, United Kingdom

Dr. R. C. Tiwari

Environmental Science, Department of Physics,
Mizoram University, Tanhril Campus, Mizoram

Dr. Muhammad Majeed

Kelappaji College of Agricultural Engg.
&Technology,Kerala, India

Jiban Shrestha

Scientist, Plant Breeding and Genetics

Department, National Maize Research Program
Rampur, Chitwan, Nepal Agricultural Research
Council, Nepal

Dr. A. Heidari

Faculty of Chemistry, California South University
(CSU), Irvine, California, USA

Dr. Mukesh Kumar Meena

Assistant Professor, Crop Physiology, University
of Agricultural Sciences, Raichur, Karnataka,
India

Dr. M. Rajashekhar

Environmental Biology =~ Research  Unit,
Department of Zoology, Gulbarga University,
Gulbarga,Karnataka, India

Mr. B. A. Gudade

Scientist-B,  Agronomy Indian  Cardamom
Research Institute, Tadong, Gangtok, Sikkim,
India

Dr. S. K. Joshi, Ph.D.

Scientist (Veterinary/Animal Science), Krishi
Vigyan Kendra (KVK), Ganjam - 1, Orissa
University of Agriculture and Technology,
Bhanjanagar, Odisha, India

Heba Mahmoud Mohamed Afify
PhD, Biomedical Engineering, Egypt
Denis Magnus Ken Amara

Department of Soil Science, School of
Agriculture, Njala University, Private Mail Bag,
Freetown, Sierra Leone.



Dr. Subha Ganguly

Associate Professor, Department of Veterinary
Microbiology, Arawali Veterinary College, Sikar,
India

Shoib A. Baba

Indian institute of integrative  medicine,

Sanatnagar, Srinagar, India.
Elias kebede Hailu

Head and Associate Researcher (Water Resource
Engineer), Land and water Resource Research
(Agricultural water management, Hydrology and
Climate change, watershed) Natural Resource
Research Directorate, EIAR, Werer , Ethiopia

Prof. Dr. Mirza Barjees Baig

Professor of Extension (Natural Resource
Management), Department of Agricultural,
Extension and Rural Society, College of Food
and Agriculture Sciences, King Saud University,
Kingdom of Saudi Arabia,

Aliyev Zakir Hussein oglu

Associate  Professor, Professor of RAE
academician RAPVHN and MAEP, Scientific
direction:  Agricultural  sciences  Region:
Azerbaijan

Dr. Abd El-Aleem Saad Soliman Desoky

Professor Assistant of Agricultural Zoology,
Plant Protection Department, Faculty of
Agriculture, Sohag University, Sohag

Governorate, Egypt
Dr. Ghulam Abbas

PhD (Poultry Nutrition), Riphah College of
Veterinary Sciences, Lahore, Pakistan

Valter Luiz Maciel JUnior

Universidade Estadual do Norte Fluminense,
Laboratory of Animal Reproduction and Genetic
Improvement — LRMGA, Rio de Janeiro, Brazil

Shahin Gavaniji

Department of Biotechnology, Faculty of
Advanced Sciences and Technologies, University
of Isfahan, Isfahan, Iran.

Neeraj Khare

Assistant Professor, Amity Institute of Microbial
Technology, Amity University, Jaipur-303002,
Rajsthan, India

Javier Velasco Sarabia

Investigator, National Institute of Fishing and
Aquaculture, Avenida México No 190. Col. Del
Carmen. CP. 04100. Del. Coyoacan, Ciudad de
México.

Mr. Muhammad Usman

Former Director General of Agricultural
Research System, Government of Pakistan

Jaime Senabre

Director and President of the International
Scientific-Professional Committee of the National
Symposium on Forest Fires (SINIF), Spain



FOREWORD

| am pleased to put into the hands of readers VVolume-3; Issue-3: May-Jun 2018 of “International Journal
of Environment, Agriculture and Biotechnology (IJEAB) (ISSN: 2456-1878)”,an international journal
which publishes peer reviewed quality research papers on a wide variety of topics related to Environment,
Agriculture and Biotechnology. Looking to the keen interest shown by the authors and readers, the
editorial board has decided to release issue with DOI (Digital Object Identifier) from CrossRef also, now
using DOI paper of the author is available to the many libraries. This will motivate authors for quick
publication of their research papers. Even with these changes our objective remains the same, that is, to
encourage young researchers and academicians to think innovatively and share their research findings with

others for the betterment of mankind.

I thank all the authors of the research papers for contributing their scholarly articles. Despite many
challenges, the entire editorial board has worked tirelessly and helped me to bring out this issue of the

journal well in time. They all deserve my heartfelt thanks.

Finally, I hope the readers will make good use of this valuable research material and continue to contribute
their research finding for publication in this journal. Constructive comments and suggestions from our

readers are welcome for further improvement of the quality and usefulness of the journal.

With warm regards.

Editor-in-Chief
Date: June, 2018
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Abstract— This article presents the phenological study of
Carapa guianensis Aubl species from 1974 to 2000, in
ADFR and TFES forests stations research in Central
Amazon, Brazil. The objective was to analyze and
compare the phenological pattern (flowering and
fructification) and the influence of the climatic factors.
The flowering in the TFES started in a higher
precipitation season; meanwhile at ADFR it was
irregular. The fruiting in both areas occurred more
frequently rainiest season, but in the ADFR the mature
fruits were more irregular. The frequency of occurrence
was annual from “flower bud” to ‘“‘immature fruit”
phenophases in TFES, but was over-annual only in
“mature fruits”. But in ADFR, was annual from ‘flower
bud” to “anthesis” and was over-annual in immature
fruit” and “mature fruit”, both with irregular pattern and
duration from intermediate to prolonged. The duration of
the floral bud phenophase and anthesis was similar in the
two areas; however, ‘immature fruits” in the TFES, in
general, was higher than in the ADFR. But “mature
fruits” were higher in ADFR. The phenophases did not
occurred at same time in all trees studied, possibly due
the influence of the intraspecific genetic variability in
interaction with the environment.

Keywords— crabwood, flowering, fruiting, raining
season.

l. INTRODUCTION

The long-term phenological study began in 1963
in the Adolph Ducke Forest Reserve (ADFR) and in 1974
at the Tropical Forest Experiment Station (TFES), both
located in the region of Manaus, Amazonas, Brazil [1, 2].

In these areas, there is a major investigation of
phenological events of about 120 species of tropical
forests to generate subsidies to the management and
reforestation plans in the Amazon forest. This research
has generated several publications on the phenology of
trees in the Central Amazon, which analyze the data
collected in the ADFR. The former studied the phenology
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of Amazonian forest species occurred in a period of seven
years (1962-1968) and the latter analyzed the phenology
of forest species in upland tropical rainforests in the
Central Amazon[1, 2, 3, 4,5, 6, 7, 8].

In what concerns to the population of a single
species or family, studies present results on the phenology
of Aniba rosaeodora Ducke (Lauraceae) for a period of
eleven years (1968-1978) [3]. The phenology of
Copaifera multijuga Aubl (Fabaceae) was evaluated in
seven years (February 1979 to December 1985), and there
in relation to weather elements [4]. Also, was analyzed
the phenological behavior of Diplotropis purpurea Rich.
(Fabaceae) in six years (1980-1985) [5]. Among the
studies on families, two must be highlighted: the
phenology of five species of Lecythidaceae over an
eleven-years period (1978-1988) [6] and the phenology
analysis of five species of Sapotaceae in one twenty-one-
year period (1970-1990) [7].

The species Carapa guianensis Aubl. (Meliaceae),
commonly known as crabwood or andiroba in Brazil, was
selected for the analysis of phenological behavior, due to
its economic, social and ecological importance, also
abundant in the Amazon region. The trees of andiroba can
reach up to thirty meters high with a cylindrical trunk,
straight and buttresses at the base [8,9]. It is a species of
multiple uses, having a high-quality wood, which can be
used in carpentry, construction, shipbuilding, boards and
plywood, furniture, beams, interior works, pencils, masts
and others. Another extraordinary use is the oil extracted
from its seeds, which is currently one of the most
important products in the regional market. Andiroba oil is
a clear and transparent liquid, that at temperatures below
25°C it solidifies as vaseline [9,11, 12].

The oil can be used in the manufacture of soaps,
candles, in the composition of cosmetics and in different
medicines because andiroba oil is a rich source of
essential fatty acids, including oleic, palmitic, myristic
and linoleic acids, and contains no fatty components such
as triterpenes, tannins, and alkaloids. The bitter taste of
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the oil is attributed to a group of terpene chemicals called
meliacins, which are very similar to the bitter antimalarial
chemicals. Recently, one of these meliacins, called
gedunin, was documented to have pest control properties
and antimalarial effects equal to that of quinine. A
chemical analysis of andiroba oil identified the anti-
inflammatory named andirobina, which has healing and
insect repelling properties that are attributed to the
presence of limonoids. The interest in using andiroba oil
in cosmetics has increased significantly, especially after
the patenting of a cream by Yves Rocher, from France,
that has moisturizing and anticellulite properties based on
this oil. [13].

The phenological study of this species is essential,
as it enables the determination of the regularity and
predictability in the supply of this natural resource, which
allows more rational use in the Amazon.

The phenological patterns would be most affected
by the intrinsic characteristics (genetic, physiological and
reproductive) of the species and by ecological factors
(pollination, predation, competition) and not only by
climate variables [7]. Researchers also report the
influence of climatic elements (precipitation, solar
radiation, evaporation, relative humidity) basis on
phenological studies on Copaifera multijuga and five
Sapotaceae species [4, 7].

Phenology studies were installed in ADFR in 1963
and in TFES in 1970. Since then, phenophases of
flowering, fruiting and leaf change have been studied.
However, the ADFR is no longer surrounded by native
forests, because all the perimeter has been deforested by
the urban expansion in Manaus city. While the EEST is
43 km away from the nearest town and surrounded by
native forest. Consequently, the climatic conditions and
the interaction with other biotic components, especially
pollinators, predators and dispersers, are under different
conditions and, therefore, may influence the patterns of
occurrence of the phenophases studied in this work.

This study aimed to determine the patterns of
flowering (flower bud and anthesis) and fruiting (mature
and immature), of C. guianensis and compare the
phenological events in order to determine whether this
species has similar phenological behavior in two distinct
areas of upland forest (ADFR and TFES) and if it
responds to the climatic factors over time between the
years from 1974 to 2000. It is important to determine the
pattern of flowering and fructification of phenophases to
characterize the ecological group of forest succession
(climax) to which these species belong [14]. The
knowledge of the phenological pattern allows more
specific studies on the reproduction of the species and
also to provide basic information to support the planning
of silvicultural projects for species plantations, timber and
oil production and for the recovery of degraded areas,
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since there are good growth results in experimental
plantations [15,16,17]. Therefore, the hypothesis of the
study is that the climatic changes affect the phenophases
of the Amazonian species and impair the production of
fruits, thus reducing the supply of seeds for trees’
reproduction and reducing the source of food for animals,
changing the forest’s ecological balance.

. MATERIALS AND METHODS

The studies were conducted in the ADFR, located
26 km north of Manaus, on AM-010 Road, measuring
10,072 ha in an upland rainforest at 59°52°40” to
59°52°00” west longitude and 03°00°00” to 03°08°00”
south latitude [18] and in the TFES, located at
approximately 45 km north of Manaus, on BR-174 Road,
measuring 21,000 ha, at 2°37’ to 2°38’ south latitude and
60°09° to 60°11” west longitude [19].

According to the Kdppen classification system,
local climate is designated Afi: A - tropical climate with
virtually no winter, the average temperature for the
coldest month is never lower than 18°C; f - rains
throughout the year; i - indicating isotherm, that is, the
annual average temperature fluctuations do not reach 5°C;
there is no winter or summer [19]. Climatological data
used in this study were provided by the Coordination of
Research on Environmental Sciences of the National
Institute of Amazonian Research (INPA) and collected at
the climatological station of the ADFR for the two
experimental areas, which is located approximately 30 km
away from the TFES.

The Figure 1 shows annual rainfall and minimum,
average and maximum temperatures from in twenty-seven
years data (1974-2000).

The driest month was August with 101 mm and
the month with the highest average precipitation was
April with 304.34 mm. The average monthly temperature
ranged from 25.5°C to 26.7°C. The average of minimum
temperatures that predominated were around 22°C.
Maximum temperatures ranged from 31.3°C to 33.4°C at
the end of the dry season, whereas the lowest values were
observed in the rainy season 22,1°C.

The frequent rainfall which extend from
November to May, called rainy season, reached monthly
averages over 263 mm and lower average temperatures of
25,8° C. There is also a less humid period between June
and October, with less constant rainfall, but no water
deficit. In this period, there was an average rainfall of 121
mm per month and higher temperatures of 32,5 ° C,
considered as the dry season.

The predominant vegetation in the region was
classified as a tropical upland rainforest, characterized by
a great diversity of tree, shrub and herbaceous species
[20,21].
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The forest that covers the areas studied in this
work is part of the Amazon Moist Forest [22] which is
always green, as the trees never lose all the foliage, at the
same time, and has a large number of tree species that are
usually divided into three distinct strata.

The upper or dominant stratum is formed by large
trees with DBH (diameter at breast height) greater than 1
m and height sometimes reaching 45 m or more, as
happens with  Cedrelinga catenaeformis  Ducke
(Mimosoideae) and Dinizia excelsa Ducke (Fabaceae).
The intermediate stratum (vegetation layer) is composed
of smaller trees, whose DBH may exceed 1 m, but their
height is usually below 45 m, as happens with
Enterolobium schomburgkii Bth (Fabaceae), Aniba duckei
Kostermans (Lauraceae), and palm trees such as Euterpe
oleracea Mart. (Arecaceae) and Mauritia aculeata H.B.K.
(Arecaceae). The lower stratum consists of species that
develop in heavy shade conditions, such as Geonoma
deversa (Poit) Kunth. (Arecaceae), Manicaria saccifera
Gaertn (Arecaceae) and other shrubs and herbaceous
plants [23].

The trees of the phenological study were
previously selected in the forest according to their habitat,
height, DBH and stem form [1]. Five C. guianensis
individuals were sampled from the ADFR and five from
the TFES. Subjects were observed with the aid of
binoculars to record the phenological phases. Monthly
observations were carried out in this study. The following
phenophases were analyzed: flowering and fruiting. The
flowering was divided in “flower buds” (appearance) and
“anthesis” (early flowering). The Fruiting, divided into
“immature fruits” (appearing new fruits) and “mature
fruits” (presence of ripe fruits). The analysis was done
from data collected monthly to verify the frequency of
events, from 1974 to 2000 [2].

Phenological patterns are described according to
“frequency” - number of cycles with and without
phenophases per year, “regularity” - variation in the time
of occurrence and, "duration of cycles or phases™ - time in
months that an individual remains in a phase or cycle
[23,24].

The repetitive occurrence of phenological events
in the year is called “annual frequency”. According to the
annual frequency of flowering and fruiting, the species
are classified as: “sub-annual” (more than one event per
year), “annual” (one event each year) and “over-annual”
(events at intervals of two years or more) [24].

The phenological data of ADFR and TFES were
stored in DBASE Il software and analyzed in
FENOLOG, which is a software developed at the
Coordination of Research on Tropical Forestry of INPA.
The relationships between phenological data and climate
variables was calculated by the non-parametric analysis of
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Spearman's correlation coefficient, considering the
monthly average values of climate variables [25].

1. RESULTS
3.1 — Occurrence and pattern of phenophases
3.1.1 “Flower bud” phenophase

The “flower bud” phenophase of C. guianensis in
TFES presented annual frequency, normally occurring at
the beginning of the rainy season and positive correlation
with the minimum temperature (rs = 0.11, p <0.05) and
day length (rs = 0.24, p <0.01).

The greatest number of trees (3-4) with “flower
bud” per month occurred in the years 1975 (Jan), 1976
(Dec), 1977 and 1978 (Nov), 1979 (Set), 1980 (Oct),
1983 (Jan), 1984 end 1986 (Oct), 1987 (Dec) and 1988
(Nov). In the years 1981, 1985, 1989, 1990 and 1991,
there were no trees with flower buds. Only in 1992 two
trees produced bud flower, but only one tree in the years
1982, 1992 until 1999 (Fig 2A).

The peaks of occurrence (three or more trees per
year) were registered in 1975 (Jan and Nov), 1976 (Nov
and Dec), 1977 and 1978 (Nov), 1979 (Feb, Sep and Oct),
1980 (Oct and Dec), 1983 (Jan), 1984 and 1986 (Oct),
1987 (Dec), and 1988(Nov) (Fig 2A).

The “flower bud” phenophase of C. guianensis in
ADRF presented annual frequency occurring at the
beginning of the rainy season, and positive correlation
with the minimum temperature (rs=0,12; p<0,05) and day
length (rs=0,21; p<0,01).

The greatest number of trees (3-5) with “flower
bud” per month occurred in the years 1976 (Jan, Nov and
Dec), 1977 (Nov and Dec), 1979 (Feb, Ago, Sep and
Oct), 1989 (Nov), 1980 (Oct) But without flower bud,
were observed in 1975, 1978, 1980, 1986, 1988, 1990,
1991, 1992, 1994, 1997 e 1998. Only in 1985 (Jun), 1995
(Nov and Dec) and 1999 (Sep) two trees produced bud
flower, but only one tree in the years 1974 (Jul),1976
(Jan), 1979 (Aug, Sep and Oct), 1981 and 1982 (Nov),
1983 (Oct and Nov), 1984 (Feb, Oct, Nov and Dec), 1987
(Jul), 1993 (Aug), 1996 (Oct), 1999 (Oct and Nov) and
2000 (Nov) (Fig 2B).

The peaks of occurrence were registered in 1976
(Jan, Nov and Dec), 1977 (Nov and Dec), 1979 Feb, Aug,
Sep an Oct), 1984 (Feb, Oct, Nov and Dec), 1989 (Nov),
1995 (Nov and Dec), 1999 (Sep, Oct and Nov) (Fig 2B).

3.1.2 - Anthesis phenophase

The Anthesis of C. guianensis in TFES, had the
tendency of wusually starting during the higher
precipitation season and presented a positive correlation
with minimum temperature (rs = 0.14; p < 0.01).

The greatest number of trees (3-5) per month
occurred the anthesis in the years 1975 (Jan and Feb),
1976 (Dec), 1977 (Nov and Dec), 1978 (Nov), 1979 (Sep
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and Oct), 1980 (Oct, Nov and Dec), 1983 (Jan and Feb),
1984 and 1986 (Oct and Nov), 1988 (Jan, Nov and Dec).
But without anthesis were observed in 1981, 1985, 1988,
1990 and 1991. Only in 1978 (Dec) and 1979 (Jan) two
trees they were in anthesis, but only one tree in the years
1975 (Nov and Dec), 1976 (Nov), 1979 (Sep and Nov),
1982 (Sep and Oct), 1992 (Mar), 1993 (Jan, Sept and
Oct), 1994, 1995 and 1997 (Oct and Nov), 1998 (Sep and
Oct) and 1999 (Feb) (Fig 3A).

The peaks of occurrence were registered in 1975
(Jan, Feb, Nov and Dec), 1976, 1977 and 1978 (Nov and
Dec), 19779(Jan, Feb, Sep, Oct and Nov), 1980 (Oct, Nov
and Dec), 1983 (Jan and Feb), 1984 and 1986 (Oct and
Nov), 1987 (Dec), 1988 (Jan, Nov and Dec), 1992 (Mar,
Apr and Dec) and 1993 (Jan, Sep and Oct) (Fig 3A).

The greatest number of trees (3-5) per month in
ADFR occurred the anthesis in the years 1976 (Jan and
Nov), 1977 (Jan and Dec), 1978 (Jan), 1982 and 1983
(Jan), 1989 (Nov) and 2000 (Jan). But without anthesis
were observed in 1974 to 1975, 1980, 1986, 1988, 1991
to 1992, 1994, 1997 to 1998. Only in 1985 (Jun), 1995
(Dec) and 1999 (Oct) two trees they were in anthesis, but
only one tree in the years 1976 (Feb), 1979 (Feb, Sep,
Oct, Nov and Dec), 1981, 1982, 1983 (Jan, Nov and Dec),
1984 (Feb, Mar, Oct, Nov and Dec), 1985 (Jan, Jun and
Jul), 1987 (Jul and Aug), 1990 (Jan), 1993 (Ago and Sep),
1996 (Oct, Nov and Dec), 1999 (Dec) and 2000 (Nov and
Dec) (Fig 3B).

The peaks of occurrence were registered in 1976
(Jan, Feb and Nov), 1977 (Jan and Dec), 1978 (Jan), 1979
(Feb, Sep, Oct, Nov and Dec), 1982 and 1983 (Jan, Nov
and Dec), 1984 (Feb, Mar, Oct, Nov and Dec), 1985 (Jan,
Jun and Jul), 1989 (Nov), 1996 and 1999 (Oct, Nov and
Dec) and 2000 (Jan, Nov and Dec) (Fig 3B).

3.1.3 - Immature fruit phenophase

The production of immature fruits in the TFES
presented highest annual frequency, usually occurring
during rainy season (Dec, Jan and Feb) (Fig. 4A). It
showed significant positive correlation with precipitation
(rs = 0.19; p < 0.01) and minimum temperature (rs = 0.20;
p < 0.01), and significant negative correlation with
maximum temperature (rs = - 0.24; p < 0.01).

The greatest number of trees (3-5) per month the
immature fruit occurred in the years 1975 (Mar), 1979
(Nov and Dec), 1980 (Jan), 1981 (Jan and Feb), 1983
(Mar), 1986 (Dec), 1987 (Jan), 1988 (Feb and Mar). But
without immature fruit was observed in 1985, 1990, 1991
and 2000. Only in 1975 (Apr), 1977 (Jan), 1978 and 1989
(Jan and Feb), two trees had immature fruit, but in only
one tree in the years 1976 and 1978 (Dec),1982 (Nov and
Dec), 1984 (Dec), 1992 (May, Jun, Jul, Aug, Sep and
Oct), 1993 (Mar, Apr, May, Nov and Dec), 1994 (Dec
and Jan), 1995(Jan, Feb, Mar and Dec), 1996 (Jan and
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Feb), 1997 (Jan, Feb, Mar, Apr, May and Dec), 1998
(Jan, Feb, Nov and Dec), 1999 (Mar) (Fig 4A.

The peaks of occurrence were registered in 1975
(Mar and Apr), 1978 (Jan, Feb and Dec), 1979 (Feb, Nov
and Dec), 1980 (Jan), 1981 (Jan and Feb), 1983 (Mar),
1986 (Dec), 1987 (Jan), 1988 (Feb and Mar), 1989 (Jan
and Feb), 1992 (May, Jun, Jul, Aug, Sep and Oct), 1993
(Mar, Apr, Nov and Dec), 1995 (Jan, Feb, Mar and Dec),
1997 (Jan, Feb, Mar, Apr, May and Dec) and 1998 (Jan,
Feb, Nov and Dec) (Fig 4A).

In the ADFR, the phenophase “immature fruit”
presented an over-annual pattern that occurred during
rainy season.

The greatest number of trees (3-5) per month in
ADFR occurred the “immature fruit” in the years 1974
(Jan), 1976 (Mar), 1982 (Feb) and 1983 (Mar and Apr).
But without “immature fruit” was observed in 1975, from
1977 to 1981, 1986, 1988, 1989, 1991, 1992, 1994, 1995,
1996 and, from 1998 to 2000. Only in 1982 (Mar), two
trees had “immature fruit”, but only one tree in the years
1984 (May), 1985(Jan), 1987 (Sep, Oct), 1990 (Mar),
1993 (Out) and 1997(Jan and Feb) (Fig 4B).

The peaks of occurrence were registered in 1974
(Jan), 1976 (Mar), 1982 (Feb and Mar), 1983 (Mar and
Apr) (Fig 4B).

The longest intervals were observed from 1977 to
1981, in a 5-years period, and from 1994 to 1996 as well
as from 1998 to 2000, in a 3-years period (Fig. 4B).

3.1.4 - Mature fruit phenophase

The phenophase “mature fruits” in the TFES
presented an annual pattern and happened during rainy
season (Fig. 5A). In this area, the occurrence of mature
fruits was considered rare. Nonetheless, it tended to occur
during rainy season, and showed significant positive
correlation with precipitation (rs = 0.22; p < 0.05) and
minimum temperature (rs = 0.11; p < 0.05).

The greatest number of trees (3) per month the
mature fruit occurred in the years 1983 (Mar), 1987 (Feb)
and 1988 (Apr). Only in 1974 (Mar), two trees had
“mature fruit”. But without immature fruit was observed
from 1975 to 1982, in 1984, 1986, from 1989 to 1993 and
1996. Only in one tree occurred in 1985 (Jan), 1994
(Mar), 1995 (Apr), 1997 (Jun), 1998 (Mar) and 1999
(Apr) (Fig 5A).

The peaks of occurrence were registered in 1983
(Mar), 1987 (Feb) and 1988 Apr) (Fig 5A).

The phenophase “mature fruits” in the ADFR
presented annual frequency irregular (Fig. 5B). It tended
to happen during rainy season and showed a significant
positive correlation with precipitation (rs = 0,12; p <
0,05).

The greatest number of trees (3-5) per month the
mature fruit occurred in the years 1974 (Feb) and 1983
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(May and Jun). But without mature fruit was observed in
1975, from 1977 to 1981, 1984, 1986, 1988, 1989, 1991,
1992, from 1994 to 1996, and 1998 until 2000. Only in
1976 (April), two trees had mature fruit. Only in one tree
in 1982 (Apr), 1985 (Feb), 1987 (Oct and Nov), 1990
(Apr), 1993 (Nov) and 1997 (Mar, Apr, May and Jun)
(Fig 5B).

The peaks of occurrence were registered in 1974
(Feb), 1983 (May, Jun) and 1997 (Mar, Apr, May, Jun)
(Fig 5B).

3.2. Duration of phenophase

The variation of “flowering” phenophase duration
(flower buds and anthesis) in C. guianensis in TFES and
ADFR, was lower than that of “fruiting” phenophase.
While "flower buds" ranged from one to three months in
TFES, in ADFR it was one to four months. The "anthesis"
had no differences and the variation was from one to five
months. However, "immature fruits” in the TFES ranged
from one to six months and in ADFR ranged from one to
two months. "Mature fruits" did not change in the TFES
and occurred in one month, but in the ADFR the variation
was one to four months (Table 1).

The differences in phenophases duration, mainly
fruiting of C. guianensis, between the two areas may be
related to the adaptation strategies to the environment,
especially herbivory by mammals and insects, since the
area of the ADFR is limited by the urban expansion of
Manaus city, concentrating the action of predators,
whereas in TFES with larger area, it does not have
physical barriers with other parts of the native tropical
forest in the Manaus region.

V. DISCUSSION
4.1 — Occurrence and pattern of phenophases

The flowering (flower buds and anthesis) of C.
guianensis in the TFES and ADFR tends to happen in
October, November, December and February. Similarly,
flowering of Couepia edulis Prance, (Chrysobalanaceae)
was observed in areas of the cities of Coari and Tefé, in
the State of Amazonas, between February and March
(rainy season), but found no differences in the
phenological pattern of both study areas [26].

For the species Caryocar villosum Aubl
(Caryocaraceae) within the ADFR, it was observed the
occurrence of flowering during July and August (dry
season). The same species being observed at Curua-Una,
another Experimental Station in the State of Pard, showed
bloom in September and October, and also in the dry
season [1, 27].

The fruiting (immature and mature fruits) in the
TFES and ADFR tended to start in the period of most
precipitation (November to May), what evidences the
tendency of fruit production during the rainy season in
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agreement with what was verified for most of the species
assessed in the ADFR [2] and for species assessed in an
area near Belém - Para [28]. However, the production of
mature fruits of C. guianensis, in both study areas,
showed intervals between the occurrences, which suggest
a predation tendency of the fruit before maturation. These
data are in agreement with the studies carried out on the
evaluation of the production of mature fruits by species of
the Amazonian forest [2, 8].

Meanwhile, the flowering and fruiting of C.
guianensis, in twenty-seven years, occurred at the
maximum in four among five trees, except the fruiting in
the year 1974 in the ADFR. These result shows that the
species can flowering and fruiting annually, but not all
adult trees of the species flower and fruit each year.

4.2. Duration of phenophases

In the TFES, the highest frequency of flowering
and immature fruits was two months, whereas of mature
fruits was one month. In the ADFR, the highest frequency
of flowering was two months and of mature and immature
fruits was one month.

Different authors reported similar results.
Flowering intervals ranging from one to seven months for
in twenty-seven species were evaluated in the ADFR, and
the most frequent duration was observed in twelve years
of the study, it was three months. For fruiting, the
intervals ranged from one to nine months, and the most
frequent duration was five months [2]. An average
fruiting duration ranging from three to six months was
observed in a study of five species of Lecythidaceae in
ADFR [6]. The fruiting period was the phenological event
with the longest duration in the populations of Psychotria
nuda (Cham. & Schitdl.) Wawra (Rubiaceae) and P.
brasiliensis Vell. (Rubiaceae), and which more than 50%
of its individuals presented mature fruits during most of
the fruiting, which shows a high synchrony between the
two populations. [29]. A study of Guatteria australis St.
Hill (Annonaceae) in lowlands and sandbank forests
reported duration of fruiting ranging from four to five
months. [30].

We also observed that the duration of the
phenophase “immature fruits” of C. guianensis in the
TFES was longer than the duration of the flowering and
mature fruits, whereas in the ADFR, the total duration of
fruiting was longer than the duration of the flowering.
Such observations are in agreement with other studies that
verified a longer duration of fruiting (seven months) than
flowering (six months) in a study of Diplotrapis purpurea
[5].

The extended fruiting period of tropical plants
might as well be explained by the fact that; besides
dispersion, angiosperms must also have the strategy to
defend their fruits from damages caused by herbivores
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[31]. Plants can reduce the exposure time of ripe fruits by
remaining with their unripe fruits for several months and
ripening them little by little during fruiting [32]. Andiroba
fruits are a source of primary food for rodents, armadillos,
wild pigs, deer, etc. [33]. The Seeds can also be predated
by insects (Hypsipyla ferrealis Hampson (Lepidoptera:
Pyralidae) [34]. The area of the ADFR, surrounded by
Manaus city may have influenced the local microclimate
and the interaction with plants and animals and the
modifications in regularity of phenophases.

V. CONCLUSIONS

The frequency of occurrence was annual from
“flower bud” to “immature fruit” phenophases of C.
guianensis in TFES, but was over-annual only in “mature
fruits”. But in ADFR, was annual from “flower bud” to
“anthesis” and was over-annual in immature fruit” and
“mature fruit”.

The “flowering” in the TFES started in a higher
precipitation season; meanwhile at ADFR it was irregular.
The “mature and “immature fruits” in both areas occurred
more frequently in rainiest season, but in the ADFR the
“mature fruits” were more irregular.

The duration of the “flower bud” phenophase and
“anthesis” were similar in areas; however, “immature
fruits” in the TFES, in general, was higher than in the
ADFR. But “mature fruits” were higher in ADFR.

The annual flowering and fruiting of C. guianensis
did not occur at the same time in all trees of the species,
possibly due do the influence of the great intraspecific
genetic variability in native forests in interaction with the
environment.
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Fig.1: Annual rainfall, minimum, average and maximum temperatures between years
1974 to 2000 in Manaus, Central Amazon Brazil.
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Fig.2: Flowering pattern (Flower bud) of Carapa guianensis in number of trees with flowers buds
per month, in each year of observation. (A) Tropical Forestry Experimental Station — TFES (n=5)
and (B) Adolpho Ducke Forest Reserve - ADFR (n=5) belonging to the National Institute of
Amazonian Research - INPA, Manaus, Central Amazon Brazil.
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Fig.3: Flowering pattern (anthesis) of Carapa guianensis in number of trees flowering per month, in
each year of observation. (A) Tropical Forestry Experimental Station — TFES (n=5) and (B) Adolpho
Ducke Forest Reserve - ADFR (n=5) belonging to the National Institute of Amazonian Research - INPA,
Manaus, Central Amazon Brazil.
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Figure 4. - Fruiting pattern (immature fruits) of Carapa guianensis in number of fruiting trees per month, in
each year of observation. (A) Tropical Forestry Experimental Station — TFES (n=5) and (B) Adolpho Ducke
Forest Reserve - ADFR (n=5) belonging to the National Institute of Amazonian Research - INPA, Manaus,
Central Amazon Brazil.
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Fig.5: Fruiting pattern (mature fruits) of Carapa guianensis in number of trees fruiting per month, in each year of
observation. (A) Tropical Forestry Experimental Station — TFES (n=5) and (B) Adolpho Ducke Forest Reserve - ADFR
(n=5) belonging to the National Institute of Amazonian Research - INPA, Manaus, Central Amazon Brazil.

(ADFR) in Manaus, Central Amazon Brazil.

Table.1: Duration (months) of Flower buds, Anthesis, Immature fruits and Mature fruits phenophases of Carapa
guianensis Aubl. (Meliaceae) in Tropical Forest Experimental Station (TFES) and Adolpho Ducke Forest Research

Phenophase
Local study Flower buds Anthesis Immature fruits Mature fruits
TFES 1-3 1-5 1-6 1
ADFR 1-4 1-5 1-2 1-4
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Assessing indicators of runoff and erosion by
rain simulation in the Ben Ahmed watershed
(Central Morocco)

Asserar Nazha'?*, Moussadek Rachid?, EI Azzouzi Fatiha®, Zouahri Abdelmjid?, Douira
Allalt

!Department of Biology, Laboratory of Botany and Plant Protection, Ibn Tofail University, Faculty of Science, B.P 242,
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2Department of Environment and Natural Resource Conservation, National Institute of Agricultural Research, B.P: 6356,
Instituts, 10101 - Rabat, Morocco
SDepartment of Biology, Faculty of Science, Laboratory of Nutrition, Health and Environment, BP. 133, lbn Tofail
University, Kenitra, Morocco.

Abstract— The objective of this study was to investigate the risks of runoff and erosion of soils in the Ben Ahmed watershed,
it’s located in the region of casa-settat, 70 km south-east of Casablanca, and characterized by a semi-arid climate. The study
consists of measuring on 1 m? plot, the volumes of runoff and sediments, under the influence of rainfall generation (60mm/30
min). Soil samples were collected from each plot to determine texture, organic matter and humidity. Results obtained show
that the detachability varies between 19 and 34 g/l, infiltrability oscillate between 15 and 37 mm.h". Pearson correlation test
shows that infiltration was negatively correlated with runoff and soil detachability (R=-0.99, R=-0.87 respectively). It‘s
significantly correlated with the proportions of sand(R=0.69), silt (R= -0.98) an clay (R= 0.92), however, is weakly
correlated with organic matter (R=-0.32). Infiltration and detachability were significantly correlated with humidity (R = -
0.99, R = -0.63respectively).

Keywords— detachability, runoff, infiltration, rain simulation, Ben Ahmed watershed, central Morocco.

Recherche d’indicateurs de ruissellement et
d’érosion au moyen de simulation de pluie dans
le bassin versant de Ben Ahmed (Maroc central)

Résumé— L objectif de ce travail est d’étudier les risques de ruissellement et d’érosion dans le bassin versant de Ben
Ahmed, au moyen d’un simulateur de pluie. Le bassin se situe dans la région de Casa-Settat, a 70 km au Sud-Est de
Casablanca, caractérisé par un climat de type semi-aride. L ’éfude consiste a mesurer sur une parcelle de 1m? les
volumes d’eau ruisselés et les quantités des sédiments érodés sous l'influence d’une averse générée avec une intensité
érosive de 60 mm pendant 30 min. Ainsi, des échantillons de sol ont été prélevés de chaque parcelle, pour déterminer la
texture, la matiére organique et /’humidité. Les résultats obtenus montrent que la détachabilité varie entre 19 et 34 g.I?%,
Uinfiltrabilité oscille entre 15 et 37 mm.h%, Le test de corrélation de Pearson montre que [’infiltration est négativement
corrélée avec le coefficient de ruissellement et la détachabilité (R= - 0.99, R= -0.87 respectivement). Elle est corrélée
significativement avec les proportions de sable (R= 0.69), limon (R= -0.98) et avec celle de I’argile (R= 0.92), par contre
une faible corrélation est observée avec la matiére organique (R=-0,32). L’infiltration et la détachabilté étaient
significativement corrélées avec I’humidité (R= -0.99, R= - 0.63 respectivement).

Mots clé — détachabilite, ruissellement, infiltration, simulation de pluie, Ben Ahmed, Maroc central.

www.ijeab.com Page | 725


http://dx.doi.org/10.22161/ijeab/3.3.2
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.orq/10.22161/ijeab/3.3.2

Vol-3, Issue-3, May-June- 2018
ISSN: 2456-1878

l. INTRODUCTION
Le sol est un milieu vivant issu de I’altération physique et
chimique de la roche mere sous I’action des agents
climatiques (température, précipitation, humidité...) et
biologiques. I assure plusieurs fonctions écologiques
(Thiombiano, 2015) : fonctions biologique, fonction de
stockage et de support et fonction alimentaire.
La dégradation des terres peut résulter de la fragilité des
écosystemes des terres, qui, sous la pression humaine
excessive ou des changements drastiques dans l'utilisation
des terres, réduisent leur productivité et leur résilience
(Turkelboom et al., 2008). Pour la plupart des sols,
I’érosion hydrique est le processus le plus commun
entrainant la dégradation des sols. (Stocking et Niamh,
2000).
L’érosion des sols associé a la dégradation des terres sont
des phénomeénes spatio-temporels qui prennent de
I’ampleur dans un plusieurs pays du monde (Hoyos, 2005;
Pandey et al., 2009 ).
L'érosion des sols en termes réels met en danger la
sécurité alimentaire, la productivité subsistance du sol, la
surface stockage de I'eau, la qualité de I'eau de surface, la
beauté du paysage et I'équilibre écologique naturel. Sa
solution réside dans [’adaptation des pratiques de
conservation (Toumi, 2013).
Depuis les années trente, 1’érosion des sols a recu une
attention importante des chercheurs et aménagistes. Ceci a
permis de bien comprendre et de quantifier les processus
de I’érosion dans différents environnements pédologiques,
climatiques et culturales. En outre, un grand nombre de
techniques de quantification ont été développées et
adaptées a ces différents environnements.
Les méthodes utilisées dans la quantification de 1’érosion
varient en fonction des objectifs, des moyens et des
échelles d’étude. La simulation de pluie constitue 1’une
des méthodes les plus fréqguemment utilisée sur terrain
pour déterminer, a une petite échelle correspondant a la
surface élémentaire représentative d’une parcelle (cultivee
ou non) et sous diverses conditions de pluie et de sol,
certaines caractéristiques hydrodynamiques des sols, et
mesurer le ruissellement et les pertes en sol induites.
Plusieurs types de simulateur de pluie existent et peuvent
arroser des surfaces allant d’un meétre carré a une
cinquantaine de meétres carrés (Benkhelil et al., 2004).
Ces simulateurs de pluie présentent 1’avantage d’étre des
dispositifs mobiles, d’avoir la capacité de produire des
averses avec les fréquences, les intensités et les quantités
de pluies semblables a des pluies naturelles ou a des
événements rares.
Notre objectif est 1’étude de 1’érosion et du ruissellement
des sols au niveau du bassin versant de Ben Ahmed. Une
étude quantitative basée sur une campagne de
simulation de pluie, a été réalisée dans le bassin versant
de Ben Ahmed, situé @ 70 km au sud-est de

www.ijeab.com

Casablanca. Les expérimentations consistent a mesurer
sur des sites expérimentaux les volumes d’eau
ruisselés et les quantités des sédiments érodés sous
I’influence d’une averse générée par un simulateur de
pluie.

1. MATERIEL ET METHODE
Zone d’étude
La zone d’étude se située dans la région de Casa-Settat, a
70 km au Sud-Est de Casablanca, au centre du Maroc
(33°06°43"°N, 7°24°21° W), sur une superficie de 545 ha.
Le climat est de type semi-aride, influencé par I’océan
Atlantique, avec des hivers tempérés et des étés chauds.
L'étude des séries chronologiques des précipitations
fournies par I'Agence de Bassin Hydraulique de
Bouregreg (ABHBC), qui couvre une période de 40 ans
(1968 a 2010), nous a permis de constater que le bassins
versant jouisse dans I'ensemble d'une pluviométrie
moyenne pour des latitudes semi aride. De I'Ouest a I'Est,
les exutoires de ce bassin recoivent annuellement en
moyenne 328 mm.
Simulation de pluie
L’étude des phénomenes de ruissellement et de transports
solides a été menée par méthode expérimental sur terrain
pour deux types de sol du bassin versant de Ben Ahmed.
La méthode employée consiste a provoquer du
ruissellement sur des parcelles de 1m? & I’aide d’un
simulateur de pluie de type ORSTOM.
Les mesures de l’intensité du ruissellement et des
transports solides ainsi provoqués, correspondent & une
intensité d’averse de 60 mm pendant 30 minutes.
Les éléments de la structure du simulateur sont 1/ la téte
du simulateur, suspendue dans la partie supérieure de la
tour et constitue le moteur de [I’asperseur, 2/ un
manometre qui permet le contrdle de la pression de 1’eau,
3/ une béache pour isoler le simulateur des effets du vent
ou d’une éventuelle pluie naturelle, 4/ des tuyaux
d’arrivée et de sortie de I’eau et 5/ des cébles de
commande de la téte (G).
Ce simulateur de pluie est constitué d’un systéme
d’arrosage fixé au sommet d’une tour pyramidale de 2 m
de haut. L’aspersion est assurée par un gicleur calibré
monté sur un bras mobile. L’angle de balancement du
bras permet d’ajuster D’intensit¢é de pluie nécessaire
tombant sur la parcelle d’étude.
Les variations de cet angle modifient la surface arrosée et,
de ce fait, I’intensité de la pluie sur la parcelle d’un metre
carré, étudiée.
L’alimentation en eau est assurée par une motopompe.
L’installation d’'un manomeétre dans la tour permet de
régler la pression d’admission de 1’eau (0,8-0,9 bar) au
gicleur.
La parcelle étudiée est limitée par un cadre métallique
d’un metre carré enfoncé dans la terre jusqu'a une
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profondeur de 10 cm. Un systéme de recueil des
eaux, constitué d'une gouttiere collectrice limite la
parcelle a sa base et recoit I'eau ruisselée et les sédiments.
Pour chacune des micro-parcelles, une séquence de pluie
érosive de 60 mm/h a été simulée pendant 30 min. Les
volumes de ruissellement ont été prélevée pendant chaque
minute grace a un systeme gouttieres installé au
niveau des micro-parcelles. Les volumes des charges
solides ont été prélevés durant chaque 5 min.

D’autre parameétres ont été mesurés et calculés lors de la
simulation de pluie, notamment :

-Les lames ruisselées) (LR en mm);

- Les lames infiltrées, calculées comme suit: Linf=Pluie-
LR (en mm);

-Les coefficients d’écoulement : Ke = (LR/pluie) x100)
(%);

-Les concentrations en sédiments de I’eau de
ruissellement (Conc) (en g. I'Y);

Echantillonnage du sol

Des échantillons de sol ont été prélevés de chaque site
expérimental a une profondeur de 0-20 cm. Ces
échantillons ont été séchés a I’air libre et analysés apres
au laboratoire d’analyse des sols de I’'INRA de Rabat
pour déterminer leur teneur en matiére organique, texture
et ’humidité.

La distribution granulométrique a été déterminée en
utilisant la méthode de pipette Robinson, alors que la
teneur en matiere organique a été estimée en utilisant la
méthode de walkley-Black (Walkley et Black
1934).

Tests statistiques

Un moyen de variance a été utilisé pour déterminer la
différence entre les sols étudiés (ANOVA). Les
relations entre les différents paramétres du sol étaient
déterminées par le test de corrélation de Pearson. Tous les
tests ont été réalisés a l'aide du logiciel SPSS.

. RESULTATS

Granulométrie

L’analyse granulométrique montre qu’il y a une
différence de texture des sols entre les sites
expérimentaux. L’argile et le limon sont les fractions
granulomeétriques les plus représentatives dans la couche
arable sur les quatre sites. Le sable reste la fraction
la moins représentée avec moins de 20 % de terre
fine (Tableau. 1) . Selon les limites des classes
granulométriques utilisées dans le systeme
USDAJFAO, les sols étudiés entrent dans les classes
« Argileuse » pour les deux premiers sites «Limono-
Argileuse » pour le site3, Limoneuse pour le site 4.

Tableau.l : Résultats de I’analyse granulométrique

Granulométrie

Sites Sols

Argile(%) Limon(%o) Sable(%0) CaCo3(%) Texture
1 Peu Evolués d'Apport 47.1 36.2 16.7 2.2 Argileuse
2 Rendzines 47.1 26.1 26.8 14 Argileuse
Limono
3 Peu Evolués d'Apport 41.7 45.1 13.2 35 Argileuse
4  Rendzines 22.6 61.7 15.7 4 Limoneuse

Matiére organique et humidité

Les résultats de la matiére organique (%) et I’humidité
(%) sont présentés dans le tableau 2. Les teneurs en
matiére  organique mesurés sur 1’ensemble des
échantillons du sol prélevés de chaque site expérimental,
sont compris entre 1.2 % 3.3%. La teneur la plus
faible a été trouvée dans les sols du site 2, tandis que le
site 4 enregistre une teneur de 3% (Tableau.2). Ces
résultats montrent que les sites d’expérimentation sont

caractérisés par des sols pauvres & moyennement pourvus
en matiéres organique.

Les valeurs de I’humidité varient de 31 & 44,5% et la
valeur la plus élevée (44%) est observée dans les
rendzines (sol du site 4), tandis que la valeur la plus faible
de ’humidité caractérise le sol peu évolué d’apport (site
3). Les tests de comparaison des moyennes effectuées a
travers les analyses statistiques indiquent une différence
significative entre les sols pour la teneur en matiére que
pour I’humidité.

Tableau.2 : Résultats de la matiére organique

Sites Sols

Peu Evolués d'Apport
Rendzines
Peu Evolués d'Apport
Rendzines

B W DN

MO% H%
M SD M SD
0.15 33a 1.00
0.10 38.3c 0.57
0.10 31b 0.16
0.10 44.5d 0.50

Mo matiére organique (%) H humidité (%), M moyen , SD coefficient de variance
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a, b, ¢, d: les valeurs suivies de la méme lettre ne sont pas significativement différentes (p< 0,05)

Infiltration et ruissellement

Le ruissellement est mesuré pendant chaque minute et
Iinfiltration est calculée a partir d’eau par soustraction
du ruissellement de 1’cau apportée. On observe, en
général, en fin d’expérience une stabilisation de cette

valeur que 1’on nomme infiltrabilité finale (Figure 1)
et dont les valeurs observées sont trés variables selon
les sols (Tableau 3). Lessols les plus infiltrants sont
les sols peu évolues d’apport (de 33 a37 mm.h?) et les
moins infiltrants sont les Rendzines ( 15 a 24 mm.h™2).

mmh
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Fig.1: Evolution du ruissellement et de I'infiltrabilité durant un test de simulation de pluie

Tableau.3 : Le ruissellement et I'infiltration lors de la simulation de pluie

Sites Sols LR(mm) Ke(%) Inf (mm/h)
M SD M SD
1 Peu Evolués d'Apport 27b 1 45 33c 1
2 Rendzines 36¢ 1 60 24b 1
3 Peu Evolués d'Apport 22a 1 37 37d 1
4 Rendzines 43d 0,58 72 15a 1

LR : lame ruisselé Ke : coefficient d’écoulement

Ainsi, avec une pluie de 60 mm durant 30 minutes sur le
sol peu évolué d’apport (site 1), le ruissellement est plus
important et atteint 27 mm, indiquant que 45% de pluie se
transformait en ruissellement. Par contre, la lame infiltrée
est de I’ordre de 33mm. Pour les rendzines (site2) la
lame ruisselée est de ’ordre de 36 mm indiquant que 60%
de pluie se transformait en ruissellement. Pour le sol peu
évolué d’apport (site 3), la lame ruisselée est de I’ordre de
23 mm/h, la lame infiltrée atteint 37 mm/h, ce qui
impligue que 38% de pluie se transformait en
ruissellement. En ce qui concerne le site 4 (Rendzines),
plus de 70% de pluie se transformait en ruissellement
avec un débit ruisselé de 43mm/h.

Inf : infiltration

Détachalité

La collecte des particules solides a 1’exutoire de la
parcelle permet de quantifier 1’érosion, bien qu’on ne
puisse pas parler d’érosion a 1’échelle d’une parcelle d’un
métre carré. Valentin (1981), propose le terme de
détachabilité et la définie comme I’aptitude d’un sol
a étre fractionner en particules susceptibles d’étre
transportées.

Le tableau 4 illustre une différence significative entre les
sols des quatre sites expérimentaux, les  valeurs
moyennes de la détachabilité pour chaque type de sol,
obtenues sur les 30 minutes du test de simulation
de pluie, varient de 19 g.L-1 au niveau des sols Peu
Evolués d'Apport (site 3), a 34,4g.L-1 sur les Rendzines
du site 2 (Tableau 4).

Tableau 4. Evolution de la détachabilité des sols

. CS (g/l)
Sites Sols ) )
1 Peu Evolués d'Apport 30.4d 0.72
2 Rendzines 34.4b 0.81
3 Peu Evolués d'Apport 19a 1
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4 Rendzines

27¢ 1

CS : concentration des sédiments (g.I"%)

Relation entre les paramétres hydrologique et les
parameétres de sol

L’¢tude de la relation entre les parameétres déterminés
(Tableau 5) montre que [Pinfiltration est négativement
corrélée avec le coefficient de ruissellement et la
détachabilité (R= - 0,99, R= -0.87 respectivement). La
texture montre également des corrélations significatives
avec linfiltrabilité. On observe dans le tableau 5 une
corrélation positive avec la proportion de sable (R= 0.69),
argile (R= 0.92) et négative avec celle de limon (R= -
0.98). Ces relations significatives sont dues en partie au
fait que les sols observés ont des textures trés contrastées
et que la corrélation n’est pas masquée par d’autres
facteurs.

Le coefficient de ruissellement, d’autre part, est
négativement corrélé avec ’infiltration  (R=-0.99) et
positivement corrélé avec la détachabilité (R= 0.90).

La détachabilité était positivement corrélée avec le
coefficient de ruissellement (R=0.90) et négativement
corrélée avec Iinfiltration (R=-0.87).

L’infiltration et la détachabilité étaient corrélés
négativement avec I’humidité (R=-0.99, R= -0.63
respectivement). Par contre, le coefficient de
ruissellement est corrélé positivement  (R= 0.99). Ces
résultats montrent que 1’humidité est un facteur qui
influence ’infiltration et I’apparition du ruissellement au
niveau du sol dans le basin versant de ben Ahmed. Les
paramétres hydrodynamiques et la matiere organique
étaient faiblement corrélés.

Tableau 1. Corrélation de Person entre les paramétres hydrologiques et les paramétres de sol

Paramétres de sol If (mm/h) Ke(%) D (g/m?/h)
Parametres  If 1

Kr -0,99** 1
D -0,87** 0,90** 1
Hzo -0,99* * 0,99** -0,63*

Paramétre MO -0,32 -0,34 0,37

physico- A 0, 92** -0,47 0,43

chimique S 0, 69* 0,58* 0,021
L -0,98** 0,03 0,21

If : infiltration (mm/h) ; Ke : coefficient (%) d’écoulement ; D : détachablité (g/m?) ; H : humidité (%) ; Mo : matiére

organique (%) ; S : sable (%) ; L : limon (%), A : argile (%).

V. DISCUSSION

Nos résultats montrent que la détachabilité du sol varie
entre 19 et 34 g/l, ces valeurs sont faibles par apport a
celles trouvées par Maiga-Yaleu (18,4 -177,1g/l) (Maiga-
Yaleu et al., 2015) en Sahel, et sont supérieures aux
valeurs trouvées en moyen de 12g/l par Mathys (Mathys
et al., 2005) et par Martinez-Mena (1,29-18,09 g/l)
(Martinez-Mena et al., 2001) dans une zone semi-aride
d’espagne.

Les tests de corrélation montrent que la détachabilité était
positivement corrélée avec le coefficient de ruissellement
(R=0,90) et négativement corrélée avec I’infiltration (R=-
0,87). Nous remarquons aussi que Dinfiltration est
négativement corrélée avec le coefficient de ruissellement
et la détachabilité (R= - 0,99, R= -0,87 respectivement).
Nos résultats sont similaires avec ceux obtenus par
Mehilo et al., 2017, qui ont réalisés des tests
d’infiltrabilité dans le bassin versant d’Ourika, Haut-Atlas
(Maroc).
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L infiltration est déterminée principalement par la texture
du sol, qui détermine correctement la perméabilité du
profil en I’absence d’intervention déterminante de la
structure du sol, ce qui concorde avec les résultats de
Marston et Dolan (1999) obtenus a partir de simulations
de pluie et par Cheggour et al. (2008) qui ont réalisé des
tests d’infiltrabilité dans le bassin versant du Rhéraya
(Haut-Atlas occidental, Maroc). En revanche, aucune
relation significative n’a été observée par Sabir et al.
(2004) qui ont réalisé aussi des tests d’infiltrabilité sur des
sols peu évolués du Rif central au Maroc. Contrairement &
ce qui est signalé par Sabir et al. (2007), I’infiltabilité est
faiblement corrélée avec la matiére organique (R=-0,32).
Il est intéressant de noter que [linfiltration et la
détachabilté étaient également corrélées significativement
avec I’humidité (R= -0,99, R= - 0, 63 respectivement).
Ces résultats concordent avec ceux de Kouamé Antoine
et al. (2015) et de Mehilo et al. (2017).

Les auteurs qui ont étudié I’infiltrabilité et la détachabilité
en relation avec les caractéristiques du sol, ont noté que
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les relations prépondérantes ne sont pas toujours les
mémes. Ces différences peuvent s’expliquer en partie par
le fait que ces expériences n’ont pas toujours été faites
avec les mémes dispositifs, et donc avec un possible effet
de mode opératoire. Toutefois, ces variations dans les
relations observées sont aussi dues aux différences entre
les milieux étudiés; chaque contexte étant 1’objet de
processus dont I’importance relative varie, les processus
dominants masquant les autres dans leur relation aux
indicateurs mesurés.

V. CONCLUSION
Les résultats de cette ¢étude montrent que 1’infiltration
permet d’identifier les facteurs responsables du
ruissellement et donc de I’érosion hydrique. Grace au
dispositif expérimental utilisé, les résultats obtenus sont
utiles pour comprendre les risques de ruissellement et
d’¢érosion dans le bassin versant de Ben Ahmed.
Ainsi, ces résultats montrent que [infiltration est
négativement corrélée avec le coefficient de ruissellement
et la détachabilité (R= - 0,99, R= -0,87 respectivement).
De la méme maniére elle est corrélée significativement
avec I’humidité (R= -0,99) et les proportions de sable
(R=10,69), limon (R=-0,98) et avec celle de I’argile (R=
0,92).
Ces relations permettent une premiére analyse des
processus dominants de 1’érosion et une hiérarchisation
des facteurs dans le bassin versant de Ben Ahmed.
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Abstract— The effect of drought on most agricultural
crops results inmany problems for the producers in
Nigeria and even other parts of the world. These problems
include reduced vegetative parameters and yield loss
which consequently lead to reduced income for the
growers of the crops. The most direct way of avoiding
drought is to discover or create drought tolerant varieties
of sweet potato. Sweet potato is a crop which is part of the
Nigerian diet due to its perceived nutritive values. A field
experiment was carried out in Bowen University, lwo to
evaluate different cultivars of sweet potato for drought
tolerance. The experimental design was laid in
Randomized Complete Block Design with three replicates
and three treatments including the mild water stress (32
days of drought), severe water stress (from the day of
drought till harvest) and nowater stress (control). Results
showed that under the control treatment, the highest yield
was from the Local variety 1 with 127.63 g while the
lowest yield under control was from Local variety 2 with
39.20 g. Under the mild water stress, the highest yield was
from Introduced variety 1 with 272.46 g while the lowest
yield was from Local variety 2 with 59.66 g. Under the
severe water stress, the highest yield was from Local
variety 1 with 41.15 g while the lowest yield was from
Introduced variety 1 with 0 g. The highest yield among the
three treatment methods was under the mild water stress
treatment from Introduced variety 1 with 272.46
g.Therefore, variety 3, the local variety, is recommended
under severe drought based on the above reason but under
moderate drought,the Introduced variety i.e. variety 1
(orange fleshed sweet potato) is preferred because it had
the highest yield and is also of high nutrient content
compared to the other varieties.

Keywords— drought, field experiment, sweet potato,
tolerance.

I INTRODUCTION
Sweet potato (Ipomea batatas [L.] Lam.) is an
economically important crop in the world and particularly
in Nigeria. Sweet potato occupies the position of seventh
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most important crop in terms of global production and in
developing countries it ranks third in value of production
and fifth in caloric contribution to the human diet [1].
Uganda, Nigeria, Tanzania, = Angola, Burundi,
Mozambique, Madagascar, Rwanda and Ethiopia, China,
Indonesia, Viet Nam, India, USA and Japan are the top 15
sweet potato producers in the world [2]. It contributes
significantly to the agricultural production of Sub Saharan
Africa countries with roughly 3.2 million hectares and a
production estimated at 13.4 million tons of tubers in 2005
[3]. A lot of root tubers are harvested per unit area and per
unit time during relatively short periods of rain, meaning
that it can withstand occasional drought, and is much more
productive in less fertile soil than crops such as maize [4].
Sweet potato is considered as one of the major sources of
food, animal feed and industrial raw materials. It has a
significant contribution as an energy supplement and a
phytochemical source of nutrition. It provides strong
nutrients and ultimately good health to those who eat it. It
possesses anti-carcinogenic and cardiovascular disease
preventing properties [5].

Sweet potato is one of the main foods cultivated
and consumed by most Nigerians.It is not too difficult to
grow and is of great potential industrially and
economically and due to its significance and importance,
sweet potato is increasing in Nigeria’s agriculture and food
systems [6]. According to the survey conducted in six
States in Nigeria by [7], the different forms of sweet potato
utilization are boiling and eating with stew/palm oil,
slicing and frying, roasting, boiling and eating as snack;
boiling and pounding alone or with boiled yam/garri for
eating with soup; cooking alone or with another crop to
make pottage; slicing and sun-drying for milling into flour;
feeding of vines and leaves to livestock; small tuberous
roots as livestock feed; made into fufu like cassava; fresh
leaves and young shoots consumed as vegetable. Also, in
some African countries like Kenya, the storage roots are
boiled and eaten, or chipped, dried and milled into flour
which is then used to prepare snacks and baby weaning
foods [8].
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Sweet potato is considered as one of the major
sources of food, animal feed and industrial raw materials.
It has a significant contribution as energy supplement and
phytochemical source of nutrition. It provides strong
nutrients and thereby good health to those who eats it and
possesses anti-carcinogenic and cardiovascular disease
preventing properties [9]. Sweet potato varieties are
outstanding source of vitamin C, B2, B6 and E, as well as
dietary fiber, potassium, copper, manganese and iron, and
are low in fat and cholesterol. The root parts of sweet
potato contain 25-30% carbohydrates and 2.5-7.5%
protein. In addition to this, it also supplies 200-300 mg 100
g* of potassium, 0.8 mg 100 g™* of iron (Fe), 11 mg 100 g*
of calcium (Ca) and 20-30 mg 100g™ of vitamin C of its
dry matter [10]. Industrially, Sweet potato yield starch,
natural colorants, and fermented products such asbutanol,
acetone, ethanol, wine, and lactic acid [11,12]. Leaves,
stems, roots of sweet potato serve as livestock feed [13].
Leaf protein content of sweet potato contains twice that
from the storage roots[14].

In spite ofthe high nutritious and economic
potential of sweet potato, it faces with a lot of challenges
and abiotic and biotic constraints such as drought, low soil
nutrients, weeds, pests, diseases, lack of post-harvest
storage facilities and improved varieties [15,16]. With
climate change whose signs are already visible,
agricultural production is facing alarming threats which
can lead to serious problems of food insecurity [17] and
unprecedented extreme hunger. Moreover, [18] reported
that, Africa and especially West Africa will be seriously
affected by the deleterious effects of climate change. The
variability of climate change and the prevalence of
extreme events, including drought, are a harsh reality for
small farmers in Africa and in Nigeria who depend
exclusively on rain-fed agriculture. Over the last decade,
environmental stresses have become more frequent and are
exacerbated by a rapid change in climate. It constitutes
perhaps the most momentous environmental challenge of
our time and poses serious threats to sustainable
development worldwide and chiefly in most developing
countries [19]. It has been estimated that drought is the
most important environmental stresses and represents 70%
of yield losses of cereal crops worldwide [20]. In addition,
drought is regarded as environmental factors that leads to
about 75% yield loss each year in the world [19]. The 2011
Texas drought has caused a record $5.2 billion in farming
losses, for example, making it the most costly drought on
record [21]. Among different abiotic stresses, drought is by
far the most complex and devastating worldwide [22].

It has been demonstrated that sweet potato crop is
sensitive to water shortage in the course of establishment,
vine development and storage initiation[23]. [24] also
reported that the water scarcity during critical periods of
growth leads to irreparable consequences on vyield.
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According to [25] drought is the chief production
limitation of sweet potato in the areas where agriculture
mainly dependents on rainfall. [26] revealed that water
stress in sweet potato reduces vegetative and vyield
parameters in terms of quantity and quality. A variety is
considered as drought resistant when it can produce high
yield under water stress [27].[28]showed that the yield of
most crops has been used as indicator for drought
tolerance. Henceforth, sweet potato varieties tolerant to
water stress should be able to produce more quantity and
quality yields under drought conditions. This could be
discovered only through screening of sweet potato
genotypes under managed water stress conditions [29].
Thus, identification of cultivar performance under drought
conditions is thus considered to be of vital importance.
Therefore, the aim of this study is to improve stability and
increase production of sweet potato in Nigeria through the
development of drought tolerant cultivars. More
specifically, the objectives are to (1) Evaluate sweet potato
cultivars for drought tolerance under field conditions and
(2) identify sweet potato cultivars withhigh yield and high
quality.

. MATERIALS AND METHODS
Description of the experimental site

The field experiment was carried out on sweet
potato at Bowen University Teaching and Research Farm
Iwo, Osun State, Nigeria. Iwo is a City in Osun State,
Nigeria. The City formerly part of old Oyo State was later
separated and became one of the major townships in Osun
State, Nigeria. It has a latitude of 7° 38' 6.97" N and a
longitude of 4° 10" 53.62" E. Rainfall and temperatures
data were recorded daily from the date of planting till
harvest.

Plant material

The material used in this study consisted of four (4) sweet
potato cultivars. Two sweet potato cultivars (local variety
1 and 2) were obtained from Iwo farmers and the two other
cultivars were newly introduced (introduced varietyl and
2). The introduced variety 1 is orange-fleshed cultivar
which has been recognized as good sources of B-carotene,
a precursor of vitamin A.

Experimental design and water stress

The soil was prepared, ploughed, harrowed and ridged. A
Randomized Complete Block Design was used for the
drought experiment. The experimental block unit was 10m
by 2m with twelve beds. Each bed in a block measured 2m
and the space between rows was 90cm and the space
within a row was 30cm. There were three experimental
blocks in total with 36 beds for the experiment and four
cultivars of sweet potato. Sweet potato vines were cut to
30cm long each and planted on the 30™ of November,
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2016 at the rate of six (6) vines per experimental unit with
a depth of 15cm at a spacing of 30cm. The soil was
thoroughly watered before planting.

For the firm establishment, sweet potato plants were
watered daily in the evenings for about a month and 11
days i.e. from 1%t of December 2016 to 11" of January
2017.

From January 12" 2017, there was imposition of water
stress i.e. no watering of treatment 1 and treatment 2 while
the treatment zero which served as control was watered
daily in the evening until harvest. T1 was the mild drought
stress and T2 was the severe moisture stress (no water was
applied till harvest though there was some rainfalls toward
the end of the experiment). In the mild moisture stress,
drought was imposed for about a month and 6 days that is
from January 12%" to February 171" 2017. On the evening of
February 17th, the watering of only T1 (mild drought
stress) resumed again, therefore TO (Control) and T1
(mild-drought stress) were the only treatments being
watered till the date of harvest which was the 10" of April,
2017.

Measurement of vegetative and reproductive
parameters
Data were collected on the following parameters;

e Vine length- The length of two most vigorous vines
were taken using a measuring tape. The length was
measured from the point of soil contact to the apical
tip. The vines were straightened so as to get
accurate reading.

e Petiole length- the stalk of the leaf was measured
from the base of the leaf to the point of attachment
to the stem.

e Leaf length- The length was measured from the tip
of the leaf to the base or bottom of the leaf

e Leaf breadth- This was the measurement of the
width of the leaf. The widest part of the bottom was
measured from side to side.

e Internode length- This was obtained by measuring
the distance between the nodes of the vines.

e Plant height- This was measured with a carpenters
measuring tape, done by putting the tape on the
ground and elongating the tape to check the height
without straightening of the vine.

e  Fresh weight of the vines per plant: it is the weight
of above ground biomass before drying in the oven
using a scale

o Dry weight of the vines after drying in the oven set
at 85°C for 4 days was also taken using a scale

e  Fresh weight of the roots harvested: it is the weight
of all storage roots at harvest per plant

e Dry weight of the root: it is weight recorded with a
weighing balance after drying in the oven
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e Total fresh weight (total yield): It is the total weight
of storage roots

e Leaf tissue is most commonly used for RWC3
determination, measured as follows. A sample of
leaf tissue was taken and the fresh weight was
immediately determined, followed by flotation on
distill water for up to 4 hours according to methods
of Smart and Bingham (1974). The turgid weight
was then recorded after the 4 hours, and the leaf
tissue was subsequently oven-dried to a constant
weight at about 75° C for 48 hours. RWC was
calculated by following formula:

Fresh weight — dry weight

RWC (%) =
Turgid weight — dry weight

Statistical analysis

All data recorded were subjected to statistical analysis
using “R” software to identify significant difference
among the sweet potato cultivars used under the three
treatments. ANOVA was performed for the assessment of
the variation at 0.05 level of probability using Newman-
Keuls Multiple Comparison-PostHOC test. In addition,
Pearson correlation coefficient between traits measured
was computed.

1. RESULTS
The temperature of Iwo in Osun state was
recorded daily from the 12% of January till 101" of April as
shown in Figure 1.From January to March, the period was
very hot without recording any single rainfall.

Plant height

The mean plant height readings under the non-stress
treatment are presented in Figure 2. The means for control
ranges from 21.3 to 29.9 cm. The lowest 21.3 cm was
recorded in variety 1 (introduced variety 1) and the highest
29.9 cm was from variety 2. Under the mild water stress,
the readings vary between 20.67 and 29.4 cm. The lowest
20.67 cm was obtained from variety 4 (Local variety 2)
and the highest 29.4 cm was from variety 2 (introduced
variety 2). Under the severe water stress, the values range
between 16.1 and 25.1. The lowest was 16.1 which was of
variety 3 (Local variety 1) and the highest was 25.1 which
was variety 2 (introduced variety 2). Overall, the mean
plant height values range between 16.1 and 29.9 cm. The
lowest value was under the severe water stress while the
highest value was under the control treatment. There was
no significant difference between the values obtained from
the control and the mild water stress, but in the severe
water stress there was a significant difference as there was
a reduction in the mean values. Except in the case of
variety 2 (introduced variety 2) which had a value of 25.1
cm.
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Leaf width and length

Table 1 below shows the mean leaf width and length under
non stress, mild water stress and severe water stress
conditions. The mean leaf width values under the control
ranges from 6.95 to 9.5 cm. The lowest value 6.95 cm was
recorded in variety 4 (Local variety 2) and the highest was
9.5 cm from variety 3 (Local variety 1). Under the mild
water stress conditions, the values range between 6.67 and
8.75 cm; the lowest was 6.67 from variety 4 (Local variety
2) and the highest was 8.75 cm which is variety 3 (Local
variety 1). Under the severe water stress, the values vary
from 6.35 to 8.37 cm. The lowest was 6.35 observed in
variety 4 (Local variety 2) and the highest was 8.37 cm
variety 3 (Local variety 1). In general, there was a slight
decrease in leaf width under drought stress.

There was no significant difference amongst treatments
but significant differences was observed between varieties
as shown by ANOVA. The mean leaf length values under
the control ranges from 8.1 to 11.6 cm, the lowest value
was 8.1cm for Local variety 2 and the highest value was
11.6 cm obtained from Local variety 1. Under the mild
water stress, the values range from 8.33 to 11.15 cm, the
lowest value 8.33 was of Local 2 and the highest value
11.15 was from Local 1. Under the severe water stress, the
values vary between 8.13 and 10.92 cm, the lowest value
8.13 was from Local2 and the highest value 10.92 cm was
of Local 1. Overall, between the three treatments the mean
leaf length values ranges between 8.1-11.6 cm the lowest
value 8.1 is under the control treatment and the highest
value 11.23 was also under the control treatment.

Internode and vine length performance

The Table 2 below shows the Mean Internode and vine
length performance under non stress, mild water stress and
severe water stress conditions. The mean internode values
under the control treatment ranges between 4.13 and 7.17
cm, the lowest value 4.13 was from Local varietyl and the
highest value 7.17 cm was from Introduced variety 1.
Under mild water stress, the mean values varies from 3.88
to 6.70 cm, the lowest value 3.88 was recorded in Local
variety land the highest value 6.70 was obtained from
Introduced variety 1. Under severe water stress the mean
values range between 3.35 and 4.60 cm, the lowest value
3.35 was from Introduced variety 2 and the highest value
4.60 was from Local variety 2. In general, the mean value
between the three treatments ranges from 3.35 to 7.17 cm,
the lowest value 3.35 was recorded under severe moisture
stress while the highest value 7.17 was under the control
treatment. There was significant difference in the values
between varieties.

The mean vine length under non stress, mild water stress
and severe water stress conditions are presented in Table 5.
There was significant differences (P< 0.05) both among
the four varieties and the three treatments. Local variety 2
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and introduced variety 2 did better under drought
compared to the other two varieties.

Petiole length

The Figure 3 below shows the Mean petiole length under
non stress, mild water stress and severe water stress
conditions The Figure reveals that as the moisture stress
increases, there is a decrease in petiole length. The mean
value between the three treatments ranges from 6.97 t013.2
cm, the lowest value 6.97 cm was under the severe water
stress and the highest value 13.2 was under the control.

Plant fresh weight

There were significant differences (P< 0.01) between
varieties and treatments (Table 3) and as shown in
ANOVA table in appendix 4. It was observed that as the
period of drought increases, there was decrease in plant
fresh weight. Under the moderate water stress the mean
values ranges between 300 and 733.33 g, the lowest value
300 was obtained from the Introduced variety 1 and the
highest value 733.33g was recorded in Introduced variety
2. Under the severe water stress, the mean values vary
from 233.33 to 633.33 g, the lowest value 233.33 was for
Introduced variety 1 and the highest value 633.33 was for
Introduced variety 2.

The table below shows the Mean plant dry weight under
no water stress, mild water stress and severe water stress
conditions. The average value of dry weight decrease in all
the drought treatments except in the introduced variety 2
between the control and the moderate moisture control.
Under the severe water stress, the mean values ranges from
50 to 133.33.g, the lowest value 50 was recorded in the
Introduced variety 1 and the highest value 133.33 was
obtained from the Local 2.

Effect of drought of sweet potato yield (total root fresh
weight) and dry weight

The results of fresh weight is shown in Table 4. No fresh
weight was recorded for the introduced variety 1 under
severe drought. These results of this table also reveal that
there is increase in the yield of moderate moisture stress
compared to the control for the introduced variety 1 and
introduced variety 2 and the local variety 2. Though the
fresh weights of these three varieties significantly reduced
at severe drought stress. Under severe moisture stress,
local variety 1 performed better (189.00 g) than others
followed by local variety 2 and the introduced variety 2.
There was significant difference between the total dry
weights under no drought stress, the lowest value 32.63
was of the introduced variety 1 and the highest value
215.13 was obtained from Local 1. Under mild water
stress, the values range between 70.83 and 128.50, the
lowest value 70.83g was recorded from introduced variety
1 and the highest value 128.50 was from Local 1. There
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was no significant difference between introduced variety 1
and Local 2 and there was also no significant difference
between introduced variety 2 and Local 1. Under severe
water stress, the values range between 0g and 54.47g.

Effect of drought on sweet potato yield per plant (fresh
weight) and dry weight

The introduced variety 1 performed much better than
other in term of fresh root weight per plant and was highly
significant than the others. Though no fresh weight was
obtained under severe stress. As observed with the total
fresh weight under severe stress, local variety 1 performed
better than others followed by local variety 2 and the
introduced variety 2. The table below shows the effect of
drought of sweet potato yield per plant (fresh weight)
under control, mild water stress and severe water stress
conditions.

Effect of drought on Relative water content

The analysis of table 6 reveals that in the four cultivars
used, it was observed as the drought period increases the
relative water content decreases. But this decline in
relative water content was not pronounced in variety 3 and
variety 4. Though the ANOVA that there was no
significant different amongst different treatment.

Relationship between eleven traits related to drought
tolerance in sweet potato

Table 7 shows the correlation coefficient of the
morphological and yield parameters measured. Total fresh
root weight (total yield) and total dry root weight were
significantly and positively correlated to the following
traits: leaf length (r = 0.34, P < 0.05), and plant height (r =
0.35, P < 0.05) but negatively correlated with vine length
(r=10.15, P> 0.05). Fresh root weight per plant and dry root
weight were positively and significantly correlated with
Total fresh root weight (r= 0.70, P<0.01) total dry root
weight (r = 0.60, P < 0.01), and internode length (r= 0.40,
P< 0.05) while there were positive and not significant
correlation with vine length, petiole length, leaf length,
leaf width and plant height.Leaf length was positively and
significantly correlated with leaf width (r=0.60, P< 0.01)

V. DISCUSSION

As the effect of climate change get exacerbated and water
resources become more restrictive for agricultural uses, the
creation of drought-tolerant cultivars isof paramount
importance[30]. Henceforth, part of the objectives of this
study was to identify sweet potato cultivars that could be
less affected by drought stressthat is with water use
efficiency and without a significant loss of fresh roots i.e.
yield and without losing the merchant quality and
nutrition.
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As shown in Figure 1 the temperature ranges between
30°C and 38°C and occasionally 40°C between the month
of January and April. The relative humidity (data not
shown) was not high an indication of drier air which could
have led to high evapo-transpiration and as a result this
could affect the availability of water in soil for crop
production. Therefore, the period of this study was
characterized by scorch sunlight, drier air and significant
evapo-transpiration.

There was no significant difference between the values
obtained from the control and the mild water stress though
slight differences were noted, but in the severe water stress
there was significant differences as there was a reduction
in the mean values of aboveground and underground
parameters. This results are similar to [31] who reported
that significant differences in aboveground biomass
amongst genotypes were observed, which indicates that
genotypes differed significantly in their tolerance to
drought conditions. For instance, the effect of drought on
plant height of the four varieties used decreased across
different moisture conditions. But introduced variety 2 and
local variety 2 did better compared to the other 2 varieties.
No significant difference across the three treatments i.e.
the control, mild water stress and the severe water stress
was observed. This could be explained by the fact that
water stress did not significantly affect leaf width.
Therefore it can be hypothesized that the higher leaf width
of variety 1 and variety 3 could help in sunlight
interception for better photosynthesis and thus to high dry
matter production. Meanwhile, there was a significant
difference in leaf width between the four varieties,
indicating that sweet potato varieties respond different to
water stress.

There were no significant differences between the leaf
length, internode length and petiole length values recorded
in control, moderate or mild water stress and severe
moisture stress, though a slight differences were observed
at severe drought level. This illustrates that drought did
affect the three vegetative parameters but there were not
significantly affected. [32] reported that biomass and
morphological parameters such a main stem length,
internode diameter and length, leaf area and number
decreased in response to drought stress. Moreover, the
study of [33] carried out in South Africa revealed that the
internode diameter was reduced by 12% to 50% across the
sweet potato accessions used.

The vine length revealed a decrease in vine length
especially under the severity of water stress. Under
moderate water stress the lowest vine length value was
52.83 from Introduced variety 2 the highest value was
125.92 cm for the Introduced variety 1. Under the severe
water stress, the lowest value was 38.3 of the Introduced
variety 2 and the highest value was 109.13 of Local 2. This
demonstrates that Local variety 2 performed better under
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severe moisture stress when compared to other varieties.
Our results are consistent with those of [32] and [33]
observed that the reduction in stem length (relative to the
control) of 15 accessions exposed to drought stress varied
considerably from 16.1% to 46.0%.

Highly significant and positive correlations were observed
between the 11 characters studied under drought
conditions. Table 7 shows total yield and yield per plant,
the ultimate indicator for abiotic tolerance, was positively
and significantly correlated with leaf length (r = 0.34, P <
0.05), and plant height (r = 0.35, P < 0.05) and positively
correlated with plant weight, leaf width, petiole length, and
internode length. This illustrates the importance of these
parameters in breeding program for drought tolerance.

The results obtained from the plant fresh weight indicated
that the introduced variety 2 was higher than other
varieties which indicates that the varieties responded
differently and some are more sensitive than other under
drought stress. The results from plant dry weight illustrate
that Local variety 2 and introduced variety 2 accumulated
more dry matter than the other varieties. The reduction in
plant fresh weight and plant dry weight obtained in this
study is consistent with those of [33] and [32].

Under moderate drought stress all the four varieties
performed well, indicating that they can only tolerate mild
stress. Under severe drought, variety 1 did not produce any
tubers. This indicates that this variety was more sensitive
than other varieties under severe drought. Therefore,
variety 1 can only cope under moderate moisture stress.
This study is similar to [34] who reported that water stress
sensitiveness of Orange-Fleshed Sweet Potato is
considered as one of the major drawbacks of this crop type
and currently available varieties do not allow sustainable
and enduring production in drought prone regions. Variety
3 performed better in term of yield than other varieties
under severe drought. [35] and [33] indicated that storage
root drymass is correlated positively with vegetative
growth. Similarly, [36] reported a reduction in root dry
mass under stress conditions.

The accumulation of dry matter four all the four varieties
was excellent under moderate drought stress. Under severe
drought, the highest root dry matter was recorded in
variety 3 followed by introduced variety 2 and variety 4
under severe moisture stress. [23] reported a reduction in
root dry mass under water stress condition. The variation
in dry matter content can also be dependent on various
factors such as soil type, pest, diseases, cultivar and
climate [36].

V. CONCLUSION
Overall, taking all these above data into consideration and
looking at the ones which are least affected by drought to
most of the factors variety 1 was least affected by drought
on total dry weight under moderate drought stress, while
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variety 2 was least affected by drought on, plant height,
petiole length and plant fresh weight. Variety 3 was least
affected by drought on, leaf width, leaf length, tuber fresh
weight (total yield), sweet potato yield per plant (fresh
weight/plant) and dry weight. Variety 4 was least affected
on internode, vine length, and plant dry weight. Variety 3,
the local variety, is recommended under severe drought
based on the above reason but under moderate drought
Introduced variety i.e. variety 1 (orange fleshed sweet
potato) is preferred based on the fact that it had the highest
yield and also is of high nutrient content compared to other
varieties.
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Fig.1: Daily temperature in Iwo in the course the experiment

Table.1: Mean leaf width and length under non-stress, mild water stress and severe water stress (Average + Standard

deviation)
Leaf width Leaf width
Varieties Control Mild water Severe Control Mild water Severe water
stress water stress stress stress

Variety 1 9.22 +0.45 8.6 +0.49 8.1+1.26 9.77 £0.97  9.65 +0.55 8.83 +0.82
Variety 2 7.63 +0.46 6.82 +0.33 6.62+1.01 11.2+0.28 11.02+0.51  10.6+0.33
Variety 3 9.5+1.43 8.75 +0.66 8.37+2.15 11.6+0.13 11.15+1.19 10.9 £3.03
Variety 4 6.95 +0.63 6.67 +0.63 6.35+0.28  8.1£0.75 8.33+0.42 8.13+0.17
Different letters in the same column show significant difference at 0.05 probability level for vine length.

¥ Control ¥ MildWS =™ SevereWsS

Plant Height

Introd1 Introd2 Locall Local2

Varieties

Fig.2: Mean plant height under non-stress, mild water stress and severe water stress
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Table.2: Mean performance of Internode and vine length under non-stress, mild water stress and severe water stress

Internode Vine length
Varieties Control Mild water ~ Severe water Control Mild water Severe water
stress stress stress stress
Variety 1 125.92+51.11 50.53+18.84b
7.17 £3.57 6.70£3.32 4.48+0.75 131.0+39.98a a
Variety 2 4.82 £0.50 435+0.31 3.35+051 69.37£7.30c 52.83+18.84¢c 38.3+5.79b
Variety 3 101.53+£25.82 95.77+29.92b 55.7+29.92b
4.13+0.10 3.88+140 3.97+043 b
Variety 4 131.48 +60.30 113.45+43.31 109.13+26.23a
5.58 +0.98 5.10 +0.13 4.60 +0.65 a a

Different letters in the same column show significant difference at 0.05 probability level for vine length.

14 H Control ® Mild WS m Severe WS

12

10
o 8 9.1 9.32 9.07
[l
(@)
) 6
—
m 4
>
Q
i 2

0
Introd1 Introd2 Locall Local2
Varieties

Fig.3: Mean petiole length under non-stress, mild water stress and severe water stress

Table.3: Mean plant fresh weight and dry weight under no water stress, mild water stress and severe water stress
Plant fresh weight Plant dry weight

Control Mild water Severe water  Control Mild water Severe water
stress stress stress stress
Variety 1 333.332 3002 233.33% 100 83.33 50
Variety 2 866.67° 733.33° 633.33° 116.66 116.66 100
Variety 3 600°P 500¢ 366.66° 183.33 116.66 66.66
Variety 4 666.66° 566.66°¢ 533.33° 216.67 166.66 133.33

Different letters in the same column show significant difference at 0.05 probability level for plant fresh weight.

Table.4: Effect of drought of sweet potato yield (fresh weight and dry weight)

Total Root fresh weight (yield) Total Root dry weight
Varieties Control Mild water Severe water | Control Mild water Severe water
stress stress stress stress
Variety 1 132.83c 294.10a 0d 32.63c 70.83b Ob
Variety 2 324.87b 397.60a 87.00b 120.63a 115.27a 34.30a
Variety 3 607.667 a 339.77a 189.00a 215.13a 128.50a 54.47a
Variety 4 182.00c 238.63a 96.00b 63.63bc 83.33b 32.200a

Different letters in the same column show significant difference at 0.05 probability level
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Table.5: Effect of drought of sweet potato yield per plant (fresh weight) and dry weight

Root fresh weight per plant

Root dry weight/plant

Varieties Control Mild water Severe water  Control Mild water Severe water
stress stress stress stress

Variety 1 66.417bc 272.456a 0d 16.32a 66.26a Ob

Variety 2 80.798b 99.40b 23.32b 29.94a 28.82a 9.42a

Variety 3 127.63a 67.953b 41.15a 45.45a 25.70a 11.88a

Variety 4 39.20c 59.66b 19.20b 13.67a 20.83a 6.44a

Different letters in the same column show significant difference at 0.05 probability level

Table.6: Mean performance of Relative water content under drought condition

Varieties Control Mild water stress Severe water stress

Variety 1 86.31a 80.51a 73.31a

Variety 2 81.55a 78.11a 72.32a

Variety 3 78.72a 78.70a 76.21a

Variety 4 77.03a 75.24a 74.09a

Table.7: Correlation coefficient among the 11 characters
TotFr  TotDr
vig? petlg leafL  leafw intL plhg  plwg W w FrwP DrwP
vig 1
petlg -0.16 1
leafL -0.15 0.49** 1
leafw 0.24 0.13 0.6** 1
intL 0.29 -0.01 -0.15 0.17 1
plhg -0.34* 0.13 0.27 -0.05 -04 1
plwg -0.28 0.39*  0.20 - -0.15 0.44* 1
0.33* *

TotFrw -0.02 0.06 0.34*  0.17 0.03 0.35* 0.21 1
TotDrw -0.06 0.02 0.34*  0.16 -0.03 0.38* 0.26 0.99** 1
Frwp 0.22 0.02 0.19 0.22 0.40*  0.04 -0.07  0.69** 0.59* 1
DrwP 0.16 0.03 0.24 0.21 0.33 0.14 0.01 0.80** 0.73* 0.98* 1

*

*

*P<0.05, ** P<0.01
aVIg= vine length, petlg= petiole length, leafL= leaf length, leafw= leaf width, intL=internode length, plhg= plant height,
plwg= plant weight, TotFrW= total root fresh weight, TotDrW = total root dry weight, FrWP= average root fresh
weight/plant, DrwP= average root dry weight/plant
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Abstract— The purpose of this research made Cuko Pempek
as functional food by supplementing BAL to produce Cuko
pempek probiotic. The existence of anti-microbial and anti-
bacterial Cuko pempek components became obstacles,
therefore it needed strategy to answer two main issues that
was first, still allowe the existence of capsaicin and alisin
which was caracter impact of Cuko pempek; and second, to
protect BAL in order to survive. The strategy was the
encapsulation prepared according to Sheu and Marshall,
(1993) and the preparation of Cuko pempek modified from
ID, (2012). The result showed that the encapsulation of Cuko
pempek probiotic with cold storage at temperature of 12°C
produced viability with the average number of cells reaching
the range of 10°, 108, and 107 and the shelf life until the 20th
day even some units until the 30th day. The encapsulation of
Cuko pempek probiotic with storage at temperature of 27°C
produced viability with the average number of cells reaching
the range of 10°, 108, and 107 and the shelf life until the 10th
day even some units reaching the 20th day, but in the 8th day
there was contamination in 5 experimental units, on the 10th
day increased 5 contaminated units, and on the 12th day
increased 3 units and on the 13th day occurred
Sacharomyces contaminant on all experimental units.
Keywords— Encapsulation Probiotic, BAL, Cuko pempek.

I INTRODUCTION

Pempek is a typical culinary Palembang, South
Sumatra, Indonesia, made from wheat flour and tapioca, and
fish. At this time it has become a culinary industry that
development so rapidly therefore must be balanced with the
provision of equipment distribution and presentation of a
safety, healthy, and comfortable. Cuko pempek is a
companion sauce to eat pempek. But Cuko pempek has
specific characteristics, especially its cuka acid content, tooth
decay (dental caries). This is in line with those proposed by
Hoppenbrouwers and Driessens (1988) that acetic acid
damages teeth twice as strongly of lactic acid. In addition
acetic acid is anti-microbial (Lodovico et al., 2002; Snyder,
1997).

However, the anti-microbial characteristic possessed
by Cuko pempek components that is capsaicin and alisin
include weak category (Skrinjar and Nemet, 2009).
Although, Zeyrek and Oguz, (2005) states, capsaicin can act
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as an effective bactericide. But the study of Farag et al., 1995
concluded that capsaicin from irradiated chilies was still
overgrown with 4,2 x 10%/g; 14.3 x 10%/g; and 9,2 x 10%/g.

Cuko pempek is a food product that has potential to
be functional food by making Cuko pempek probiotik
(Dunne et al., 2001). Cuko pempek probiotic is cuko pempek
containing BAL, and is expected to improve its functionality
(Gardiner et al., 2001; Naito et al., 2008). Probiotics are
supplementary foods that contain living micro-organisms that
provide either human or animal host benefits by balancing
the microorganisms in the digestive tract (Fuller, 1989).
Further Senok et al., (2005) probiotics are living
microorganisms when arranged in certain amounts will
provide benefits for the health of its host.

Encapsulation is the process of forming a matrix-
shaped layer in which the inner-shaped interior resembles a
capsule wall acting as a cloaking (Vidhyalakshmi et al.,
2009). Gbassi and Vandamme (2012) call the term Probiotic
Encapsulation Technology (PET), in which microbes can be
widely immobilized using semipermiabel and biocompatible
materials that govern the delivery of microbial cells.
(Vidhyalakshmi et al., 2009) encapsulation tends to stabilize
cells, potentially increasing cell viability and stability during
production, storage, and handling.

BAL encapsulation techniques use phase separation
techniques from Sheu and Marshall (1993) and use alginate
ingredients (Anal and Singh, 2007) were selected to conduct
a study of Cuko pempek probiotic.

. MATERIALS AND METHODS
Lactic Acid Bacteria and Media

L. bulgaricus and S. thermopylus were obtained
from Balai Besar Vateriner Bogor. Lactobacilus was
transferred to media of broth MRSAgar while Streptococus
to media of broth Blood Agar Base. Then spread in the media
agar of petri dish and incubated at 37°C. BAL was harvested
after 18 hours incubation to obtain a BAL culture
concentration with a range of 10*sel/mL.

Preparation of BAL Encapsulation
The preparation of encapsulation used alginate
natrum (Sheu and Marshall, 1993; Sultana et al., 2000) was
1% (A1), 2% (Az), and 3% (As) then mixed with BAL L.
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bulgaricus (B1) and S. thermopylus (B>) culture solution with
4: 1 ratio. After a flat stirring, the mixture was dropped using
a 5 mL syringe into a 0.2% tween 80 solution in vegetable oil
in a 1000 mL beaker glass. It was then poured 0.05M CaCl
solution as much as 250 mL rapidly through the edge of the
glass wall and left for 30 minutes. The capsule granules
would descend and the tween 80 solution, the vegetable oil
and the remaining CaCl solution were removed by pouring
slowly. The capsule granules were centrifuged at 350x for 15
minutes and then poured into a filter dish and washed with
aquades. The preparation of Probiotic encapsulation was with
three replications.

The Preparation of Cuko pempek
The preparation of Cuko pempek was according to
ID (2012), brown sugar, garlic, cayenne and red chili
mashed, and salt. Sour source was used yakult. Chili and salt
blend and then mixed yakult and fermented for one week (7
days). Then water and sugar were heated to boil, removed
and filtered. Then the fermented chili and yakult were fed
into the filtered sugar water mixture, plus the fine garlic. The
mixture was heated to boiling and cooled, then Cuko pempek
was produced.
The Preparation of Encapsulation of probiotic Cuko
pempek
500mL cuko pempek put in a container of plastic
cans size 2000mL as much as the amount of treatment with
three replications. Then encapsulation probiotic BAL
inserted into Cuko pempek. Some were stored at a
temperature of 12°C and some were at temperature of 27°C.

Observation of viability Encapsulation of probiotic Cuko
pempek
Proactive observation of probiotic Cuko pempek
encapsulation during storage on 1st day, 10th day, 20th day,
and 30th day. Other parameters; shelf life and pH based on
time.

1. RESULTS AND DISCUSSION
A. BAL Viability of Cuko Pempek in Cold Temperature
of 12°C

The results of diversity analysis of encapsulation of
probiotic Cuko pempek at storage temperature of 12°C, that
alginate concentration, BAL type, interaction, and treatment
combination had no significant effect on BAL cell viability.
While the group was very significant effect. This meant that
alginate concentration did not affect BAL cell viability and
was reliable for the encapsulation of probiotic Cuko pempek
(Sheu and Marshall, 1993; Lotus et al., 2000; Mokarram et
al., 2009; Lotfipour et al., 2012; Wikstrom, 2013), as well as
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the types of BAL (Speck and Myers, 1946; Drakes et al.,
2004; Denou et al., 2008; Jimenez et al., 2010). The average
number of BAL cells on the first day was 10° for L.
bulgaricus (B1) and 108 for S. thermopylus (B:), then the
average number of BAL cells both B; and B, on the 10th
day, the 20th day, and the 30th day is sequential 108, 107
serta 107 and 108 The average number of BAL cells was
eligible to act as probiotic requiring an average number of
BAL cells before consumption of 107. As, Ishibashi and
Shimamur, 1993) suggests, called probiotic food, should
contain probiotic cells before consumption of > 107 cells per
gram or per-mL of the product. Meanwhile, Lee and
Salminen, (1995) require for probiotic drink products to
contain as big a cell > 105 per mL of product. While
FAO/WHO, (2002) requires the number of probiotic cells
before consumption by 106 - 107 CFU/g or CFU/mL.

For storage of Cuko Pempek at cold temperature of
12°C, BAL viability decreased linearly in ten days
observation down by one log as in A1B1, A;B1, and A;B;, was
obtained on observation the 30th day of the average number
of BAL cells by 108. This was caused by two things, first,
because the BAL cells were stored in calcium alginate
capsules; second, BAL cells were better protected from less
favorable environmental influences such as acidity, the
presence of capsaicin components of chili and the alisin
component of garlic. As Sheu and Marshall, (1993) assert
that encapsulated BAL cells have viability for up to 2 weeks
and their viability is 40-45% higher than un-encapsulated
BAL cells; Sultana et al., (2000), Encapsulation improves
viability for up to 8 weeks. Wikstrom, (2013), that
encapsulation provides cell viability capability for long
periods of time. Furthermore, Gbassi and Vandamme, (2012)
there are two reasons for encapsulation, first, to ensure the
viability of encapsulated probiotic cells; and second, to
ensure the release of probiotic cells when consumed and
within the digestive tract. On the other hand, Lotfipour et al.,
(2012) explains that BAL encapsulation made from alginate
provides better viability in acidic conditions. This confirms
why the viability of BAL cells in Cuko pempek
encapsulation had good viability.

Pattern of BAL cell viability reduction that was
encapsulated with calcium alginate ingredients in cold
storage temperature of 12°C, was shown in Figure 1, that
A%B! (alginate 3% and L. bulgaricus) had the highest
viability on average in the four consecutive observation
points in sequence 4,60x10°% 1,09x108% 4,96x108, and
2,43x107; while the lowest was in A'B? (alginate 1% and S.
thermopylus) with average at the four in sequence 6,55x108;
4,07x107; 4,18x107; and 7,16x107. The average number of
cells met the probiotic requirements before consumption.
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Fig.1: Graph of BAL Viability at Temperature Storage 12°C

However, storage at cold temperatures of 12°C
supported the viability of BAL cells. As the result of the
research of Sheu and Marshall, (1993) that the encapsulation
of BAL cells stored at cold temperatures had better viability.
This pattern of decreased viability was similar to that
described by lyer and Kailasapathy, (2005) that BAL
viability stored at cold temperatures decreases from 108 to
107 at the 2nd week and to 10° and 107 at the 4th week.

Furthermore, the results of the analysis of diversity
with observations on the 1st day, 10th day, 20th day and 30th
day, alginate concentration (A) and probiotic type (B) to pH
encapsulation probiotik Cuko pempek at storage temperature
of 12°C, that the concentration alginate and its interactions
had no significant effect, the type of probiotics, combinations
of treatments and groups had a very significant effect. This
was due to the presence of probiotic activity over time which
results in changes in pH.Roberts et al., (1994) B. longum
BB-79 encapsulation after 10 days had a pH of 3,9 - 4,2; lyer
and Kailaspathy, (2005) encapsulation of L. acidophilus had
a pH of 4,6; L. plantarum pH 5,6 (Ayama et al., 2014).

To look at the degree of difference in each treatment
that had a very significant effect on the pH of further tests, it
was shown in Figure 2 that the pH encapsulation of probiotic
Cuko pempek was very stable until the 10th day, and
relatively stable until the 20th day and partly until the 30th
day. This showed that during the period of time until the 10th
day there was no significant microbiological activity, then
until the 20th day there was little microbiological activity and
increased activity until the 30th day. As expressed Robert et
al., (1994) that in the encapsulation BAL probiotics begin to
change pH after day 10.

B. BAL Viability of Cuko Pempek at Room Temperature
of 27°C

The result of diversity analysis of alginate
concentration, BAL type, combination of treatment and its
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interaction had no significant effect on cell viability of BAL
encapsulation of probiotic Cuko pempek at storage
temperature of 27°C, while the group was very significant.
The viability on the first day was 102, then the average
number of BAL cells both L. bulgaricus (B1) and S.
thermopylus (B2) on the 10th, 20th, and 30th days was
sequential 107, 10% and 10° This decrease in BAL cell
viability appears to be associated with a decrease in pH, since
room temperature induced microbiological activity that
affects pH. Noland and Aryana (2012) observes BAL
viability in yogurt, BAL viability decreases when the pH
falls below pH 4.3. However, the average number of BAL
cells still qualifies as probiotics requiring a pre-consumption
amount of 107 (Ishibashi and Shimamur, 1993; Lee and
Salminen, 1995; FAO / WHO, 2002). However, the number
of eligible BAL cells was only until the 10th day.

Figure 3 about the decreased pattern of BAL cell
viability of encapsulation of probiotic Cuko pempek at
storage temperature of 27°C, that As;B: (3% alginate
treatment and L. bulgaricus) had the highest viability and
lowest available in AsB: (3% alginate treatment and S.
thermopylus). The viability of BAL cells at storage
temperature of 27°C occured in a lower log pattern decrease.
This appears to be the condition of the room temperature
caused the growth rate and activity of probiotic take place.

Furthermore, the results of the analysis of diversity,
that the concentration of alginate, BAL type, combination of
treatment and its interaction had no significant effect on pH
encapsulation of probiotic Cuko pempek at storage
temperature of 27°C. To see the level of difference of group
effect continued test shown in Figure 4. The pH pattern from
high condition started pH 5 on the 1st day, then fell to its
lowest point on the 10th day of 3,73 and then up to the the
20th day of 3,87 — 3,9 and up again until the 30th day of 4.
But the increase did not go beyond pH on the first day.
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Picture 3. Graph of VAL Viability at storage temperature of 27°C
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Figure 2. Graph of decreasing pattern of pH
encapsulation of probiotic Cuko pempek at
storage temperature of 12°C

Gambar 4. Graph of decreasing pattern of pH
encapsulation of probiotic Cuko pempek at
storage temperature of 27°C

Unlike storage at cold temperatures of 12°C, storage
at temperature of 27°C in addition to caused the fermentative
rates to produce decreasing pH, also provided a great chance
of contamination. On the 8th day, the units A:B(1), A1Bx(11),
AB1((1), A:B1(111), and AzB1(1ll) were contaminated. Then
on the 10th day the contamination increased in unit
AxBi(111), A:B1(I1), AsB1(I1), AsB1(I11), and AzB(I1), so that
on the 10th day all experimental units using L. bulgaricus
(B1) had been contaminated Saccharomyces.

On the 12th day of the experimental unit using S.
thermopillus (Bz) which on the 10th day was contaminated
one of A:By(Il), three units were added, namely AiBa(l),
AiBy(11), and AiBy(lll). Then, on the 13th day all the
experimental units were contaminated with Saccharomyces.
This phenomenon indicated that acidic of Cuko pempek and
stored at 27°C prone to contaminated and overgrown with
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Sacharomyces. This confirms the results of the study of
Narendranath et al. (2001),that Saccharomyces grows in a
minimum medium containing acetic acid and lactic acid at
temperature of 30° C. Furthermore, Thomas et al. (2002)
explains that Saccharomyces grows on a minimum medium
containing lactic acid when its pH is 4.5.

V. CONCLUSIONS

1. The encapsulation of probiotics Cuko pempek with
storage temperature of 12°C produced viability with
average number of cells reaching 10°, 108, and 107and
shelf life until the 20th day and some units until the
30th day, with a relatively constant pH ranging from
5,07 - 5,25.

2. Encapsulation of Cuko pempek probiotic with storage
temperature 27°C produced viability with average
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number of cells reaching 108, 107, dan 10%nd shelf life
up to the 10th day and some units reaching the 20th
day, with decreasing pH from the 1st day, the 10" day,
the 20th day and the 30th consecutive day pH 5,0 — 5,1;
pH 3,70 — 3,80; pH 3,87 — 9,0; and pH 4.

3. For encapsulation of probiotic Cuko pempek with
storage temperature of 27°C on the 8th day arose
contaminant at 5 unit experiment, on the 10th day added
5 unit and on the 12th day arose in three other unit and
on the 13th day arose contaminant in the form
Sacharomyces on all experimental units.
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Evaluating The Effect of Integrated Use of Farm
Yard Manure and Urea on the Socio economic
Performance of Tomato (Lycopersiconesculentum
Mill) at Tselemti Woreda, North western Tigray,
Ethiopia

Gebremedhn Gebretsadkan

Tigray Agricultural Research Institute(TARI), Shire-Maitsebri Agricultural Research Center, Shire, Ethiopia.

Abstract— As compared to the potential productivity &
national average yield of the crop, farmers in Tselemti
‘woreda ‘are not getting as much tomato Yield /profit as
expected, because of the low soil fertility & un proper soil
management practices. To mitigate the problem farmers
commonly use a blanket recommendation of inorganic
fertilizers. But currently most farmers are not applying
inorganic fertilizers at recommended rates,because of the
high price of inorganic fertilizers. Hence, use of FYM would
be un avoidable, particularly for resource poor farmers.
However FYM alone may not be enough to meet the nutrient
requirements of high yielding tomato varieties.So, integrated
use of organic and inorganic plant nutrient sources help to
overcome problems with the sole application and have
moreeconomic profit. This study was therefore conducted
with the objective of evaluating the economic feasibility of
combined use of FYM & Urea nutrient sources in tomato
production & assessing farmer’s perception on the use &
advantage for sustainable &better tomato production, in
Tselemtiwereda, May ani site during the 2012/13 off season
time. Organic (FYM) and inorganic (Urea) nutrient sources
was integrated in different proportions to supply 60Kgha of
Nitrogen (N) from both sources at different ratios. The
treatment combinations are T1 (control or with no fertilizer),
T2 (100%IF), T3 (25% FYM+75%IF), T4 (50%FYM+50IF),
T5 (75%FYM+25%IF) & T6 (100%FYM).Three ‘kebeles’
and 72 farmers was surveyed for the perception data.The
partial budget analysis revealed that maximum net of return
(59902.45) Birr/ha was recorded in treatments that receive
25% N from FYM in conjunction with 75% N from IF
sources followed by 50%N from FYM and 50%IF with a net
return of 56,386birrhaand 23,862.45 and 15,896.5 net
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return over the control. The Perception of the respondent
farmers also indicates that 94.4% of the answered farmers
use inorganic fertilizers in tomato production, but 48.61% of
them were responded use of inorganic fertilizer in tomato
production is not economically feasible and 44.4% use an
integration of both nutrient sources for better tomato
productivity. The overall study revealed that a combined
application of FYM with Urea at (25:75 and 50:50 ratios)
significantly increased economic profit in tomato production.
Therefore, it is recommended for tomato producers of
Tselemti wereda for profitable & acceptable tomato
production.

Keywords— FYM, Inorganic, Integrated, Organic, Net
return, Tomato, Urea.

I INTRODUCTION

In terms of profitability, evidence of positive returns is often
found for integrated mineral organic system (Sedaf and
Qasimkhan, 2010). The integration of FYM and inorganic
fertilizer on maize in Zimbabwe resulted in a return to the
labor of about $ 1.35 per day, while the best single fertilizer
or manure treatment yielded only $0.25 (Mekuria and
Waddington, 2002). The profitability of alternative nutrient
input sources depends not only on yield gains but also on
market conditions (Place et al., 2003).

Through the conventional understanding the best way to
improve the productivity of resource poor farmers is the use
of high-yielding variety of crops and chemical fertilizer;
however research evidences show that the resulting yield
increases may not be sufficient to pay for these inputs
(Christopher, 1994). The addition of any amount of fertilizer
is interesting to farmers if and only if it is profitable through
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the enhancement of either yield or quality. Mostly, maximum
profits are rare at maximum yields because the last increment
of fertilizer to produce a little more yield may cost more than
the yield increase is worth. Any new technology can be
evaluated in terms of its impact on the productivity,
profitability, acceptability and sustainability of farming
systems. Integrated nutrient management practices are
survival and risk avoidance strategies for farmers. Many
farmers understand the role of FYM in improving soil quality
and sustaining yield (Duncan et al., 1990).

Tolesaa and Friesen (2001) reported that the application of
25% recommended inorganic NP fertilizers mixed with FYM
resulted in the highest marginal rate of return in maize
indicating that the integrated approach can enable to save up
to 75% of commercial fertilizers. Likewise, Bayuet al. (2006)
also reported the possibility of saving up to 50% of the
recommended NP fertilizers due to amendment with 5-15 t
ha* FYM to sorghum crop without significantly affecting the
optimum possible yield that can be obtained with the
application of full dose of inorganic NP fertilizers alone.
Farmers’ decisions to adopt a new technology in preference
to other alternative technologies depend on complex factors
(Tesfaye, 2003). One of the factors is the farmers’ perception
to the characteristics of the new technology. The typical
characteristics of a technology are relative advantage,
complexity, compatibility, risk and uncertainty. While
farmers do not necessarily make conscious and sophisticated
analysis of the degree of risk in adopting technology, they are
aware of the implication of particular choices. If a farmer’s
actual experience with the innovation is satisfactory, his/her
perceptions probably will become more favorable (Van den
Ban and Hawkins, 1998).

Farmers’ opinions towards the use of either organic or
inorganic sources of plant nutrients are influenced by a
variety of factors such as: information sources, ethical
concerns about the environment, farmers’ knowledge,
economic considerations (cost and benefit aspects),
marketing procedures, the rationale of the extension system

and the like (Chouichom and Yamao, 2010). Many
researchers reviewed lots of reasons that farmers are
frustrated in using mineral fertilizer such as: the ever
increasing price ofmineral fertilizer is becoming beyond the
purchasing power of farmersand fear of burning effect by
chemical fertilizers on crops when moisture is limiting
(Hailu, 2010). Generally, the frustration of the smallholder
farmers is to escape possible crisis when the prices of their
farm products are too low or lost in the unpredictable rainfall
situation. Therefore, farmers are inclined into locally
available resources and technologies such as the use of FYM,
Butit is not possible to obtain a higher crop yield(profit) by
using organic manure alone due to their unavailability in
excess amount and they contain a comparatively low quantity
of nutrients compared to inorganic fertilizers.

However, no study has been done on the use of integrated
fertilization on the economic profit & social perception of
irrigated tomato so far in the study area.Therefore, the aim of
this research was to study the impact of combined use of
FYM and urea nutrient sources on the economic profitability
& social aspects of irrigated tomato on Tselemtiworeda,
Northern Ethiopia.

1. MAREIALS AND METHODS

The field experiment was conducted at North Western Zone
of Tigray, TselemtiworedaMay ani ‘kebele’ on farmer fields
during the off season of 2012/2013.

From the total 21 village ‘kebeles’ of the ‘woreda’ three
kebeles (May ani, Medhanialem and Whdet) were selected
purposively (Purposive Sampling) for the survey data, based
on their accessibility, good potential and better experience in
irrigated tomato production using Probability Proportional to
Sample size (PPS) method.The target population was those
farmers which have at least five years’ experience in the
production of irrigated tomato. A total of 544 farmers was
selected from the three ‘kebeles’ that fulfill the criteria with
the assistance of the extension staffs of each ‘kebele’, To
make it have a sense of statistic, using the PPS method, 72
households were selected from these 544 households.

Table.1: Method of sample size determination of the respondents using PPS

SIN Kebele name No Total HHs selected Using PPS
1 Whdet 280 37
2 Medhanialem 150 20
3 Mai ani 114 15

Source: Tselemtiwereda office of agriculture and rural development(2005);PPS=Probablity proportional to size

Descriptive survey design for data collection was adopted in
the study. Primary data were collected from the respondents
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with the aid of a structured interview consisting of both
open and close ended questions. The secondary data were
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also gathered from various sources including Tselemti
office of agriculture and rural development, and Maitsebri
Agricultural Research Center (MyARC).Besides, relevant
literature, official reports were also consulted as a
secondary data source. Primary data were collected from
sampled farmers who had involved at least for five years in
tomato production. Pre-tested interview schedule and
checklists were employed as survey instruments.

Based on the 2007 national census conducted by the Central
Statistical Agency (CSA, 2007) of Ethiopia, the ‘woreda’
has a total population of 138,858 of whom 70,108 are men
and 68,750 women.A total of 30,485 households resulting
in an average of 4.55 persons per household. Various land
use types i.e rain fed cultivated land, irrigated land, grazing
land, forest land, home stead and the like are
existing.The‘woreda’ has a total area of 70926ha with
30,365 ha arable land,7000ha irrigated land, 4577ha forest
land, 14882 ha grazing and bush land and 14102ha gully
and mountainous land (MyARC, 2010).

For economic evaluation of the cost and benefit in using the
different ratios of organic and inorganic fertilizers, the
Partial Budget Analysis (PBA), which includes the
Dominance Analysis (DA) and Marginal Rate of Return
(MRR), was used following the CYMMYT procedure
(CIMMYT, 1998). In this study, the partial budget analysis
was made to determine the most economically acceptable
treatments (combinations) by estimating the costs and
benefits based on the current market price of tomato fruit,
inorganic fertilizers and the spreading costs of farmyard
manure for the cropping season at the study area.

The varying labor costs were estimated based on the
existing rate of payment to daily farm laborers. The fruit
yield harvested from the experimental plots was converted
into hectare bases. Then, the market value of the fruit yields
was based on the prevailed market price. To estimate
economic parameters, tomato was valued at an average
open market price of 200.00 birr per quintal (100kg) of
fruit. The price of 20 work days (WD) per hectare for
collection and application of FYM (Astewel, 2010) at a
wage rate of 50 Birr per workdays was used. Since the local
market for the applied TSP as a source of phosphorus was
not available the cost was calculated by changing to DAP
equivalent. So, the price of inorganic fertilizers at the time
of transplanting in the area was 1500.00Birr per quintal for
DAP and 1250.00 Birr per quintal for Urea. Experimental
yields are often higher than the yields that farmers could
expect using the same treatments; hence in economic
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calculation yields of farmers are adjusted by 15% less than
that of the research results (CIMMYT, 1998). Based on this
principle the yield obtained from each treatment was
changed to hectare basis and reduced by 15% for economic
analysis and the analysis was undergone through the
following stages:

Net Income: Estimate the net benefit arising from all
alternative treatments. Net income (NI) is calculated as the
amount of money left when the total variable costs of inputs
(TVC) are deducted from the total revenue (TR).
Dominance Analysis: Before proceeding with the
calculation of Marginal Rates of Return, an initial
examination of the costs and benefits of each treatment,
called dominance analysis is important. Dominance analysis
is used to eliminate some of the treatments from further
consideration in the MRR and thereby simplifying the
analysis of MRR. i.e., those treatments which involve
higher cost but do not generate higher benefits (called
dominated treatments) are eliminated. The dominance
analysis was carried out by first listing all the treatments in
their order of increasing costs that vary (TVC) and their net
benefits (NB) are then put aside. Any treatment that has
higher TVC but net benefits that are less than or equal to the
preceding treatment (with lower TVC but higher net
benefits) is dominated treatment (marked as“D”). The
dominance analysis illustrates that to improve farmers'
income, it is important to pay attention to net benefits rather
than yields, because higher yields do not necessarily mean
higher net benefits.

The Marginal Rate of Return: is used to assess relative
profitability among alternative treatments. It measures the
percentage increase in net income in relation with each
additional input of expenditure (ATVC) and the 100% rate
of return was considered as a minimum value, which
farmers could be willing to invest given their level of
poverty and the fragile nature of the environment
(CIMMYT, 1998). MRR was calculated as the ratio of
change in return on the average of each replicated treatment
to the change in total cost with regard to the control. It
compares the increments in costs and benefits between pairs
of treatments.

MRR =A NI X100

ATVC

Where:

ANI = Change in Net Income;

ATVC = change in Total Variable Cost
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The marginal rates of return appear in between two
treatments. It makes no sense to speak of the marginal rate
of return of a particular treatment because the MRR is a
characteristic of the change from one treatment to another.
Identification of a candidate recommendation from
among the non-dominated treatments: This is the
treatment which gives the highest net return and a marginal
rate of return greater than the minimum considered
acceptable to farmers.

The social data collected were analyzed with the aid of the
descriptive statistical tools of frequency count and
percentage.

Simple descriptive statistics such as simple measures of
mean, standard deviation, frequency, percentages and cross
tabulation were used for the survey data gathered from the
sampled farm households. Statistical package for social
science (SPSS) version 16 was employed to analyze the
data.

1. RESULTS AND DISCUSSION
Effect of Integrated use of Organic and IF on Economic
Performance
The economic analysis revealed, how gross returns and net
benefits were influenced by the integrated use of organic
and inorganic plant nutrient sources on irrigated tomato
productivity(Table 2). Based on the current market price of
economic yield (output) and prevailing price of inputs
during the production period, maximum net of return of Birr
59902.45ha* was recordedin the plots that receive 25% N
from FYM (4.5t/ha) in conjunction with 75% N from
inorganic (97.5Kg/ha Urea)sources
Followed by 50% FYM combined with 50% of urea with an
average net benefit of birr 56386birrha™. It was noted that
the integrated use of organic manure with mineral fertilizer
at 25:75 and 50:50 ratios were economically profitable and
resulted in high net return. However the lowest net return
(36040 Birr/ha) was received in the control treatment (Table
2). Similar results were reported by Alamet al., (2004)who
observed that higher profit was obtained when inorganic
fertilizer was combined with organic manures.

Table.2: TVC cost and NR of tomato as influenced by the integrated use of fertilizers

Trts Combinations Gross return TVC Net return Net return over
FYM IF(Urea) (birr ha) (birrhal) control
(tha?) (kgha?)

T1 0 0 36040 0 36040 -

T2 0 130 55624 3687.5 51936.5 15896.5

T3 45 97.5 63818 3915.55 59902.45 23862.45

T4 9 65 60061 3675 56386 20346

T5 135 325 52411 41375 48273.5 12233.5

T6 18 0 47515 4600 42915 6875

FYM=Farm Yard Manure; IF=Inorganic fertilizer; TVC=Total Variable Cost

From the agronomic point of view, the best results were
obtained from plots which received combined nitrogen
(organic and inorganic) i.e.25%N from FYM with 75%N
from inorganic fertilizers, yielded better than the rest of
treatment combinations.(Table 3). lists the total costs that
vary and the net benefits for each of the treatments in the
integrated use of organic (FYM) and inorganic (Urea) plant
nutrients for tomato production. This used to identify the
inferior treatments i.e. those which involve higher costs but
do not generate higher benefits (dominated treatment). To
proceed through the dominance analysis, treatments were
listed in order of increasing total costs that vary and their
corresponding benefits were put aside. This illustrates that
to improve farmers' income it is important to pay attention
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to net benefits, rather than yields. As indicated in (Table 3),
T1 showed theleast TVC (0) while Ts showed the maximum
TVC (6400 Birr) and all the remaining treatments were
confined between these two ranges. As goes from treatment
(T1) to treatment (T.) both the TVC and net profit increases,
but for treatment (T,) the total variable cost is increased but
showed lower net benefits than treatment (T4) (56386). No
farmer would choose T2in comparison with T4, because
Tzhas higher costs that vary, but lower net benefits. Such a
treatment is called a dominated treatment (marked with a
"D" (Table 3).0n the other hand as goes from treatment T»
to treatment T3z both the TVC and the net benefit are
increased and considered for further analysis of MRR. The
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rest treatments (Ts and Te) are dominated were not
considered for further analysis.

Therefore, from the total six treatments only three
treatments (T1, T3 and T4) were considered for analysis of
Marginal rate of return (MRR) (Table 3). Marginal Rates of
Return (MRR) appear in between two treatments. It makes
no sense to speak of the marginal rate of return of a
particular treatment; rather, the marginal rate of return is a
characteristic of the change fromone treatment to another.
Since dominated treatments were not included in the
marginal analysis, the marginal rate of return was positive.
The marginal rate of return indicates what farmers can

expect to gain, on the average, in return for their investment
when they decide to change from one practice (or set of
practices) to another. From the present day experiment
combined use of FYM and inorganic fertilizers at the rate of
25% N from FYM with 75% N from inorganic and 50%
from FY M with 50% from inorganic could be considered
to have an economic advantage over the use of other
alternative combinations. So to improve farmers’ income
decision cannot be taken regarding these treatments without
knowing what rate of return is acceptable to the farmers
rather attention should be given to the net benefits because
higher yield does not necessarily mean high net benefit

Table.3: Economic analysis for integrated use of fertilizers in tomato

Trts Combinations Yield GR TVC NR Domina MRR
FYM IF (Qlha?) (birr ha-1) (birrhat) nce (%)

T1 0 0 212.0 36040 0 36040 -

T4 50 50 353.0 60061 3675 56386 - 553.6
T2 0 100 327.2 55624 3687.5 51936.5 D -

T3 25 75 375.4 63818 3915.5 59902.4 - 609.4
T5 75 25 308.3 52411 41375 48273.5 D -

T6 100 0 279.5 47515 4600 42915 D -

Trt= Treatment; TVC= Total Variable Cost; D= dominated; MRR= Marginal Rate of Return; FYM= Farm Yard Manure;

IF=inorganic fertilizer (Urea);Qt=Quital;ha'=per hectare

The first rate of return was recorded between treatment 1
and treatment 4 with a change in net income of 20346 Birr
and a change in total variable cost of 3675 Birr. Therefore
the Marginal rate of return was 553.6 % or 5.53 birr. This
means that for every 3675 Birr investment of a farmer in
using 9 t/ha of FYM and 65 kg of inorganic fertilizer
(Urea), farmers could expect to recover the 3675 birr and
Birr and obtain additional 23862.4 Birr and have an
economic advantage over the use of other alternative
combinations. So, this is important to farmers to improve
their income.

Perception of Farmers to Use FYM for Tomato
production

Despite the high number of livestock per household and the
availability of cheap family labor that could be used for
FYM collection and transportation the use of FYM for
increased irrigated tomato productivity is not a common
practice in the area. According to the respondents, FYM is
used mostly for major rain fed crops such as Maize,
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obtain additional 20346 Birr. Similarly as goes from
treatment 4 to treatment 3, Marginal Rate of Return (MRR)
is 609.4% or 6.09 Birr which is relatively highest in this
experiment. This means that for every 3915.5 Birr
investment of a farmer in using 4.5t/ha of FYM and 97.7 kg
of inorganic fertilizer (Urea), farmers could expect to
recover the 3915.5
Sorghum and Finger millet. Even though livestock manure
is highly respected by the farmers as a soil fertility
improvement, the collection, storage and application
method is not practiced properly and only used in the rain
fed crops. The chi-square test indicated that there isa
significant difference (p<0.01) among the three ‘kebeles ‘in
the use of the FYM in irrigated tomato production.
Relatively more farmers in M/ani were used FYM for
tomato production (Table 4). Even though farm yard
manure was easily accessed to the farmers about 43.1% of
them were not used for tomato production because of
different reasons (Table 5
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Table.4: Farmers experience in the use of FYM for irrigated tomato production

Question Respons  Kebele Name Total  Percent X? significance
e Whdet  M/alem M/ani
Do you use FYM for Yes 15 16 10 41 56.9
tomato production in No 22 4 5 31 43.1
your irrigation site? 8.97 0.011**
Total 37 20 15 72 100
X?2=Chi-square test;**= significant p<0.01
Table.5: Main reasons of farmers for do not use FYM in tomato production
SIN Main reasons Frequency percentage
1 Lack of know how 18 42.8
2 Labor shortage and far from the source 13 31
3 Priority to use IF 10 23.8
4 Disease and weed problems 1 2.4
Total 42 100

As depicted in table 5from the farmers which do not use
FYM for irrigated tomato production, 42.8% were because
of the lack of know how whether FYM is important for
tomato production or not, 31% of the farmers responded
that due to labor shortage and far from the source, 23.8% of
the respondents give priority to inorganic fertilizers as a
nutrient sources and the remaining 2.4% answered as due to
diseases and weed problems of the FYM.

Farmers’ perception to use of Inorganic fertilizers in
tomato production

The results depicted in (Table 6) showed that all most all of
the respondent farmers

(94.4%) in the study area were using inorganic fertilizer for
tomato production. 5.6% of the respondent farmers were not

used inorganic fertilizers because of different reasons. In
terms of the economic feasibility of inorganic fertilizer for
tomato production, (48.61%) of respondents argued that use
of inorganic fertilizer is better to gain better profit, whereas
more than half (51.39%) of the farmers respond that use of
inorganic fertilizers is not economically feasible. From the
37(53.9%) respondent farmers who answered inorganic
fertilizer is not economically feasible, 12.9% of them
viewed because price of inorganic fertilizer is high, 83.88%
of them respond because the current market the price of the
vegetables (tomato) is below the initial price of the inputs
used for production and the rest 3.2% of the respondent
farmers answered that due to the burning effect of inorganic
fertilizers especially after first harvest.

Table.6: Farmers experience and perception on Inorganic fertilizer for tomato production

Questions Respons  Kebele Name Total %
e Whdet M/alem M/ani
Do you use IF to increase your tomato Yes 18 15 68 94.4
productivity? No 2 0 4 5.6
Total 20 15 72 100
Do you really believe that use of IF in Yes 5 14 37 51.39
www.ijeab.com Page | 753
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tomato is economically feasible? No 19 15 1 35 48.61
Total 37 20 14 72 100
If your High price of fertilizers(not feasible) 1 0 3 4 12.9
answeris  yrice of vegetables is below IF 15 10 1 26 83.9
no why? Burning effect of IF after 1% picking 0 1 1 3.2
Total 16 11 4 31 100

Perception of Judicious Use of FYM with Inorganic
Fertilizers

Farmers’ perception to integrated use of organic and
inorganic fertilizer for tomato production showed in (Table
7).The result indicates that the sole use of FYM and
inorganic fertilizers were practiced by an equal percentage
(27.8%) of respondents. Majorities (44.44%) of the
respondents were using the integration of organic (FYM)
and inorganic (Urea) nutrient sources for better tomato
productivity. The main reasons why farmers are interested
to use the integration of both nutrient sources for tomato
production is concentrated on three reasons. As depicted in

( Table 7), 65% of the total respondent farmers in the study
‘kebeles’ used integrated nutrient management for tomato
for the advantage of early and better performance of the
crop, 18.8% of the respondents use for soil fertility
improvement and the remaining 15.5% used integrated
nutrient management for sustainable crop production. This
agrees with the findings of Charreau (1991), who reported,
higher and sustainable crop yields are achieved with the
same amount of nutrients when supplied through combined
use of organic and inorganic fertilizers than mineral
fertilizer or organic alone.

Table.7: Farmers perception to integrated use of nutrients for tomato production

Questions Kebele Name Total %
Whdet M/alem M/ani
Which type of plant nutrient FYM only 8 11 1 20 27.8
sources is better for tomato IF only 14 1 5 20 27.8
productivity Integration of both 15 8 9 32 44.4
Total 37 20 15 72 100
If your Early and better performance of the crop 10 5 6 21 65.6
answer is
integration gy fertility improvement 3 2 1 6 18.8
of both
why? ] )
Sustainable crop production 2 1 2 5 15.6
Total 15 8 9 32 100
IF=Inorganic Fertilizer;FYM=Farm Yard Manure
V. CONCLUSION control treatment. From the present day experiment,

Based on the current market price of inputs and outputs, the
economic analysis indicates that all fertilized treatments
(either integrated or lone) record higher net returns over the
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treatments which received integration of FYM and
inorganic fertilizers at the rate of 25% N from FYM with
75% N from inorganic sources resulted a maximum net of
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return,i.,15.4% more than the use of sole inorganic
fertilizers and 39.6% more than the use of FYM only.
Generally, in order to improve farmers’ income decision
cannot be taken regarding only the agronomic observations
without knowing what rate of return is acceptable to the
farmers rather; attention should be given to the net benefits
because higher yield does not necessarily mean higher net
benefit.

Based on the findings, regarding the social perceptions to
the integrated use of organic and inorganic nutrient sources
for irrigated tomato production, it can be concluded that,
almost half of the respondents do not use FYM only for
tomato production, because of lack of know-how, Priority
to use inorganic fertilizers, labor shortage and disease and
weed problems. Similarly, half of the respondent farmers
perceive that, use of inorganic fertilizers is not
economically feasible due to the high price of fertilizer, the
low market price of tomato and burning effect of inorganic
fertilizers especially after first picking. So farmers are
interested on the integrated use of both nutrient sources for
the advantage of early and better performance of tomato
crops, soil fertility improvement and sustainable crop
production.

To get better yield and higher economic benefit from
irrigated tomato productions Every concerned stakeholder
should give due attention to locally available nutrient
resources (FYM) and the integrated use with Inorganic
fertilizer for sustainable tomato production.

CONFLICT OF INTEREST
The author(s) have not declared any conflict of interests.

AKNOWLEDGEMENTS
This research was conducted in partial fulfillment of the
M.Sc degree at Mekelle University by the first author.
Funding was provided by the SIDA project.

REFERENCES

[1] Alam S.M.TahirS.A.,Shah and AliS. (2004).
Phosphorus management in wheat rice rotation
through integrated use fertilizers, Beneficial effect on
yield and profitability.Pak.J.Soil Sci.23:23-27.

[2] AstewelTakele, (2010). Analysis of rice profitability
and marketing chain: The Case of FogeraWoreda,
South Gondar Zone, Amhara National Regional State,
Ethiopia MscThesis, HaramayaUniversity,Ethiopia.

[3] Bayu W., Rethman N.F.G., Hammes P.S., Alemu, G.
(2006).Effect of farmyard manure and inorganic
fertilizers on sorghum growth, yield and nitrogen use

www.ijeab.com

in semi-arid areas of Ethiopia. Journal of Plant
Nutrition 29, 391-407.

[4] Chouichom S. and Yamao M. (2010).Comparing
opinions and attitudes of organic andnon-organic
farmers towards organic wheat farming system in
north-eastern Thailand, Journal of Organic Systems,
pp-25.

[5] Christopher M., and Stephen F. (1994). An economic
analysis of ecological, agricultural Technologies
among Peasant Farmers in Honduras. Ecological
Economics 12 (1995):237-248. USA.

[6] CIMMYT (1988).From agronomic data to farmer
recommendations: An e conomicstraining manual.
Completely revised Edition. Mexico.

[71 CSA.(2007).Central Statistical Agency of Ethiopia.

[8] Duncan B., Eric C., Mark K. and Bruno H. (1990).
Economic Analysis of On-Farm Trials: A review of
approaches, and implications for research program
design, department of agricultural economics, Staff
Paper No. 90-78, Michigan State University, USA.

[9] Hailu Araya (2010). The effect of compost on soil
fertility Enhancement and vyield increment under
smallholder farming, The case of Tahtai-Maichew
district — Tigray region, Ethiopia, University of
Hohenheim, Germany, PhD Thesis.

[10] Mekuria M. and Waddington S.R. (2002). Initiatives
to encourage farmer adoption of soil fertility
technologies for maize -based cropping systems in
Southern Africa.

[11]MyARC (2010). Maitsebri Agricultural Research
Center:  Rice  Production  Techniques:Manual,
Maitsebri, Tigray, Ethiopia.

[12]Place F., Christopher B., Barrett B., Freeman A,
Bernard D. and Vanlauwe, D. ( 2030. Prospects for
integrated soil fertility management using organic and
inorganic inputs: Evidence from smallholder African
agricultural systems. Food Policy 8(2003): 365-378

[13] TesfayBeshah (2003).Understanding farmers:
Explaining soil and water conservation in Konso,
Wolaita and Wollo, Ethiopia. Tropical Resourse
Management Papers.

[14] Tolessa D., Friensen D.K. (2001). Effect of farmyard
manure with mineral fertilizer on grain yield of maize
at Bako, western Ethiopia.Seventh Eastern and
Southern Africa Regional Maize Conference. 11th-
15th February. 335-337. Volume 2. New York.

[15] Van de Ban and Hawkins, A.W. (1998). Agricultural
Extension (2nd ed.). Blackwell Science, Nethrlands.

Page | 755


http://dx.doi.org/10.22161/ijeab/3.3.5
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.orq/10.22161/ijeab/3.3.6

Vol-3, Issue-3, May-June- 2018
ISSN: 2456-1878

Enhancing Productivity and Production of Onion
(Allium cepa L.) Through the use of Improved
Varieties at North Western Zoze of Tigray,
Ethiopia

Gebremedhn Gebretsadkan, Yohanes Gebremicael, Kiros Asgele, Eyasu Abebe,
Weldegerima Gebrelibanos, Yrgalem Tsehaye

Tigray Agricultural Research Institute (TARI)
Shire-Maitsebri Agricultural Research Center (SMARC)

Abstract— Field experiment was conducted to study the
effect different varieties on yield, yield attributing character
and postharvest storability of onion (Allium cepa L.) in
Tselemti district, North western Zone of Tigray During 2007-
20090ff season time. Four improved onion varieties
namly:Bombey red, Adama red, Nasik red &Nafis including
Shendi (imported from Sudan),were tested in Randomized
Complete Block Design (RCBD) with four replications.
Accordingly, treatments were assigned randomly to the
experimental plot within a block. The results showed that the
difference in variety had significant effect on all characters
except the non-significant effect of variety on neck thickness
and bulb diameter. Nasik red variety gave
significantlyhighest in plant height ,leaf number, leaf length
bulb length and marketable bulb yield i.e 35588kg/ha that
exhibited 18% and 36% advantages on the dominantly
produced varieties bombey red and adama red
respectively. The overall study revealed that growing Nasik
red variety is not only significantly increased the marketable
bulb yield , but also better shelf life. Therefore, it is
recommended for onion producers of Tselemti wereda for
profitable onion yield

Key words— Onion, Storability, Variety, Yield.

. INTRODUCTION
Onion (Allium cepa L.) is an important bulb crop, belonging
to the family Alliaceae (Hanelt,1190).It is one of the most
important and popular bulb crops cultivated commercially
in nearly most parts of the world. Onions as food, medicine
and religious object were known during the first
Egyptian dynasty (3200 B.C.) (Ray and Yadav, 2005). ).
It is important in the daily diets of human’s in worldwide and
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Ethiopians as well (MoARD, 2006). Onion contributes
significant nutritional value to the human diet and are
primarily consumed for their distinctive flavor widely used
in soups, meat dishes, salads, food dressings and sandwiches,
medicinal purposes and is cooked alone as a vegetable. Its
pungency is due to the presence of a volatile oil (Allyl propyl
disulphide) (Malik, 1994).

Onion (Allium cepa L.) is a recently introduced bulb crop in
the agriculture commodity of Ethiopia and it is rapidly
becoming a popular vegetable among producers and
consumers (Lemma and Shimeles, 2003; Dawit et al., 2004).
It is more widely grown in Ethiopia for local consumption
and for flower export (Lemma and Shimeles, 2003). It is
valued for its distinct pungency or mild flavour and
also consumed universally in small quantities and used in
many homes almost daily, primarily as a seasoning for
flavouring of dishes, sauces, soup, and sandwiches in many
countries of the world (Geremew et al., 2010).

Onion is one of the most important vegetable crops in
Ethiopia which is used almost daily as a spice and
vegetable in the local dish regardless of religion, ethnicity,
and culture (CSSE, 2006). The diverse agro-climatic
conditions that prevail in the country provide the opportunity
of producing onion bulb, seeds and cut flower for local use
and export market (CSSE, 2006). Additionally, its higher
yield potential, availability of desirable cultivars for
various uses, ease of propagation by seed, high domestic
(bulb and seed) and export (bulb, cut flowers) markets in
fresh and processed forms is making the crop
increasingly important in Ethiopia (Yohannes,1987).
Ethiopia has enormous potentials to cultivate the vegetable
crops at small as well as large commercial scale. The
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country has high potential to benefit from onion
production, and the demand for onion is increasing from
time to time for its high bulb yields, seed and flower
production potential (Lemma and Shimelis, 2003).Statistics
indicated that, the production of onion in Ethiopia during
2012/2013 growing season was in about 21865ha of land
yielding a total production of 219919 tons with an average
yield (10.06 tons /ha) which is too low as compared to the
world average of 19.31 tons/ha (FAOSTAT,2013).

There are a number of constraints that cause low
productivity of onion in Ethiopia. The low yield of onion
in the country is reported to be due to low fertility of soil,
inappropriate fertilizer rate, lack of improved varieties, and
poor management practices (Lemma and Shimelis, 2003).
The use of proper agronomic practice has an undoubted
contribution in increasing crop yield. The optimum level
of any agronomic practice like plant spacing, plant
population, planting date, harvesting time can bring desired
results. The optimum use of spacing or plant population has
dual advantages. It also avoids strong competition
between plants for growth factor such as water, nutrient
and light. Conversely,optimum plant population enables
efficient use of available crop land without wastage
(Zubelidia and Gases, 1977).

The use of appropriate agronomic management practices
is important to increase the productivity and production of
the crop. However, in the country, intra-row spacing of 10
cm and inter-row spacing of 20 cm during transplanting to
permanent field is used which was recommended before 20
years (FAO, 1995). But, plant spacing as an important
economic consideration in the production of onion should
have to depend on type of variety (plant architecture, growth
habit etc.), agro-ecology, production system etc. Therefore,
for onion production, it is very difficult to give general
recommendation to be applied uniformly in all agro
ecologies of the country (UAAIE, 2001). Gupta et al.
(1994) and Lemma and Shimeles (2003) suggested that to
optimize onion productivity, full package of information is
required for each growing region of the country.

Similarly, the success of onion production is also depend on
soil nutrients. Different levels of nutrients affect the yield
and taste of the bulbs even within a variety.Application of
nutrients play a major role in increasing productivity of
onion. Onions are weaker than most other crop plants in
extracting nutrients from the soil, especially the immobile
types because of their shallow and unbranched root system;
hence they require and often respond well to addition of
fertilizer (Brewster, 1994). Nitrogen and phosphorus are
often referred to as the primary macro nutrients because of
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the probability of plants being deficient in these nutrients and
because of large quantities taken up from the soil
relative to other essential nutrients(Marschner, 1995).
Generally, there are a number of constraints that cause
low productivity of onion in Ethiopia. The low yield of
onion in the country is reported to be due to low fertility of
soil, inappropriate fertilizer rate, lack of improved varieties,
and poor management practices (Lemma and Shimelis,
2003). Among these constraints, inappropriate use of mineral
fertilizers, lack of improved and adaptable varieties and un
proper plant spacing are the most limiting factors in our
mandate areas.

Therefore the present study was conducted with general
objectives of identifying adaptable onion varieties, assessing
the effects of nitrogen and phosphorus fertilizer rates and
different inter and intra row spacing on growth, yield and
yield components of onion in the study area.

Objective
To investigate the performance of different varieties
of onion & identify the best agro ecologically
adaptive, high yielder and disease resistance onion
varieties to the area

1. METHODOLOGY

The experiment was conducted at Tselemti Wereda Shire-
Maitsebri (SMARC) experimental Station during 2007-
2009E.c off season periods. Four improved onion varieties
namly: Bombeyred, Adamared, Nasik red & Nafis including
Shendi (imported from Sudan),were evaluated for their yield
performance for the last three years. The field experiment
was laid out in Randomized Complete Block Design (RCBD)
with four replications. Accordingly, treatments were assigned
randomly to the experimental plot within a block.

A plot size of 2 x 3 m (6 m?) was used. The blocks were
separate by 1.5m, whereas plots within a block were 1m
apart from each other. Each plot consists of 5 rows of 3m
length, with a spacing of 40cm between rows & 10 cm
between plants. Recommended amount of fertilizer
(200kg/ha DAP & 100kg/ha Urea) were used. All
management practices (ploughing, cultivation, watering,
nursery and transplanting method, weeding and others) were
applied uniformly to all plots as per standard
recommendations for the crop. The experimental area was
kept weed free by hand pulling throughout the cropping
season. In addition to the field evaluation, simple postharvest
evaluation also conducted for all the varieties. For this
purpose 6kg representative bulbs were selected from each
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variety and kept under normal storage condition to compare
their storability.

Method of Agronomic Data Collection

All data relating to yield and yield components were
collected from the central three rows by excluding plants
from either end of the rows. For the purpose of crop data
collection two (2) plants/row or six(6) plants/plot were
selected randomly from each plot and observations on
growth, yield and yield components of the crop such as: plant
height, average leaf length, average leaf number, average
neck thickness, average bulb length, diameter &yield were
recorded.

Plant height (cm): Plant height was measured from the
ground level up to the tip of the

Longest leaf using ruler. Plant height of sex randomly
selected plants were measured in the

central rows of each plot at physiological maturity stage
of the crop and the average was

Computed.

Days to physiological maturity: It was registered on plot
basis as the actual number of days from date of transplanting
to when about 75% of the leaves fell down and 2/3 leaves
had turned yellow

Number of leaves per plant: The number of fully developed
leaves of six randomly selected plants was counted at the
active green leaf stages and the average was computed to
obtain number of leaves per plant.

Leaf length (cm): Leaf length was recorded as the average
length of the longest leaves in six randomly selected plants at
maturity.

Bulb diameter (cm): Bulb diameter was measured at right
angles to the longitudinal axis at the widest circumference
of the bulb of six randomly selected plants in each plot
using veneer calliper (Saud et al., 2013) at harvest.

Bulb length (cm): Bulb length was the vertical average
length of the matured bulb of six randomly selected plants in
each plot which was measured by veneer calliper.

Bulb neck thickness (cm): The average neck thicknesses of
six randomly selected plants in each plot were obtained by
measuring the neck of bulbs at the narrowest point at the
junction of bulb and leaf sheath using a veneer calliper.
Marketable bulb yield (t /ha): Marketable bulb yield was
determined after discarding the unmarketable bulb, weight
healthy bulbs and having nationally accepted marketable
bulb weight of 60 g (Tegbew, 2011) at harvest in each plot
and converted to t /ha.

For postharvest evaluation six kg of onion from each variety
were weighed and stored in a conventional storage room.
Weight loss and number of sprouted bulbs were recorded in
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every two weeks for about 3months, then finally at the end
of the 3 month weight and number of un sprouted bulbs
were recorded and tried to compare the storability of each
variety.

Method of Data Analysis

All crop data collected in this study were subjected to two
way statistical analysis of variance (ANOVA) following a
procedure appropriate to a randomized complete block
design as suggested by (Gomez and Gomez, 1984).When the
treatment were significant, least significance differences
(LSD) by Dunken’s multiple range comparison were used
for mean separation at p=0.05.

. RESULTS & DISCUSSION
The data in (Table 1&2)showed a significant (p<0.05)
variability between the varieties in most of the traits.
Days to Bulb Maturity
Days to maturity was significantly (P < 0.05) influenced by
variety. Bombay Red and Shendi matured significantly
earlier than the other varieties at about 124.9 & 127 and the
next variety at about 134.2 days, whereas Nasik variety
matured in about 16.8 days later than Bombey red (Table -
1). The variation of maturity among onion varieties might be
due to their genetic differences. Bombay Red variety was
found to be the earliest,which matured 23 days earlier than
Adama Red followed by Melkam which was earlier by 18
days than the Adama Red (Yemane et al., 2014).Similarly
Azoom et al. (2014) also reported significant differences
among eight onion varieties for days to bulb maturity.
Bombay Red and Adama Red matured by less than 120
or/and in between 110 to 130 days, respectively (EARO,
2004).
Leaf Length
The analysis of variance revealed a significant (P < 0.05)
effect of variety on leaf length. Both Nasik Red and Adama
red showed the highest mean leaf length (40.27cm &
39.25cm) .Nasik red had significantly higher leaf length by
about 12.2% than Bombay Red(currently dominant variety in
the testing area (Table -1). The difference of varieties in leaf
length might be due to their differences in genetic makeup. In
agreement with the current result, Yemane et al. (2014)
reported that Adama Red (40.75 cm) showed higher leaf
length than Melkam (37.83 cm) and Bombay Red (35.17
cm). Similarly, Mondal et al. (1986), Ghafoor et al. (2003)
and Jilani et al. (2010) also reported the differences among
cultivars with respect to leaf length.
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Plant height

The analysis of variance showed that plant height was
significantly (P < 0.05) affected by Variety. The plant
heights of Nasik red, Nafis and Adama red varieties attained
maximum height of (45.9,45.25 &42.9 cm ) respectively,
which was significantly different than Bombay Red and
Shendi variety(Table-1).

Although they have grown in the same environment the
difference in plant height among the onion varieties could be

due to the difference in their genetics make up that was
differently influenced by the environment. Tegbew (2011)
indicated the mean plant height of Adama Red (62.25 cm)
cultivar was significantly higher than Bombay Red (56.04
cm) cultivar. The result was similar to the finding of Ghafoor
et al. (2003) and Yemane et al. (2014) who indicated the
presence of significant differences among onion cultivars in
plant height.

Table.1: Effect of variety on days to maturity, plant height, number of leafs per plant and leaf length of onion

SIN Variety DM Pht (cm) ALN ALL(cm)
1 Nasik red 141.7c 45.90a 10.881a 40.27a

2 Shendi 127.0a 37.16b 8.456 C 33.56¢c ¢
3 Bombey red 124.9a 30.23c 8.920bc 28.08d

4 Nafis 134.2b 45.25a 10.057abc 39.52ab
5 Adama red 140.9¢ 42.90a 10.599ab 36.69bc
Mean 133.73 40.29 9.78 35.62
CV (%) 34 12.7 20.2 11.0

LSD 6.402 7.309 2.816 5.594

;Means with in the same column followed by the same alphabets do not differ significantly at the 5 % level of
significance:DM=Days to maturity;pht=plant height; ALN=Average leaf number;ALL=Average leaf length;

Marketable bulb yield

The variety had significant effect (P < 0.05) on marketable
bulb yield. Nasik red had significantly higher marketable
bulb yield (35588Kg/ha) than Bombay Red and Adama
which are the commonly produced varieties in the area
(Table-2). A cultivar may performs differently under
diverse agro-climatic conditions and various cultivars of the
same species grown even at the same environment with
different management often yield differently due to the

genetic makeup of the cultivars and the interaction effects
of genotype x environment or genotype X management
(Yemane et al., 2013). Gautam et al. (2006) indicated that
yield of fresh onion bulb was significantly affected by
varieties.In agreement with this finding Rajcumar (1997),
Jilani (2004) and Geremew et al. (2010) also reported
significant difference within varieties for marketable bulb
yield in onion.

Table.2: Effect of variety on Bulb diameter, Bulb length, Neck thickness and Marketable yield of onion

SIN Variety ANT(cm) ABL(cm) ABD(cm) MY (Kg/ha)
1 Nasik red 1.424 5.546a 5.816 35588 0a
2 Shendi 1.207 5.674a 5.992

26119.6b
3 Bombey red 1.323 4.899 b 6.039 30005.1ab
5 Adama red 1.322 5.436a a 5.586 26099.4b
Mean 1.319 5.438 5.859 2883.94
CV (%) 27.3 7.6 8.9 27.4

ANT=Average neck thickness;ABL=Average bulb length;ABD=Average bulb diameter;MY=Marketable yield
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Postharvest performance of the varieties

In addition to the agronomic performance simple
postharvest evaluation was also carried out to evaluate the
storability potential of each variety. For this purpose similar
amount (weight) of onion from each variety was store for
three months at a normal room temperature and the trial was
repeated for two (2) years. Data like Number of sprouted
bulbs, Weight of non -sprouted bulbs, Total weight loss
e.t.c was recorded in every two weeks for about three
months. The mean result showed that, there was a big

difference in weight loss among the different onion varieties
(Tabel-3&4).Maximum weight loss of (100%)& 97% was
recorded at Adama red in the 1% and 2" year respectively
followed by bombey red. Among the tested varieties
minimum weight loss

Was recorded from shendi. 60% in the 1%t year and 40% in
the seconder were loss from the total initial weight in the
three month period. This indicates that varietal difference
have a great role in the postharvest and quality of onion
bulbs (Table-5&6).

Table.3: simple postharvest performance of the different onion varieties (2007 cropping season)

SIN | Variety Name Eg gg ;QZOCwQ.LoguEé? §§ R
ggﬂ EE - n - NEEEmE ﬁ;w Iegmé:/
1 Shendi 43 35 2.5 1.8 1.4 2.1 60
2 Nafis 38 35 2.7 1.4 0.29 3.21 92
3 Adama red 47 35 2.7 0.89 - 35 100
4 Nasik red 43 3.5 2.9 14 0.4 3.1 88.5
5 Bombey red 55 35 2 0.53 0.1 34 97
Table.4: simple postharvest performance of the different onion varieties (2008 cropping season)
SIN | Variety Name .ng gg ;uZOC%EEmUQTS(—‘S Eﬁ R
E24Ef awrslae S|e s RS2, |[R2.S
1 Shendi 70 6 5.05 4.54 3.58 2.42 40
2 Bomboy red 62 6 5.35 4.56 2.03 3.97 66
3 Adama red 63 6 4.316 1.701 0.545 5.455 90
4 Nasik red 56 6 4.95 3.995 1.307 4.693 78
5 Nafis 60 6 4.2 2.28 0.88 5.12 85

V. SUMMARY AND CONCLUSION
Onion is widely recognized as an important vegetable
condiment as a form of dry bulb and cash crop in Ethiopia.
It is successfully produced under rained as well as irrigated
conditions in different agro ecologies of the country by
small holder farmers and commercial growers. However,
the productivity of onion is not as expected due to many
production constraints. The use of lower yielder and un
adaptable varieties is among the many production
constraints. So, selection of varieties that produce high yield
is very critical to improve the yield of onion.Therefore; this
study was conducted to evaluate the agronomic and
postharvest performance of five onion varieties. The
experiment was conducted at Shire-Maitsebri ~ Agricultural
Research center, Tselemtiworeda, North western Zone of
Tigray during 2007-2009 under irrigation. The experiment
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was laid out in randomized complete block design (RCBD)
with four replications. Data were collected for phenology of
the crop, growth, yield and yield components and analyzed
accordingly.

The analysis of variance revealed the significant effect of
variety on all the parameters exceptneck thickness and bulb
diameter. Nasik red variety had superior plant height, Leaf
number, leaf length, bulb diameter and marketable bulb
yield than the other tested varieties. Nasik red had higher
marketable bulb yield by about 18%& 36.35% than the
dominantly produced bombey red and Adama red varieties
respectively.

Regarding to the postharvest performance of the onion
varieties, Minimum weight loss was recorded from Shendi
variety followed by Nasik red variety. Total weight loss at
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the end the three month storage was recorded from the
commonly produced varieties.
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Abstract— As a result of increase in human need for
energy, the source of a new energy is necessary to replace
the role of fossil fuel whose existence is beginning to
scarce. The organic waste used for the production of
biogas is an alternative energy, allowing reducing
environmental pollution. The biogas test has been done by
using digester fixed dome type made of fiberglass capacity
of 5.5 m?, equipped with an inlet for introduction of biogas
raw material and an outlet for the release of residual
biogas fermentation and an elbow iron mixing road. A soft
PVC gas holder has capacity of 5.6 m°. The digester is
filled by organic wastes namely cow dung and grasses.
Cow dung and water is added at the ratio of 1:2, then after
methane production was stable, filling with grasses mixed
with water. The results of the test show that organic waste
get to produce biogas in blue flame, to be used as fuel to
cook, to operate gas generator and for a infra red drying
fuel. The Water Boiling Tests show that thermal efficiency
is 57.9%, the fire power, 4.0173 watts, the burning rate
0.0688 gram/minute, the specific fuel consumption, 0.1248
kg/hour.

Keywords— agitated digester, biogas production, organic
waste, power generation, infra-red dryer

l. INTRODUCTION
The increasingly less reserve of petroleum is leading
to increase in prices of refined fuel oil. Given increase in
prices of refined fuel oil attributable to the upsurge of the
world oil costs, the government is encouraged to deal with
energy issues. One of efforts to tighten the refined fuel oil
is to seek renewable source of alternative energy.

Most of need for fuel for low income population
is satisfied by firewood, dried ups, and they are repeatedly
chopping down trees in off-limits forests, thereby making
natural conservation around the forest area in gradually
danger. Based on the matters, it is necessary to try to use a
source of renewable alternative energy. Biogas is a source
of alternative energy having been developed, made out of
diverse organic wastes by means of an anaerobic
decomposition process. In general, the type of the
resulting waste may be divided into two fold : one is
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organic waste consisting of Kkitchen waste, traditional
market rubbish, livestock feces, agroindustrial waste,
garden rubbish, agricultural waste and plantation. The
second type is organic waste in the form of glass bottles,
paper, cans, and plastics. The organic waste volume is, on
average, more than inorganic waste, covering 60-70% of
total waste volume (1).

Based on information from the Ministry of
Environment, each individual produces, on average, 0.8 kg
of waste per day. The average waste per person will
continue to increase with the improved well-being and
lifestyle. Assuming 220 million people in Indonesia, the
waste discharged is at the rate of 176,000 tons per day,
some 105,600 — 123,200 tons of them are organic waste.

So far, the management of organic waste is even
using conventional techniques such as open dumping
system management to the landfill, making it compost,
burning it, or dump it into the river. The management of
waste using those techniques tends to be environmentally
less friendly and economically less valuable. The
management in the open dumping system frequently
creates new problems; i.e., generate pollutant gases such as
H,S and NHs. The management of waste made into
compost tends to be economically less valuable and
burning it will cause the environmental pollution and
respiratory troubles for humans. The management of waste
by discarding it into the river will have direct impact being
source of human diseases such as skin diseases and
infectious diseases, while the indirect impact is a cause of
the flood.

Looking at the drawbacks of such techniques, a more
environmentally friendly management technique that able
to produce products of high economic values is necessary.
For this purpose, the management of organic waste as a
source of alternative energy should be applied. A potential
method is by applying anaerobic technology to the
production of biogas.

Biogas technology was introduced in the 1980s;
however, until now the development has not been
encouraging, the existing obstacles include high
construction costs, biogas digesters are not functioning due
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to leakage, requiring manual management (feeding/remove
the stuffing of digester).

Biogas is gas produced from the fermentation of
organic materials by anaerobic bacteria (bacteria being
exist in anaerob conditions). The components of biogas
are CH4 50-70%, CO, 30-45%, N2 0.2%, H»S 500 ppm,
and 02 < 2% (2). Biogas is a fuel such like LPG which can
be used for cooking and for power energy plant. Since it
has a calorific value about 5,000-6,513 kcal/m?® (3), the
biogas is a source of environmentally friendly and
renewable energy. The biogas digester output is slurry or
residual sludge of fermentation which is useful as organic
fertilizer for agricultural or plantation activities.

This study is designed to apply the technology to the
production of household-scale biogas by utilizing organic
waste derived from garden waste.

1. METHODOLOGY
A. Biogas Digester

Fixed dome digester used is made of fiberglass, 2.2
meters in height, 1.8 meters in diameter, capacity of 5.5
md. Fixed dome is a most popular model in Indonesia,
where the installation of digester 3/4 is embedded in the
ground, allowing the conservation of space, maintains the
stability of digester temperature, and support the growth of
methane bacteria.

Digester is equipped with an inlet for the introduction
of biogas raw materials and an outlet for discharging the
fermentation of residual biogas, made of PVC pipe, inlet
of 31 mm in diameter and 19 mm in height spliced to PVC
pipe of 16.5 mm in diameter, 30 mm in height, outlet of 4"
in diameter, 22 mm in length. The outlet is operated based
on the principles of hydrostatic pressure equilibrium.

Digester is equipped with a mixer, made of angle iron,
2 meters in height, and 1.5 meters in diameter. The
purposes of the mixing are to prevent scum from
formation, to reduce sedimentation, and to improve
productivity. In addition, the mixing is generating exactly
contact between a substrate and a population of bacteria,
and produce a homogeneous condition and keep solid
matters in suspension (4). Digester 2/3 is embedded in the
ground, allowing the conservation of the land, thereby
making the charging of the raw material easier and the
temperature more stable.

B. Agitated Tank Biogas Material

Cow dung is collected in a plastic bag at capacity of
200 liters equipped with a mixer made of PVC pipe. The
purpose of the mixing is to admix the whole organic waste
— cow dung and water — to make the anaerobic digestive
process faster. Manual mixing is made by spinning the
mixer.
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C. Safety Valve

This digester is equipped with a safety valve for
regulating the gas pressure in the digester. It is made of
PVC pipe, 3" in diameter, and 22 mm in height. This
safety valve is using the principles of T pipe. When the
gas pressure in the pipeline is higher than the water
column, the gas will be coming out through the T pipe,
allowing the reduction of the pressure in the digester.

D. Gas Holder

Gas holdet is made of soft PVC, 3.2 meters in length,
1.5 meters in diameter, and a capacity of 4 m3. Digester is
connected to the gas container by plastic tubing. Gas outlet
is made of % inch plastic tubing. The gas container is
placed on a height of 1.5 meters from the surface of the
ground. The biogas is distributed by using the plastic
tubing to the biogas stove. Furthermore, the biogas took in
the gas container is distributed by using the plastic tubing
to be used as fuel for cooking and generator to produce
electricity.

E. The Filling up of Raw Material Biogas

Digester is filled up by cow dung and water is added.
The cow dung is coming from cattle breeding of SMK 11
(STMPER) and Cikole. The water is added to the cow
dung at a ratio of 1: 2 in order to obtain a dry weight about
9%. After the full filling up of digester has been completed
and methane has been produced, the digester is filled with
grasses and water is added at a ratio of 1:2.

F. Measurement of Biogas Production

The biogas produced is measured by a gas meter in
specifications as follows: Qmax 6m3/h, Qmin 40 dm3/h, Pmax
50 kPa, V 0.7 dmd. While the gas meter used to measure
the use of biogas for biogas stove and gas generator are as
follows: Qmax 3 m3h, Qmin 16 dm®/h, temperature -20°C +
50°C, Pmax 1.5 bar, V 1.2 dm?®,

G. Utilization of Biogas for Cooking

The biogas produced is used as fuel for cooking by
using biogas stoves. To take advantage of biogas as a fuel
stove required air pump to increase the pressure biogas.
Air pump used has the following specifications: LP 60;
220 V/240 V; frequency, 50-60 Hz; output, 70 liters/min;
power, 60 watts; and pressure, 0.04 mPa, is necessary.

H. Utilization of Biogas to Run a Gas Generator

The biogas produced is used to run a gas generator.
Gas generator used has the following specifications : AJP
4000 E-type; rate voltage, 220 V; frequency rate, 50 Hz;
rate output, 2.5 KVA; maximum output, 3.0 KVA; power
generator, 3,000 watts.
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I.  Utilization of Biogas to Run The Far Infrared Dryer

Biogas is used as fuel to run the dryer with the
following specifications (5) : the type of far infrared dryer
tray cabinet, dimension of length 2 meters; wide 2 meters;
and height 2 meters.

Parts of wall made of styrofoam with a 40 mm thick
insulating material to withstand the heat out of the dryer
due to the heat transfer by conduction. Th inside styrofoam
coated 304 stainless steel plate thickness of 1 mm as a
reflector of electromagnetic radiation, while the outer
walls using patterned alumunium plate orange peel with
thickness of 0,8 mm. Floor section using T block with 20
mm thick and using the same layer as the walls. Dryers
have two pieces of fan in the front and back, 1 piece
exhaust fan, 2 piece of of intake air circulation holes in the
door, 2 shelves and 1 control potel. Fans are used to flatten
the hot air in the drying chamber, while the exhaust fan is
used to absorb water vapor out of the drying chamber. As
the type of heating used gasolec S8 as easily available and
suitable for LPG and natural gas. Gasolec has a capacit 3,5
kw/hour with an operating pressure 350 — 1400 mbar (6).
Infrared dryer is used to run the compressor with the
following specifications maximum working pressure 9
kg/cm?, water test pressure 14,7 kg/cm?, capasity 22 1.

J.  Testing the methane content
Testing the methane content is done simply by means of
flame.

K. Water Boiling Test

The water boiling test is designed to determine the
capability of biogas. The test is established in a biogas
stove at room temperature using biogas to boil 2 liters of
water in a pot. Once the water in the first pot is boiling, the
test is done by replacing the pot in the second phase. The
Water Boiling Test is delivering data on thermal
efficiency, fire power, burning rate and specific fuel
consumption (7).

L. Thermal Efficiency Test
Efficiency is the percentage of usable heat than the heat
generated by a cookware during the test, the equation used
is as follows (7) :

(Mw.Cp + Mpa.Cpa)(T2 — T1) + Ms.Hyg

Noverall =

mf.E
Note:
n = Overall efficiency of gas burner
My = Mass of water under heat (kg)
Mpa = Mass of pot of water under use (kg)
Cp = Heat of water type (kj/kg)
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Cpa = Heat of pot type (kj/kg)

T, = Temperature of boiling water (°C)

T1 = Initial temperature of water (°C)

ms = Mass of water under evaporation (kg)
m¢ = Mass of fuel under application (kg)
Hig = Latent heat of water evaporation (°C)
E = Low caloric value of fuel (kj/kg.bb)

M. Fire Power Test

This test is designed to determine the amount of power
generated by a stove to cook. The power is derived from
the multiplication of the mass of the fuel by caloric value
of the fuel divided by time. Thus, the power generated by a
stove is derived from the mass of the fuel under
application and the caloric value of fuel (biogas) and the
length of time to cook (7).
To determine the amount of fire power, the following
equation is used:

mt.E
P= (KW)

At
Note:
P = Fire power (KW)
m¢ = Consumption of fuel during time t (kg)
E = Low caloric value of fuel (kj/kg).
At = Time of testing (second)

N. Burning Rate

This is a measure of the rate of fuel consumption while
bringing water to a boil. It is calculate by dividing the
equivalent fuel by the time of the test (7).

fcd
Reb =
Ate
Note :
Rch = Burning rate (grams / minute)
fed = Biogas consumed (grams)
Ate = Time to boil (minute))

O. Specific fuel consumption

Specific fuel consumtion can be defined for any number of
cooking tasks and should be considered the fuel required to
produce a unit output, wether the output is boiled water. In
the case of the cold start high power Water Boiling Test, it
is a measure of the amount of biogas required to produce
one liter of boiling water starting with cold stove (7).

fha
SCh =
Phi—P
Note :
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SCh = Specific fuel consumption (grams fuel / grams
water)

fha = Equivalent biogas consumed

Pht = Weight of pot with water before test (grams)

P = Weight of pot with water after test (grams)

1. RESULTS AND DISCUSSION

Based on the results of the chemical analysis, cow

dung have chemical composition as follows: pH, 8.0; the
content of water, 76.25%; total nitrogen, 1.38%; total
organic carbon, 34.42%; phosphate, 1.6%; and C/N ratio,
25. While the chemical composition of grasses as follows
the content of water, 80,82 %,; total nitrogen, 1.76 %,; total
organic carbon, 87,95 %; phosphate, 0,92 %; and C/N
ratio, 49,9.
The optimum C/N ratio for the methane forming organism
is 25-30 (8). If the C/N ratio in the material is high, it will
be making the process of radical changes longer, leading to
less production of methane. According Jewel (1982) when
the amount of C in the material is very much high C/N
ratio), the N will be ran out in advance, so that C are left in
great quantities, thereby making the bacteria cease from
active. The balance of carbon (C) and nitrogen (N) in the
organic substance will be simply determining the
microorganisms living and activities (9). A factor affecting
the C/N ratio value of cow dung is the feeding of woof. To
achieve ideal C/N ratio, the weeds need to be added.
Carbon in carbohydrate and nitrogen in protein, nitric acid,
ammonia, are the main substances for anaerobic bacteria.
Carbon is used as energy and nitrogen to build structural
cells of the bacteria.

The content of water in cow dung used as a raw
material for production of biogas is 76.25 % and dried
matter is 23.75%, while grasses the content of water is
80,82 % and dried matter is 19,12 %. In the processing of
cow dung as input for digester, the cow dung and grasses
is diluted at a ratio of cow dung / grasses and water = 1:2.
The use of water is twice more than the amount of cow
dung / grasses under mixing, because of the content of
dried matter is high and methane bacteria needs water in
large quantities for the process of biogas formation.
According Kim (2011) in Triakuntini et al. (2012), the
normal activity of the methane microbe requires about
90% of water and 7-10% of dried matter and fermentation
input (10). This condition can be realized by using dilution
by water at a ratio of 1:1 or 1:2. If the water is every little,
the acetic acid would be accumulated; thereby inhibiting
the fermentation process and a crust is formed and, in turn,
hinder the gas formed into the surface.

pH of cow dung is 8.0, this value is qualifying for the
production of biogas; according to Van Lier in Zhao
(2011) the anaerobic microbe is active at optimum pH of
6.5 — 8 (11). If pH is below 6.5, it can be toxic to the

www.ijeab.com

methane forming bacteria; otherwise, it will be leading to
the end product, CO2, as the main product. Rather, when
the pH is more than 8, it can be inhibiting microbe. The pH
value during the observation, the inlet around 7 to 7.48,
whereas at the outlet from 7 to 7.34.

A. The Temperatures of Digester and Ambient

Temperature is one of important factors in the process
of biogas fermentation, as the temperature affects the
optimal development of biogas forming microorganism.
As ESCAP argues it, the temperature is essential for the
process of fermentation, as it is related to the ability of
bacteria in processing biogas. Optimum ambient
temperature is ranging from 30-35°C (8).

(=]
(=}

—
[

—#— ambient temp.

—_
[=]

——inlet temp.

Temperature (0C)

—— outlet temp.

wh

f=1

Tunes (day)

Fig.1: Ambient temperature and the temperature of
stuffing in the digester during observation

As shown in Figure 1, the temperatures of inlet digester is
in the range of 24.5-28.5°C, outlet, 24-28°C, and the
ambient, 26-33°C, including the optimal temperature of
digestion for biogas forming bacteria. According Rouf
(2011), the optimum methanogenic bacteria are active at
temperatures between  25-30°C (12). According Price
(1981), microorganisms response to temperature changes
in temperature cause in reaction speed, change in
population of bacteria causes selection or mutation in the
microorganism (13) .

B. Production of Biogas

The production of biogas is starting at 1 day after the full
charging of digester and gas may be burned; eventhough
the flame is yellowish blue in color and the pressure of gas
is still very small and, therefore, can not be used as fuel.
Biogas can be used as fuel at day 4, on the condition of the
gas holder contains half. This hows that the biogas
containing methane gas is high enough to be used as fuel.
The production of biogas shows an increase until day 12,
as shown in Figure 2. On the 13" day, the biogas has
reduction. This reduction is indicative of the organic waste
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need to be charged into the biogas digester, resulting in
longer increase biogas production, because the substrat
that has been fermented to be replaced by new waste still
fresh. Charging raw material once a week, in the first week
until week three of charging using com manure. Charging
grasses done from week 4 until stable biogas production.
Production of biogas from cow dung is higher than the
grasses. Production of biogas from cow dung in the second
week of 10.156 m?, in week 3 of 9.208 mé. While
production biogas from the grasses at week 4, 9.775 mé,
week 5 amounted to 9.904 m® and the 6 th week increase
to 7.423 me. This is due to cow dung containing the C/N
ratio better than the grasses at 25, while the grasses at 49,9.
Production of biogas average per day to 1.383 m3 of cow
dung, to grasses of 1.291 m3. Arifin research results
(2011) conducted in boarding Saung Balong Majalengka
showed that the production of biogas from cow dung of
1.51 m?® per day (14).

2500

.4

ERVAVIwYL
MEVALAL TR

Biogas production (liter)

400

—#—Biozas prodochion

R R R T S R S BT B

Tuue (weeks)

Fig.2: Biogas production during the observation

The content of methane is put to the simple flame test.
The biogas may be burned properly if the content of
methane has reached 57%, generating the blue flame (15).
Meanwhile, according to Hessami in Alpen Steel (16), the
biogas is well inflammable if the content of methane has
reached at least 60%. According to Jewell (1982) the color
of flame generated by the combustion of biogas may be
used as an indicator to determine the content of CO; in the
biogas (9). The blue flame is indicative of high methane.
The yellow flame indicates the content of CO; is more
than normal; i.e., it is more than 48%. When the gas is not
inflammable, the content of CO is extremely high.

The formation of biogas by the anaerobic
fermentation is a process consisting of three stages:
hydrolysis, acydogenesis, and methanogenesis. The first is
the hydrolytic process by which the organic materials such
as carbohydrate, lipid and protein are degraded by
hydrolytic microorganisms to be such dissolved
compounds as carboxylic acid, keto acid, hydroxyl acid,
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ketone, alcohol, simple sugar, amino acid, H, and CO,.

Organism having a role in the fermentation is Bacteroides

ruminicola. The reactions are as follows (17) :

Ce¢H1206 + 2H,O —»2CH3COOH + 2CO, + 4H>»
(acetic acid)

Ce¢H1206 —» CH3CH2CH>COOH + 2CO; + 2H;
(butyric acid)
CeH1206 + 2H, —» 2CH3CH,COOH + 2H;
(propionic acid)

In the next stage, acydogenesis or acidification, the
dissolved compounds are converted into fatty acid in short
chain which are, generally, acetic acid and formic acids.
Also, it is changing a low molecular compound molecular
into alcohol, organic acid, amino acid, CO2, and H,S by
acydogenic microorganism of desulfovibrio genus. The
reactions are as follows (18):

CH;CH,COOH —>» CH3COOH + CO, + 3H>
(acetic acid)

CH3CH,CH,COOH —» 2CH3COOH + 2H;
(acetic acid)

The last stage is methanogenesis, by which fatty
acids in short chain is modified into Hp, CO», and acetate.
Acetate will be undergoing decarboxylation and reduction
of CO,; afterwards, it is together with H; and CO;
producing the end products, methane and carbon dioxide.
Organisms having role are methanogenetic bacteria, for
examples, Metanobacterium formiciccum,
Metanobacterium mobile, Metanobacterium ruminantium,
Metanobacterium sohngenii, Metanobacterium
prpionicum, Metanobacillus omelianski, Metanococcus
mazaei, Maethanococcus vanbiellii, Metanosarcina
metanica (8). The reactions are as follows:

CH3;COOH —» CHs+CO;
2H, + CO, e CH4 + 2H,0

C. Biogas application test as fuel for cooking

To turn on biogas stove need to use air pump to
suck the biogas into the gas burner. The specifications of
air pump used are as follows: LP 60, 220 /240 V, 50-60
Hz frequency, 70 liters/ min output, 60 watts power, 0.04
mPa pressure. The results of biogas test as a fuel for
cooking shows that consumption of biogas for the use of
gas burner is 580-800 liters per hour, depending on the size
of the flame. Researches by Martono (19) showed that
consumption of biogas for the use of gas burner is 200-450
liters/hour, while for the large gas burner is 1000-3000
liters/hour. Meanwhile, the researches by Widodo (20)
suggest that a gas burner need for 300 liters/hour to flare
up at a pressure of 75 mm H0. Biogas produced is blue in
color, odorless, and does not emit smoke. This is evidence
of shrinking the biogas accommodating plastic
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representing decline in the composition of methane.
Meanwhile, when the content of methane is high, the
biogas accommodating plastic will be inflated and the
burst of fire in the biogas stove is nice and blue in color.

D. Water Boiling Test

The Water Boiling Test is designed to determine
the combustion power of biogas under test. The results of
the Boiling Water Test suggest the consumption of biogas
to boil 2 liters of water is 143 liters; the time required is 9
minutes and 14 seconds, from the initial temperature of
28°C to the final temperature of 99°C, no any soot in the
bottom of pot. In light of the time to boil the water, the
biogas can compete with other fuels such as kerosene. To
cook 2 liters of water requires 9 minutes and 52 seconds,
from the initial temperature of 21°C to the end temperature
of 96°C, resulting in soot in the bottom of pot.
Meanwhile, to cook the water using LPG take 6 minutes
29 seconds, from the initial temperature of 23°C to the
final temperature of 98°C, no any soot in the bottom of
pot. The Water Boiling Test generate thermal efficiency of
22.9% - 83.3%, the average is 57.9%, the fire power is
1.79 - 2.71 KW, the average is 2.21 KW, the burning rate
is 0.0688 grams/minute, and specific fuel consumption of
biogas is 0.359 - 1.078 kg/hour, the average is 0.1248
kg/hour. Syamsuri et al (2015) research result showed that
the test using burner diameter of 2 to 4 was obtained power
fire of 0,4744 to 0,55 KW, the fire power of 1,21 to 2,052
KW, thermal efficiency of 56,81 to 61,64 % (21). While
Sudarmanta (2012) research results showed that the
specific fuel consumption of 0,3451 kg/hour, the thermal
efficiency of 50,591 % (22). Thermal efficiency is the
magnitude of energy received by a pot as compared to
energy released by the combustion of biogas. The thermal
efficiency of biogas produces satisfactory results.

The gas burner power is heat supplied by the fuel
during the test. The equation of power showed the
consumption of fuel is directly proportional to the
capacity. Therefore, when the biogas stove has a big
power, the consumption of fuel is high, as well. Rather,
when the biogas stove has small power, the consumption
of fuel is, of course, low.

E. Gas generator test

Biogas can be used as fuel to run a gas generator.
The gas generator being used has a capacity of 3000 watts;
the consumption of biogas is 1053 liters per hour.
Researches by Martono (18) showed that, to run a diesel
machine per bhp requires biogas some 420 liters/hour.
According to ESCAP (8), 1 m3 of biogas can run a motor 2
HP for 2 hours and generate 1.25 kwh electricity.
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F. Infra Red dryer test

The biogas produced can be used as fuel for Infra
Red dryer. Infra Red dryer has a wavelength of 25-1,000
pm or approaching microwave. The drying process by
Infra Red technology is very efficient because the radiation
of heat is directed through inner molecule and breaks the
bond of water molecules in the material molecules without
any intermediary medium (air) as did in the processes of
convection and conduction. In the Infra Red, the resultant
product have high quality in the efficient process than
drying by convection and conduction, the dried product did
not experience a significant change in color, the aroma of
product is even strong. The infra red dryer capable of
drying 12 kg of cassava slices of water content 57,12 % to
14,865 % during 3 hours for drying at a temperature of 60
°C. The consumption of biogas is 5,484 m?, whereas, when
LPG is used, the consumption of fuel is approximately 1.5

kg.

V. CONCLUSION

The conclusion that can be drawn from the use of
organic waste for the
Production of biogas is as follows: the production of
biogas is improved with the time of observation, the
content of methane is quite high, the biogas stove can be
fired up in a blue flame, the gas generator and the far infra
red dryer might be ran. The consumption of biogas for
lighting up the biogas stove is ranging from 580-800 liters
per hour, for the gas generator is 1757 liters per hour at
3000 watts, and for the Far Infra Red dryer of 2 m in
length, 2 m in wide, and 2 m in height to dry 12 kg of
cassava slices required about 2.653 — 3 m® of biogas.
Biogas can be an alternative substitute of kerosene for day-
to-day purposes.
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Abstract— Artemia salina, the main first-feeding protein
source of the catfish Clarias gariepinus larvae is relatively
scarce and very expensive in Cote d'lvoire and it raises the
cost of catfish fingerlings production. To reduce the feed
cost, feeding trial was completed with five isonitrogenous
(35%) diets formulated by substituting artemia protein in
control diet by soya protein at 25% (SB2s), 50% (SBso),
75% (SB7s) and 100% (SBigo) level. Clarias gariepinus
larvae initial body weight 0.0064 + 0.001 g were stocked
at 1 larvae L and fed with the experimental diets three
times daily ad libitum for 49 days. At the end of the growth
trial, diets SB2s and SBso present similar growth with the
control diet. The low growth recorded from fish fed SBss
and SBig highly affected final biomass despite the best
survival rate recorded. Best values of feed conversion
ratio were recorded from larvae fed control diet followed
by SBas, SBso. High levels of soya proteins in diets affect
feed palatability and larvae growth, vigour, motility and
reactivity. Compounded feeds SBys and SBsp can be used
us low cost Clarias gariepinus larvae diets without
adverse effects on growth and survival compared of
artemia control diet.

Keywords— Clarias gariepinus, larvae, soybean meal,
growth, survival.

I. INTRODUCTION
Availability of quality feeds, feeding strategies and control
of cannibalism are essential in Clarias gariepinus larvae
growth and survival [1], [2], [3]. The lack of available low
cost larvae feeds has continued to be a major constraint to
the competitive catfish culture in Céte d’Ivoire [1], [4]. In
fact, Artemia nauplii capsulated cysts which is currently
used as protein source in catfish Clarias gariepinus larvae
feed remains the major constraint in larvae feeding [5], [6],
[7]. This protein source is hardly available and locally
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expensive (210.57 USD kg?') and it raises the cost of
catfish fingerlings production [8]. To reduce the feed cost,
the use of Artemia in catfish larvae diets must be reduced
as suggested by Siddiqui and Ahmed [9]. This can be
achieved by replacing Artemia salina proteins with
alternative highly available soybean meal. Soybean meal
has 45-50% protein content and is the better plant protein
ingredient used as alternative protein sources in fish diets
[10], [11], [12]. It is also the primary plant protein used in
catfish diets in Africa due to the fact that soya is widely
used for vegetable oil production which increases the
locally available of soybean meal for animal nutrition [13].
Also imported soybean meal has good availability and
locally and imported soybean meal are reasonable price
(0.60-0.95 USD kg*) compared to Artemia salina nauplii.
Results of lot of feeding trial have shown considerable
success in partial or total inclusion of soy bean meal in
catfish Clarias gariepinus larvae and the fingerlings diets
[14], [2]. According Francis et al. [15], vegetable protein
can substitute fish meal to supply required protein needed
for good growth. However, inclusion levels of vegetal
protein in diet and their effective utilization by fish
depending to species and growth stage due to the presence
of high crude fiber content and antinutritional factors [16],
[15], [17], [18]. Consequently, high inclusion of vegetal
ingredients in fish diets could cause slower growth rates,
poor performance and high mortalities [13], [17], [19],
[20]. For effective substitution of Artemia salina by
soybean meal in Clarias gariepinus larvae diets it’s
essential to determine the optimal level of replacement
which promotes growth and survival. This study assesses
the effect of gradual replacement of Artemia proteins by
soybean proteins in Clarias gariepinus larvae diets on
growth performances, feeds efficiency and survival.
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Il. MATERIALS AND METHODS

2.1 Experimental diets

For feeding trail, control diet was formulated at 35%
protein with Artemia salina as the main diet protein source
without soybean meal. Then, four isonitrogenous diets
were formulated at 35% crude protein by substituting
Artemia salina in control diet by soybean meal based on
crude proteins as follows: SBas = 25% of soybean protein
replaced Artemia salina proteins; SBsyp = 50% of soybean
protein replaced Artemia salina proteins; SB7s = 75% of
soybean protein replaced Artemia salina proteins; SBigo =
100 % of soybean protein replaced Artemia salina proteins
(Table 1). All diets were composed and produced with
methodology described by Ossey et al. [19]. Nutritional
compositions of diets were determined and all diets were
stored at -20°C until use.

2.2 Biochemical Analysis

The proximate compositions of experimental diets were
determined according to AOAC methods [21]. Dry matter
(DM) was determined after drying 5g of sample in an oven
at 105°C for 24 hours until constant weight; crude protein
(N=6,25) was determined by Kjeldahl method; crude lipid
of sample was obtained by Soxhlet extraction with hexane;
Ash was measured by incineration at 550°C for 24 hours in
a muffle furnace, crude fibre were measured by acid
digestion following by ashing dry residue at 550°C muffle
furnace for 4 hours, while nitrogen-free extract (NFE) was
calculated by difference. The gross energy contents of the
diets were calculated based on their crude protein, lipid
and carbohydrate contents using the energy equivalents of
22.2, 38.9 and 17.15 kJ g* respectively [22]. Ingredients
and chemical composition of the compounds diets are
presented in Table 1.

2.3 Experimental Fish and Feeding Trial

The experimental was carried out at the hatchery of the
Centre de Recherches Océanologiques (CRO), Abidjan,
Cote d’Ivoire. Three days-age Clarias gariepinus larvae
initial body weight 0.0064 + 0.001 g were transferred in
aquarium (39. 40 cm x 50. 20 cm x 27. 00 cm), capacity of
50 L and acclimated four (4) days prior to beginning of the
growth trial. Fish were counted and stored at density of 1
larva L' in each aquarium. Three replicates were
constituted by diet and the feeding trial was conducted in
15 aquariums. Fish were fed three times daily (07:00,
12:00 and 17:00 hours) ad libitum for 49 days [19]. Every
day, dead fish of each aquarium were removed and
counted. Once a week, 15 larvae were randomly sampled
in each aquarium for total length and wet weight
measured. Then, all larvae were weighed and feed ratio
was adjusted to reflect the new fish biomass. At the end of
experiment, all survival fish were collected, weighted,
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measured and counted. Missing fish were presumed to
have succumbed to the cannibalism [23]. During growth
trial, the average water temperature, measured twice daily
was 29.32 * 0.50°C, average dissolved oxygen content of
water was 04.65 = 0.60 mg/L and average pH was 07.18 £
0.30.

2.4 Growth Feed Efficiency Parameters

The growth and nutrient utilization parameters were
calculated for each treatment as follows: weight gain (WG)
(9) = final body weight — initial body weight; daily weight
gain (DWG) (gday?) = final body weight — initial body
weight / number of feeding day; specific growth rate
(SGR) (%/day) = [In (final body weight) — In (initial body
weight)] x 100/ number of feeding day; biomass gain (BG)
(9) = final biomass — initial biomass; feed conversion ratio
(FCR) = total weight of feed consumed (g) / biomass gain
(9); total weight of feed consumed is obtained by total feed
distributed fewer uneaten food; survival rate (SR) (%) =
(final number of larvae / initial number of larvae)x100;
cannibalism rate (CR) (%) = (nhumber of larvae
missing/initial number of larvae)x100; mortality rate (MR)
(%) = (number of dead larvae/initial number of
larvae)x100.

2.5 Statistical Analysis

Data analysis was performed using Statistica 7.1 software.
All data are presented as mean + standard deviation (SD).
Results were compared using ANOVA one-way analysis
followed by the Tukey’s multiple range test to compare
differences among treatment means.  Significant
differences were considered at p < 0.05.

1. RESULTS
Growth and feed efficiency parameters, cannibalism,
mortality and survival rate of Clarias gariepinus larvae fed
control diet and diets SB2s, SBso, SB7s, and SBigy are
presented in Table 2.

3.1 Growth

At the end of the growth trial, final body weight, weight
gain, daily weight gain and specific growth rate recorded
were significantly (p< 0.05) influenced by the levels of soy
bean meal inclusion in the control diet. These growth
parameters were significantly highest from larvae fed
control diet SBys, and SBsy which did not differ
significantly (p>0.05) followed by the group of the fish fed
SB7s. Larvae fed SBigo recorded the significant lowest
values of these growth parameters. The fish final biomass
and biomass gains decreased with the soy bean meal
inclusion level in control diet. The significant (p< 0.05)
highest biomass gain value was recorded from fish fed
control diet (82.21 + 0.11g) followed by SBys (69.44 +
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0.12g), SBso (57.42 + 0.14g), and SB7s (47.73 + 0.13g) and
the lowest value was obtained by fish fed SBig (47.73 £
0.139).

3.2 Feed Efficiency

Total quantity of feed used by aquarium and feed
conversion ratio values recorded were affected by the level
of Artemia salina replacement by soybean meal in control
diet. Results showed that quantity of feed used decreased
with the soybean meal inclusion level in diet conversely
FCR significantly (p< 0.05) increased. The lowest value of
FCR correlated with best feeds efficiency was recorded
from fish fed control diet (01.88 + 0.29) when the highest
value of these parameters was obtained from fish fed diet
SBigo (3.30 £ 0.18).

3.3 Cannibalism, Mortality and Survival

Cannibalism, mortality and survival rate values showed
significant influence with the level of soy bean inclusion in
control diet. Cannibalism rate values varied between 15.55
and 23.32%, mortality rate ranged between 1.25 and
2.21% while survival rate varied between 68.27 and
83.20%. The highest (p< 0.05) value of cannibalism rate
was recorded from fish fed SBas (29.75 + 0.75 %) and
SBso (29.86 + 0.66 %), followed by fish fed SB7s5 (25.60 +
0.40 %) and control diet (23.32 + 4.28 %) when the lowest
cannibalism rate was observed from fish fed SBig (15.55
+ 0.55 %).

Fish fed control diet recorded the highest mortality rate
(02.21 £ 0.01) followed by those of fish fed SB2s (01.65 £
0.14) and SBsp (01.87 + 0.25), when the lowest mortality
rate values were obtained from fish fed SB75(01.30 + 0.01)
and SBigo (01.25 £ 0.12). The significant (p< 0.05) best
value of survival rate was recorded from fish fed SBiog
(83.20 + 0.04), followed by control diet (74.47 + 5.46) and
SB75 (73.10 + 0.15) and the lowest values of survival rate
were observed from fish fed SBs (68.60 + 0.60) and SBsg
(68.27 + 0.03).

V. DISCUSSION

At the end of the growth trial, feeds which artemia protein
was substituted by 25% (SB2s) and 50% (SBso) of the soya
protein present similar growth with the control diet. Up to
75% of soya protein inclusion, values of final fish growth,
weight gain, and daily weight gain recorded were
decreased. These results show that artemia protein can be
substituted by soya protein at 25 to 50% without adverse
effects on Clarias gariepinus larvae growth. In fact, high
levels of soybean meal increase anti-growth substances
and indigestible carbohydrates levels in diets which lead to
slow growth and poor feed performances [24], [25].

Consequently, low growth recorded from fish fed SBzs and
SBigo highly affected final fish biomass by aquarium.
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Quantity of fish feed used also decreased with the levels of
soybean meal inclusion. However, best values of feed
conversion ratio were recorded from larvae fed control diet
followed by diets SBs, SBsp and SB7s when diets SBigo
presents the lowest value of FCR. These results could
show an increasing reduction of feed palatability,
acceptability and digestibility when artemia proteins were
gradually combined with soya protein in diet. Concerning
cannibalism, several studies showed that it’s intensified by
increasing size differences, suitable feeding practices, inter
individual contacts, competition of food and stress [26],
[27], [28], [29], [30], [31]. The low cannibalism value
recorded with fish fed SBigo could confirm that soya
protein diet SBigo was not accepted and not palatable for
larvae which consequently reduces quantity of feed use,
inhibits competition of food and stress, and entails slows
growth for all the fish in aguarium. In these conditions,
cannibalistic ~ behaviour —of larvae was reduced
consequently in the groups of fish fed SBig and these
groups recorded the highest values of survival rate.
Despite high survival rate recorded with SB1go, growth and
feed efficiency values show that high levels of soya
proteins in diets affect feeds palatability and larvae
growth, vigour, motility and reactivity. In these conditions,
100% soya proteins diets are not recommended for Clarias
gariepinus larvae growth. Conversely, survival rate (68%)
obtained with feeds which artemia protein was substituted
by 25% (SB2s) and 50% (SBso) soya protein were similar
to the survival rate (67-69 %) of the larvae Clarias
gariepinus fed with commercial high proteins content (56-
57%) diets reported by Yakubu et al. [3]. In addition, these
two diets present similar growth results with control diets.
In these conditions, artemia protein in 35% protein control
diet can be replaced by 25 to 50% of soya protein for
catfish Clarias gariepinus larvae growth.

V. CONCLUSION
Artemia protein in Clarias gariepinus larvae 35% protein
diet can be replaced by soya protein to 25 and 50% for
reduce the feed cost. Compounded feeds SB2s and SBso
can be used us low cost nutritive Clarias gariepinus larvae
diets without adverse effects on growth and survival
compared of Artemia dietary control diet.

Page | 772


http://dx.doi.org/10.22161/ijeab/3.3.8
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)
http://dx.doi.org/10.22161/ijeab/3.3.8

Table. 1: Formulation and proximate composition of experimental diets

Vol-3, Issue-3, May-June- 2018
ISSN: 2456-1878

Soybean meal inclusion

Ingredients composition (%6) Control diet SB2s SBso SB7s SB10o
(0%0) (25%) (50%0) (75%) (100%0)
Artemia salina Meal 57.80 44.00 30.00 15.00 -
Soy bean meal - 20.90 40.00 60.00 81.00
Maize flour 24.56 18.00 12.76 08.00 02.00
Maridav 10.00 10.00 10.00 10.00 10.00
Palm oil 02.00 02.00 02.00 02.00 02.00
Lysine 02.13 02.13 02.13 02.13 02.13
Methionine 01.61 01.61 01.61 01.61 01.61
VITAMYNOLYTE Super prémix 02.00 02.00 02.00 02.00 02.00
Total 100 100 100 100 100
Proximate analysis
Moisture (%) 10.60 10.23 10.67 10.73 10.99
Crude protein (% DM) 35.13 35.63 35.44 35.16 35.15
Total fat (% DM) 04.76 06.43 07.95 09.58 11.25
Ash (% DM) 03.21 04.83 06.28 07.81 09.42
Crude fiber (% DM) 03.90 04.38 04.76 05.17 05.60
Nitrogen free extract (%)3 42.38 38.46 34.87 31.52 27.56
Gross Energy (kjgb)* 16.93 17.03 16.96 16.95 16.92
P/E (g. kJ'1)® 20.74 20.93 20.90 20.74 20.77
Table. 2: Growth, feed efficiency and survival rate of larvae C. gariepinus fed the experimental diets
Experimental diets
Parameters Control diet SBas SBso SBr7s SB100
(0%) (25%) (50%0) (75%) (100%)
Initial larvae number 50 50 50 50 50
Initial body weight (g) 0.0064+0.01 0.0064+0.01 0.0064+0.01 0.0064+0.01 0.0064+0.01
Final body weight (g) 02.19+0.13¢ 01.89+0.12°¢ 01.91+0.13° 01.32+0.01° 0.70+0.022
Weight gain (g) 02.18+0.16° 01.88+0.31°¢ 01.90+0.13¢ 01.31+0.01° 0.69+0.022
Daily weight gain (gday™) 0.04+0.01° 0.04+0.001° 0.04+0.002° 0.02+0.0012 0.01+0.0012
Specific growth rate (%day™) 11.85+0.05¢ 11.5340.03¢ 11.43+0.10¢ 10.88+0.01° 09.57+0.03?
Initial biomass of fish (g) 0.32+0.0012 0.32+0.0012 0.32+0.0012 0.32+0.0012 0.32+0.0012
Final biomass of fish (g) 82.53+0.10¢° 69.76+0.20° 57.74+0.22° 48.05+0.15° 28.95+0.302
Biomass gain (g) 82.21+0.11° 69.44+0.12¢ 57.42+0.14° 47.73+0.13° 28.63+0.15%
Quantity of feed used (g) 155.16+0.11° 147.89+0.10¢ 128.18+0.16° 110.90+0.17° 95.53+0.212
Feed conversion ratio 01.88+0.292 02.12+0.06° 02.22+0.07® 02.31+0.01° 03.30+0.18°¢
Cannibalism rate (%) 23.32+4.28° 29.75+0.75¢ 29.86+0.66° 25.60+0.40° 15.55+0.55?
Mortality rate (%) 02.21+0.01°¢ 01.65+0.14° 01.87+0.25%¢ 01.30+0.012 01.25+0.122
Survival rate (%) 74.47+5.46° 68.60+0.60* 68.27+0.032 73.10+0.15° 83.20+0.04¢
Mean values + SD in the same row sharing the different superscript are significantly different (p<0.05)
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Abstract—Indonesia's forests in different periods have
been deforested at different levels. Deforestation caused
carbon emissions. The purposes of this study were :1) to
measure deforestation and carbon emissions in period of
2005-2010 in Indonesia and 2) to find out the incentive
value to be paid by the government. One method for
measuring emissions from deforestation and forest
degradation is GeOSIRIS model. A modeled GeOSIRIS
policy used a carbon payment system to incentivize
emission reductions. Data used in this study were maps of
forest cover in 2005 and 2010, map of deforestation 2005-
2010, carbon and agricultural price and driver variables
for deforestation such as slope, elevation, logarithmic
distance to the nearest road, logarithmic distance to the
nearest provincial capital, the amount of area per pixel
included in a national park, a timber plantation. The
result of this study showed rate of deforestation was 4.65
million ha/5 years. The REDD policy could decrease
deforestation in Indonesia by 0.66 million ha (17.45 %).
Assuming that international carbon price was US$
10/tCOz¢, the change of emissions due to REDD was
24.75%, or reduced emissions by 1.09 million tCO2e/5
years. Finally, Gross National Revenue from carbon
payments (NPV 5 years) was US$ 10.917 billion, where
incentivize emission reductions to sub-national entities
(NPV, 5 years) was US$ 9.178 billion and net central
government surplus from carbon payments was US$ 1.739
billion (NPV, 5 years).

Keywords—deforestation, carbon emission, agricultural
revenue, carbon payments, geosiris model

I.  INTRODUCTION

Tropical forests and other vegetated landscapes like
grasslands and wooded savannahs play a major role in the
global carbon sequestration process and their conservation
and protection offers immense potential for reducing
greenhouse gas emissions and global warming [5].
Referring to [3] that clearing of primary forests also results
in the destruction of unique tropical forest habitats, thus
causing the loss of biodiversity.

Among tropical countries Indonesia experiences the
second highest rate of deforestation. Therefore, accurate
and up-to-date forest data are required to fight
deforestation and forest degradation to support initiatives
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of climate change mitigation and biodiversity conservation
policy [8]. Meanwhile [16] explained that the largest
deforestation in Indonesia occurred in Kalimantan and
Sumatra with a percentage of 36.32% and 24.49%
respectively, followed by Sulawesi 11.00%, Java 9.12%,
Maluku 8.30%, Bali-Nusa Tenggara 6.62%. Papua became
the smallest area contributing to deforestation of 4.15%. It
could be seen that deforestation in Indonesia until 2009
was concentrated in Kalimantan and Sumatra.

Out of the 15.79 Mha of forest cover loss in Indonesia,
reported 38% (6.02 Mha) happened inside primary intact
or damaged forests [10]. Meanwhile [11] said that over the
study period annual primary forest cover loss increased
with the highest total loss happened in 2012 (0.84Mha).
The number was greater than the reported forest loss in
Brazil (0.46Mha), which was the historical leader in the
tropical forest clearing. Referring to [13], Borneo Island
in the period 2000-2011 has deforestation amounted to
3.040 million ha, namely deforestation in peatland forests
of 0.560 million (18.42%) and deforestation in mineral
land (non-peatland) for 2,480 million (81.58%). Based on
the period of time of deforestation, 48.5 % of deforestation
occurred in the period 2006-2011, i.e. deforestation on
peatland forests of 0.334 million ha (59.69%) and
deforestation in mineral forests of 1.144 million (46.15%).
In Indonesia deforestation is wusually linked with
production of timber and expansion of settlement and
agricultural area. When this existing trend continues
without implementing any corrective measures, it is
projected to result in a reduction of forest cover by 15%
between 2015 and 2030, going from approximately
88,000,000 ha to 74,994,100 ha. On average, 830,000 ha
of forest would be cleared for timber extraction or land
conversion every year between 2015 and 2030. When the
forest cover declines, so does the amount of carbon stored.
The cumulative emissions from 2015 to 2030 due to forest
loss would reach 2.5 billion tCO,, which, assuming an
average carbon price of USD 5 to USD 10 per ton (based
on international average market prices), would translate in
a cumulative loss of about USD 10 billion to USD 25
billion between 2015 and 2030 [4].

REDD is not directed at stopping planned conversion of
forests to other economic uses, nor at stopping the use of
forests for timber. REDD signifies a way to value natural
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resource of carbon so that it can be considered along with
other regular forest assets, when making decisions about
land use and forest use [14].

In the calculation and modeling for carbon emissions,
there are several methods and approaches. One model is
the GeOSIRIS model developed by Jonah Busch at
Conservation International. The GeOSIRIS model was
originally developed as OSIRIS as a transparent decision
support tool for REDD+ policy makers [7].

The GeOSIRIS modeler is different from the REDD
modeler found in Land Change Modeler (LCM). The
REDD modeler in LCM predicts how carbon emissions
and deforestation would change if a certain reference area
were shielded from deforestation. Meanwhile, the
GeOSIRIS modeler adopts an alternate strategy. A carbon
payment system is used by a modeled GeOSIRIS policy to
give incentives to emission reductions. The policy can be
governed at various administrative levels, such as province
or district. Rather than defending a specific section of land
from deforestation, scope of work for GeOSIRIS projects
would be on regional or national scale, by setting a certain
price to every ton of carbon dioxide emitted ($/tCO2e).
The GeOSIRIS model assumes forest users encounter a
trade-off between the carbon revenue obtained by
protecting the forests and the agricultural revenue obtained
from deforesting the land. Given some variables such as a
proposed carbon price and maps of previous deforestation,
the model predicts how carbon emissions, deforestation,
and agricultural and carbon revenues would change if such
policy were implemented [7].

The model designs balance incentives to lower usually
high deforestation emissions with incentives to keep
usually low deforestation emissions. Approximations of
emission reductions under REDD depend significantly on
the degree to which demand for tropical agriculture in the
borderline generates leakage. This emphasizes the
potential importance to REDD of balancing strategies to
supply agricultural needs outside the forest borderline [6].
The purposes of this study were to measure deforestation
and carbon emissions in period of 2005-2010 in Indonesia
and to find out the incentive value to be paid by the
government.

1. MATERIAL AND METHODS
2.1 Data used
This study used data from
https://clarklabs.org/download/terrset-tutorial-data/,
accessed on April 4, 2017, consisting of: (a) forest cover
maps in 2005 and 2010, deforestation map 2005-2010 (see
figure 1); (b) map of potential driver variables for
deforestation, consisting of maps: slope, elevation,
logarithmic distance to the nearest road, distance from the
provincial capital, national park map, and plantation area
map. These data are global data with spatial resolution of
3 km x 3 km. These data include global data that can be
used for monitoring a large area (such as the whole
Indonesia), due to the availability of sufficient data.
However, for more specific planning, medium and detail
scale data are needed to obtain more accurate results.

Forest Cover Before REDD+ Project (ha per pixel)

3 55

] 168
224

a 281
) 337

L,
B L =0 1

562
618
675
= # 731
787
844

Fig. 1: Forest Area in Indonesia.

The disadvantage of these data is that the spatial resolution
is too small (where one pixel represents an area of 900 ha).
Therefore, areas with less than 900 ha (one pixel) will be
combined into a more dominant class. The map actually
covered the entire territory of Indonesia. For this study
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other than covering Indonesia, it was also cropped to cover
Kalimantan and Sumatra Islands.

The GeOSIRIS model in REDD impact calculations is
based on an enhanced OSIRIS model [7]. The flow chart
of the GeOSIRIS modeling stage is presented in figure 2.
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In general, GeOSIRIS model has two main steps: (1)
regression analysis, where the regression coefficient(s) and
Effective Opportunity Cost image are calculated, and (2)
calculations of proportional national change in agricultural
price, output images (deforestation and emission), output
image on administrative level decisions then the summary
Excel spreadsheet is generated.

2.2. Regression Analysis

Stage of activity in this research refers to Eastman [9].
The regression step of the GeOSIRIS modeler calculates
the correlation between deforestation and some individual
variables (14 variables), including agricultural revenue.
There are several options to classify this regression, where
GeOSIRIS will run a separate regression for several
different classes. These classes can be based on the amount
of preexisting forest cover or geographic regions, such as
provinces or districts (for geographic stratification).

This study is based on geographic regions, for Indonesia
such as provinces (33 provinces) or districts (426 districts),
For Sumatra Island such as provinces (13 provinces) or
districts (131 districts) and for Kalimantan Island, such as
provinces (5 provinces) or districts (55 districts).

The regression model used in this study is Poisson
regression, in which the deforestation is counted by
assuming that each pixel is composed of smaller

subsections which may be individually deforested [9]. The
Poisson regression uses the following formula:
i=N
Bt. Xt

E(Y/X)=e"

E(Y |X)=mY. BiXi i=N i=0

where:

E(Y |X) = the expected count of deforestation (YY) given
certain input conditions (X)

Xi = independent variable (X0=1 for the constant term)

Bi = variable coefficients (or parameters)

The model parameters consist of external variables

(economic variables) and parameters that affect the price

of agricultural products. Net Present Value formula:

NPV =3I (Bt —CtX1—-D¢ ...2)
where:

Bt = total revenue generated in year t,

Ct = total costs in year t,

i = interest rate

T = expected lifetime (5 years)

Regression
Inputs 1
Regression :
Parameters Regression Output
Agriadltural -
Rewvenue and Regression
other Driver Coefficient for
Variables for Agriadtural
Deforestation Revenue Output Images and XLS
Regression spreadsheet
\. Effective Aarein
Reference Area, Opportunity Cost = :
Forest Area, and image f Agriadltural Price
Deforestation
ima
i Output Images on
| > Deforestation and
Carbon Emissions
Carbon images
Calculate
Proportional Output Images on
Change in Administrative
Input Agricultural Level Dedsions
parameters Price
Excel
ka Spreadsheet
Administrative Output
Level a Parameters
Boundaries
Output

Fig. 2: Flowchart Stage of Research Activities

The GeOSIRIS model can be applied at different
administrative levels, such as the district or provincial
level. Image files are inputted in the administrative levels
table of the input image files panel. The emission factor
map is used to calculate the amount of CO; (in tons) that
will be emitted per hectare of deforestation. There are
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three components for the emission factor in the
GeOSIRIS model: soil carbon, above and below-ground
carbon, and peat. The calculations of the emission factor
for each pixel are:

E =(AB+SCxfs)*3.67 where peat P=0 ......... 3)

E = AB«%3.67+fp wherepeat P>0 .............. 4)
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where:

E = emission factor (tCO2e/ha)
AB = above and ground carbon
SC = soil carbon

f's = soil carbon factor

fp = emission factor for peat soil

2.3 Calculating the Proportional Change in
Agricultural Price

The GeOSIRIS model compares two consecutive values
of changes in agricultural product price to see whether the
value is appropriate. The model will keep on going until
either the precision model or the maximum number of
iterations is exceeded. The last iteration value obtained
will be used for final calculation. Analysis of changes in
agricultural prices, where proportional changes in
agricultural prices are calculated, the image as a result of
the analysis, and summary of the calculation results (in
Excel worksheet) are then generated.
The final proportional change in the price of agricultural
product is calculated in the output parameters panel. An
iterative loop and two input parameters, which are model
precision and maximum number of iterations, are used in
this calculation. The price change is then calculated as
the sum of endogenous change and exogenous change.
Change in Agricultural Price = endogenous change
(independent) + exogenous changes ..................... ®)
Endogenous Change

_ eforestati on without REDD]®

B [DDaf'curastati on with REDD resers (6)

where:
the exponent e = price elasticity

The model compares two successive values in the change
of agricultural price to see if they are within the model
precision value. If they are, then the most recent iteration
value is used for the final calculations. The model will
continue to run until two successive values meet the
model precision criteria, or the maximum number of
iterations is exceeded, in which case the model terminates
without performing any final calculations.

The model parameters are economic and those affecting
the price of agriculture products. The price elasticity is a
measure on how sensitive the agriculture production price
is to the change in deforestation. The external factors
causing the increase in agricultural price (exogenous
change) is a part of the final change in agricultural price
as shown in figure 3.
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Deforestation
Without REDD

X Endogenous
Change

o Deforestation

with REDD

\\
Price Basticity /
L/

Exogenous
Change

Change in
Agricultural Price

Fig. 3: The Exogenous Increasing in Agricultural Price.

1. RESULTS AND DISCUSSION
3.1 Deforestation
The total forest area in Indonesia in 2005 was 93.02
million ha or about 53.58 % of the whole Indonesia. It
consisted of 13.04 million ha (14.02 %) peatland forest
and of 79.98 million ha (85.98 %) non-peatland forest or
mineral forest. Based on forest type, it consisted of
primary forest and secondary forest. In the period of
2005-2010 deforestation in Indonesia was 4.65 million ha,
comprising 1.70 million ha (36.56 %) of peatland forests
and 2.95 million ha (63.44 %) of mineral forests. The rate
of deforestation at forest area was 4.99 %, at peatland
forest was 13.03 % and at non-peatland forest was 3.68,
as presented in table 1 and figure 4.
Deforestation that occurred at mineral forests was higher
than at peatland forests because people prefer to utilize
forests in mineral land first, where accessibility is easier
and the existence of forests is also wider. Reduced forests
in mineral land would then trigger people to take
advantage of peatland forests.
The deforestation was relatively similar to the results of
[13]. Refer to [13] deforestation at Indonesia in the
period 2006-2011 amounted to 3.84 million ha (5.04%),
namely deforestation at peatland forests of 1.28 million ha
(33.29 %) and deforestation at mineral land (non-
peatland) of 2.61 million ha (66.71 %).
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Tabel.1: Results of Deforestation Estimation Year 2005-2010 in Indonesia (million ha)

No Parameter Indonesia Sumatra Kalimantan
a b a b c a b c
1 Land area (million ha) 173.59 27.76 145.83 43.70 8.75 34.95 52.05 8.18 43.87
2 Starting forest area (million
ha) 93.02 13.04 18.70 3.11 15.59 29.32 4.03 25.29
3 Deforestation without REDD
(million ha/5 years) 4.65 1.70 1.63 0.82 0.81 1.42 0.35 1.07

4 Deforestation without REDD

(modeled; million ha/5

years) 3.79 121
5  Deforestation with REDD

(modeled; million ha/5

years) 3.13 0.83
6  Reduction in deforestation
(million ha/5 years) 0.66 0.38

7  Change in deforestation due

to REDD (percent) -17.45 -31.77 -10.73

1.28 0.57 0.71 1.02 0.30 0.72

0.89 0.24 0.64 0.85 0.21 0.64

0.39 0.32 0.06 0.17 0.09 0.09

-30.39 -56.97 -9.08 -16.70 -28.52 -11.80

Remark: a= all land, b= peatland, c=non peatland

Meanwhile deforestation at Sumatra in the period 2006-
2011 amounted to 1.92 million ha (7.75%), namely
deforestation at peatland forests of 0.64 million ha (33.17
%) and deforestation at mineral land (hon-peatland) of
1.28 million ha (66.83 %). In Kalimantan island in the
period 2006-2011 also amounted to 1.48 million ha
(4.20%), namely deforestation at peatland forests of 0.34
million ha (22.60 %) and deforestation at mineral land
(non-peatland) of 1.15 million ha (77.40 %). Although
the amount of deforestation is not exactly the same, but
show a relatively similar pattern.

The rate of deforestation in Sumatra was higher than
both deforestations occurred in Kalimantan Island and
Indonesia over the same period. Deforestation in
Sumatra Island was 8.74 % while in Indonesia was 4.99
% and in Kalimantan Island was 4.84 %. The same
condition also occurs at the rate of deforestation in peat
forests and also mineral forests.

Based on type of forest, the rate of deforestation at
peatland forest in Sumatra (26.26 %) was higher than
Kalimantan Islands (8.68%) and Indonesia (13.01%).
The condition is triggered by the conversion of forests as
oil palm plantations and also industrial plantations (pulp)
in the center on the island of Sumatra and also the island
of Kalimantan.

Furthermore, Refer [11] declared deforestation of
primary forest at Kalimantan in 2000-2012 amounted to
2.377 million ha, comprising of deforestation at wetland
forest 0.897 million ha and at dryland forest 1.390
million ha. The rate of deforestation of total primary
forest was 7.92%, at wetland forest was 5.25%, and at
dryland forest. Meanwhile at Sumatra Sumatra Island
experienced intensive forest clearance which resulted in
the conversion of 70% of the island's forest area until
2010.

Research conducted by [11], in the period 2000-2009, on
the island of Sumatra deforestation occurred of 3.71
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million ha or 23.92% of deforestation that occurred in
Indonesia. The largest contributor to deforestation on
Sumatra Island is Riau Province at 31.42%, while
Bengkulu Province is the region with the lowest
deforestation of 3.53%.

The rate of deforestation at Kalimantan and Sumatra
Islands varied depending on the level of spatial
resolution of data sources used. Research used Landsat
Image data, therefore he got larger amount of
deforestation. This was because spatial resolution of the
image was 30 m, more meticulous than the global data
used in this study with spatial resolution of 3 km [11].
The deforestation in 2005-2010 happened as a result of
government policy in the development of agricultural
areas, the development of oil palm plantations and
industrial plantations.

This is in line with the findings of study of expansion of
agricultural policy, timber extraction and infrastructure
expansion [9]. The main reasons of forest cover deficit in
Kalimantan were related to the expansion of worldwide
markets for pulp, wood and palm oil [15,17]. While
Margono [12] asserted that in the period of 2000-2010
the cause of deforestation was the expansion of
agricultural areas, especially palm oil plantations,
expansion of pulp and paper plantation industrial areas
and industrial forest clearance. Based on the figure 4
areas with relatively flat up to undulating topography and
relatively easy accesibility (with existing rivers), it is a
priority area for forest exploitation, thus causing the area
to have higher deforestation rates (yellow to red).
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Deforestation with REDD (ha/5 yrs; modeled)

il 9369
100,00+

(a) with REDD
Deforestation without REDD+ (ha/5 yrs; modeled)

(b) Without REDD
Fig. 4: Map of Deforestation at Indonesia Country.

While areas with topographic hills to mountains (the 3.2 Carbon Emissions The impact of REDD
existence of roads is very limited), then the area of forest Implementation of REDD policies, which have an impact
is still relatively not yet logged, so rate of deforestation is on reducing forest degradation, also directly impact on
relatively lower (blue to green). reductions of carbon emissions. Based on the variables
affecting deforestation, carbon emissions and peat swamp
factors (figure 5) have a strong effect to deforestation.
Emission factor (tCO2e/ha) Peat Map

-
%&m e
7

=

a Emission Factor b. Peat swamp
Fig. 5 : Emission Factor and Peat Swap at Indonesia Country
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Based on figure 5, at Sumatra island, emission factors in
Riau Province, Riau Islands, South Sumatra and Bangka
Belitung have relatively higher value compared to other
provinces. This is related to the existence of large
peatland forest located in the area. Conversion of peatland
forest into palm oil plantations causes the carbon
emission factor to be higher. Meanwhile at Kalimantan
island, carbon emission factors in West Kalimantan

Province and Central Kalimantan have relatively higher
value compared to other provinces.

This is related to the presence of large peatland forest
located in this area, while peatland is the highest
contributor to emissions. Implementation The REDD
policy at Indonesia, Sumatra island and Kalimantan island
as presented in figure 6 and table 3.

Carbon emissions with REDD (modeled; tCO2e/5yrs)

=1603.69
12836.49
24069.29
35302.09
46534.89
S7r67.69
65000.49
80233.29
91465.09
102698.90
113931.70
125164.50
136397.30
147630.10
15686290
170095.70
181328.50+

a. With REDD

Carbon emissions without REDD (tCO2e/5 yrs; modeied)

= _‘x-r

<1603.69
12836 48
24065928
35302.08
4653488
o7 767 .68
69000.43
B80233.28
51486.08
102698.50
113931.70
125164.50
13639730
147630.10
158862.50
170085.70
181328.50+

b. Without REDD
Fig. 6: Map of Carbon Emission in Indonesia
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Tabel.3: Result of carbon emission expectation year 2005- 2010 in Indonesia (x million ha)

No  Parameter Indonesia

Sumatra Kalimantan

a b

a b c a b c

1 Emittable CO, from
forest carbon stock
(estimated; t Mg COy)

2 Emissions without
REDD
(estimated; tCO,/5 years)

3 Emissions without
REDD
(modelled; tCO,/5 years)

4 National reference level
of emissions (tCOe/5
years)

5 Emissions with REDD
(modelled; tCO,/5 years)

6 Gross emission
reductions (tCOze/5
years)

7 Gross emission increases
(tCO2e/5 years)

8 Net emission reductions
(tCOe/5 years)

9 Credited emission

reductions (tCOze/5

years)

Change in emissions due

to REDD (percent) -24.75  -32.42

84.64 2850 5

5.65 3.72

441 2.65

4.41 -

3.32 1.79

1.10 0.86

0.004 0.00

1.09 0.86

1.09
10
-1

6.14

1.93

1.76

1.53

0.24

0.00

0.23

3.22

16.79 6.80 999 27.16 8.76  18.40

231 1.82 0.50 1.39 0.74 0.65

1.66 1.25 0.41 1.10 0.64 0.46

1.66 - .00 1.10 - .00

0.88 0.53 0.35 0.85 0.46 0.40

0.79 0.72 0.07 0.27 0.19 0.07

0.01 0.00 0.01 0.02 0.01 0.01

0.78 0.72 0.05 0.25 0.18 0.06

0.78 0.25

-46.83 -57.79 -13.17 -22.29 -28.30 -14.02

Remark: a= all land, b= peatland, c=non peatland

Refer table 3, the forest emissions (emitable CO,) at
Indonesia was 84.64 million tCO.e, donation from peat
land forest 28.50 million tCOze (33.37%) and from
mineral forest 56.14 million tCO2e (66.33%). Based on
spatial distribution, the forest emissions (emitable CO,) at
Sumatra Island was 16.79 million tCOze, donation from
peatland forest 6.80 million tCO.e (40,48%) and from
mineral forest 9.99 million tCO.e (59,52%). Meanwhile
the forest emissions (emitable CO;) at Kalimantan Island
was 27.16 million tCOe, donation from peatland forest
8.76 million tCOze (32.25%) and from mineral forest
18.40 million tCO2e (67.75%)

Impact of REDD policy in Indonesia targeted carbon
emissions of 4.41 million ha. Meanwhile, the gross
emission reduction that could be obtained was 3.32 million
tCO.e, and emission that could be absorbed by forests was
1.09 million tCO2e. Distribution on Sumatra island,
targeted carbon emissions of 1.66 million ha. Meanwhile,
the gross emission reduction that could be obtained was
0.88 million tCO2e, and emissions that could be absorbed
by forests was 0.79 million tCOe.

Meanwhile implementation REDD policy at Kalimantan
island, targeted carbon emissions of 1.10 million ha. The
gross emission reduction that could be obtained was 0.85
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million tCO.e, and emissions that could be absorbed by
forests was 0.27 million tCO2e.

Both islands (Kalimantan and Sumatra) contribute carbon
emissions as much as 69.14%. Meanwhile, according to
[1] stated that Indonesia had various emission levels from
deforestation on each island. The highest emissions came
from Sumatra, which were almost 56% of all emissions,
and the second was Kalimantan with 28%, thus total for
both islands was 84%. Therefore, it is important to focus
on these two islands in implementing emission reduction
strategies. The high emissions from Sumatra and
Kalimantan were caused by the high deforestation rate on
both islands, reaching 77% of Indonesia's total
deforestation.

Meanwhile [2] Deforestation in Sumatra contributed the
greatest importance of the existing focus on clearance of
peatland forest.

The REDD policy was capable of reducing carbon
emissions at Indonesia by 1.09 million tCOe (24.753%).
Meanwhile, the reduction of carbon emission in peatland
forest area was 0.86 million tCOze (28.30%) and in
mineral soil forest area was 0.23 million tCOze (14.02 %).
The REDD policy was capable of reducing carbon
emissions at Sumatra Island by 0.78 million tCOge
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(46.83%). Meanwhile, the reduction of carbon emission in
peatland forest area was 0.72 million tCO2e (28.30%) and
in mineral soil forest area was 0.05 million tCO2e (14.02
%).

The REDD policy was capable of reducing carbon
emissions at Kalimantan Island by 0.25 million tCOze
(22.29%). Meanwhile, the reduction of carbon emission in
peatland forest area was 0.18 million tCO2e (28.30%) and
in mineral soil forest area was 0.06 million tCO.e (14.02
%).

The reduction in carbon emission levels at Indonesia
(24.75 %) was lower than the reduced emission carbon that
occurred at Sumatra Islands (46.83 %, but it was higher
than the reduced emission carbon that occurred at
Kalimantan Islands (22.29 %) in the same period.

The carbon emission reduction at Indonesia was 1.091
million tCO.e (24.75%), comprising of 858 million
(32.42%) at peatland forests and a decrease in mineral soil
carbon emissions of 233 million tCO.e (13.22%).
Meanwhile, the decline in carbon emissions in Sumatra
island was 0.78 million tCOze (46,83 %), consisting of
0.72 million tCOe (57.78 %) at peatland forest and 0.05
million tCO.e (13.17%) at mineral soil. The decline
carbon emissions in Kalimantan island was 245 million

tCOze (22.29%), consisting of 180 million tCO.e (28.52%)
at peatland forest and 64 million tCOze (14.22%) at
mineral soil.

Changes in carbon emissions due to REDD were
proportional to the rate of deforestation that occurred. The
relatively smaller peatland forest area compared to the
mineral forests caused the reductions deforestation rate
(percentage of deforestation) in peatland forests to be
greater than the rate of deforestation in mineral forests,
with the same forest area.

Assuming that world carbon price was US $ 10 / tCOgze,
impact of REDD Policy at Indonesia, Kalimantan Island
and Sumatra were that the gross national revenue from
carbon payments and allocation for local government
presented in Table 4.

Tabel.4 : Economic Revenue Impact of REDD Policy at Indonesia (US$ billion)

No Economic Revenue Indonesia Sumatra Kalimantan
1 23,;0;\5/ riziltiSOS?J)revenue from carbon payments 10.917 775 5 45
2 E:la\llrg{)/nf)z;y;]:)nts to sub-national entities 9.178 6.78 215
T ey P o
e n@ we w0

Distric ( %, number ) 66 (281) 64 (84) 78 (43)

Refer table 4, if the REDD policies are applied to the
territory of Indonesia, it will be gross national revenue
from carbon payments (NPV, 5 years) would be $ 10.917
billion, with allocation for local government (provincial
and district) as incentives (NPV, 5 years) was $ 9.178
billion (84.07%). Net government surplus originating
from carbon payments was US $ 1.739 billion (NPV, 5
years.

For the REDD policies are applied to Sumatra island, it
will be gross national revenue from carbon payments
(NPV, 5 years) would be $ 7,75 billion, with allocation
for local government as incentives (NPV, 5 years) was $
6.78 billion (87.48%). Net government surplus
originating from carbon payments was US $ 0.97 billion
(NPV, 5 years).

If the REDD npolicies are applied to the territory of
Kalimantan island, it will be gross national revenue from
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carbon payments (NPV, 5 years) would be $ 2.45 billion,
with allocation for local government as incentives (NPV,
5 years) was $ 2.15 billion (87.56%). Net government
surplus originating from carbon payments was US $ 0.30
billion (NPV, 5 years).

Results of the study [2] that calculated carbon emissions
in Bolivia, GeOSIRIS could also be used to evaluate how
much reduction of deforestation could be achieved with
the price of alternative carbon. Refer [1] with
international CO, price of US$ 5-50 /tCO,, we can
simulation relationship carbon price with deforestation
and emission at the Kalimantan Island, Sumatra and
Indonesia as show on figure 7.

Based on figure 7, with a price of $10 it could be reduced
by about 17 % - 30% and at $50 by around 40 % - 70%.
The increase in carbon prices will spur activities to
protect the forests so that the forests will be better
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protected and deforestation will also occur. Conversely,
if there is an increase in price of agricultural products,
then the rate of deforestation will also increase, because
more forest areas will be cultivated into agricultural areas.
The relationship between carbon prices to deforestation
and carbon emissions has the same pattern (refer to fig 7).
The impact of rising carbon prices leads to increased
deforestation as well as carbon emissions. The impact of
rising carbon prices on forest areas in Sumatra has a

Relationship of Carbon Price with Deforestation

0.00%

AN 10 20 30 0 50 60

10.00% R

\
-2000%

\
\
-30.00% LR
N\

40.00% N

50.00%

Chenge in Deforestation (%)

-60.00%
-70.00%

-80.00%
Carbon Price ($)

Indonesia —=—Sumatera Kalimantan

a. Price with Deforestation

bigger impact than deforestation on the average of
Indonesia and also forests in Kalimantan.

Similarly, a success in reducing deforestation is linearly
related to reduction of carbon emissions. The more forests
that can be protected from logging, the more
economically beneficial they will be

Relationship of Carbon Price with Carbon Emission
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Fig.7: Relationship of Carbon Price with Deforestation and Carbon Emission

V. CONCLUSION

In the period 2005-2010, deforestation at Indonesia was
4.65 million ha (4.99 %). The simulation result, impact of
REDD policy could reduce deforestation at Indonesia by
0.66 million ha (17.45%). With assumption that
international carbon price of US$ 10/tCO2e, the change
of emissions due to REDD was 24.75%, or reduced
emissions by 1.09 million tCO.e/5 years. Finally, Gross
National Revenue from carbon payments (NPV 5 years)
was US$ 10.917  billion, where incentivize emission
reductions to sub-national entities (NPV, 5 years) was
US$ 9.178 billion and net central government surplus
from carbon payments was US$ 1.739 billion (NPV, 5
years).
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Abstract— This study was undertaken to analyze the effect of
socio-economic factors of loan administrators on loan
recovery rate among agricultural co-operatives in Benue
State of Nigeria. A purposive and simple random sampling
technique was used to select 130 respondents. Data were
collected using structured questionnaire and was analyzed
using descriptive statistics and multiple regression. The
result showed that majority of the respondents were male
(58.46%), married (67.69%), educated (63.01%), with mean
cooperative experience of 14.39 vyears (86.92%) and
household size between 1 - 5 members. The result also
showed that respondents were averagely young (36 years)
and were relatively low income earners (N 2,480,000 per
annum). The result shows that loan size was the only variable
that significantly and positively affected loan recovery rate.
The coefficients of salary, age, years in education, household
size, cooperative experience, marital status and sex had no
effect on recovery rate. It was recommended that
administrators should give higher portfolio size loans as
these will trigger them to carefully look at business activities
in their coverage areas that are capable of repaying loans
from precede of sales and cash flow.

Keywords— Agricultural loan, Agricultural Cooperatives,
default prevention, and loan recovery rate, Benue State,
Nigeria.

I INTRODUCTION

Loan recovery is an important service that helps to
both maintain clients and free up money for lending again. It
is a strategic process that is a key to generating good habits
and a payment culture among clients. It is a business activity
whose primary objective is to generate returns for the
institution, converting losses into income (Teskiewicz, 2007).
The process requires significant interaction with the client,
beginning with a careful analysis of the client’s situation and
continuing through timely and frequent contact over the
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duration of the loan. A good loan administration requires that
the loans be timely released, acquired at least cost and the
process less cumbersome. Timely release of loans prevents
loan diversion, while low cost and ease of the loan encourage
patronage, and help to minimize loan defaults. This study
was therefore, specifically designed to examine the socio-
economic characteristics of loan administrators of the
Agricultural Cooperatives in Benue State, Nigeria and their
effects on recovery rate. The knowledge of these factors will
provide useful information for lending institutions, as well as
for credit policy formulation in Benue State in particular, and
Nigeria in general.
Hypotheses

The hypothesis postulated for testing was that the socio-
economic factors of loan administrators have no significant
effect on loan recovery rate.

1. METHODOLOGY

The study was conducted in Benue State of Nigeria.
The study adopted multistage sampling techniques. The first
stage involves a purposive selection of one Local
Government Area (LGA) each from the three agricultural
zones based on the high concentration of Co-operatives, and
include Ukum, Makurdi and Otukpo. In the second stage, a
sampling frame for each cooperative institution was
developed and a sample proportion of 25% across board was
respectively used to obtain a sample size of 130 respondents.
The data collection instrument was the structured
questionnaire. The collected data were analyzed using
descriptive statistics and multiple regression analysis.

Multiple regression analysis was used to determine
the socio-economic characteristics of loan administrators
affecting recovery rate. Four functional forms were tried
linear, semi-log, Cobb Douglas and exponential, and the best
(semi-log) was chosen based on the highest R? and a priori
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expectation. The a priori expectation was that 1, £z, B3, Ba, Bs.
Bey [37, and [38 >().

It is expressed as follows:

Y = Loan recovery rate (Ratio of amount recovered over the
ration of amount lend of the administrators)

Xi1=Age (years)

Xz = Sex (1= male, 0= Female)

X3 = Marital Status (1 = Married, Others = 0)

X4 = Household size (numbers of dependants)

Xs = Education (years)

Xe = Annual salary (N)

X7 = Cooperative experience (years)

Xg = Size of portfolio in terms of amount authorized to give
out as loan to borrowers (years)

B1—Ps are parameters to be estimated.

1. RESULTS AND DISCUSSION
Socio-economic characteristics of loan administrators

Analysis of the socio-economic characteristics of loan
administrator is presented in Table 1. The result indicates
that majority of the respondents (58.46%) were male whereas
41.43% were female. This is attributed to the work life in-
balance between male and female in the financial institutions.
Females especially married ladies, found it difficult to
combine working in financial institution with their family
chores and single ladies may not likely to marry as work in
financial institution limit their social life. This agrees with
the finding of Oliver (2016), that the male dominated
financial institutions due to insufficient flexible working
options and stigma for using them, insufficient support for
family’s responsibilities, persistent source of low inclusion in
culture such as invisible unconscious biases and traditional
assumptions limiting women counterpart.

The mean age of the loan administrators was found to be
approximately 36 years. This finding shows that most of the
respondents were young people who are energetic enough to
withstand the stress involved in lending and recovery. This is
in line with the findings of Ikandi (2013) that young people
are innovative and active at work as the older ones are weak
and no longer in their productive stage.

The results further revealed that majority of the
respondents (67.69%) were married. This shows that
financial institutions in the study area were dominated by
individuals who are married. This result could be attributed
to the fact that married people work harder and are more
strategic in actions. This is because married people are more
responsible, and cater for family needs like hospital bills,
school fees, shelter etc. This confirmed with the finding of
Bradford (2015) that marriage transforms men’s social
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worlds, as they spend less time with friends and more time in
work places, as well as go to bars less. Thus, activities
involving recovering and prevention of default can be
effectively undertaken by this group.

The mean household size of the respondents was found
to be four. This could be due to the fact that a small family is
necessary to keep ecological hazards, economic problems at
bay, and essential to guarantee a better quality of life. This
finding concurs with Hollander (2001) that a small family
promises well-nourished and health family affiliates and
more attentions will be given to loan recovery and prevention
strategies. Specially, majority of the respondents (81%) had
household size of 1 - 5, 18% , 6 - 10. while 1% had a
household size of 11 - 15.

The mean number of years spent on formal education by
the respondents was 9.78 years. This could be due to the fact
that the minimum requirement for any employee in the
financial institution is first degree or its equivalence. This
gives room for effective communication, and adoption of
modern technology. High level of education determines
quality of skills of loan administrators (Moyib et.al., 2013:
Girei et. al., 2014). Specifically, 63.1% of the respondents
spent 4 - 9 years in formal education, 13.85% spent 10 — 15
years, 22.30% spent 16 - 21 years, while only 0.77% spent 22
to 27 years. The finding shows that respondents are all
educated in the study area.

The years of respondents’ cooperative experience was
found to be 14.39. This implies that most of the respondents
are well experienced in financial services. Increase in the
years of cooperative experiences can be translated into good
loan management by administrators, as well as their ability to
manage loan and prevent it from going into default
(Osuntogun, 1980 & Okorie et al, 2011). Majority of the
respondents (86.92%) had about 11 - 19 years of cooperative
experience, 10.77% had about 2 - 10 years, while 3.30% had
about 20 - 28 years of banking experience.

The mean annual salary of loan administrators was N
2,480,000.07. The annual salaries of the administrators were
relatively poor to carter for economic activities despite the
small household size of respondents. This could be attributed
to cutting cost measures (salary slash) adopted by financial
institutions to reduce the impact of the loans loss on the
performance and financial health of banks. The financial
sector appears to be having its own fair share of the effect of
economic recession, as a number of banks are experiencing
poor asset quality and increase in non-performing loans,
resulting in downsizing of staff, and reduction in staff salary
(Umar, 2016).
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Table.1: Socio-economic characteristics of loan administrators (n = 130)

Socio-economic Number of Percentages Means
variable Respondents
Sex
Male 76 58.46
Female 54 41.43
Age (yrs)
21-30 44 34.85
31-40 58 44.62 35.63
41-50 25 19.23
<50 3 2.30
Marital Status
Married 88 67.69
Single 42 32.30
Household size
1-5 105 80.77
6-10 23 17.69 4.14
11-15 2 1.54
Formal education (yrs)
4-9 82 63.07
10-15 18 13.85 9.78
16-21 29 22.30
22-27 1 0.77
Cooperative experience (yrs)
2-10 14 10.77
11-19 113 86.92 14.39
20-28 3 2.30
Annual income (N°000)
50-700 5 3.84
701-1351 10 7.69
1352-2002 15 11.53
2003-2653 42 32.30 2,480.07
2654-330 12 9.23
3305-3955 23 17.69
3956-4606 19 14.61

Source: Field survey data, 2017

The effect of socio-economic characteristic of loan affected loan recovery rate. The coefficient of portfolio size

administrators on recovery rate

The result of effects of socio-economic
characteristics of loan administration on recovery rates is
presented on Table 2. The result shows that the coefficient of
determination (R?) was 0.342, indicating that 34.2% of the
variations in recovery rate was explained by the explanatory
variables in the model. The result also showed that F-statistic
(7.84) was statistically significant (p<0.05), indicating the
goodness of fit of the model and the overall significant of
variables used in the model. The result shows that portfolio
size was the only variable that significantly and positively
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(1265.63) also increased recovery rate by 1265.63. This
could be attributed to the size of client business. The higher
the size of business, the higher the chances of loan recovery.
Portfolio size of an administrator is depending on the size of
borrowers’ business in a particular region. This result agrees
with the findings of Piet (1995) that the top-down approach
to portfolio allocation involves first, the decision as to how
much to allocate to each broad asset category; and second, a
decision on an optimal strategy within each asset category.
The result also showed that the coefficient of salary, age,
education, household size, banking experience, marital status
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and sex were insignificant, and therefore, have no significant

effect on recovery rate.

Table.2: The effect of socio-economic characteristic of loan administrator on recovery Rate.

Variables Linear Semi-log+ Double-log Exponential
Constant 1822.20(3.47) -5461.45*** 4.65(6.19) 7.57(32.29)
Sex -39.35(-0.38) -72.71(-0.49) -0.30(-0.45) -.01(-0.36)
Marital
Status -37.02(-0.34) -49.09(-0.31) -0.16(-0.23) -0.01 (-0.22)
Salary 0.85(-0.99) 16.48(0.15) -0.10(-0.20)  -8.62E-005(-0.06)
Age -6.78(-0.46) -213.60(-0.87) -012(-1.11) -0.004(-1.24)
Numbers of
years in
education  -4.59(-0.01) -25.62(-0.-26) -0.01(-0.31) -0.002(-0.48)
Household
Size -0.46(-0.82) -7.81(-0.70) -0.00(-0.06)  0.001(0.05)
Banking
Experience  -12.54(-0.82) -190.54(-0.93) -0.08(-0.95) -0.006(-0.83)
Portfolio size 0.75(7.34) 1265.63(7.50)***  0.53(7.06) 0.000(6.79)
R? 0.330 0.342 0.31 0.30
Adjusted-R? 0.29 0.298 0.27 0.26
F statistic 7.461 7.847*** 7.093 6.533

Source: Data analysis, 2017.

*** significant at 1%, + lead equation, Figures in the parenthesis are t statistic.

Iv. CONCLUSION AND RECOMMENDATIONS
The result of this study has shown that portfolio size
was the only variable that significantly and positively
affected loan recovery rate. The higher the size of business,
the higher the chances loan recovery. Portfolio size of an
administrator is depending on the size of borrowers’
business. The result also find out that the coefficient of
salary, age, education, household size, and banking
experience marital status and sex had no significant effect
on recovery rate.

It is therefore, recommended that loan administrators
should be given higher portfolio size loan as these will
trigger them to carefully look at business activities in their
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coverage areas that are capable of repaying loans from
proceeds of their sales and cash flow. If loan are given to
viable business ventures with good business fortunes, loan
monitoring will be easier and administrators will be more
focused.
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Abstract—Very popular for its therapeutic and nutritional
virtues, culture of carrot (Daucus carota) has developed in
temperate zones of Asia and Europe but also in some
tropical regions of Africa including Céte d’Ivoire.
Agronomic factors, commercial and food requirements
require selection of varieties with good nutritional values.
In this study, physicochemical properties and nutritional
values of four carrot varieties namely Amazonia, Bahia,
Madona and Pamela+ were compared after cultivation
and harvest in region of Korhogo. Results showed that,
Amazonia, the control carrot variety stands out for its
acidity and minerals levels. Bahia is the richest variety
with high levels of carbohydrate and protein. Madona is
the most basic, wettest and fatest carrot. For a long
storage, Pamela is most interesting variety. To our
knowledge, it is the first time that physicochemical and
nutritional parameters of carrot varieties in region of
Korhogo have been studied. Future research on these
carrot varieties will be studied of their post-harvest
conservation, their sensory analysis and their
transformation.

Keywords—Carrot varieties, Daucus carota, Korhogo,
nutritional values, physicochemical properties.

I.  INTRODUCTION
Carrot (Daucus carota) is a bi-annual herbaceous plant of
the Apiaceae family grown for its taproot which is edible
fresh or cooked. Developed as a spare and unbranched
organ (in loose soil, without obstacle), its root is fleshy,
brittle, pigmented (but rarely white) with pleasant taste.
Carrot is well known to be rich in carotene, vitamins,
proteins, sugar and minerals (Le Clerc, 2001; Reduron,
2007). Carrot is the most important economically species
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in the Apiaceae family (Rubatzky et al., 1999). It is one of
most popular root vegetables grown in the world and most
important source of food carotenoids in Western countries,
including United States of America (Block, 1994;
Torronen et al., 1996). This root vegetable is much
consumed in the world because of its nutritional value, its
simple and various modes of consumption (Chaux &
Foury, 1994). Carrot is one of the ten most important
worldwide vegetable crops for area of production and
market value (Simon et al., 2008). In addition to its
consumption, carrot is also used as a dye plant to color
butter or certain cheeses (Reduron, 2007). There are
various colors of carrot (yellow, pink, purple, white, etc.)
related to difference in carotenoid content (Clotault et al.,
2008; Clotault, 2009). However, orange carrot gradually
supplanted all other colors because of its more desirable
hue, especially after cooking (Reduron, 2007). This type of
carrot is generally the most rich in total carotenoids. The
two major carotenoids in orange carrot are p-carotene and
a-carotene. It also contains a low proportion of lutein
(Nicolle et al., 2004; Clotault, 2009). Many orange
cultivars have appeared over time with in particular a
diversification of root forms. Thus, the vegetable carrot
has diversified into local varieties to respond to crop
patterns and various situations (Pitrat & Foury, 2003; Doré
& Varoquaux, 2006). The food interest of the root of carrot
concerns its taste, its color, but also its nutritional
characteristics (Aubert & Bonnet, 1977; Tirilly &
Bourgeois, 1999). Interest is more and more also focused
on nutraceutical compounds of this root because of their
importance for good health. Indeed carrot is an interesting
food for its content of antioxidant compounds, mainly
anthocyanins or chlorogenic acid and carotenoids (Sun et
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al., 2009). B-carotene or provitamin A is the carotenoid
which is transformed by human metabolism into vitamin A
(Dreosti, 1993; Lecomte, 2013). The consumption of
carrot contributes to a healthy and balanced diet (Shankara
et al., 2005). Very popular for its therapeutic and
nutritional virtues, culture of carrot has developed in
temperate zones of Asia and Europe but also in some
tropical regions of Africa including Co6te d’Ivoire. In
addition to agronomic factors (precocity, high yields, pest
resistance), commercial and food requirements require the
selection of varieties with good nutritional values.
Obijective of this study is to compare physicochemical and
nutritional properties of four hybrid varieties of carrots,
namely Amazonia, Bahia, Pamela+ and Madona, grown in
northern Cote d’Ivoire.

1. MATERIALS AND METHODS

2.1. Zone of study

Study was conducted in commune of Korhogo, located in
northern Céte d’Ivoire. Geographic coordinates of this area
are 9° 26’ North Longitude and 5° 38” West Latitude.
Climate is Sudanese, very hot, very dry and characterized
by an alternation of two main seasons: the dry season and
rainy season. Dry season runs from November to April and
rainy season from May to October. Maximum rainfall is
achieved in August and September and varies between 255
and 267 mm, with an annual average of about 1200 mm.
The dry season of this climate is marked by harmattan
which is a hot and dry wind from Northeast whose peak is
between December and January. Average temperatures
vary between from 24 to 33 °C with a monthly average
humidity of 20%. Soil profile of region is characterized by
the very large predominance of ferralitic soils. In general,
these soils have very variable saturation levels between 20
and 50%. Relief is generally flat and dotted with
inselbergs. Average annual duration of sunstroke in this
geographic zone is 2500 hours. Monthly average is about
205 hours in the dry season compared to nearly 140 hours
during months of July and August who are the most
watered (Koffie & Yéo, 2016).

2.2. Plant material

Plant material is composed of four hybrid varieties of
carrot (Daucus carota sub. sp. Sativus), belonging to the
Kuroda type. These varieties are known by their
vernacular names. Variety namely Amazonia is the most
cultivated in the region of Korhogo. It has been used as
control in this study because its agronomic characteristics
are well known. After 90 to 95 days of cultivation, the
pivoting roots of Amazonia can reach 16 to 18 cm long
(Technisem, 2017).
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2.3. Conduct of experimentation

Test was conducted using a completely randomized block
device of Fisher with four (4) treatments and four (4)
repetitions. Study consisted of sixteen (16) elementary
plots. Each sub-plot consisted of seventy-two (72) plants,
transplanted on six (6) lines according to spacings of 25
cm X 8 cm (25 cm between two lines and 8 cm between
two plants in the same line). Each elementary plots had an
area of 2 m? each and the blocks, were respectively
separated by a distance of 50 cm and 80 cm. Whole plot
consisted of one thousand one hundred and fifty-two
(1152) plants on a total area of around 60 cm?. Test was
conducted in dry season (off-season period). Two (2)
kilograms (kg) of fully decomposed chicken manure were
added to each basal plot as background fertilizer two
weeks prior to carrot seeding. After sowing, mulching of
plots was done to maintain sufficient soil moisture after
watering operations. Thinning was done at the stage of
appearance from 3 to 5 leaves (22 to 35 days after
emergence of plants). Purpose of thinning was to maintain
spacing of 8 cm between plants on same line. Weeding has
been regularly carried out to eliminate weeds and ensure
good aeration of soil. A first mineral fertilization was
carried out on 46" day after sowing with mineral fertilizer
NPK (formula: 12-11-18+2.7MgO+8S+B+Fe+Zn+Mn) at
rate of 50 g per elementary plot. A second mineral
fertilizer (formula: 15.4N+25.6Ca0+0.3B) was applied 3
weeks after first amendment of the soil, at a rate of 30 g
per elementary plot. Preventive treatments against insects
were applied on the plots once a week from 8 leaves (66
days after emergence of plants) with the product
"Cypercal" provided by Callivoire (Cote d’Ivoire) at rate
of 1 I/ha. This dose is equivalent to a mixture of 6.6 ml of
the product and 2.5 | of water per elementary parcel. The
carrot roots were harvested from 90" day after emergence
of plants (3 months and week after sowing).

2.4. Analytical procedures

Root samples of four (4) varieties of carrots from
experimental test were cleaned in the laboratory to remove
foreign elements. These roots were crushed using an
electric grinder (Clatronic KM 3648, France) with
perforated disk of 10 pm of diameter. The grind of each
variety of carrot was put carefully in closed bottle and
stored in refrigerator at 4 °C before their use for
biochemical and nutritional analyzes.

Physicochemical parameters of samples of each
variety of carrot were determined according to the official
methods of analysis of Association of Official Analytical
Chemists (AOAC, 1990). Moisture content of samples was
determined by desiccation using the method of De Knegt
& Brink (1998). A clean platinum dish was dried in an
oven (Memmert UN 110, Allemagne) and cooled in a
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desiccator and weighed. From each sample, 10 g was
weighed and spread on the dish. Then the dish containing
the sample was weighed. It was then transferred into the
air oven at 105 °C to dry until a constant weight was
obtained and the loss in mass was determined. In order to
obtain the pH of the samples, 10 g of each sample was
weighed and suspended in 10 ml of distilled water. The pH
was determined with a digital pH-meter (Hanna EUTECH
INSTRUMENTS PH 700, Espagne). Titratable acidity of
samples was determined by titration with 0.1 N of sodium
hydroxide solution, using phenolphthalein as indicator.
The results are calculated in citric acid equivalent and
expressed in g/l of acid (Abbas & Khoudi, 2016).

For nutritional parameters, carbohydrate was
determined according to phenol sulfuric acid method
(Dubois et al., 1956). A standard curve was obtained using
the following concentration of sucrose in (mg/ml) 2.5 2.0,
1.25, 1.0, 0.5 g of each sample with 9 ml of distillated
water was measured into test-tube. 2 ml of phenol solution
(1%) and 1 ml of concentrated H2SO4 solution were
added. This was shaken for 15 min and boiled for 30 min.
It was then allowed to cool. The absorbance was then read
off a spectrophotometer (UV-Visible, type 7315) at 700
nm. The sugar concentration was then obtained by
extrapolation from the standard curve. Protein was
analyzed by the Microkjedhal nitrogen method, using a
conversion factor of 6.25 according method described by
Hamon et al. (1990). Lipid content was obtained by
Soxhlet extraction as described by Lecoq (1965). Ash was
determined according to the standard methods described
by the Association of Official Analytical Chemists
(AOAC, 1990). Five (5) g of sample of carrot crushed was
ashed in a muffle furnace Pyrolabo, France) at 550 °C.
Percentage of residues obtained after incineration
corresponds to ash content.

2.5. Statistical analyzes

Data collected in triplicates from these studies
were analyzed using Statistical Analysis Software XL-
STAT version 7.5.3. Data were expressed as means, giving
relative standard deviations. The Student Newman Keuls
test (SNK) with 5% of signification was used to
discriminate the means. Correlations and a principal
component analysis (PCA) were realized in order to detect
differences that discriminate the carrot varieties.

I1l.  RESULTS AND DISCUSSION
Results obtained for physicochemical and

nutritional parameters of four carrot varieties are presented
in Table 1. Variance analysis for each parameter studied
revealed significant differences between four carrot
varieties according to SNK test at 5 %.

3.1. Physicochemical properties
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Moisture content of carrot varieties varies from
86.3 to 87.2% (SNK, 5%). Analysis of these data shows
that carrot Palema+ is a variety which has the highest
moisture content with 87.2% compared to other varieties
(86.96 — 86.21%). These values revealed that carrot is a
wet root. Moreover, these values corroborate those of other
authors which showed that moisture content of carrots
varies from 86 to 89% (Gopalan et al., 1991; Arscot &
Tanumihardio, 2010). However, studies of Cohen et al.
(2009) showed that moisture content of carrot is 89%,
while those of Holland et al. (1991) reported a value of
88.80%.

Varieties of carrots analyzed are pH values
ranging from 6.51 to 6.60. There are slightly acidic
according to pH scale of the products (Anonyme, 2009).
Analysis of variance (SNK, 5%) revealed significant
difference between these pH. Control variety Amazonia
and variety Pamela+ have approximate pH values of 6.51
and 6.47 respectively. These values are significantly lower
than those of Bahia and Madona varieties who are also
neighbors with respectively pH of 6.63 and 6.60. These
results are almost similar to those of Abbas and Khoudi
(2016) who reported a pH value of 6.53 for carrot puree.
The studies of Argha and Gavin (2016) revealed however
average value of pH of the carrot between 4.9 and 5.2.
Indeed, according to Anonyme (2009), pH of some
products may vary with varietal characteristics, growing
conditions and others factors.

For titratable acidity, Analysis of variance
showed significant difference between varieties of carrot
studied. The highest acidity has been observed in control
variety Amazonia with 0.192 g/l while Bahia is the least
acidic variety with 0.156 g¢/l. The other two varieties,
Madona and Pamela+ presented intermediary values with
respectively acidities of 0.169 and 0.171 g/l. However,
studies of Abbas and Khoudi (2016) on carrot puree
reported titratable acidity of 0.2 g/l. Result obtained by
these authors show that varieties of carrot of our study are
slightly acidic and must be pleasant to eat.

3.2. Nutritional properties

Carbohydrate contents between 5.62 and 6.71%
are observed with carrot varieties studied. Bahia is carrot
variety with highest carbohydrate content (6.71%) while
control variety gave the lowest (5.62%). Madona and
Pamela+ varieties showed respective intermediate rates of
6.45 and 6.29%. Our results are quite similar to those of
Cohen et al. (2009) who reported a value of 6.7%.
However, these rates obtained in our study are lower than
those of carrot varieties studied by Arscot and
Tanumihardio (2010) with 7%.

For protein, contents of carrot varieties are ranged
between 2.71 and 3.66%. Analysis of variance (SNK, 5%)
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revealed significant difference between these values.
Variety Amazonia, as control showed the lowest protein
level with 2.71%, followed by Madona which contains
2.89%. Varieties Pamela+ and Bahia revealed high
proportions of protein with respectively 3.15 and 3.66%.
These protein levels are well above those obtained through
work on other carrot varieties. These protein levels are
well above those obtained by Gopalan et al. (1991),
Holland et al. (1991) and Cohen et al. (2009) on others
varieties of carrots. The work of all these authors,
indicated protein proportions in carrot ranging from 0.7%
to 1.1%.

Lipid contents of varieties of carrot analyzed are
between 0.79 % and 0.84 %. These values are significantly
different according to SNK test at 5%. Lowest content of
lipid is observed with Pamela+ carrot variety (0.79 %)
while variety Bahia showed highest level of 0.84 %.
Madona and Amazonia varieties presented intermediary
and approximate contents of lipid with respectively 0.83 %
and 0.82 %. Lipid contents of carrot varieties studied are
higher than those of Gopalan et al. (1991), Holland et al.
(1991) and Cohen et al. (2009) who respectively obtained
lipid levels of 0.2%, 0.5% and 0.3% with other carrots.
These results show that carrots of our study are rich in
lipids.

Ash contents of carrots studied varies between
0.89% and 1.3%. These results showed a significant
difference between varieties analyzed according to SNK
test at 5%. Amazonia variety gave highest ash content with
value of 1.3% followed by Madona who showed 1.24% of
ash. The two others carrot (Bahia and Pamela+) presented
lowest ash rates with same value (0.89%). On average, ash
content of carrot studied is similar to that of Gopalan et al.
(1991) with a rate of 1.1%.

3.3. Correlations between parameters

According to Pearson test, analysis of results revealed
significant correlations between some parameters (Table
2). Most significant positive correlations are between
moisture and lipids (R? = 0.92) and lipids and pH (R? =
0.93). Most negative correlations are between titratable
acidity and carbohydrates (R? = -0.989).

3.4. Discrimination of carrot varieties

Two axes F1 and F2, allowed to express 95.71% of
variability of observations (Table 3 and Fig. 1). Axis 1
(F1) contributed to 58.67% of observed variance and axis
2 (F2) to 37.03%. The parameters of carrot varieties
studied which have best express on F1 axis are titratable
acidity level (which is positively correlated with it), pH,
carbohydrate and protein contents (negatively correlated to
this axis). For second axis (F2), lipid content, ash and
moisture levels are variables positively correlated. The two
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main axes F1 and F2 described four quarters of plans. Top
right quarter above F1 axis and right of F2 axis, containing
Amazonia variety. Upper left quarter of plan, above F1
axis and to left of F2 axis with Madona variety. Right
lower quadrant, below F1 axis and to right of F2 axis with
Pamela+ variety. Lower left quarter of plan which is
located below F1 axis and to left of F2 axis including
Bahia variety.

Distribution of variables in overall plan

constituted by axes F1 and F2 was following. Ash level
and titratable acidity are the two variables which appear in
top right quarter of plan. pH, moisture and lipid contents
are located in upper left quarter of plan. Carbohydrate and
protein levels are shown in lower left quarter plan. No
variable do not appears in lower right quarter of plan.
So Bahia variety is characterized by carbohydrate and
proteins contents while Amazonia, a control variety is
marked by ash and titratable acidity levels. pH, lipid and
moisture levels were most important determinants of
Madona variety. No parameters are characteristic of
Pamela+ variety.

V. CONCLUSION
This study showed a significant variation in

physicochemical and nutritional characteristics of the four
carrot varieties grown in region of Korhogo. Investigations
closed that, Amazonia, the control carrot variety stands out
for its acidity and minerals levels. Nutritionally, Bahia is
the richest variety with high levels of carbohydrate and
protein. Madona is the most basic, wettest and fatest
carrot. For a long storage, Pamela is most interesting
variety. To our knowledge, it is the first time that
physicochemical and nutritional parameters of carrot
varieties in region of Korhogo have been studied. Future
research on these carrot varieties will be study of their
post-harvest conservation, their sensory analysis and their
transformation. These studies will provide scientific data
but also advice carrot varieties meeting requirements of
growers and consumers in this region.
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Antioxidant Phytochemicals and Antioxidant Capacity
of Biofortified Carrots (Daucus carota L.) of Various

TABLES
Table 1: Physicochemical and nutritional parameters of varieties of carrots

Moisture Acidity  Carbohydrate Protein Lipid Ash
(%) PH (9/l) (%) (%) (%) (%)
Bahia 86.4372 6.6312 0.156° 6.7122 3.6562 0.841* 0.890°
8 Madona 86.210? 6.6032 0.169° 6.4592 2.886° 0.831% 1.244°
c>5 Pamela+ 87.200P 6.472° 0.171° 6.2932 3.146" 0.786° 0.888°¢
Amazonia* 86.6922 6.514° 0.1922 5.623P 2.715¢ 0.820% 1.3002
*Control
Table.2: Correlation between parameters (Pearson (n)) :
Variables  Moisture pH Acidity  Carbohydrate Protein Lipid Ash
Moisture 1 0.8915 -0.2649 0.3237 0.0287 0.9209 0.4521
pH 0.8915 1 -0.6307 0.6464 0.4785 0.9328 0.0087
Acidity -0.2649  -0.6307 1 -0.9893 -0.8742 -0.3340 0.7189
Carbohydrate  0.3237 0.6464 -0.9893 1 0.7938 0.3358 -0.6426
Protein 0.0287  0.4785 -0.8742 0.7938 1 0.2760 -0.8552
Lipid 0.9209 0.9328 -0.3340 0.3358 0.2760 1 0.2602
Ash 0.4521 0.0087 0.7189 -0.6426 -0.8552 0.2602 1

Values in bold are most significant correlations.
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Table 3: Values of variables along the axes

Parameters F1 F2

Moisture -0.5504 0.8275
pH -0.8596 0.5099
Acidity 0.9312 0.3220
Carbohydrate -0.9172 -0.2593
Protein -0.8281 -0.4765
Lipid -0.6524 0.7132
Ash 0.4959 0.8605

F2 (37.03 %)

Biplot (axes F1 and F2 : 95.71 %0)

2
. L.
s * Moisture Ash
’ * Lipid
* Nagdona
L ] e
1 pH * Amazo
* Acidity
0,5 .
0 } : : : : : : } j
¢ Bahia
0.5 * Carbohydrate T
q * Protein s
1,5 +
2 + Pamela
-3 25 2 45 A 0,5 0 0,5 1 1,5 2 2,5

F1 (58.68 %)
Fig. 1: Plan biplot of varieties of carrots and variable scores (PCA)

nia
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Abstract—An experiment was conducted to evaluate the
performance of a locally manufactured combined tillage
implement (moldboard plow + ripper) in one of the fields
of the kufa university faculty of agriculture. The
experiment was included two factors , the first factor is
combing the ripper to mold board plow in five level these
are fixing the combined ripper shanks while the shanks
points oriented in two different levels with and opposite to
the plowing direction , two levels of different ripper depths
the same depth and 5 cm above the depth of mold board
plow share and the fifth level is control treatment ( mold
board plow alone ) .The second factor was the plowing
operation speed at five levels (1.4, 2.0, 3.6 and 4.7) Km.hr
- 1 . the experiment was conducted as a factorial
experiment with RCBD , the LSD test at 5 % was used to
compare between means .The results of the research were
showed that combining the locally manufactured ripper
implement to mold board plow resulted in significant
increase in the number of soil clods with the desired
diameter (5-10 cm ) very low number of soil block with
diameter larger than 10 cm , more even soil roughness and
the actual productivity has not decreased to the extent that
it affects the efficient performance of the tillage process
compared to the use at the mold board plow alone .
Keywords—combination ,tillage, soil, roughness, ripper ,
moldboard.

I. INTRODUCTION
Now a days, the conventional tillage practices are very
expensive in cost , more time consuming and higher
number of passes which cause soil compaction.
Furthermore; conventional tillage is considered to be one
of the low fuel-efficient operation. Digman 2012
mentioned that only 20% of diesel fuel energy is available
at the tractors drawbar, however, only 4% out of that
energy is converted in to breaking up the soil . Therefore ,
it is so important to find out an early way leading to get the
most out of tillage operation , one way to bypass these
problems is the use of combined tillage implements in one
field operation. This practice is useful only for those who
prefer the use of conventional tillage practices such as the
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Iragi farmers. Manjeet et al. 2016 defined the combined
tillage is the way in which two or more implements
operates at the same time in order to manipulate the soil. In
general sense, combined tillage means integrated
management of resources such as time, energy, fuel, labor,
soil and water conservation, on the other hand, increasing
yield and better utilize of natural resources. It also
contributes and sustained agriculture production. Nasr et al
2016divided the combined agricultural implements
intofive groups these are:1-Soil preparation.2-soil
preparation andfertilizing. 3-soil preparation ,fertilizing
and seeding. 4-soil preparation and seeding. 5-fertilizing
and seeding. For each of thefive groups mentioned they
suggested two or more operations e.g the third group
mentioned above has three operations these are plowing ,
fertilizing and seeding ;tilling , fertilizing and seeding and
cultivating  fertilizing and seeding. Grisso et al (2012)
revealed that combined implements operations reduce fuel
consumption, time and labor requirements by limiting at
least one individual trip over the field. Javadi et al. 2006 ,
Asgill 2008 and Manjeet et al 2016 revealed that
combination tillage implements were more energy efficient
, higher tillage performance index (TPI) and saving nearly
50% in cost and 50 _55% in timecompared with the same
single passive tillage implement .

Moitzi et al. 2014 revealed that the area — specific fuel
consumption increased linearly with working depth for
moldboard plow and short disc harrow , but
disproportionately for subsoil . Wheel slip was also found
to increase fuel consumption and decrease field capacity
performance at all depth . The concept of combination
tillage practice was entered into force for the primary and
secondary tillage operations since hundred year ago
(Shafee 1995), but is still not widespread even in places
where this application is needed , such as rice cultivation
in southern Iraq . Theobjectives of this research were to
investigate the performance of the developed combined
implement in terms of it effect on :

1-  Improving soil refined and surface uniformity .

2- Saving time and fuel consumption .
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Il. MATERIAL AND METHOD
Description of the developed implement:
A combination implement was developed at the faculty of
agriculture university of Kufa in order to meet the seedbed
requirements by sufficient loosening field soil breaking
clods and gaining a uniform soil bed in a single pass and
least time . Fig 1 shows the developed implement which
was combined from moldboard plow and locally
manufactured heavy duty ripper . It had 6 shanks fixed into
a heavy rectangular frame . The long sides of the rectangle
form the two rows of the ripper and the shanks placed in
equal and interlaced spaces .
However for optimum performance the spaces was set
equal to 40 cm in the same row . The unique ripper is
attached to the end of the moldboard plow chassis so that
the extension of the pull line passes through the center of
the ripper tool . The plow and the ripper work as one unit ,
when the moldboard plow raised hydraulically it picks up
the ripper too .

Fig 1 Top: the shanks position behind the botoms of
the moldboard plow , bottom :the combined implements
(moldboard plow + ripper )

During plowing the front shanks of the ripper hit with the
center of the inverted slices that are usually formed by
moldboard the result is dismantling and breaking the
slices and displacing some of the clods and soil to the
sides. Here comes the role of the rear row shanks in
disassembling the rest of slices and handle the big clods
that were displaced by the front shanks . Moreover the

www.ijeab.com

developed implement makes the ground more even . The
ripper shanks were designed to be easily adjusted in depth
, however the adjustment was set according to the
moldboard plow depth . The ripper shanks points (
shovels) were made from heavy long wearing metal with
dimensions of 15 cm length 2 cm thickness . Each point
was supplied with two slotted holes so it can be fitted in
the required center .
Test procedure :
An experiment was conducted at one of the agriculture
field at the faculty of agriculture University of Kufa to test
and evaluate the performance of the developed implement
in term of breaking and pulverizing the field soil in one
tractor pass .
The combined implement was pulled byMassy Fergusson
tractor with nominate power 82 kw and total mass 3250
kgm. The test was performed according to 5x5 factorial
split plots design with the randomized complete block
design with three replicators . the experiment contain the
following two factor:
1-Fixing thecombined ripper shanks while shanks points
oriented in two different ways and two different depths
taking in to consideration the depth of moldboard plow
and control treatment (moldboard plow alone ) , these are :
a- Fixing the ripper shanks with shanks points
orientedtoward the direction of tillage operation with
two depths: same depth as plowing share (S1D1) and
5 cm above plowing depth(S1D2) fig 2
b- Fixing the ripper shanks with shanks points oriented
opposite the direction of the tillage operation with
two depths : same depth as plowing share depth
(S2D1) and 5 cm above plowing depth (S2D2) fig 2 .
c- Control treatment , without the use of the ripper
implement MB (moldboard plow alone ) .
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Ripper Frame Connector

y

Ripper SHANKS Ripper depth

Plowing depth Plow share

Fig 2 moldboard plow + ripper with two directions and
two depths .

2- Tillage operation field speeds with five averaged levels
:14,20,3.6,42and4.7km . hr' .

The quality of the tillage and operation performance were
evaluated through the estimation of the following
parameters :

1 — Soil refinement : it was determined by using two
different size opining sieves . The substance of this test is
to pass the soil of an area 50 * 50 cm picked randomly
from the tillage treated soil through a 10 * 10 cm opining
then through a 5 * 5 cm opining sieve .

2- Soil surface roughness index : it was determined by
using the following formula :

D= [F e )

Where :SD : soil roughness index , di : soil ripple height ,
which determined by use a wooden rectangle triangle with
a 50 cm height and 2 m base length . before sampling the
triangle was leveled and samples were taken every 10 cm .
3 — Actual Productivity (ha. hr™):
AP.=0.1*W*VP*FE (ha.hr!) ....(Q2)

Where : A.P.:W: active working width (m) , VP: tillage
operation speed (km. hr? ) and FE : field efficiency (

60%) .
3- Slippage % :
S%="""2 % 100% ... ©)
Where : S : slippage % , VT: theoretical speed (km.
hrt),
4- Fuel ConsumptionFu.C ( L .ha™):
Fu.C=(Qd*10000) / (W*D) .......... 4)

Where : Qd : treatment fuel consumption ( L) , D:
treatment length (m)

1. RESULTS AND DISCUSSION
Soil colds larger than 5 cm in diameter
Tablelshows that combining the manufactured ripper with
moldboard plow to perform plowing operation has a
significant effect on the size of soil clods larger than 5 cm
in diameter compared to the use of moldboard plow alone
(MP) and these are true results for all the combined
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implement treatments levels . These results are consistent
with the published resultedby Manjeet et . al (2016) .
However the treatment of fixing the ripper shanks with the
skanks points oriented opposite to the direction of plowing
at the shallow depth (S2D2) exceeded the other treatments
by achieving a number of 69.8 clods . nr2 followed by the
treatments with the greatest depth (S2D1) and the same
implement shanks points orientation , while treatment of
using moldboard plow alone recorded the least number of
clods that was 32.1 clods . nr2.
Table 1: Soil colds larger than 5 cm (clods . m?)

V(km .hr-1)

1.4 20 |36 (42 4.7
MB 29 30 325 | 36 33 |321
S1D1 | 315 335 | 355385 |[405](359
S1D2 (345 385 |41 |[435 |[475]41.0
S2D1 | 395 425 (45 | 46 53.5| 453

S2D2 | 64.5 66 70 75 73.5 | 69.8
39.8 421 |448 | 478 | 49.6

LSD TRT=2.25 LSD TRT.V =3.12 LSDV=1.319

TRT Mean

Therefore the use of combining implement gave an
excellent results in term of improving the size of soil clods
with the suitable diameters .The results also revealed that
the plowing speed has a significant effect on soil clod
larger than 5 cm in diameter the number of soil clods
increased as plowing speed increased . This is due the fact
that increased the speed of plowing increased the impact
speed of the plow bottoms and the ripper shanks against
the soil slices formed by the plowshare , as a result
increased the process of fragmentation of the soil blocks
into smaller soil clods , similar results were found by Abo-
herbageet.al.(2010) when they tested a chisel plow at
different speed .The interaction between operational speed
and the combined implement at different shanks points
orientation and different depths was significant so that the
synthesis between the ripper combination and the high
field speed at shallow depth and shanks points oriented
opposite to plowing direction gave the highest number of
soil clods.

Soil clods larger than 10 cm

The results in table 2and figure 3 indicate that the use of
the combined implement (moldboard plow + ripper) has
influenced the quality of the tillage operation , the clod
size distribution was fairly appropriate where the high
number of clods larger than 5 cm were found in table (2)
and the low number of clods greater than 10 cm table 3
and the absence of clods greater than 20 cm in all
combined implement treatment and has appeared in the
moldboard plow treatment . Similar results were published
by Servadio et. al (2016) .
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Based on the advanced findings we can conclude that
combining the manufactured ripper behind the moldboard
plow has worked to break the soil slices formed by the
plow share and reduces the soil clods and increased their
numbers compared to the treatment of moldboard plow
alone .

Table.2: Soil colds larger than 10 cm (clods . m-2)

TRT V(km .hr-%) Mean
14 2.0 3.6 42 | 4.7

MB | 11.24 | 104 | 10.8 | 10.2 | 9.07 | 10.32

S1D1 | 591 | 47 4.4 3.7 | 391 | 454

S1D2 | 818 | 7.3 6.9 57 | 560 | 6.74

S2D1 | 6.64 | 5.7 5.8 44 1395 | 531

S2D2 | 403 | 65 5.2 57 | 341 | 495

720 | 6.9 7.0 6.0 | 519

LSD TRT=0.064 LSDTRT.V=0.113
LSDV=0.0057

Fig.3: top :clods after the use of MP . bottom:clods after
the use of combined implement.

Despite the emergence of a number of soil clods greater
than 10 cm in the moldboard plow treatment (MB) table 3
but the apparent sign in this treatment is the surface of the
plowing area large soil blocks and in most cases the soil
slices remained intact and did not break into parts .It was
also noticed the highest number of clods greater than 10
cm was at the treatment when the ripper shanks points
oriented opposite to the direction of plowing (S2D2) with
a number of clods equal to 13.5clods . nr2 and in diameter
of 15 to 20 cm the reason for this result was the ripper
shanks worked efficiently in breaking the large masses of
soil inverted by the moldboard plow , then followed by the
treatment with the largest depth and at same direction
(S2D1) while the least number of soil clods recorded by
the treatment when the ripper shanks point oriented with
direction of plowing (S1D1) and its value was 4.5 clods .
nr2. The results in table 3 indicated that the speed had not
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significant in this parameter and it seems that the presence
of large soil masses with large diameter counted on block
increased the large disparity of the parameter between
replicates with in the single treatments . As shown in table
3 and figure 2. that the interaction between the combined
implement and filed speed did not show a significant
effect in this parameter due to the same reasons explained
before .
Soil surface roughness
The results in table 3 and fig 4 illustrated that the treatment
moldboard plow alone (MB) was the Highest variability
of the soil surface roughens . This is very naturel result
because of the stirring action of the plow and the
dismantling soil to masses of different sizes which make
the soil surface is more winding and uneven. However the
use of the combined implement contributed to increased
the leveling of soil surface . this was clear when the ripper
shanks point oriented toward plowing direction in
treatment (S1D2) which achieved the best degree of
surface leveling compared to the rest of the treatments.
That was happened due to the right shanks distribution
behind soil layers formed by moldboard plow and the
continues pushing of the soil in front of the shanks which
have led to increased surface leveling . this treatment did
not differ from the treatment when the ripper shanks point
oriented opposite to the direction of plowing (S2D2) which
achieved preference in surface roughens . this is due to
the relatively high pulverizing efficiency of this treatment
relative to the rest of treatments which contribute
acquisition of a more even soil surface compared to the
other treatment

Table 3: Soil surface roughens (cm)

TRT V(km .hr-1) Mean
14 |20 (36 |42 |47

MB 10 11 85 |8 75 |9

S1D1 |35 |65 |6 35 |3 4.5

S1D2 |85 |7 6 95 |65 |75

S2D1 |12 8 95 |45 |6 8

S2D2 11 105 |22 |9 145 135

9 §6 104 (6.9 |75

LSD TRT= NSLSD TRT.V=NS LSDV= NS
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The results also showed that the highest speed caused the
lowest surface roughness indicator this is may be due to
the increased in velocity accompanied by an increase in the
fragmentation of the soil matter into smaller fines . The
binary interaction between the investigated factors showed
that the treatment of the ripper shanks points projected
opposite to the plowing direction (S1D1) with highest
speed had the best level of surface roughest compared to
the other treatment . Combining the ripper implement with
moldboard plow during plowing process increased the
tractor slippage percentage in all treatment tested
However this increased in slippage show variable
differences relative to the shanks points orientation and the
calibrated depth . Despite to this finding the result revealed
that the combined implement when the ripper shanks point
oriented opposite to the direction of plowing with the

Tractor slippage

shallow depth (S2D2) has achieved nearly close slippage
percentage as compared with treatment of moldboard plow
alone (MB) .The interpretation for these results were the
ripper shanks had impacted directly soil slices which
already cut and inverted by moldboard plow loosening
them and lowering their resistance which made the shanks
penetrate and sweep through easily.

However when the shanks depth increased to the depth of
moldboard plow share (S2D1) the slippage of the tractor
increased as a result of the excessive load . The results also
showed that the use of the ripper with the shanks points
oriented with the direction of plowing gave the highest
tractor slippage specially when the shanks points fixed at
the same depth as the moldboard plow share depth , the
tractor slippage at this treatment reached at most 27% the
big masses of soil and in front of the shanks obstruct the
shanks movement which increased the load on the tractor
lowering the tractor speed and hence the tractor slippage
increased .
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Table 5: Tractor Slippage %

TRT V(km .hr-1) Mean
14 | 20 36 |42 | 47

MB |12.3 |13.47 | 14.0 |[14.0 |15.43 | 13.84

S1D1 |20.0 |23.94 | 24.6 |28.2 |36.35 | 26.61

S1D2 |16.1 |23.46 | 25.0 |27.6 | 35.1 | 25.43

S2D1 |15.1 |17.52 | 18.7 |19.4 |19.82 | 18.13

S2D2 |13.3 {13.81 | 145 |15.5 |16.92 | 14.80

15.4 {18.44 | 19.3 |21.0 | 24.72

LSDTRT=0.40 LSD TRT .V=0.38 LSDV
=0.21

The speed factor is the other factor which has a significant
effect in the percentage of the slippage so as plowing
speed increased the slippage percentage increased for all
the treatment tested the reasons for this were the power
required to break the soil increased and the impact speed
that happened between the soil slices and ripper shanks
was also increased which increased the actual time
required to perform the work relative to the theoretical
time which increased the tractor slippage . The slippage
values in all combined implements treatment were out of
the permitted limits except the treatment in which the
shanks pointes oriented opposite to the tillage direction
(S2D2) where the slippage within the permissible limits
and this is true until the speed reached 4.2 km/hr . the
interaction between the main factors was significant even
though each factor has effected the slippage parameter
independently which gave dam priority to (S2D2)
treatment to get lowest slippage value (13.27%) at the
lowest speed.

The actual productivity

The actual productivity values and means of the studied
factors have been tabulated in table 5. Despite the
significant results of the actual productivity however a
quick view of the results it can be concluded that the
differences in productivity between the use of the
moldboard plow (MB) alone or the combination with the
ripper were not great enough to affect the efficient
performance of the plowing process . The difference was
0.003 ha.hr+ between the use of the moldboard plow alone
and the highest value achieved when the ripper combined
with moldboard plow . It is considered very simple in
comparison with applying another agriculture operation
such as field cultivator or disc harrow to complete the
seedbed preparation .
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Table.6: Actual Productivity ( ha.hr?)
TRT V( km .hr-1) Mean
14 | 20 | 36 | 42 | 47

MB 0.10 | 0.16 | 0.29 | 0.35 | 0.42 0.26
S1D1 | 0.09|0.14 025|029 031 0.22

S1D2 | 0.09|0.14 025 0.29 | 0.32 0.22
S2D1 | 0.09|0.15|0.27 | 0.32 | 0.40 0.25

S2D2 | 0.09 (016 |0.29 |0.34| 041 0.26

0.09 | 0.15 | 0.27 | 0.32 | 0.37

LSDTRT=0.005 LSD TRT .vV=0.003
LSD V =0.002

The speed factor has a significant effect in determining the
actual productivity of the operation at all levels of this
study . The highest productivity rate was shown at 4.7
km.hrt and it was 0.37 ha.hr? The reason for this results is
due to the fact that the actual productivity is directly
proportional to field speed so that the increased in the field
speed has led to increase in the actual productivity and
vice versa . the interaction between the two factor had a
significanteffect in the actual productivity and that was
clear when the combined implement used with shanks
points oriented opposite to the plowing direction at the
shallow depth (S2D2) with highest speed which has
achieved an actual productivity equal to 0.409 ha.hr+
(table5).
Fuel consumption

Recently; fuelconsumption has dominated the interest
of the researchers due to the steady rise in fuel prices it is
not easy term to rate because the tractor fuel consumption
based on kg of pull as compared with other vehicles which
were rated in km. hr< traveled . Eliminating one operation
of the seedbed preparation by combining one light tillage
tool can usually save amount of fuel suppose to be
consumed by the eliminated operation . the noticed trend of
signifies of some related researches showed that the fuel
consumption varies with plowing speed and depth among
other factor however the correct set up equipment's
appropriate counter  weight diesel quality correct tire
pressure tractor maintenance are the other technical factors
that effect consumption . Anyway in this study the fuel
consumption test was performed to compare between the
moldboard plow when used separately and when it was
combined with the ripper in respect to all of the treatment
tested . it seems very clear from the fig 4 that the process
of plowing using the moldboard plow separately require
about43 L.ha X+ however , when using the combined
implement (moldboard plow + ripper ) with the shanks
points oriented opposite to the plowing direction at the
shallow depth the amount of fuel consumed was 49.69
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L.hat which means that the combined implement has saved
about 7.67 L.hat compared to the processing of plowing
and cultivating each one separately.
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Fig 5: fuel consumption(L.Hec™)

IV. CONCLUSION

In addition to the mentioned advantages the fuel saving is
one of the most important features of the combined
implement, the direction of the ripper shanks has great
influence on the performance of the combinedimplement
.Generally the best performance was found when the ripper
shanks were oriented opposite to the direction of plowing .
The speed of plowing operation had a significant effect on
the results in all the parameters studied whether in the use of
combined implement or the use of mold board plow alone .
In relation to the things that havealready been mentioned
the combined implement can a achieve something's as a
result such as reduced the number of traffic shortening the
time of agricultural process lowering the agricultural
production cost as well as reducing fuel consumption .
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Abstract— Chitosan is naturally occurring compound
potentially used in sustainable agriculture to control plant
diseases and enhance growth. An attempt was made to
control anthracnose or ripen fruit rot of chilli caused by
Colletotrichum capsici in the field under inoculated
condition and to increase the growth and yield of chilli by
different concentrations of chitosan as seed treatment and
foliar application methods. C. capsici isolate “So” was
found to be the most virulent against chilli at the time of
pathogenicity test. Chitosan at 1% concentration was found
to be most effective against the radial growth of C. capsici.
Subsequently, seed treatment or foliar spray was done with
C. capsici spore suspension (5x10° mlY) and different
concentrations of chitosan as per requirement of the
treatments. Anthracnose or ripen fruit rot of chilli and post-
harvest disease incidence (DI) and percent disease index
(PDI) were significantly lowest in the treatment Tg, where
seeds were treated with 1% chitosan combination with foliar
spray of chitosan (0.5%) in pathogen inoculated condition.
On the contrary, anthracnose or ripen fruit rot of chilli and
post-harvest DI and PDI were significantly highest in the
treatment T, where seeds were treated with C. capsici.
Germination percentage, growth promoting components,
yield and thousand seed weight (TSW) were also highest in
treatment Tg compared to all other treatments. As a result,
the combined use of chitosan as seed treatment (1%) and
foliar spray (0.5%) appeared to be most effective in
controlling anthracnose of chilli and increased yield and
yield contributing characters.

Keywords— Anthracnose, biological control, chitosan,
Colletotrichum capsici, yield.
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l. INTRODUCTION

Chilli (Capsicum frutescence L.) is an important spice and
cash crop that is grown throughout tropical, subtropical and
temperate regions. In Bangladesh, 102.06 thousand hectares
of cultivable land is under chilli cultivation and the country
produced 1.30 lakh tons of chilli in 2015-2016 with an
average yield 1.27 t/ha (Annon., 2017). Diseases are one of
the main constrains for the low yield and quality of this crop
(Poonpolgun and Kumphai, 2007). Anthracnose or ripen fruit
rot of chilli caused by Colletotrichum capsici is one of the
most devastating disease of chilli. Anthracnose is mainly a
problem on mature fruits, causing severe losses due to both
pre-and post-harvest fruit decay (Hadden and Black, 1989).

At present diseases are mainly managed by the use of
chemicals such as fungicides. The continuous and
indiscriminate use of chemicals to manage the crop diseases
results in accumulation of harmful chemical residues in the
soil, water and grains. The indiscriminate use of chemicals is
not only hazardous to living being but also breaks the natural
ecological balance by killing the beneficial and antagonistic
microorganisms. In addition, over usage of synthetic
fungicide has facilitated the development of fungicide
resistance among some pathogenic population (Rhouma et
al., 2009). Therefore, in the absence of anthracnose resistant
cultivars, bio-pesticides, such as chitosan offer a more
sustainable approach for the control of diseases in fruits and
vegetables (Bautista-Bafios et al., 2006; Ali et al., 2010;
Magbool et al., 2010). Chitosan is a linear polysaccharide
composed of randomly distributed —B-(1— 4)-linked D-
glucosamine (deacetylated unit). It is made by treating the
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chitin shells of shrimp and other crustaceans with an alkaline
substance, like sodium hydroxide. It is considered as a
biodegradable and biocompatible material with no toxicity or
side effects (Rodriguez-Pedroso et al., 2009). Over the last
decade, chitosan polysaccharide has taken on enormous
importance in the control of pathogenic microorganisms. The
presence of amino groups (-NH.) in its chemical structure
gives chitosan unique and ideal food conservation and
security properties which are exploited through the
development of biodegradable edible coatings and films
containing natural antimicrobials; it also has elicitor
properties that enhance the natural defenses of fruit,
vegetables and grains (Bautista-Bafios et al., 2016).
Vasudevan et al., (2002) suggested that application of
chitosan formulation can increase root and shoot length and
grain yield. It also increases the growth of nursery-raised
plants such as cucumber, pepper and tomato etc. Chitosan
coatings can control several fungal diseases in plants such as
table grapes (Romanazzi et al., 2006), delay the ripening
mechanisms in banana fruits (Magbool et al., 2010) and
induce resistance against many pathogens (Wilson et
al.,1994; Benhamou, 1998). It has been hypothesized that the
interaction of chitosan with negatively charged molecules on
the fungal cell surface causes leakage of proteinaceous
compounds (Leuba and Stossel, 1986). It is also believed that
the interaction between chitosan and fungi leads to the
inhibition of MRNA and protein synthesis (Hadwiger, 1999).
However, using chitosan very little is known about disease
control and enhancement of growth and yield of chilli in
Bangladesh. For that reason, this study was undertaken to
select the most effective dose of chitosan in reducing the
mycelial growth of C. capsici and to evaluate the effect of
chitosan in controlling the disease and progress growth and
yield of chilli.

1. MATERIALS AND METHODS
2.1 Experimental site and materials
A field experiment was carried out at Bangabandhu Sheikh
Mujibur ~ Rahman  Agricultural ~ University, Gazipur,
Bangladesh, during the period from March 2016 - August
2017. Seeds sample of chilli variety “BARI Morich 3” was
collected from the Bangladesh Agricultural Research
Institute (BARI), Gazipur, Bangladesh.
2.2 Collection, isolation and identification of C. capsici
Three isolates of C. capsici were collected from infected
region of chilli fruits following standard phytopathological
procedures (Dasgupta, 1981; Agostini and Timmer, 1992).
Disease samples were collected from the field and carried to
the laboratory in polythene bags. The infected plant parts
were cut into small pieces (1 cm?) in advance lesion margin
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where healthy and disease tissues remain together. The cut
plant parts and fruit tissues were surface sterilized by 1%
sodium hypochloride (NaOCI) solution for 2-3 minutes then
washed three times with sterile deionized water to remove
the NaOCI. The cut pieces were then placed onto sterilized
agar (20 ml) in glass petridishes and incubated at room
temperature (25+2 °C) until acervuli formation. Conidia
produced in acervuli came out in the form of ooze and were
placed onto PDA and incubated at room temperature for
seven days. The fungal pathogen was identified by observing
the morphological feature, acervuli formation, presence or
absence of setae, cultural and conidial characters under
compound microscope (Barneet and Hunter, 1972).

2.3 Preparation of spore suspension

Ten days old culture grown on PDA was flooded with 10 ml
of sterilized distilled water. Acervuli and conidia along with
mycelial mass were separated from the substratum by
scrapping with a narrow edge sterilized glass slide (Sharif
and Bhuiyan, 2005). The suspension was sieved through
double layer cheese cloth to discard acervuli and mycelial
mass. The spore suspension was adjusted to 5x10° mlI by
adding sterilized distilled water and counting under
compound microscope using counting slide
(haemocytometer). Seeds were submerged in spore
suspension with gentle stirring for 5 minutes. The wetted
seeds were air dried in a sterile cabinet and prepared for
further treatment.

2.4 Pathogenicity test for the selection of virulent isolate
of the test pathogen in pot culture

Three isolates of C. capsici named as So, Mo and Ba were
evaluated for their pathogenicity test in the pot culture
experiment under the shade condition. Each earthen pot was
filled with 2.0 kg sterilized soil. Twenty-five pieces of chilli
seeds for each pot were inoculated with spore suspension of
So, Mo and Ba isolate of C. capsici. Then, the inoculated
seeds were sown in each pot and in control pot healthy seeds
were sown without inoculation. Disease development was
observed regularly and recorded at 10 to 20 days after
sowing to estimate the effect of pathogens in causing pre-
emergence and post-emergence seedling mortality. The
causal agent of seedling mortality was confirmed after re-
isolation of the pathogen from un-germinated seeds.

2.5 Pathogenicity test of the test pathogen on detached
chilli fruit

Pathogenicity test with three selected isolates of the pathogen
C. capsici was conducted by inoculating harvested chilli
fruit. Each isolate of C. capsici was grown on PDA plates
separately. Inoculation was made by puncturing the tissue
with small sterilized needle and then spore suspension (5x10°
spore mlt) of C. capsici sprayed over the chilli fruit. After
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inoculation, chilli fruits were kept in a separate transparent
polyethylene bag to avoid drying. Inoculated chillies were
incubated for four days at room temperature. After four days,
percent disease index (PDI) was rated following 0-4 scale,
where 0=No visible sign or symptoms, 1=1-25%, 2=26-50%,
3=51-75% and 4=76-100% infection on chilli fruits
(Abraham et al., 1996).

2.6 Collection of chitosan

Chitosan was collected from Bangladesh Atomic Energy
Commission (BAEC), Dhaka, Bangladesh. Chitosan was
derived from the shell of quick growing sea shrimp. The
solution was extracted from sea shrimp and then it was
irradiated with y-ray (20 kD) which acts as a plant growth
promoter.

2.7 In-vitro evaluation of chitosan for their inhibitory
effect on the radial growth of C. capsici

Several preliminary evaluations of chitosan were done with
different concentration of chitosan such as 0.4%, 0.6%,
0.8%, 1% and 1.2% on PDA plate against the C. capsici.
Plates were individually challenged at the center with equal
agar plug (5 mm in diameter) taken from 7 days old culture
of the pathogen and incubated at 25°C. Mean colony
diameter was measured when the control plate (without
chitosan) reached full growth. The radial growths of C.
capsici in three replications were recorded separately and
there averages were taken. The percent inhibition of the
radial growth was calculated as described by Sundaret al.,
(1995).

Y
% inhibition over control = X 100 (equation 1)

Where,

X = Mycelial growth of pathogen without chitosan (control),
Y = Mycelial growth of pathogen with chitosan

2.8 Seed treatment with chitosan and rising of seedlings
Seeds of chilli were surface sterilized by immersion of 1%
NaOCI. Then seeds were thoroughly rinsed in sterile distilled
water and immersed into each of the chitosan solution (p"
5.5-6.0) at concentrations ranging from 0.6-1%. After gentle
stirring, seeds were submerged for 1 hour. Finally, the wetted
seeds were air dried in a sterile cabinet and sown in the tray
containing soil that was well prepared through mixing
fertilizers and cow dung. Chitosan (0.5%) was applied as
foliar spray at three times such as 10 days after transplanting,
at vegetative stage and fruiting stage.

2.9 Land preparation and transplanting of seedlings
Land was prepared with well tilth using a tractor driven disc
plough and harrow. After land preparation the whole
experimental area was divided into three blocks, representing
three replications. The unit plot size was 3.0 m X 2.0 m.
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Distance between block to block was 1.0 m and that plot to
plot in a block was 0.50 m. Drains were made surrounding
the each unit plots and the excavated soil was used for raising
plots 15 cm high from the general soil surface. Ten different
treatments were allotted randomly to each block. Thirty-five
days aged apparently healthy chilli seedlings of variety
‘BARI Morich 3” was collected from the tray. A total of 12
seedlings were planted in each plot on November 2016.
Weeding, irrigation and other intercultural operations were
done as and when necessary until the maturity of plants.
2.10 Treatments of the experiment
The treatments of the field experiment were as follows:
To= Untreated healthy seeds without pathogen (Control 1)
T1= Seed treated with C. capsici (Control 2)
T,= Seed treated with C. capsici + 0.6% chitosan
Ts= Seed treated with C. capsici + 0.8% chitosan
T4= Seed treated with C. capsici + 1% chitosan
Ts= Seed treated with C. capsici + Foliar spray (0.5%) of
chitosan
Te= T, + Foliar spray (0.5%) of chitosan
T+= T3 + Foliar spray (0.5%) of chitosan
Tg= T4 + Foliar spray (0.5%) of chitosan
To= Seed treated with C. capsici + 0.1% Bavistin 50 WP
2.11 Observation of disease development
Chilli plants were observed regularly after transplanting of
seedlings to record the incidence of post emergence seedling
mortality, anthracnose diseases on fruits. The disease
incidence was recorded two times at 90 and 120 day after
transplanting (DAT). Observations were made by selecting
six plants randomly from each plot. Flowerings of chilli
plants were started at 40-45 DAT. Plants were produced
flowers and fruits continuously up to 3-4 months after
transplanting. But all fruits didn’t mature and ripe at a time.
The ripened fruits were harvested and weighed and it was
continued up to 4 months after transplanting. Post-harvest
disease incidence and PDI were recorded in the laboratory at
135 days after harvesting (DAH).
2.12 Data recording and disease assessment
Data were taken on germination percentage, mortality
percentage, root length and shoot length, root fresh weight
and shoot fresh weight, root dry weight and shoot dry weight,
plant height and number of branch, disease incidence and
percent disease index (PDI) and vyield. The following
formulae were used for calculation (Rahman et al., 2013).
Disease incidence

Number of infected plants

~ Total number of plants assessed
X 100 (equation 2)
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Disease index =
Summation of all rating of fruits observed

%X 100 (equation 3)

Number of fruits observed xMaximum rating

Percent disease index (PDI) was rated by following 0-4 scale,
where 0=No visible sign or symptoms, 1=1-25%, 2=26-50%,
3=51-75% and 4=76-100% infection on chilli fruits.

2.13 Experimental design and data analysis

The experiment was laid out in a Randomized Complete
Block Design (RCBD) with three replications. Data
recorded on various parameters were analyzed statistically
using the Statistix 10 statistical computer programme after
proper transformation whenever necessary. The means
were compared following LSD (Least significance
Differences) test (Gomez and Gomez, 1984).

1. RESULTS
3.1 Pathogenicity test of C. capsici isolates against chilli
seedlings in pot culture and detached chilli fruits
The pathogenicity test of the three selected isolates of C.
capsici against chilli seedlings variety BARI Morich-3 were
conducted in pot containing sterilized soil to find out most
virulent isolate of the test pathogen. All the isolates of the
test pathogen were virulent but variable in causing total
seedling mortality of chilli ranged from 28.32-63.00% (Table
1 and Fig. 1-2). The C. capsici isolate So was appeared to be
the most virulent causing the highest 63.00% total seedling
mortality followed by isolate Mo caused 43.00% mortality.
Significantly the lowest 28.32% total seedling mortality was
observed with the isolate Ba. No pre-emergence and post-
emergence seedling mortality was observed in the untreated
control pot. Furthermore, every isolates were sowed
pathogenic reaction to the detached chilli fruit (Table 1 and
Fig. 3). All the three isolates were able to develop
characteristics symptom such as sunken necrotic lesion with
concentric ring of acervuli in chilli fruits. Chilli fruit which
was inoculated with the isolate So showed highest PDI
(83.33%). The virulence of the isolates in detached fruits was
supported by the virulence of the same isolates in the earlier
pot culture.
3.2 Effect of chitosan on mycelial growth of virulent
isolate of C. capsici
The mycelial growth of the test pathogen was significantly
reduced with all the five selected concentrations viz., 0.4%,
0.6%, 0.8%, 1% and 1.2% of chitosan as compared to
untreated control (Table 2 and Fig. 4). All the five
concentrations of chitosan are significantly variable in
reducing the mycelial growth of C. capsici. Significantly the
highest 100.00% reduction of the mycelial growth of C.
capsici over the control PDA plate was observed at both 1%
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and 1.2% of chitosan amended with PDA plate followed by
the second highest 0.8% of chitosan with 87.79% reduction
of mycelial growth. Significantly the lowest 28.56%
reduction of the mycelial growth of C. capsici was observed
at the lowest 0.4% concentration of chitosan amended with
the PDA plate. Based on the in-vitro evaluation 0.6%, 0.8%
and 1% chitosan concentrations were selected for the field
trial.

3.3 Effect of chitosan on germination percentage and
post-emergence seedlings mortality

In addition, to know the effect of chitosan on germination
and post-emergence seedling mortality chilli seeds were
treated with 0.6%, 0.8% and 1% of chitosan. For positive
control Bavistin (0.1%) 50 WP was used and there was no
treatment in untreated control seeds. These seeds were sown
in plastic tray after required treatments and data were
recorded up to complete germination. All treatments
increased the germination percentage compared to the
treatment where seeds treated with C. capsici (Table 3). The
range of germination percentage was 56.37-92.10%.
Significantly the highest germination percentage 92.10% was
in the treatment where seeds were treated with C. capsici and
1% chitosan and significantly the lowest germination
percentage 56.37% was in the treatment where seeds were
treated with C. capsici without chitosan or any fungicides
such as Bavistin (0.1%). In case of seedling mortality all
treatments reduced post-emergence seedling mortality
compared to the treatment where seeds were treated with C.
capsici (Table 3). Significantly the lowest 7.67% post-
emergence seedling mortality was found in the treatment
where seeds were treated with C. capsici and 1% chitosan.
No statistical difference was found among the treatments
where seeds were treated with 0.6% chitosan, 0.8% chitosan
and 0.1% Bavistin. This experiment showed that seed
treatment with 1% chitosan was most effective to increase
germination and to control post-emergence seedling
mortality of chilli.

3.4 Effect of chitosan and Bavistin on growth of chilli
seedlings

Thirty-five days after sowing growth promoting components
such as shoot length, root length, fresh shoot weight, fresh
root weight, dry shoot weight and dry root weight were
increased in the treatments where seeds were treated with
chitosan in pathogen inoculated condition comparison to the
treatment where seeds were treated with C. capsici (Table 4).
Seed treatment with 1% chitosan showed the highest shoot
length (14.84 cm), root length (8.09 c¢cm), fresh shoot weight
(0.63 g), fresh root weight (0.045 g), dry shoot weight (0.084
g) and dry root weight (0.0098 g) in pathogen inoculated
condition. The lowest shoot length (9.48 cm), root length
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(4.68 cm) and fresh shoot weight (0.46 g) were recorded in
the treatment where seeds were untreated and the lowest
fresh root weight (0.019 g), dry shoot weight (0.055 g) and
dry root weight (0.0020 g) were recorded in the treatment
where seeds were treated with C. capsici. In the field, plant
height and number of branches were observed at mature
stage of chilli plant. All the applications of chitosan as seed
treatment or foliar spray increased the plant height and
number of branches in comparison to the treatment T, where
seeds were treated with C. capsici (Table 5). The highest
plant height (58.57 c¢cm) at flowering stage (45 DAT) and
(60.83 cm) at fruiting stage (60 DAT) were recorded in the
treatment Tg where seeds were pathogen inoculated condition
and treated with 1% chitosan and foliar spray (0.5%) of
chitosan. The lowest plant height (45.52 cm) at flowering
stage and (47.93 c¢m) at fruiting stage were recorded in the
treatment T, where seeds were treated with C. capsici. In the
same way, the highest number of branches (17.55) at
flowering stage and (21.59) at fruiting stage were recorded in
the treatment Ts where seeds were pathogen inoculated
condition and treated with 1% chitosan and foliar spray
(0.5%) of chitosan. The lowest number of branches (11.30) at
flowering stage and (13.18) at fruiting stage were recorded in
the treatment T1 where seeds were treated with C. capsici.
3.5 Effect of chitosan and Bavistin on disease incidence
(DI) and percent disease index (PDI)

Disease incidence and percent disease index (PDI) were
reduced in the treatments where chitosan or Bavistin were
used as seed treating agent or foliar spray of chitosan over
pathogen treated plots. Disease incidence and PDI were
recorded two times before first and second harvesting of
fruits. Significantly the highest DI (64.67%) at 90 days after
transplanting (DAT) and (90.33%) at 120 DAT and PDI
(3.34%) at 90 DAT and (4.96%) at 120 DAT were recorded
in the treatment T1 where seeds were treated with C. capsici
(Table 6). Significantly the lowest DI (10.08%) at 90 DAT
and (22.63%) at 120 DAT and PDI (0.51%) at 90 DAT and
(1.29%) at 120 DAT were recorded in the treatment Tgwhere
seeds were pathogen inoculated condition and treated with
1% chitosan and foliar spray (0.5%) of chitosan.

3.6 Effect of chitosan and Bavistin on the yield and
thousand seed weight (TSW) of chilli

Results of the present study indicates that by the application
of different treatments of chitosan vyield and vyield
contributing components were significantly increased in all
the treatments over the treatment T1 where seeds were treated
with C. capsici (Table 7). Significantly the highest yield
(7.03 t/ha) was recorded in the treatment Tswhere seeds were
treated with C. capsici, 1% chitosan in combination with
foliar spray (0.5%) of chitosan. Significantly the lowest yield
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(2.86 t/ha) was recorded in the treatment T1 where seeds were
treated with C. capsici. Total three harvests were done at
different times as chilli is an indeterminate crop and fruits are
not mature and ripen at the same time. Moreover,
applications of chitosan significantly increased TSW
compare to pathogen inoculated condition. Significantly
highest TSW (5.04 g) was recorded in the treatment Tg where
seeds were pathogen inoculated condition and treated with
1% chitosan and foliar spray (0.5%) of chitosan. On the
contrary, significantly the lowest TSW (4.08 g) was recorded
in the treatment T1 where seeds were treated with C. capsici.
3.7 Effect of chitosan and Bavistin on post-harvest disease
incidence (DI) and percent disease index (PDI)
Post-harvest disease incidence and PDI were recorded in the
laboratory at 135 days after harvesting (DAH). Post-harvest
disease incidence and PDI were reduced in those treatments
where chitosan or Bavistin were used as seed treating agent
or foliar spray (0.5%) of chitosan in the field compare to
pathogen inoculated condition (Table 8). Significantly the
highest post-harvest DI (32.61%) and PDI (0.165%) were
recorded in the treatment T1 where seeds were treated with C.
capsici. Significantly the lowest post-harvest DI (8.58%) and
PDI (0.026%) were recorded in the treatment Tswhere seeds
were treated with 1% chitosan combined with foliar spray of
0.5% chitosan in pathogen inoculated condition.

Iv. DISCUSSION
The anthracnose or ripen fruit rot of chilli is a seed borne as
well as soil borne disease caused by Colletotrichum capsici
that occurs every year with intensities and imposes
considerable quantitative and qualitative losses of the crop in
the field as well as in the storage. This disease is mostly
difficult to control as Colletotrichum species naturally
produce micro-sclerotia to allow dormancy in the soil during
the winter or when subjected to stressful conditions and these
micro-sclerotia can survive for many years (Pring et al.,
1995) and subsequently attack the crop resulting poor yield.
In recent times, chitosan has been extensively used to control
fungal diseases in many fruits and vegetables. In this study,
all the tested concentrations of the chitosan were found
effective against C. capsici which was a dose dependent
manner. The complete reduction of the mycelial growth of C.
capsici was got at 1% of chitosan. The result is supported by
the reports of Chookhongkga et al., 2013 where chitosan was
found to reduce the mycelial growth of Rhizopus sp., C.
capsici, C. gloeosporioides and Asperillus niger. Chitosan
shows direct toxicity to pathogens, can form physical barriers
around the penetration sites of pathogens, preventing them
from spreading to healthy tissues and is known to induce
reactions locally and systemically that entail signaling
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cascades, and the activation and accumulation of defenses-
related antimicrobial compounds and proteins. It is also
reported to induce a decline in malondialdehyde content,
alter the relative permeability of the plasma membrane and
increase the concentrations of soluble sugars and proline, and
of peroxidase and catalase activities. Chitosan is often used
in plant disease control as a powerful elicitor rather than a
direct antimicrobial or toxic agent (Algam et al., 2010).

We observed highest seedling mortality, disease incidence
(DI) and percent disease index (PDI) and lowest seed
germination, growth, yield and thousand seed weight (TSW)
of chilli in pathogen inoculated condition. Application of
chitosan increased seed germination, growth promoting
components, yield and TSW and reduced seedling mortality,
DI and PDI. The highest post-emergence mortality was found
in chilli caused by C. capsici. The pre-emergence and post-
emergence mortality of different vegetable crops including
chilli caused by the tested pathogen are also reported by
Simi, 2017. Significantly the highest germination percentage
and the lowest post-emergence seedling mortality were found
in the treatment where seeds were treated with C. capsici and
1% chitosan. The results are supported by Photchanachai et
al,, 2012 and Nitu et al., 2016 that chitosan increased
germination percentage and reduced post-emergence seedling
mortality of different crops. Moreover, we have observed
highest shoot length, root length, fresh shoot weight, fresh
root weight, dry shoot weight and dry root weight in the
treatments where seeds were treated with chitosan in
pathogen inoculated condition compared to the treatment
where seeds were treated with C. capsici. The results of the
present study supported by the observation of Benhamou et
al., 1994, O’Herlihy et al., 2003; Guan et al., 2009 who
observed the enhancement of growth promoting components
including shoot length, root length etc. of different crops by
chitosan. Chitosan has also been extensively utilized as a
foliar treatment to control the growth, spread and
development of fungal diseases and to increase yield and
quality in many crops. Consequently, we found that foliar
application of chitosan increased the plant height and number
of branches. The highest plant heights and number of
branches and the lowest DI and PDI were recorded in the
treatment Tg where seeds were treated with 1% chitosan
combination with foliar spray of 0.5% chitosan in pathogen
inoculated condition. These results are supported by Mondal
et al., (2013) that foliar application of chitosan increased
most of the morphological characters such as plant height,
leaf number per plant and growth such as total dry mass per
plant, absolute growth rate, relative growth rate with
increasing concentration of chitosan in okra. Moreover,
Faoro et al., (2008) showed that the use of chitosan applied
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as a foliar spray on barley reduced locally and systemically
the infection by powdery mildew pathogen Blumeria
graminis f. sp. hordei. The results of the current study justify
the statement of Benhamou et al., (1994); O’Herlihy et al.,
(2003) and Edirisinghe et al., 2014 that chitosan has been
considered as alternate to chemical fungicides to control
diseases in different crops. However, significantly highest
yield and TSW of chilli were recorded in the treatment Tg
and these results are supported by Walker et al., (2004) and
Mondal et al., (2013) that chitosan increased yield and yield
attributes with increasing concentration of chitosan in
different crops. Edirisinghe et al., (2014) and Sivakumar et
al., (2016) also examined that chitosan could become a
promising substance to control postharvest diseases in
different crops. Accordingly, post-harvest DI and PDI were
reduced by all the chitosan treatments over the treatment T;
and significantly lowest post-harvest DI and PDI were found
by combined use of chitosan as seed treatment and foliar
spray. Edirisinghe et al., (2014), Berumen-Varela et al.,
(2015), Romanazzi & Feliziani (2016) and Sivakumar et al.,
(2016) reported that chitosan increases phenyl ammonia
lyase, chitinase (endo and exochitinases) and (3-1,3-glucanase
activities in numerous treated tropical and temperate fruits.
They also found that chitosan application induces fruit
disease resistance during fungal infection through regulation
of reactive oxygen species (ROS) levels, antioxidant
enzymes, and the ascorbate-glutathione cycle. The present
study revealed that combined use of chitosan as seed
treatment and foliar spray could provide excellent protection
against anthracnose or ripen fruit rot of chilli, had influenced
on growth promoting components, yield, TSW and reduced
post-harvest DI and PDI.

V. CONCLUSION

The present study showed that seed treatment with 1%
chitosan combined with foliar spray of 0.5% chitosan was
appeared to be excellent in controlling post-emergence
seedling mortality, anthracnose or ripen fruit rot of chilli,
post-harvest disease incidence (DI) and percent disease index
(PDI) with the significant increase of growth, yield and
thousand seed weight. Moreover, Chitosan at 1%
concentration completely inhibited the mycelial growth of C.
capsici in in vitro evaluation. Growers can adopt eco-friendly
control measures against anthracnose or ripen fruit rot of
chilli through the seed treatment with 1% chitosan combined
with foliar spray of 0.5% chitosan as an alternative to
chemical fungicides.
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Table.1. Pathogenicity of Colletotrichum capsici isolates on seedlings and fruits of chilli

Colletotrichum capsici Seedlings Fruits
isolates Pre-emergence Post-emergence Total mortality (%) PDI
mortality (%) mortality (%)
So 17.00 46.00 63.00 a 83.33a
Ba 9.66 18.66 28.32¢ 56.25¢
Mo 8.30 34.70 43.00 b 62.50b
Untreated Control 0.00 0.00 0.00d 0.00d

*Means within the same column having a common letter(s) do not differ significantly (P=0.05) by LSD.

Table.2. Effect of chitosan on mycelial growth of C. capsici

Treatment Average mycelial growth after 10 % mycelial growth inhibition over

days (mm) control

Control 90.00 a -

0.4% chitosan 64.30 b 28.56

0.6% chitosan 36.70 c 59.22

0.8% chitosan 11.00d 87.78

1% chitosan 0.00e 100.00

1.2% chitosan 0.00e 100.00

*Means within the same column having a common letter(s) do not differ significantly (P=0.05) by LSD.

Table 3. Effect of chitosan and Bavistin on germination percentage and post-emergence seedling mortality

% % % post-emergence % reduction
Treatment germination increase over mortality over control
control
Control 73.00c 29.50 13.28b 46.88
Seed treated with C. capsici 56.37 d - 25.00a -
Seed treated with C. capsici + 0.6% chitosan 82.00 b 45.00 10.50 bc 58.00
Seed treated with C. capsici + 0.8% chitosan 85.00 b 45.47 9.47 be 62.12
Seed treated with C. capsici + 1% chitosan 92.10a 63.38 7.67d 67.32
Seed treated with C. capsici + Bavistin 81.57b 44.70 11.21bc 55.16

(0.1%) 50 WP
*Means within the same column having a common letter(s) do not differ significantly (P=0.05) by LSD.

Table.4: Effect of chitosan and Bavistin on growth parameters of chilli seedlings at 35 days after sowing (DAS)

Treatments Shoot Root  Freshshoot Freshroot Dryshoot Dry root
length length weight weight weight weight
(cm) (cm) (g/plant) (g/plant) (ga/plant)  (g/plant)
Control 9.48c 4.68c 0.46 cd 0.029b 0.063¢ 0.0064 b

Seed treated with C. capsici 10.12¢ 5.13c 0.53 bc 0.019b 0.055d 0.0020 ¢
Seed treated with C. capsici+ 12.90b  6.59b 0.43d 0.025b 0.066 c 0.0067 b
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0.6% chitosan

Seed treated with C. capsici+ 13.20b 7.14ab 0.57 ab 0.032 ab 0.078 b 0.0092 a
0.8% chitosan

Seed treated with C. . capsici 14.84a 8.09a 0.63 a 0.045a 0.084 a 0.0098 a
+ 1% chitosan
Seed treated with C. capsici+ 12.85b  6.46b 0.44d 0.031b 0.067 c 0.0071 b

Bavistin (0.1%) 50 WP

*Means within the same column having a common letter(s) do not differ significantly (P=0.05) by LSD.

Table.5: Effect of chitosan and Bavistin on plant height and number of branches of chilli

45 DAT 60 DAT
Treatment Plant height (cm) No. of branching Plant height (cm) No. of branching
To 46.47 h 13.58 h 49.68 ef 16.16 g
T1 4552 i 11.30i 4793 f 13.18 h
T2 47.30 g 14,50 f 49.46 ef 17.40e
Ts 48.70 f 14,57 f 50.83 ¢ 17.65¢
T, 53.78d 15.05¢e 56.52 ¢ 17.72¢
Ts 52.26¢ 16.68 ¢ 54.04d 19.42¢
Ts 53.93¢ 15.64 d 57.71 bc 18.41d
T7 57.54b 16.90 b 59.49 ab 19.79b
Ts 58.57 a 17.55a 60.83 a 2159 a
To 47.76 g 13.76 g 51.18 e 16.74

*Means within the same column having a common letter(s) do not differ significantly (P=0.05) by LSD.
To= Untreated healthy seeds without pathogen (Control 1), T1= Seed treated with C. capsici (Control 2), T,= Seed treated with C.
capsici + 0.6% chitosan, Ts= Seed treated with C. capsici + 0.8% chitosan, Ts= Seed treated with C. capsici + 1% chitosan, Ts=
Seed treated with C. capsici + Foliar spray (0.5%) of chitosan, Te= T, + Foliar spray (0.5%) of chitosan, T;= T3 + Foliar spray
(0.5%) of chitosan, Ts= T4 + Foliar spray (0.5%) of chitosan, Te= Seed treated with C. capsici + 0.1% Bavistin 50 WP

Table 6. Effect of chitosan and Bavistin on disease incidence (DI) and percent disease index (PDI) of chilli

90 DAT 120 DAT
% DI % PDI % % DI % PDI %
Treatment Reduction Reduction Reduction Reduction
over Ty over Ty over T over Ty

To 39.37b 39.12 1.30b 59.68 67.83b 24.90 26b 47.58
T 64.67 a - 3.34a - 90.33a - 496 a -
T, 28.09 ¢ 56.56 1.20¢c 64.00 58.95¢ 34.74 2.36 cd 52.42
Ts 27.07c 58.14 1.13¢ 66.07 48.67 d 46.12 2.25d 54.64
Ty 16.06 e 75.15 0.77e 77.04 40.33 ¢ 55.35 194 e 60.89
Ts 16.20 e 74.95 0.79e 76.45 34.22 fg 62.12 1.90¢e 61.69
Te 15.13 ef 76.60 0.74 e 77.75 34.44 61.87 2.02e 59.27
T 13.33f 79.60 0.71e 78.74 31.49¢ 65.24 1.79 f 63.91
Ts 10.08¢ 84.41 0.51f 84.83 22.63h 74.95 129¢g 73.40
To 20.37d 68.50 0.92d 72.46 43.13 e 52.25 2.24d 54.84

*Means within the same column having a common letter(s) do not differ significantly (P=0.05) by LSD.

To= Untreated healthy seeds without pathogen (Control 1), T1= Seed treated with C. capsici (Control 2), T,= Seed treated with C.
capsici + 0.6% chitosan, Ts= Seed treated with C. capsici + 0.8% chitosan, T4= Seed treated with C. capsici + 1% chitosan, Ts=
Seed treated with C. capsici + Foliar spray (0.5%) of chitosan, Te= T, + Foliar spray (0.5%) of chitosan, T;= T3z + Foliar spray
(0.5%) of chitosan, Ts= T4 + Foliar spray (0.5%) of chitosan, T¢= Seed treated with C. capsici + 0.1% Bavistin 50 WP
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Table 7. Effect of chitosan and Bavistin on yield and thousand Seed weight (TSW) of chilli
Treatment Yield % increased yield TSW (g) % increased TSW

t/ha over Ty over Ty

To 3.62i 26.57 4.28¢g 4.90
T1 2.86] - 4.08h -

T 4.06 ¢ 41.91 4339 6.13
Ts 4.36 f 52.45 449 f 10.05
T 4.80e 67.83 4.61 de 12.10
Ts 5.60d 95.80 456 e 11.76
Ts 5.98¢c 109.09 475c¢ 16.42
T7 6.20b 116.78 4.88hb 19.61
Ts 7.03a 145.80 5.04 a 23.52
To 3.94h 37.76 4.67d 14.46

*Means within the same column having a common letter(s) do not differ significantly (P=0.05) by LSD.
To= Untreated healthy seeds without pathogen (Control 1), T1= Seed treated with C. capsici (Control 2), T,= Seed treated with C.
capsici + 0.6% chitosan, Ts= Seed treated with C. capsici + 0.8% chitosan, Ts= Seed treated with C. capsici + 1% chitosan, Ts=
Seed treated with C. capsici + Foliar spray (0.5%) of chitosan, Te= T, + Foliar spray (0.5%) of chitosan, T;= T3 + Foliar spray
(0.5%) of chitosan, Ts= T4 + Foliar spray (0.5%) of chitosan, Te= Seed treated with C. capsici + 0.1% Bavistin 50 WP

Table.8: Effect of chitosan and Bavistin on post-harvest disease incidence (DI) and percent disease index (PDI) of chilli at 135
days after harvesting

Treatment % DI % reduction over Ty PDI % reduction over T
To 2483 b 23.86 0.140b 15.15
T 32.61a - 0.165a -
T 17.08 ¢ 47.62 0.065c¢ 60.60
Ts 15.62d 52.10 0.061d 63.03
Ts 12.08 f 62.96 0.055e 66.67
Ts 1454 ¢ 55.41 0.057 e 65.45
Ts 12.78 f 60.81 0.045f 72.73
T; 12.33 f 62.19 0.042 f 74.55
Ts 8.58 g 73.69 0.026 g 84.24
To 14.89 de 54.34 0.057 e 65.45

*Means within the same column having a common letter(s) do not differ significantly (P=0.05) by LSD.
To= Untreated healthy seeds without pathogen (Control 1), T1= Seed treated with C. capsici (Control 2), T,= Seed treated with C.
capsici + 0.6% chitosan, Ts= Seed treated with C. capsici + 0.8% chitosan, T4= Seed treated with C. capsici + 1% chitosan, Ts=
Seed treated with C. capsici + Foliar spray (0.5%) of chitosan, Te= T, + Foliar spray (0.5%) of chitosan, T,= T3 + Foliar spray
(0.5%) of chitosan, Ts= T4 + Foliar spray (0.5%) of chitosan, T¢= Seed treated with C. capsici + 0.1% Bavistin 50 WP
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Control

Fig. 1: Pathogenicity test of C. capsici isolates against chilli seedling

Fig. 2: Pre-emergence (A) and post-emergence (B) seedling mortality
Control So Ba Mo

o - ")
e U

Fig. 3: Pathogenicity test of C. capsici isolates on chilli fruit
Control 0.6% chitosan 0.8% chitosan 1% chitosan

Fig. 4. Mycelial growth inhibition of C. capsici by chitosan on PDA
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Abstract— Forage production is one of the ways of
sustaining ruminant animal production in Nigeria as these
animals depend largely on plant-based feed. Hence, Cajanus
cajan pasture was established to evaluate the effects of
planting space, cutting height and interval at harvest on
fodder yield and nutritional value of C. cajan. Pre-planting
operations (bush clearing, ploughing, harrowing and
ridging) were carried out on a hectare of land, sectionalized
into fifteen equal portions. 2 - 3 seeds of C. cajan were
planted using five different planting spaces (40x60 cm, 60x60
cm, 80x30 cm, 100x30 cm and 120x30 c¢m) of three replicates
per treatment. Post-planting operations (thinning, supplying
and weeding) were done to ensure uniform plant stands,
nursed to maturity and harvested at different cutting heights
(50, 100 and 150 cm) with cutting intervals from 2, 3 and 4
weeks respectively for five consecutive times to calculate the
initial, total and average yield per plot. Air-dried samples of
harvested forages were analysed for proximate composition;
and data generated were subjected to statistical analysis.
Results showed that; C. cajan sown using 40x60 cm planting
space, cutting height of 50 cm and cutting interval of 4 weeks
had the best fodder yield both at the initial (8.95 kg) and
cumulative (3.60 kg) compared to other treatments. Crude
protein, crude fibre and nitrogen free extract contents were
significantly (p>0.05) influenced; and could adequately
support the growth of ruminant animals. Thus, it can be
concluded that C. cajan could be established using 40x60 cm
planting space, harvested at 4 weeks interval and cutting at
50 cm height for maximum fodder yield with the aim of
feeding ruminant animals.

Keywords— Cajanus cajan, cutting height, plant spacing,
cutting interval, fodder yield.
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l. INTRODUCTION
Cajanus cajan (pigeon pea) is a perennial member of family
Fabaceae and is one of the most common legumes of the
tropics and sub-tropics with a wide adaptability to poor soil
conditions than most tropical legumes and drought tolerant
(Akinola and Oyejola, 1994; Speranza et al., 2007, Crop
Trust, 2014). Cajanus cajan is a glandular-pubescent, short-
lived perennial (1-5 years) shrub, usually grown as an annual
plant, 0.5-4 m high, with roots up to 15 - 20cm deep; stems
up to 15 cm in diameter; branches are many and slender. It is
emerging as common domestic forage plants as they are
raised in traditional home gardens in many parts of Nigeria.
Pigeon peas are evergreen and could be used as a potential
source of forage for ruminant animals year round. Pigeon pea
is a multi-purpose nitrogen fixing plant that provides food,
fuel wood, fodder and shelter material to subsistence farmers.
The seeds can be used as animal feed and post-harvest
products such as haulms, leaf and young stems have good
fodder value. Pigeon pea has a prolonged cooking time and
low food value for human when compared to cowpea
(Amaefule and Obioha, 2001). Amaefule and Onwudike
(2000) reported that pigeon pea is rich in nitrogen (21-30%
CP), thus qualifies it as a suitable protein source of ruminant
animal feed. These attributes have elicited interest among
Animal Nutritionist on the need to explore and exploit further
use of the plant/crop as an alternative source of plant protein
for ruminants (Ahamefule et al., 2006). Seeds are sown
where desired, in pure stands at about 9-22 kg/ha for rows,
but sometimes it is broadcast. Seed germinates in about 2
weeks. Quite frequently (in India) pigeon pea is grown mixed
with other crops are grown in alternate rows with rows of
sorghum, groundnuts, sesame, cotton, pineapples, millets or
maize. For pure crops pigeon pea should be sown 2.5-5 cm
deep in rows 40-120 cm by 30-60 cm. When sown as a
mixture, it should be sown in widely spaced rows ranging
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from 1.2-2.1 m depending on the associated crop. About 3-4
seeds may be planted in each hill, and later thinned to 2
plants per hill. Plants show little response to fertilizers, e.g.,
mixed plantings with millet in India showed negative
responses to N. For the first month, pigeon pea shares the
inter-cultivation of the main crop. In the tropics, 20-100
kg/ha phosphoric acid is recommended. S, with or without P,
can significantly increase seed yield and nitrogen fixation.
Early CVs start podding in 12 weeks, but maturation requires
5-6 months. Late CVs require 9-12 mos. The crop may be
ratooned for forage or let persist for 3-5 years. Seed vyields
drop considerably after the first year, and disease build-up
may reduce stand. Cajanus cajan is a short-lived perennial
leguminous shrub that usually grows to a height of about 1-2
m, but can reach up to 2-5 m high. The stems are woody at
the base, angular and branching. The leaves are alternate and
trifoliate while the leaflets are oblong and lanceolate. Leaves
and stems are pubescent. The flowers are papilionaceous and
generally yellow in colour. They can also be striated with
purple streaks. The fruit is a flat, straight and pubescent pod,
5-9 cm long x 12-13 mm wide. It contains 2-9 seeds that are
brown, red or black in colour, small and sometimes hard-
coated (FAO, 2016a; Bekele-Tessema, 2007). According to
FAO, 2016b, World production of C. cajan was 4.85 million
tonnes in 2014. The main producers were India (3.29 million
tonnes, 65% of world production), Myanmar (0.57 million
tonnes), Malawi (0.3 million tonnes), Kenya (0.28 million
tonnes) and Tanzania (0.25 million tonnes). Forage yield
ranges from 20-40 t DM/ha. Levels as high as 24 tonnes
DM/ha of fodder and stalks have been reported from the
Sahel, and it has been suggested that there should be further
study on the use of pigeon pea as a forage plant in this area
(FAO, 2016a). Up to 40 tonnes DM/ha could be expected
under optimal conditions (ILRI, 2013). Pigeon pea is used as
a contour hedge in erosion control (Bekele-Tessema, 2007).
An N-fixing legume, it does not need inoculation before
sowing. It was reported to fix 40-97 kg N/ha/year in Africa
and up to 235 kg N/halyear in Florida, 88% being used for
pods and seed formation. Pigeon pea cultivation could
provide 40-60 kg N/ha to the following crop (Valenzuela,
2011). The extensive root system of Cajanus cajan improves
soil structure by breaking plow pans, and enhancing water
holding capacity of the soil (Crop Trust, 2014; Mallikarjuna
et al., 2011). Its deep taproot is able to extract nutrients (e.g.
P) from the lower layers of the soil and deposit them in upper
layers where they can benefit other crops (Valenzuela, 2011).
The leaves and immature stems can be cut and used as a
green manure (OAF, 2015). Fallen leaves act as a mulch and
are estimated to return about 40 kg N/ha to the soil. They

www.ijeab.com

also return organic matter, which helps in preventing erosion
due to heavy rains, and reduces soil temperature (Ecocrop,
2016). Thus, the crux of this study is to evaluate the
appropriate planting space, cutting interval and height of C.
cajan for maximum fodder yield.

. MATERIALS AND METHODS

The study was carried out at the Crop section of the Teaching
and Research Farm and laboratory analyses were carried out
at the Animal Production and Health Nutrition Laboratory of
the Federal University of Technology, Akure (Latitude 70
18” and Longitude 50 10” E) (Aro et al., 2008) between
March — July, 2016. A hectare of land was acquired to
establish Cajanus cajan pasture. The seeds were gotten from
the Ministry of Agriculture, Ado-Ekiti, Ekiti state; the land
was ploughed and harrowed, two to three seeds of pigeon pea
were planted per hole using planting spaces of 40x60 cm,
60x60 cm, 80x30 cm, 100x30 cm and 120x30 cm. After
germination, thinning and supplying were done to ensure
uniform plant stand per hole; and were managed for 3-4
months prior to the flowering stage. The commencement of
harvest was done using different cutting heights (50, 100 and
150 cm) and cutting intervals (2, 3 and 4 weeks) on the
allotted plots for five consecutive times. The forages were
weighed per plot. Sub-samples of air-dried harvested forage
were bulked and taken to the Nutrition Laboratory for
proximate analysis (moisture content, dry matter, crude
protein, crude fibre, ash and nitrogen free extract) according
to the procedures of A.O.A.C. (2002). The experimental
design was 3x3 factorial arrangements in a completely
randomized design and data generated were subjected to
statistical analysis using SAS (2008) and the means were
compared using Duncan Multiple Range Test of the same
package.

1. RESULTS AND DISCUSSION
The fodder yield of Cajanus cajan was significantly (p>0.05)
influenced by the planting space, cutting height and cutting
interval. The initial yield ranged from 0.34 kg (120x30 cm
planting space, 150 cm cutting height and 2 weeks cutting
interval) to 8.95 kg (40x60 cm planting space, 50 cm cutting
height and 4 weeks cutting interval). It was observed that the
longer the period /interval of cutting and at a shorter cutting
height, the more the biomass yield (Table 1). Hence, the
same was the trend across the planting space. Though, higher
yield was recorded at 40 x 60 cm planting space plot,
especially at 50 cm cutting height. However, the regeneration
ability of the plant is very high and could persist and
rejuvenate easily if left for four (4) weeks before harvesting
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(ICRAF, 1992; Akinola and Oyejola, 1994). Yield attributes
per plant were significantly lower with narrow spacing
(because of the competition between plants) when compared
to the yield attributes per plant recorded with wider spacing.
These results were in accordance with the findings of Telgate
et al. (2004). Pavan et al. (2009) and Mula et al. (2011). The
least fodder yields (total and average yield) irrespective of

cutting intervals were obtained on experimental plots of
120x30 cm planting space and cutting height of 150 cm. The
initial cutting (8.95 kg), total yield (3.60 kg) and average
yield (0.78 kg) per experimental plot of C. cajan at 40 x60
cm planting space, 50 cm cutting height and at 4 weeks
interval had the highest yield compared to other experimental
plots.

Table.1: Biomass yield (kg) of Cajanus cajan sown and harvested at different intervals and heights

2 weeks cutting interval 3weeks cutting interval 4weeks cutting interval
Planting Cutting Initial Total Average Initial  Total Average Initial  Total  Average
space(cm) height(cm) yield yield Yield yield yield yield yield yield Yield
50 8.472 1.462 0.30° 8.852 2.40*  0.47° 8.952 3.60* 0.78°
100 4.48° 1.02¢ 0.21b¢ 4.81f 1.63¢  0.34¢ 485" 2,55 0.48°
40 x 60 150 1.83K 0.61f 0.12¢f 2.92k 0.87¢  0.18¢ 4,29 1.85"7  0.36'
50 6.24° 1.15>  0.23° 6.34° 1.88>  0.38° 6.69° 253>  0.52°
100 2.96' 0.97¢ 0.19¢ 4,03 1.48¢  0.29°f 4.88" 2.35¢  0.49°
60 x 60 150 2.29) 0.87¢ 0.16¢ 0.99" 0.899  0.18¢ 3.35! 1.53¢  0.33¢
50 5.49¢ 0.62 0.13¢ 5.55¢ 1.49¢  0.30° 7.55P 2.35¢  0.47¢
100 5.20¢ 0.64f 0.14¢% 5.24¢ 0.80"  0.16" 6.74¢ 2.14%  0.44°
80 x 30 150 2.16/ 0.58"  0.13¢ 2.28 0.56%  0.12 3.58k 1.45"  0.29"
50 3.83f 0.64f 0.13¢ 5.69¢ 1.45¢  0.29¢f 6.17¢ 2.40°  0.47¢
100 3.66¢ 0.49" 0.10f 4,23 0.67' 0.141 5.98f 2.25¢  0.45°
100 x 30 150 1.14™ 0.41' 0.08¢ 1.15m  0.50' 0.10% 1.39m 1.15"  0.24
50 3.43" 0.55¢ 0.10f 4,539 1.36 0.28f 5.25¢ 2.30¢  0.45°
100 2.24) 0.29) 0.06" 4.30" 0.60! 0.131 455 1.87"  0.36
120 x 30 150 0.34' 0.27 0.05" 0.55° 0.38™  0.08k 0.84" 0.85  0.16
SEM 0.04 0.02 0.01 0.02 0.02 0.01 0.03 0.05 0.01

a,b,c...m = means within the same row with different superscripts are significantly (p<0.05) different

As shown in Table 2, cutting interval had a significant effect
on the percentage content of all the components measured,
with dry matter percent and crude fiber percent increasing as
the cutting interval increased from week 2 to 4. By
comparison, crude protein and ash all showed a decrease as
the cutting interval increased. This report agreed to the
assertion of Pipat et al. (2014) who investigated the effect of
cutting interval and cutting height on yield and chemical
composition of king napier grass (Pennisetum purpureum X
Pennisetum americanum). Consequently from Table 2, the
harvested forage could serve as a means of feeding ruminant
animals either as hay, haylage or silage, as the nutritive value

www.ijeab.com

of the forage could meet the nutrient requirements by
ruminant for growth and maintenance purpose. The disparity
in the crude protein and fibre contents could be attributed to
the age at cutting and the leaf to stem ratio of the forage.
Hence, the forage is considerably lignified. However,
ruminants can utilize them with the help of the fibrolytic
enzymes which will attack the fibre during ruminal
fermentation for effective degradation. Moreso, the variation
in the nutrient compositions of the foliage at different cutting
intervals could be attributed to the period of cut. Perhaps, it
contributed to its high lignifications of the stem and hence,
could inhibit digestion.
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Table.2: Proximate composition of Cajanus cajan forage harvested at different stages and heights

C. cajan forage (DM basis)

Parameters (%) 2 weeks 3 weeks 4 weeks SEM
Dry matter (DM) 86.34 86.77 87.09 0.12
Crude protein 15.532 15.01° 14.97° 0.05
Crude fibre 27.43° 28.88° 30.55? 0.06
Ether extract 1.80 1.78 1.80 0.01
Ash 4.03 4,01 3.97 0.01
Nitrogen free extract 37.552 37.09% 36.01° 0.03
*Gross energy (KJ/100gDM) 14.12 14.19 14.26 0.02

abc = means within the same row with different superscripts are significantly (p<0.05) different

*Calculated as described by Ekanayake et al. (1999).

V. CONCLUSION AND APPLICATION(S)
Cajanus cajan pasture could be established to serve a multi-
purpose — fixing atmospheric nitrogen into soil, drought
tolerant, and could bridge the gap of malnutrition affecting
ruminant animals. By extrapolation, if C. cajan pasture is
fully established on an hectare of land using 40 x 60 cm
planting space, more fodder yield would be obtained at 4
weeks cutting interval and 50 cm cutting height. Thus,
encourage pasture establishment for improved ruminant
production especially in Nigeria to curb the incidence of
Fulani herdsmen imbroglio.
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Abstract— An experiment was conducted to evaluate the
effect of different treatments viz. SAAF (mancozeb
+carbendazim) (2g I'Y), Acorous calamus root extract (50
%), Trichoderma harzianum (10 conidia ml?) aqueous
suspension and two radish varieties (Mino Early and
Pyuthaney Rato) against Alternaria leaf spot disease
(Alternaria brassicae) of radish in research plot of
Department of Plant Pathology AFU, Chitwan, Nepal
during winter season of 2015. Foliar applications of the
treatments were used for six times from 40 DAS to 90 DAS
at 10 days interval. All treatments were found significant
during all observations for per cent disease index (PDI)
and yield. Lowest PDI was recorded in application of
SAAF (carbendazim 12% + mancozeb 63%) (52.33 % and
34.33 %), which was statiscally at par and followed by
foliar application of T.harzianum (56.17 % and 39.5 %) in
both vegetative growth stage (60 DAS) and reproductive
stage (90 DAS) of radish. There was significant difference
in PDI between the varieties, Mino Early (43.58 %)
followed by Pyuthaney Rato (49.92 %) in 90 DAS.
Similarly in case of seed yield, highest yield was recorded
from SAAF (0.6 t hal) followed by Trichoderma
harzianum (0.49 t ha %). Also in case of variety significant
difference in yield was recorded, highest yield was
recorded from Mino Early (0.57 t ha-1) followed by
Pyuthaney Rato (0.30 t ha™).

Keyword— Acorous calamus, alternaria leaf spot,
fungicides, trichoderma.

I INTRODUCTION
Crucifer vegetables are the important winter season cash
crop grown in Nepal. Around 70% of Nepal’s total
household is involved in vegetable farming (CBS 2010).
Radish (Raphanus sativus L.) is one of the top five
vegetables produced in Nepal, which covers 7.47% of total
vegetable production area of Nepal with an average
productivity of 14.45 mt ha* (VDD 2013). Radish crop has
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easy cultivation practice, wider climatic adaption and
extensive use and thus it is popular among the farmers
(Shrestha and Shakya 2004). Also, radish is the most
important seed crop in terms of high demand of quality
commercial seed (HVAP 2011).

The most common and destructive diseases of
Brassicaceae crops worldwide are those caused by four
species of Alternaria viz., A. brassicae (Berk.) Sacc, A.
brassicicola (Schwein.) Wiltsh., A. raphani Groves and
Skolko, and A. alternata (Fr.) Keissl which are seed borne
pathogen. A. brassicae (Berk.) Sacc, A. brassicicola
(Schwein.) Wiltshire are responsible for a serious grey and
dark leaf spot disease on those crops (Fazal et al. 1994;
Verma and Saharan 1994). At least 20% of agricultural
spoilage is caused by Alternaria species; most severe
losses may reach up to 80% of vyield (Shrestha and
Chaudhary 1999). Among the root crops like radish,
turnip, beet root and carrot, maximum infection (10-60%)
has been found in radish, and the disease has widely
spread in all the growing areas of Nepal (Shrestha 1990).
Yield reduction up to 45% in radish has been reported
from Kathmandu and Chitwan (Shrestha 1996). Average
yield losses in the range of 32-57% due to Alternaria have
been reported from Nepal (Shrestha et al. 2005). Due to
high plant parasitic nature of this pathogen it has become
major problem in production of seed as it affect most
during pod formation stage of the crop affecting seed
quality by reducing seed size, seed discoloration and
reduction in oil content (Prasad and lallu 2006).
Application of chemical fungicide is the arguably easiest
and most effective method for the management of the
disease. Chemical fungicide inhibits the spore germination
and penetration of the pathogen in host but pathogen can
generate resistance against the fungicide if not used in
proper dose and interval of time (Namada et al. 2004;
Kirik et al. 2005) and cause environmental pollution
(Tisdale et al. 1985). These kinds of health and
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environment issues have created deception and fear
mongering situation towards the use of chemical pesticides
and thus there are strict rules and regulation towards the
judicial use of pesticide around the globe. Thus, this study
was mainly focused on identifying the effect of different
varieties of radish, botanical extract and bio-control agent
and chemical fungicide for the management of Alternaria
leaf spot of radish and quality seed production.

1. MATERIALS AND METHODS

Preparation of the treatments

Trichoderma selective media was used for isolation of
Trichoderma sp. from soil brought from the nearby forest
in Rampur, Chitwan (Elad et al. 1981). Morphological
observations were made from cultures grown on PDA
plates at 24°C under ambient laboratory conditions of
diffuse daylight. The microscopic characteristics were
observed for the more complex conidiophores developing
from the characteristic tufted or postulate areas of
condition, wusually 3 to 5 days after inoculation.
Identifications were performed by using the identification

keys provided by Rifai 1969 and Bissett 1984, 1991a,
1991b. Examination of the shape, size, arrangement and
development of conidiophores or phialides were done and
hence identified as Trichoderma harzianum. Concentration
of 106 conidia mI* water was prepared from freshly grown
Trichoderma harzianum isolates using haemocytometer.
Chemical fungicide SAAF (carbendazim 12% + mancozeb
63%) @ 2g It water was prepared for. Fresh roots of
Acorus calamus (sweet flag) from healthy plants were
collected, surface sterilized for 2 min in 70% ethanol, and
washed in three changes of distilled water. 100 gram of
root sample was weighed and grinded with mortar and
pestle and finally paste was filtered in sterile double
layered muslin cloth. The volume of filtrate collected was
later mixed with 100 ml sterilized distilled water to make
stock solution, later it was made 50% by adding more
sterilized distilled water (stock solution: sterilized distilled
water as 1:1 proportion). Foliar application of all these
treatments was done at 40 DAS for 6 times at 10 days
interval. First application was done 40 days after planting.

Table.1: Details of treatments combination

SN Treatment combination Concentration

1 Mino Early + SAAF 2g It

2 Mino Early + Acorus calamus root extract 50 % ( lpart root extract in 2 part
distilled water)

3 Mino Early + Trichoderma harzianum 109 conidia ml!

4 Mino Early + control (distilled water) -

5 Pyuthane Rato + SAAF 2g It

6 Pyuthane Rato + Acorus calamus root extract 50 %

7 Pyuthane Rato + Trichoderma harzianum 109 conidia ml!

8 Pyuthane Rato + control (distilled water) -

Disease incidence and Severity

Observation of disease was done from ten sample plants
randomly selected and tagged for further observations.
First scoring was done 40 days after sowing (DAS),
respectively; two more scoring at an interval of 10 days
were done for foliar severity assessment. Similarly, first
stem and pod disease scoring was done at 70 DAS and

other two scoring was done at an interval 10 days.
Disease scoring was done in 0-5 scale (0= no infection,
1= 1-5% infection, 2= 6-10% infection, 3= 11-20%
infection, 4= 21-30% infection, 5= 31-100% infection
(Shrestha et al. 2005). The disease severity of foliar and
stem and pods diseases at each disease scoring was
calculated using the formulae (Ayyanagar 1928).

sum of all ratings
100

Percent disease index (PDI) =

1. RESULTS AND DISCUSSIONS
Disease severity of Alternaria leaf spot at 40, 50, 60, 70,
80 and 90 DAS of radish varied significantly among the
treatments and also between the two varieties except for
60 DAS. At 40 DAS lowest percent disease index (PDI)
was recorded in application of SAAF (35.00%) which
was followed by foliar application of Trichoderma
harzianum (46.50%). At 50 DAS lowest percent disease
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total number of plants observed X maximum disease rating scale

index (PDI) was recorded in application of SAAF
(51.83%) which is statically at par with foliar application
of Trichoderma harzianum (55.50%). At 60 DAS lowest
percent disease index (PDI) was recorded in application
of SAAF (52.33%) which was statically at par with foliar
application of Trichoderma harzianum (56.17%).
Similarly in case of varieties during vegetative stage, at
40 and 50 DAS lowest percent disease index (PDI) was
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recorded in Mino early (43.20% and 53.42%) followed by
Pyuthaney Rato (53.42% and 60.25%) whereas at 60
DAS there was not any significant difference between the
varieties.

There was abrupt decline in PDI in all treatments
including untreated control due to defoliation of the plant.
Soon after that severity percentage increased with the
development of the reproductive part of the plants. At 70,
80 and 90 DAS lowest percent disease index (PDI) was
recorded in application of SAAF (21. 33%, 25.17% and
34.33%) which was followed by foliar application of
Trichoderma harzianum (27.50%, 33.67% and 39.50%)

respectively. Similarly in case of varieties, at 70, 80 and
90 DAS lowest percent disease index (PDI) was recorded
in Mino Early (24.50%, 33.00% and 43.58%) followed by
Pyuthaney Rato (33.75%, 43.60% and 49.92%)
respectively.

Highest yield was recorded from SAAF (0.6 t ha?)
followed by Trichoderma harizanum foliar application
(0.49 t ha 1) at 90 DAS. And in case of variety also the
significant difference in yield was recorded, highest yield
was recorded from Mino Early (0.57 t ha) and lowest
from Pyuthaney Rato (0.30 t ha') at 90 DAS.

Table.2: Effect of foliar spray on the severity of Alternaria leaf spot of radish in Horticulture farm at AFU, Rampur, Chitwan
during 2014-2015

Factors PDI at Vegetative Stage (Leaf PDI at Reproductive stage (Pod and Yield (t
formation ) Stem formation) ha)
40 DAS 50 DAS 60 DAS 70 DAS 80 DAS 90 DAS

Variety

Mino Early 43.20 53.42 57.50 24.50 33.00 43.58 0.57

Pyuthaney Rato 50.10 60.25 62.20 33.75 43.60 49.92 0.30

LSD value at a 0.05 6.51 3.32 Ns 3.43 5.22 3.16 0.06

SEM valuet 2.15 1.09 1.66 1.13 1.72 1.04 0.02

Treatments

SAAF @ 2gm lit? 35.00°¢ 51.83¢ 52.33¢ 21.33¢ 25.17¢ 34.33¢ 0.60a

Acorous calamus root extract 47.83° 58.00% 61.33° 29.17° 42.67" 46.50° 0.39¢c

@ 50 %

Trichoderma harzianum @10°% 46.50° 55.50%¢ 56.17% 27.50° 33.67¢ 39.50¢ 0.49b

conidia ml*

Control 57.332 62.002 69.672 38.502 51.672 66.672 0.26d

LSD (=0.05) 9.21 4.69 7.12 4.85 7.39 4.48 0.08

SEm () 3.04 1.54 2.35 2.26 2.44 1.47 0.02

Coefficient of variation (%) 15.94 6.67 9.60 13.45 15.58 7.70 16.15

Grand mean 46.7 56.83 59.90 29.12 38.29 46.75 0.43

Figures in column with same letter are not significantly different (p=0.05). LSD= Least significant difference. SEm=

standard error of mean

In present study among the fungicide, biocontrol agent
and botanical, SAAF @ 0.2g It was most effective
followed by foliar application of Trichoderma harzianum
@ 10° conidia ml* and foliar application of Acorous
calamus root extract @ 50% in reducing PDI of alternaria
leaf spot disease and increasing the seed yield. The
finding of this study was similar to the findings of Ansari
et al. (1990) where the best control of alternaria blight
was from the foliar application of mancozeb based
fungicide viz. Dithane M 45. Furthermore, Arifuzzaman
et al. (2007) reported spray of Mancozeb (0.3%) and
carbendazim (0.1%) reduced disease severity by 52.27%
and 70.95% in leaf where as 54.99% and 78.11% in pod.
The fungi toxic and inhibitory effect of the chemical
fungicide SAAF may be the reason behind minimum
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disease severity. The yield were significantly higher in
foliar application of Trichoderma harzianum (Thakur et
al. 2017). Mycoparasitic behavior of the Trichoderma sp.
is reported to give systemic protection against many seed
borne foliar diseases (Hanson 2000) which may be the
probable reason behind the lowest disease incidence with
the use of Trichoderma harzianum. The disease causes
black spots on leaves, stems and pods resulting in the loss
of both yield and quality of seed of radish. Incidence of
Alternaria blight and its adverse effect on seed yield had
been reported by (Meenu and Hundal 2004). Bhandari
(2008) reported that 0.2 % Mancozeb spray was the best
for controlling the disease and had highest yield (0.73
t/ha) which is similar to the findings of present study. The
higher yield in SAAF sprayed plot was may be due to
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lower disease severity in SAAF sprayed plot in both
vegetative and reproductive stage of radish plant. In case
of variety Mino Early was better performing than
Pyuthaney Rato, this was may be due smooth leaf surface
of the Pyuthane Rato which was favorable for spore
germination of the pathogen (Alternaria brassicae)
leading to higher disease severity and lower yield of the
radish seed.

V. CONCLUSIONS

From the present study it is clear that foliar spray of
SAAF (mancozeb and carbendazim) @ 2 g I is the best
control measure for controlling alternaria leaf spot of
radish and increasing seed yield. However we cannot
ignore environmental and health hazards due to the use of
chemical fungicide. Foliar application of Trichoderma
harzianum @10° conidia ml' was also found to be
significant in reduction of disease and increasing seed
yield. In conclusion, foliar spray of Trichoderma
harzianum @10° conidia ml? could be used for the
control of alternaria leaf spot disease of Radish as it is
quite good method of bio-control, affects a wide range of
plant pathogens, acts as good mycoparasite, produces
antibiotics and has an enzyme system to inhibit growth of
pathogen and more importantly ecofriendly. However,
further studies on efficacy of different conidial
concentration of different Trichoderma isolates can be
done for further identification of best concentration of the
different isolates.
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Abstract— As a very hot news that spread through out
the state Tamilnadu, India that the formers who produced
tomatos are dumped aside of road without bringing to
market for domestic cooking consumption. Usually, the
agricultural zaid commodities are not brings expected
profit to the producers due to perishable character and
gets low price at the markets in any situation. Tomato is
zaid crop but it availing in all seasons and price of it will
be also differing Moreover, crop in the zaid season gets
very less price in the market but the level of production is
high. Due to stable demand and substitute commodities
are the cause for emerging low price in the market. As a
remedy for this problem, recent research found that the
rotten tomatos is good source to generate electricity.
Hence, This empirical report brought out the real
situation of zaid crop tomato in the market and plights of
formers due to decreased price. Moreover, report
suggests to the government that have to follow a
procurement price for zaid crops also, to empower the
economic status of formers followed by the execution of
technology for alternative purposes.

Keywords— Tomato, Production, Zaid, Price, Electricity.

Prevailing problems in the marketing of agricultural
products are dumping the producers (farmers) in the deep
ocean of tears which not paves way to escape from the
economic burden and gives afflicts to survive as farmers
prolong is being common trend in every crops season.
Generally, agricultural productions can be divided in to
three types as the seasons forthcoming every year. Thus,
June-september (4 months) crops are kharif, October-
march (6 months) crops are rabi and April-june (3 months)
crops are called Zaid ™,
Month wise availability of Tomato in India

Period of Areas
Harvest
January- Bihar, Eastern UP, MP, Orissa, foot hills

March of Uttarakhand, Andhra Pradesh, Assam

April- May | Haryana, Punjab, Karnataka, Rajasthan

June-July H.P. Uttarakhand, Tamil Nadu, Punjab,
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Gujarat
August- Andhra  Pradesh, Himachal Pradesh,
September | Uttarakhand, Maharashtra, Gujarat
October- Chattisgarh, Tamil Nadu
November
December Andhra Pradesh, Rajasthan, Chattisgarh,
Madhya Pradesh, Orissa
Source:

http://agriexchange.apeda.gov.in/Market%20Profile/one/
TOMATO.aspx @

As being the problems of marketing of zaid crops in
tamilnadu and other states of India farmers are
economically affected too and many of them feeling
shame about being as an agricultural products producers
due to falling a price of the productivity that holding them
lest they improve economically and to be under debt.
Tomatto as zaid crop that price is fallen from the range of
Rs.30-60 to Rs.1-3 and now is being in the markets at
very cheap cost which not meet the minimum production
cost of the producer and directs further production trend
to be declined for short period. Moreover, as a recent
incident proclaimed that the tonnes of tomatos are
dropped into lakes and ponds without commercial and
further production purposes. A writer sreedevi jeyarajan
says that lakes and ponds in tamilnadu are becoming red
beds due to price falling of tomato and Dheiva sigamani,
State President, Tamil farmers union said that Rayakottai,
Krishnagiri district and Valappadi in Salam district are
having great tomato markets but tomatoes are dumped
into nearby lakes as an agitation of farmers . Because,
price falling of tomato is being unrecoverable to obtain
harvesting costs to manage the production function for
long time.

Why the price is fallen?

Quantity and quality of the products also determines the
price along with market demand of the same to meet
maximum profit and recover harvesting costs. Dheiva
sigamani says that farmers are inspired to produce
maximum level of tomato production ratio due to it is
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short season crop, existence of high market price that was
few months ago, limited water supply required for
irrigation purpose in the production process of tomato are
indirectly led to bring excess production B, Demand for
tomato was not increased to increase the production level
and it will not increased if horizontal level of supply not
decreased. As we know the zaid crops are wants
minimum level of water to be supplied and climates
should be cool. Hence, farmers are forwarded to increase
the level of tomato production without prediction of
future outcomes. Thus, minimum demand and over
supply has brought the price to be fallen for tomato in the
market..

Public Opinion

Why dose the Minimum Support Price (MSP) is not been
helpful to farmers?. As we know the MSP is usually
implemented for two types of crops such as Kharif and
rabi because these are long time season crops and having
sustainable demand for it in the market. But, zaid crops
are apart from the characters of the remain because
products are available much in the short season and there
is no possible way of leading sustainable production trend.
So, India’s agricultural price policy neglectes MSP
system for such a crops comes under zaid. Although,
some states are forwarding to bring MSP for zaid crops
also as Rs.225 for one quvindal in Karnataka, Rs.5 per kg
in Hyderabad and Rs.6 per kg in tamilnadu etc. Moreover,
very practically, S. Narayan, former Economic Adviser to
the Prime Minister, said that “Rice and wheat are standard
items and the government has been procuring them over a
long period of time. But the case of potato and tomato is
different with so many variants. To standardise and give
the correct price would be difficult” and also stated
United Progressive Alliance (UPA) regime between 2004
and 2014 was regular increase in the minimum support
price and farmers were better off. But, after 2014, the
MSP was not increased. But, the cost has gone up to
farmers distress as an instances 4],

Way to recover the loss

Why does the farmers have dumped?. Here two reasons
are visualize that the farmers are agitates against
government due to use less MSP in the short season and if
tomatoes put forth to store, rotten one will make rotten all
so better be thrown out instead of to be sold. Hence,
Truths about farmers is that they are innocent, illiterate
and also being zero awareness about technical growth and
global advances. But, rest of farmers what steps has been
taken to bear their economic loss and burden even we
have sufficient potential to further process is still
questionable.

'A team of scientists is exploring an unusual source of
electricity — damaged tomatoes that are unsuitable for
sale at the grocery store. Their pilot project involves a
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biological-based fuel cell that uses tomato waste left over
from harvests in Florida.The researchers present their
work at the 251st National Meeting & Exposition of the
American Chemical Society (ACS). ACS, the world’s
largest scientific society, is holding the features of more
than 12,500 presentations on a wide range of science
topics.

“We have found that spoiled and damaged tomatoes left
over from harvest can be a particularly powerful source of
energy when used in a biological or microbial
electrochemical cell,” says Namita Shrestha, who is
working on the project. “The process also helps purify the
tomato-contaminated solid waste and associated waste
water.” Shrestha is a graduate student in the lab of
Venkataramana Gadhamshetty, Ph.D., P.E., at the South
Dakota School of Mines & Technology. They are
collaborating on this project with Alex Fogg, an
undergraduate chemistry major at Princeton University.
Other project collaborators include Daniel Franco, Joseph
Wilder and Simeon Komisar, Ph.D., at Florida Gulf Coast
University.

Tomatoes are a key crop in Florida, notes Gadhamshetty.
He stresses that the project is important to the state
because Florida generates 396,000 tons of tomato waste
every year, but lacks a good treatment process.
Gadhamshetty began working on the topic as a professor
at Florida Gulf Coast University. “The project began a
few years ago when Alex visited lab in Fort Myers,
Florida, said that he was interested in researching a local
problem, especially local tomatoes grown in our state and
the large waste treatment issue,” Gadhamshetty says. “We
wanted to find a way to treat this waste that, when
dumped in landfills, can produce methane — a powerful
greenhouse gas — and when dumped in water bodies, can
create major water treatment problems.” So, the team
developed a microbial electrochemical cell that can
exploit tomato waste to generate electric current. Shrestha
explains, “Microbial electrochemical cells use bacteria to
break down and oxidize organic material in defective
tomatoes.” The oxidation process, triggered by the
bacteria interacting with tomato waste, releases electrons
that are captured in the fuel cell and become a source of
electricity. The natural lycopene pigment in tomatoes, the
researchers have found, is an excellent mediator to
encourage the generation of electrical charges from the
damaged fruits. Some of their results proved to be
counterintuitive. “Typical biotechnological applications
require, or at least perform better, when using pure
chemicals, compared to wastes,” Gadhamshetty notes.
“However, we found that electrical performance using
defective tomatoes was equal or better than using pure
substrates. These wastes can be a rich source of
indigenous redox mediators and carbon, as well as
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electrons.” At the moment, the power output from their
device is quite small: 10 milligrams of tomato waste can
result in 0.3 watts of electricity. But the researchers note
that with an expected scale up and more research,
electrical output could be increased by several orders of
magnitude.

According to calculations by Shrestha, there s
theoretically enough tomato waste generated in Florida
each year to meet Disney World’s electricity demand for
90 days, using an optimized biological fuel cell. “Our
research question at this time is to investigate the
fundamental electron transfer mechanisms and the
interaction between the solid tomato waste and microbes,
Gadhamshetty notes. They plan to improve the cell by
determining which of its parts — electrode, electricity-
producing bacteria, biological film, wiring — are
resisting the flow of electricity. Then they will tweak or
replace that part.The team acknowledges funding from
the National Science Foundation, National Aeronautics
and Space Administration, Electric Power Research
Institute and the Office of Research & Graduate Studies
at the Florida Gulf Coast University.The American
Chemical Society is a nonprofit organization chartered by
the U.S. Congress. With more than 158,000 members,
ACS is the world’s largest scientific society and a global
leader in providing access to chemistry-related research
through its multiple databases, peer-reviewed journals
and scientific conferences. Its main offices are in
Washington, D.C., and Columbus, Ohio I,

Government contribution to recover the loss

As a government contribution to standardise the
economic level of farmers, necessary steps need to be
taken to prevent such dumping energy potential crops.
While MSP is not been effective, that is good if better
technical powers adopted to the appropriate field.
Sufficient awareness need to forwarded among farmers
regarding technical advances in supporting primary sector.
Steps need to taken for collect all solid waste (vegetables)
or damaged and rotten tomatoes in preparing energy for
future use. When short time price falling accumulates in
the market, farmers need to approach the technical filed
which ready to collect agri-wastes to the energy
production. Appropriate price need to fix for rotten
tomato that should be purchased from farmers as it should
be a way of recovering losses in the market. And also
technical filed should be motivated in this function and
sufficient support should be delivered to the same. Price
determination for rotten tomatoes should be based on the
value of further alternative energy but not compared with
the price of tomatoes that is in the markets. Thus, if
policy makers brings technological growth to the primary
sector to protect it value for future purposes, farmers also
be able to develop themselves economically and many

2
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problems regarding production and marketing of
agricultural products will be solved.
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Abstract—Inexpensive and environmentally supportable
corrective choices are compulsory to reinstate polluted
lands so as to decrease the connected risks, make the land
resource available for agricultural production, enhance
food security, and scale down land tenure problems. In
evolving countries with great population density and
scarce funds available for environmental restoration.
Comparative study of all the important metals according
to Region, Population, Public places in Delhi’s Soil.
Keywords—Heavy Metal, Contamination, Delhi’s Soil,
Polluted site, NCR zone.

l. INTRODUCTION
The acquisitive use of biosolids for polluting soils with
heavy metals has caused great concern about their uses in
cultivation®. Heavy metals most usually found in biosolids
are Pb,As, Zn, Cd, Fe and Ni, and the metal mass
percentage in soil ratio are responsible for its cultivation
the mass ration changes by the countryside and the
intensity of the industrial commotion, as well as the type
of procedure employed during the biosolids handling?.
Under different circumstances, metals added to soils in
applications of biosolids can be percolated downwards
through the soil profile and can have the probable to
contaminate groundwater®. Recent studies on some New
Zealand soils treated with biosolids have shown increased

concentrations of Cd, Ni, and Zn in drainage leachates
which is also in sighted in the present research in Delhi’s
soil*S,

1. MATERIAL & METHOD

When plasma energy is given to an analysis
sample from outside, the component elements (atoms) are
excited. When the excited atoms return to low energy
position, emission rays (spectrum rays) are released and
the emission rays that correspond to the photon
wavelength are measured. The element type is determined
based on the position of the photon rays, and the content of
each element is determined based on the rays' intensity.
Plasma is the forth state of matter, next to the solid, liquid
and gaseous state. In the ICP-OES the plasma is generated
at the end of a quarts torch by a cooled induction coil
through which a high frequency alternate current flows. As
a consequence, an alternate magnetic field is induced
which accelerated electrons into a circular trajectory. Due
to collision between the argon atom and the electrons
ionization occurs, giving rise to a stable plasma. The
plasma is extremely hot, 6000-7000 K. In the induction
zone it can even reach 10000 K.

% Relative Standard  standard Deviation
Deviation (%RSD) = Mean Value x100

1. INTENSITY OF SPECIFIC METAL IN SOIL OF PUBLIC TRANSPORTATION
Table.6.4: Public Transportation

D99 D101 D72 D45
As 188979 -29 -35 -39
(Cd228.802 14 54 16
Fe 238.204 10688704 9736913 11340061 13504201
Ni 231604 5809 b63.5 6012 635.7
Pb 220.353 1087 1195 103.7

Zn206.200 44848 25954 248596 19474

D31 D35 D36 D37
0.2 43 21 4 438
13 [17 6.2 141 §3
[138255.6 10238222 11277674 983009 1417410.1
576.7 5171 503.6 4738 4394
81 9% 50.7 729 7
30879 44004 12716 1695.7 31743

1-Public Transportation -Some Specific Metals
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Pb 220.353
1195
]quB 7 30000
. 103.7
96
B1 23500
729 717
56.1
807 15000
7500
4.4
[u]
Dasg D101 D72 D45 D29 D31 Das Dag Dar o
Fig.1.5: Lead
Zn 206.200
24 8596
484.8 4,400.4
2,535 4 . T 3,087.9 N 595.73:'?4'3
Do9 D101 D72 Das D29 Da1 Das D3s Dar
Fig.1.6: Zinc
V. DISUSSION
1. Arsenic (Fig.1.1)-The magnitude of as was found

maximum in (D31) & least in (D45), it suggest most
anthropogenic in these areas.

Cadmium (Fig.1.2)- Similar trend was observed in
Cd concentration was least in (D101) & most in
(D72), in rest of the places reported the same in rest
of the areas.

Iron (Fig.1.3)-Iron being vital metal for the soil,
abundantly present in soil, was found most Fe rich
area for soil.

Nickel (Fig.1.4)-Maximum intensity of Ni was
observed in all the areas of public transport which is
evident for mechanical or automotive activities.

Lead (Fig.1.5)- The presence of Lead (Pb) was
almost equally and abundantly reported in all the soil
samples, Maximum intensity of Pb was observed in
all the areas of commuting ,it tells the use of
Automobiles & fuels is almost equal in all the places.
Zinc (Fig.1.6)-Zinc should be more likely present in
the soil, for the nutrient value of soil ,Zn was least
reported in all the places except (D72) having
exceptionally high concentration in soil.
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V. CONCLUSION
Table.5.1: Public Transportation

S.No. | Metal Public Transportation
The magnitude of As was found
As most near AIIMS Hospital & least
. 188.979 | Delhi’s International Airport.
Similar trend was observed in Cd
) Cd concentration was least on
228.802 | Kashmiri gate ISBT. & most in
Anand Vihar Metro.
Fe Iron being vital metal for the soil,
3 abundantly present in soil, was
238.204 . .
found most Fe rich area for soil.
Maximum intensity of Ni was
. observed in all the areas of public
4 NI transport which is evident for
231.604 mechanical or automotive
activities.
Maximum intensity of Pb was
5 Pb observed in all the areas of
220.353 .
commuting
Anand Vihar being on outskirts of
6 Zn Delhi, having exceptionally high
206.200 concentration in soil.

Heavy metal contamination of soil is carriage of

dangers and hazards to human beings and the biological
network through: straight incorporation or contact with
contaminated soil, the food chain (soil-plant-human or

soil-plant-animal

human), drinking of contaminated

ground water, decrease in food quality (safety and
marketability) via phytotoxicity, lessening in land usability
for agricultural production causing food insecurity, and
land occupancy difficulties >87.

(1]

(2]

(3]

[4]
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Abstract— This paper investigates consumers’ price
perceptions at Ghana'’s local markets. By analyzing the
questionnaire survey results, it identifies the relative
importance local customers placed on weights and
measures in comparison to other food attributes in
purchasing agricultural products. In determining
customers’ decision-making behaviors, we applied
Kahneman’s (2012) prospect theory and developed
picture-based scenarios for the customers to express their
value perceptions at the market. We also asked questions
to see what food attributes are important for them. We
wanted to find out if such attributes as weights and
measures are important for local Ghanaian customers
other than more well-recognized ones such as food
quality and price. The results indicate that our
respondents decide to buy agricultural products like
vegetables, eggs, and rice, on the basis of four attributes:
(1) weights and measures, (2) health values, (3) safety,
and (4) affordability. As previous studies on Western
consumers tend to show high importance on food quality,
our results suggest that customers’ choices may differ
more likely by socio-cultural backgrounds. This
conclusion can be buttressed by another part of our
survey that shows that our respondents are mostly
middle-class, educated nuclear families in this region.
About 80percent of them agreed that traditionally
prescribed weights and measures were important to
understand the value of agricultural products at the
market.

Keywords— consumer behavior, Ghana, traditional
weights and measure, local market, price perception.

I INTRODUCTION
Consumer behaviors at ubiquitous and vibrant local
markets of Africa like Ghana are among seemingly
uncontrollable but important variables retailers should
want to understand better. There, consumers employ
various standards in deciding to buy a product. However,
studies on consumer behaviors toward food products have
focused mostly on such product quality cues as freshness,
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taste, health values, and origin, for purchasing. In
examining food value cues, for example, scholars in the
United States and other developed countries have shown
good interests in organic products (Yiridoe, K.E., Bonti-
Ankomah, S., & Martin, C.R, 2005). Consumers become
either willing to accept or willing to pay for a product
base on their perceptions of price. Prices at the market,
therefore, are the representation of the product value
(Zeithaml, 1988).

Several studies on price perceptions have argued
that quality and value, though important in understanding
consumer behaviors, are erratic and volatile. Zeithaml
(1988) argues that there is limitation in the meaning of
quality and value. There are inconsistent measurement
procedures that limit the meaning of these concepts.
Quality and value are not clearly defined, leading to the
disparately using the concepts (Yiridoe et al, 2005;
Acebrénand Dopico, 2000; Doorn and Verhoef, 2011;
Zeithaml, 1988).

Lusk and Briggeman (2009) argue that
consumers have a set of stable beliefs associated with
food price and consumption. These beliefs play important
roles in explaining consumer choices and illustrate the
core underlying values that motivate their purchasing
decisions. Lusk (2011) relates food values to consumers’
purchasing decisions of organic products. He argues that
consumers prefer organic products to inorganic ones
because the former are more traditional and
environmentally friendly even though some customers are
concerned about relatively high price. Another study finds
that, in general, product appearance tends to be less
important among consumers with a high preference for
organic and pesticide-free products (Yiridoe et al., 2005).

This paper attempts to understand if these
generalized attributes also help understand local
consumers in Ghana. In other words, we examine if other
seemingly less important attributes such as weight and
measures influence the consumers. If so, to what extent?
To investigate this question, we designed and applied a
questionnaire to ask local consumers at one of popular
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vegetable markets in Ghana. In the discussion below, we
first briefly introduce our study area, and then elaborate
on our survey method. In the final section, we discuss the
result of our survey. The result shows that local Ghanaian
consumers emphasize the importance of weights and
measures more than quality attribute.

1. METHODS

2.1 Background

The field study was carried out in Berekum Municipality
of Ghana. This Municipality lies in the northwestern part
of the Brong Ahafo Region with a land area of 863.3km?.
It has a population of 129,628. About two thirds (67.3%)
of the population was economically active. More than half
of the labour force is involved in agriculture especially
crop farming (GSS, 2014).

The most economic market within the
Municipality is operated weekly. During this period all
wholesalers, retailers and other actors in and out of the
Municipality meet to engage in diverse agriculture related
businesses. The proximity of the Municipality to Cote
D’Ivoire is another remarkable feature, which promotes
economic and commercial activities between the
Municipality and Cote D’Ivoire during this weekly
market day.

2.2 Research Methodology

The field study was carried out during the
periodic market (Thursday) for three weeks between
December 2016 and January 2017. A consumer survey
was conducted to clarify food attributes that influence
consumers’ purchasing decisions and to investigate if
weights and measures influence their purchasing
behaviors. Using random sampling technique, we
interviewed 60 regular consumers at this market. The
respondents were mostly women. This dominance by
female indicates the general gender expectation in
procuring food at market.

Our questionnaire survey had two components.
The first component was to identify respondents’ socio-
economic backgrounds, including household size, income,
occupation, age, and educational level. In the second part
the respondents were asked to indicate their preference
between two-basic scenarios. These scenarios are
designed to determine consumers’ preferences and thus
pricing attributes. To help the respondent at the market to
better understand these scenarios, questions were
translated into the local language, Twi, and scenarios
were presented with simplified pictures. Those
respondents who had time and literate, filled the
questionnaire themselves. It was later collected by a field
officer. Of the surveyed individuals, 59 individuals filled
all portions of the survey questions, implying a response
rate of 98percent.
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The questionnaire designs draw upon the idea of
food value scale and the prospect theory. The questions
meant to elicit consumer’s food values in relation to
prices. Some questions meant to identify consumers’
perceptions about food product value attributes to
determine the importance of weight and measure.
Following Lusk’s research (2011), we selected five
general food values that motivate consumer choices:
quality, quantity, health, trust and origin.

In designing scenarios in the questionnaire, ideas
from Kahneman’s (2012) prospect theory was applied.
This theory evaluates our decision-making processes by
using our notions of losses and gains. Like the paired
comparison method, it measures the extent to which an
individual recognizes preferences over the other in the
business world. In other words, it was akin to a game of
gamble. To help us understand consumers’ decision
making at local market, this notion was used to examine if
consumers consider their losses and gains when they buy
food crops with a standard or without any standard
measurement. In addition, this will help explain the
factors or criteria consumers use at the local market.

The scenarios were based on three operating
components: food scale values, price and weight. The
respondents answered seven questions in the form of
choosing A or B option. For instance, one question
established a scenario, in which there are two packages of
eggs with the same weight. Package A contains four big
eggs, whereas package B contains 8 small eggs. Four big
egg costs GH¢ 1 and eight small egg cost GH¢1.5.

A
4 big pes: € 1

8 small nes: C1.5

Fig.1: Scenario A and B which do you Prefer?
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This scenario seeks to examine if consumers examine
quantity, size and weight. Respondents were asked to
circle their preference and explain their reasons for their
selection.

In another scenario below design under the food value
quality, we tried to examined consumers’ preferences for
quality, what they mean by quality and in so doing do
they consider the weight.

good

mash
<~ R

TOMATOES TOMATOES

Bucket A (5kg) Bucket B (4.5kg)
SAME PRICE
Fig.2: Bucket A and Bucket B, circle the one you prefer?

To measure consumer’s food values, we used the paired
comparison method. This method allows an analysis on
the relative importance of available options. Consumers
were asked to circle the highest preference and to describe
their reasons. The probability that a consumer chooses A
is greater than B, and reasons for this decision may differ.
In addition, it focused on observations, explanation and
the general assumption of consumers on the local market.

. RESULTS AND DISCUSSION
3.1 Social Characteristics of respondents
Table 1 demonstrates the results regarding our first part of
the survey: the respondents’ socio-economic variables.
The majority (73%) was female. As mentioned above,
this probably was because in Ghana shopping for food is
traditionally the responsibility of women.

Table.1: Characteristics of participants

Variable Frequency Percentage (%)
Age >10 years 0 0
11-20 years 0 0
21-30 years 32 53
31-40 years 22 37
< 40 years 6 10
Gender Male 16 27
Female 44 73
Education Primary 3 5
Junior high 11 18
Senior High 23 38
Tertiary 23 38
None 0 0
Household annual income (Ghana 0-999 3 5
cedi) 1,000-1,999 2 3
2,000-2,999 6 10
3,000-3,999 17 28
<4,000 32 53
Household size 1 to 4 persons 30 50
5 to 8 persons 27 45
9 to 12 persons 3 5

The age group and household size variables show some
distinctive social characteristics of customers at the local
market in Berekum. About 53percent of them were aged
between 21 and 30. This means that mostly young female
adults came shopping. About 50 percentof them had one
to four persons at their homes, likely showing some
recent trend of expanding nuclear families. Consumers
with large household size, which consisted of another 50
percentare normally price sensitive to feed everyone. In
our interviews, we observed that these people placed
relatively high importance on quantity or convenience.
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The annual income of respondents shows that
about 53percent had income above 4,000 Ghana cedis
($US 1 equals about 4.4 Ghana cedis). According to the
World Bank, Ghana’s GDP per capita in 2016 was
US$1,513.5 (World Bank, 2017). This means that more
than half of those who came to the Berekum weekly
market were relatively well-off. This condition is
attributed partly to the fact that most respondents work for
government institutions and trade. The average annual
income of these workers is above the average GDP per
capita or about 4,300 Ghana cedis (Field survey, 2016).
Farmers and service providers earned between 3,000 and
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3,999 Ghana cedis in 2015 (Field survey, 2016). The low-
income categories largely represent students who likely
came to the market alone.

With respect to education, all respondents had
some form of schooling. About 38 percentof consumers
had some schooling until the 18™ year and 38percenthad
schooling beyond their 18" year. This is not surprising
since the Municipality has the high literacy rate.
Moreover, the female population had more schooling than
the male one. In addition, it reflects the general interest of
food related topics.

2.2 Food values

In the second part of the survey, we attempted to identify
how the respondents place importance on different food
value attributes in deciding to buy products at this market.
Table 2 shows the result. In answering the questionnaire
for this part, respondents had multiple choices. The
results reveal that about 15.5 percent of the respondents
placed weight as an important food scale. In other words,
weight is the most important factor for the respondents to
decide in purchasing food items at the market.

Table.2: Food value attributes that influence consumers’

This result shows a stark contrast to the
argument Lusk (2011) made. In the 2011 study, he found
that food safety was the most important food value
attribute. On the contrary, our survey found that about
13percent of the respondents found it important. This
discrepancy may mean that consumers’ food value
choices may differ by country, region, or society. Further
studies may clarify social and regional impacts on price
perceptions.

Another salient aspect of consumers’ price
perceptions is the interconnection between price and
quality. Quality in general appears to influence the market.
Olson (1977) emphasizes the inter-relationship between
price and perceived quality although other studies have
shown mixed results. He further argues that the price-
quality relationship becomes less important when other
indicators are factored. This may be the case in our
survey as quality related attributes amounted to only 25.9
percent.

Table.3: Consumers’ notions about the use of weights and

choices
Variables Frequency Percentage (%)
Weight 65 15.5
Health benefit 61 14.5
Safety 54 12.9
Affordability 52 124
Bargain 40 9.5
Shelf life 31 7.4
Appearance 29 6.9
Taste 27 6.4
Bulkiness 23 55
Naturalness
(organic) 18 4.3
Price (cheap) 6 1.4
Origin 3 0.7
Value for money 1 0.2

measures
Statements Yes (%) No (%)
Traditional buckets better to know 92 8
the value of vegetables
Helpful to use the same 80 20

weight/measure

Following weight, other important food attributes for the
respondents were health benefit (14.5 %)safety
(12.9 %)),and affordability (12.4 %). Altogether these
four attributes consist about 55 percent. Variables that are
relevant to measures (including sizes) are “appearance,”
“weight,” and “bulkiness.” These amounted to about
28percent. Price-related variables such as “value for
money,” “price (cheap),” “affordability,” and “bargain”
amounted to about 23.5percent. Quality-related variables,
such as “health benefit,” “taste,” “origin,” and
“naturalness,” amounted to 25.9percent.
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Another aspect of this survey asked the
respondents about their notions on weights and measures.
We asked if traditional buckets that are commonly used at
the market help better understand the value of vegetables.
We also asked them if it would help that marketers use
the same weight and measure in selling products. The
results in Table 3 show that about 92 percent of
consumers agreed with the use of traditional weights. This
suggests that though traditional weights vary sizes and do
not give standardized measurements, consumers
recognize the importance of using a standard that has
been practiced traditional ways for identifying food
values. Similarly, about 80 percent of the respondents
agreed with using the same weights or measures. These
results suggest that consumers at the Berekum market
largely prefer the use of standardized measure, either
traditional or conventional forms, in purchasing
vegetables.

V. CONCLUSION
This survey attempted to better understand the extent to
which weights and measures are key factors in
determining consumers’ purchasing behaviors. The
results show that consumers’ product purchasing at
Ghana’s local market was based on four important food
value scales: (1) weights and measures, (2) health values,
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(3) safety, and (4) affordability. The least important food
values were value for money, price, origin and natural.
However, consumers’ perceptions on product values
appeared to differ by socio-economic backgrounds and
the cultural value system. The study also found that food
values are significantly influenced by consumers’
traditional perceptions on product values. In addition,
consumers’ food value choice can differ by regions. The
survey indicates the significance of weights and measures
related to price decisions of consumers in Berekum,
Ghana, and about 80 percent of consumers agree to use
the same weights and measurements in pricing of
agricultural products. These suggest that consumers at the
local market prefer the use of a standardized measure
either conventional or traditional.
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Abstract— This project investigated the effects of organic
turmeric on the liver and oxidative stress of the brain in rabbit
acutely exposed to ultraviolet radiation. Thirty five weaned
rabbits between 8-10 weeks of age, randomly allocated to
control (A) and five (5) treatments: B, C, D, E and F were used
for this experiment. Treatment A: fed organic feed without
turmeric inclusion and not radiated, Treatment B: fed diet
supplemented with 2% turmeric as its constituents but not
radiated, Treatment C: fed organic feed without turmeric
inclusion before but after radiation, Treatment D: fed organic
feed without turmeric inclusion before and after radiation.
Treatment E: fed diet supplemented with 2% turmeric before
but not after radiation. Treatment F: fed diet supplemented
with 2% turmeric before and after radiation. There were
significant (p<0.05) differences in superoxide dismutase,
catalase and melondialdehyde. Histological studies reveals
that the treatments radiated showed structural differences
from the control. Liver section in Treatment D showed portal
triad infiltrated by lymphocytes with less vacuolar
degeneration. The liver damage was mild in Treatments C and
E. The histology of rabbits in treatment A and F revealed
normal liver hepatocytes and portal triad. It was concluded
that ultraviolet (UV) radiation resulted in oxidative stress in
the brain and feeding of 2% organic turmeric supplemented
diet before and after exposure to radiation seen to have be
effective against oxidative damages caused by ultraviolet
radiation. Also, UV radiation has detrimental effect on the
liver and organic turmeric had hepatoprotective and
antioxidant properties.
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Keywords—Brain, Liver, Oxidative Stress, Organic
Turmeric, Rabbits, Ultraviolet Radiation

l. INTRODUCTION

Rabbit (Oryctolagus cunniculus) is one of the animals that can
be reared successfully at family level (FAO, 1996). It is
characterized by short gestation interval and very good source
of protein with balanced amino acid profile. Its meat is
appreciated for its properties in particular through its high
protein/energy ratio. It has high essential fatty acid content and
low cholesterol (Xiccato, 1999). The daily weight gain is high
in proportion to the body weight which gives them a rapid
growth rate, and sexual maturity is early (Ajayi et al., 2005).

The stratosphere ozone layer forms a thin shield in the upper
atmosphere, protecting life on the earth from the sun’s
ultraviolet (UV) radiation. In the 1980s, scientist found
evidence that the ozone layer was depleted (EPA, 2010).
Depletion of ozone layer results in increased UV radiation
reaching the earth’s surface. UV is invisible and does not
produce immediate reaction. UV radiation leads to the damage
of cellular constituents, resulting in a complex cell response
that includes induction of genes and perturbation of a variety
of signaling pathways (Bender et al., 1997).

Oxygen is a highly reactive atom that is capable of becoming
part of potential damaging molecules commonly called “free
radicals”. Free radicals are capable of attacking the healthy
cells of the body, causing them to lose their structure and
function. Cell damage caused by free radicals appears to be a
major contributor to ageing and to degenerative diseases of
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ageing such as cancer, cardiovascular disease, cataracts,
immune system decline, and brain dysfunction (Sies et al.,
1999). Certain organs system in humans is susceptible to
greater level of oxidative stress. The brain, which accounts for
only 2% of the body weight, consumes 20% of the total
oxygen inspired. The brain processes much Ozper unit tissue
mass. The nervous system is rich in both unsaturated fatty acid
and iron, the high lipid content of nervous tissue, coupled with
its high aerobic metabolic activity makes it susceptible to
oxidative alteration (Bauer and Bauer, 1999).

Liver is a vital organ present in vertebrates and some other
animals. It has a wide range of functions, including
detoxification, protein synthesis and production of
biochemicals, necessary for digestion. Excessive iron
deposition in the liver can lead to further injury such as
hepatocellular necrosis, inflammation, fibrosis and in some
cases even to carcinoma (Zhao et al., 2005). In recent years,
several hundred plants have been examined for their use in a
wide variety of liver disorders. These plants include Silybum
marianum (milk thistle), Picrorhiza kurroa (kutkin), Camellia
sinensis (green tea) and Glycyrrhiz aglabra and Curcuma
longa (Turmeric) (Luper, 1999). Curcumin is the principle
active ingredient in turmeric, a spice derived from the rhizome
of Curcuma longa. Turmeric is used in both Chinese and
Indian traditional medicines (Aggarwal et al., 2006), with
applications as an anti-inflammatory agent, for peptic ulcer
and dyspepsia, in skin diseases and wound healing and in liver
and urinary tract diseases (Luper et al., 1999). Even very high
level of curcumin and related curcuminoids had low toxicity
at oral doses up to 12 g per day in humans (Lao et al., 2006).
Curcumin is also effective in preventing chemically-induced
liver damage and prevented carcinogenic effects of the
hepatocarcinogens afflatoxin or nitrosodiethylamine (Sharma
et al., 2005). It reduced liver fibrosis in a rat model of
nonalcoholic steatohepatitis and in rats given thioacetamide
(Leclercq et al., 2004).

1. MATERIALS AND METHODS
2.1 Experimental Site
This experiment was carried out at the rabbitry unit of the
Teaching and Research farm, Ladoke Akintola University of
Technology (LAUTECH) Ogbomoso. Ogbomoso is located in
the derived savannah zone of Nigeria. It lies on longitude 4°
15! East greenwish meridian and latitude 8° 15 North at the
equator. The altitude is between 300 and 600m above sea level
while the mean temperature and annual rainfall are 27° C and
1247mm respectively
2.2 Experimental Materials
Three wooden cages with 24 hutches in each cage were used
for this experiment. The dimension of the hutches was 51cm
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length by 62cm breath, large enough to contain 5 rabbits of
age 8-10 weeks at a time. However, two rabbits were placed
in each hutch. Thirty five (35) weaned rabbits of average
weight 1200-1300g purchased from reliable source were used
for this experiment. The does and the bucks were separated,
S0 as to prevent mating.

200kg of Turmeric rhizome was purchased from Euro bridge
farm Odogbolu, Ogun State, and was separated from all forms
of attached soil before being boiled and sliced to increase the
surface area. The sliced samples were air dried to reduce
moisture content. The dried turmeric was ground into powder
with an electric grinder and sieved so as to have uniform size
of powder.

Organic turmeric — boiling— slicing — drying — grinding
Exposure to UV radiation was done by putting them in a
wooden artificial radiation box. 3 florescence UV bulbs were
used and exposure was done for ten minutes for 10consecutive
days with 5 rabbits at a time.

2.3 Feed Formulation and Feeding

Two diets were formulated, turmeric was not included as one
of the constituents of the diet 1 but was included in the diet 2.
Turmeric was added at 2% inclusion in the feed. Garlic,
Asparagus racemosus and Moringa oleifera were included as
premix to take care of ethnoveterinary requirement. The
rabbits were fed ad-libitum. The gross composition of the
experiment diets is presented in TABLE 1.

24 Treatments

Thirty five rabbits were allocated into a control and five
treatment groups as follow: Control A: Eight rabbits, fed
organic feed without turmeric inclusion and not radiated.
Treatment B: Seven rabbits, fed diet supplemented with 2%
turmeric as its constituents but not radiated. Treatment C: Five
rabbits, fed organic feed without turmeric inclusion before but
turmeric after radiation. Treatment D: Five rabbits, fed organic
feed without turmeric inclusion before and after radiation.
Treatment E: Five rabbits, fed diet supplemented with 2%
turmeric before but not after radiation. Treatment F: Five
rabbits, fed diet supplemented with 2% turmeric before and
after radiation.

2.5 Data Collection

At the end of the third week of feeding after radiation, the
rabbits were sacrificed through cervical dislocation. The
brains were removed and apportion of each brain was
homogenized with 3-sucrose buffer solution of 0.25mls with
pH of 7.4 in a mortar and a pestle. The homogenates were
stored in ice-block and later processed for oxidative stress
determination with three different oxidative stress markers.
2.6 Assay Methods

2.6.1  Determination of Lipid Peroxidation (MDA)
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Principles: Assessment of lipid peroxidation was carried out
based on the principle of Varshney and Kale (1990).
Estimation of lipid peroxidation was based on the reaction of
melondialdehyde with thiobarbituric acid (TBA) forming a
MDA-TEAR adduct that absorb light strongly at 532mm.
Procedure: 0.4ml of reaction mixture i.e. sample already
quenched with 0.5ml of 30%. TCA was added to 1.6ml of
Trihydroxymethyl methylamine potassium chloride at PH 7.4.
0.5ml of 8% TBA was added and incubated for 45minutes at
300C to produce a pink coloured reaction mixture which was
centrifuge at 1400rpm for 15minutes. The absorb area of the
clear supernatant was then read at 532nm.
MDA (units) = Absorbance X Volume of Mixture

E532 X Volume of Sample
2.6.2  Determination of Superoxide Dismutase (SOD)
Activity
SOD activity was determined by the method described by
Misra and Fridorich (1972)
Principle: the ability of superoxide dismutase to inhibit the
auto oxidation of epinephrine at PH 10.2 to adrenochrome
makes this reaction a basis for a simple assay of dismutase.
Procedure: 1ml of sample was diluted in 9ml of distilled water
to make a 1 in 10 dilutions. An aliquot of the diluted sample
was added to 25ml of 0.05M carbonate buffer pH 10.2 to
equilibrate in the spectrophotometer and the reaction was
initiated by adding 0.3ml of adrenaline. The change in
absorbance was monitored at 430nm for 5 minutes.
2.6.3  Determination of Catalase (CAT) Activity
Catalase activity was determined according to the method
described by Aebi (1983).
2.8 Statistical Analysis
All data were subjected to Analysis of Variance (ANOVA)
using SAS (2008). Duncan Multiple Range Test of the same
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Principle: Catalase catalyses the decomposition of hydrogen
peroxide (H20,) to water and oxygen. Hydrogen peroxide is
formed in the eukaryotic cells as a by-product of various
oxidase and seperoxide reactions. Hydrogen peroxide is
highly deleterious to the cells and its accumulation causes
oxidation of cellular targets such as DNA, protein and lipid
leading to mutagenesis and cell death. Removal of the H.0>
from the cell by catalase provides protection against oxidative
damage to the cell.

2H,0, catalase > 2H,0 + 20,

Procedure: 0.1ml of the sample was pipette into curette
containing 1.9ml of 50MM phosphate buffer PH 7.0. The
reaction was initiated by addition of 0.1ml of freshly prepared
30% (w/v) hydrogen peroxide. The rate of decomposition of
hydrogen peroxide was measured spectrophotometer at
240nm
2.7 Histology
The livers of 35 matured rabbits (25 males and 10 females)
were used for this study after which they were sacrificed via
cervical dislocation at the Animal Production and Health
Laboratory (LAUTECH). The eviscerated liver of the rabbits
was weighed and transferred into containers containing formal
saline fixative. The livers were dehydrated through varying
concentration of alcohol and cleared with xylene. The tissues
were subsequently impregnated and embedded in paraffin
wax. They were then cut at 3-5 microns, dewaxed and stained
with haematoxylin and eosin. The slides were reviewed and
photomicrographs taken with a digital camera attached to a
light microscope.

statistical package was used to separate the mean among

treatment.
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Table.1: Feed Formulation Table

Ingredients(kg) Diet 1(No Turmeric) % Diet 2 (Turmeric) %
Maize 18 18
Maize bran 10.8 8.8
Wheat offal 12 12
P.K.C 45 45
Fish meal 72% 2 2
Bone meal 2 2
Oyster shell 15 1.5
Salt 0.25 0.25
Moringa oleifera 0.2 0.2
Ginger 0.09 0.09
Garlic 0.08 0.08
Asparagus racemosus 0.08 0.08
Tumeric - 2
Total 100 100
Calculated Proximate Composition of Diet
Energy 2360.07 ME cal/kg
Crude protein 18.17%
Ether extract 4.75%
Lysine 0.68%
Methionine 0.33%
Crude fibre 8.46%
Calcium 1.44%
Phosphorus 0.49%
Table.2: Level of Oxidative Stress in the Brain of Male Rabbits by Different Markers
Treatment SOD (nmol/L) CAT (nmol/L) MDA (nmol/L)
A 22.36+1.08°? 14.21+3.182 41.02+2.722
B 16.52+0.69°¢ 14.95+1.49° 32.14+6.16°
C 16.98+1.16°¢ 14.40+1.612 16.44+1.05¢
D 15.50+1.25° 11.50+1.322 26.15+1.502
E 16.90+1.66° 13.21+1.392 30.30+2.320
F 22.32+0.72°¢ 15.30+1.10P 42.50+2.42°

& b ¢ =means on the same column but with different superscripts are statistically (p<0.05) significant. SOD = Superoxide
Dismutase; CAT = Catalase; MDA = Malondialdehyde; A = fed organic feed without turmeric inclusion and not radiated; B = fed
diet supplemented with 2% turmeric as its constituents but not radiated; C =fed organic feed without turmeric inclusion before but
turmeric after radiation; D =fed organic feed without turmeric inclusion before and after radiation; E = fed diet supplemented with
2% turmeric before but not after radiation; F = fed diet supplemented with 2% turmeric before and after radiation

1. RESULTS
3.1 Oxidative Stress of the Brain
Level of oxidative stress in the rain is showed in TABLE 2.
There were significant (p<0.05) differences in superoxide
dismutase (SOD) in which treatment A (those fed organic
feed without turmeric and not radiated) had the highest
(22.36+1.08nmol/L) value while treatment D (those fed
organic feed without turmeric before and after radiation) had
the least (15.50+1.25nmol/L) value of SOD. The significant
differences observed in catalase indicated that rabbit fed
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organic feed with turmeric before and after radiation
(Treatment F) appears to have the highest (15.30+£1.10nmol/L)
values while the least (11.50+1.32nmol/L) was recorded for
Treatment D (fed organic feed without turmeric before and
after radiation). There were significant (p<0.05) observed in
melondialdehyde (MDA), highest(42.50+2.42nmol/L) and the
least (16.44+1.05nmol/L) values of MDA were recorded in
treatment F (those fed organic feed with turmeric before and
after radiation) and C (those fed diet supplemented with 2%
turmeric after radiation) respectively.
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3.2

Histology Study

Fig.1: Photomicrograph of Liver from rabbit fed organic

feed without turmeric inclusion and not radiated (Control A) Fig.4: Photomicrograph of Liver from rabbits fed organic
showing normal liver architecture; normal hepatocyte (C) feed without inclusion of turmeric before and after radiation
and portal vein (A) (Mag x 400). (Treatment D) showing portal triad infiltrated by
lymphocytes (C) with less vacuolar degeneration (A) (Mag x

400).

Fig.2: Photomicrograph of Liver from rabbits fed organic
feed with inclusion of turmeric throughout and they are not
radiated (Treatment B). It shows mild vacuolar degeneration
(A) with focal necrosis of hepatocyte especially around
central veins (C) (Mag x 100), which may due to
environmental factors.

Fig.5: Photomicrograph of Liver from rabbits fed turmeric
supplemented diet before radiation but no turmeric after
radiation (Treatment E) showing diffuse mild vacuolar
degeneration (B), mild inflammation of portal triad (A) and
normal venule (C) (Mag x 400).

Fig.3: Photomicrograph of Liver from rabbits fed organic
feed without turmeric inclusion before but after radiation
(Treatment C). It shows normal hepatic cells each with well-
defined cytoplasm, prominent nucleus, nucleolus (Arrow)
and well brought out central vein (C) (Mag x 400).

Fig.6: Photomicrograph of Liver from rabbits fed organic
turmeric supplemented diet before and after radiation
(Treatment F) showing normal hepatocytes (black arrow)
and portal triad (C) (Mag x 400).This confirm the

hepatoprotective role of curcumin.
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V. DISCUSSION

Free radical have been implicated in many disease processes
including cancer, while superoxide dismutase (SODs) are the
main enzymes responsible for the elimination of superoxide
radicals and are considered to be key antioxidants in aerobic
cells (Hileman et al., 2001). The observed value for the
treatment D (fed organic feed without turmeric before and
after radiation) indicated that SOD and catalase revealed
oxidative stress in the brain of pubertal rabbits exposed to
ultraviolet radiation when compared with treatment A. This
implied that ultraviolet radiation exposed to, reduced the
activities of antioxidant enzymes. Nagai et al. (2008) reported
that superoxide dismutase catalyses the dismutation of
superoxide into oxygen and hydrogen peroxide. Similar report
was given by Chelikani et al. (2004) who reported catalase
catalyses the decomposition of hydrogen peroxide to water
and oxygen. Therefore, reduction in the number of these
antioxidants in the brain indicates damaging effect of
ultraviolet radiation. The significant differences observed in
treatment F (rabbits fed organic feed with organic turmeric
before and after radiation) for SOD and catalase indicated that
turmeric fed before and after radiation ameliorates the effect
of ultraviolet radiation. Similar reports were given by
Chattopadhyay et al. (2004) who indicated that curcuminoids
can reduce free radical compounds such as hydroxyl radicals
and  superoxide radicals in  biological  system.
Melondialdehyde, one of the several molecular weight end
products formed via decomposition of certain primary and
secondary lipid peroxidation products (Janero and Burghardt,
1988). Melondialdehyde (MDA) revealed oxidative stress in
the brain of pubertal rabbits exposed to radiation and fed
turmeric supplemented diet after (treatment C). This indicated
that turmeric fed after radiation could not effectively prevent
damages caused by ultraviolet radiation. High level of MDA
observed in treatment F indicated that turmeric had
prophylactic and therapeutic effects against ultraviolet
radiation.

Histology revealed that the treatments that were radiated have
structural differences compared to the control. Liver section of
rabbit, control (treatment A) as seen in Fig. 1 exhibited normal
hepatic cells, each with well-defined cytoplasm, prominent
nucleus and nucleolus and well brought out central vein. These
features gave an indication of normal hepatic architectural
integrity. In treatment B, rabbits were fed organic turmeric
supplemented diet but were not radiated. Liver section shows
mild vacuolar degeneration with focal necrosis of hepatocyte
especially around central veins as displayed in Fig. 2. Some
rabbits in this group may susceptible to disease due to
environmental factors.
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Histology of the Rabbits that fed organic feed without turmeric
inclusion before but turmeric after radiation as pictured in Fig.
3 shows normal hepatocytes around portal triad with well-
defined cytoplasm, prominent nucleus and nucleolus. This
confirmed the hepatoprotective role of turmeric. Similar
reports were given by Singh et al. (2011). Liver histology of
rabbits, fed organic feed without inclusion of turmeric before
and after radiation (Fig. 4) shows portal triad infiltrated by
lymphocytes with less vacuolar degeneration. The damage
caused by ultraviolet radiation is more severed because T-
Lymphocyte is the main mononuclear cell infiltrating portal
triad as in primary biliary cirrhosis (Whiteside et al., 1984).
The histology of the liver of the rabbit in this treatment
confirms that ultraviolet radiation may be responsible for the
liver damage (Zhao et al., 2005).Histology of rabbits fed
organic feed with inclusion of 2% turmeric before radiation
but no turmeric after radiation i.e. treatment E (Fig. 5) and
those fed turmeric supplemented diet before and after
radiation i.e. treatment F (Fig. 6) shows diffuse mild vacuolar
degeneration and normal hepatocytes and portal triad
respectively. The effect of the ailment on the liver is mild and
not significant in treatment E. This means that the turmeric
that was fed to the rabbits before radiation in treatment E
ameliorate the damages caused by radiation on the liver. When
compared the histology of treatment D (Fig. 4) to that of
treatment C (Fig. 3); it was observed that the damages caused
by radiation on the liver in rabbits of treatment D (Fig. 4) was
more pronounced compare to that of treatment C (Fig. 3).
Treatment F (Fig. 6) shows normal hepatocytes and normal
portal triad which is similar to control while treatment E shows
diffuse mild vacuolar degeneration. This finding correlates
with the work of Kuttan (1985) who reported the use of
curcumin in wound healing, liver ailments, hepatitis, urinary
tract disease and as a cosmetic compound. Also, Feroz and
Nahida (2013) reported that roots of Paeonia officinalis Linn
serve as hepatoprotective. Therefore, the hepatoprotective and
antioxidant role of turmeric on the liver was confirmed.

V. CONCLUSION

It was concluded that Ultraviolet (UV) radiation resulted in
oxidative stress in the brain which could be detrimental to the
brain function. Feeding of 2% organic turmeric supplemented
diet before and after exposure to radiation seen to have be
effective against oxidative damages caused by ultraviolet
radiation. Ultraviolet radiation caused a damaging effect on
the liver through vacuolar degeneration and portal triad
infiltration by lymphocytes of radiated rabbits and organic
turmeric has hepatoprotective and antioxidant effects.
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Abstract— Stem cutting propagation preserves the genetic
traits and leads to transfer of superior and genetically
similar traits of parent plants to progenies. This method is
also used to propagate recalcitrant, nonviable and difficult to
germinateseeds. Stem cutting in tree species is used to
address phenological and intraclonal problems. The use of
rubber cuttings as planting material is a feasible option,
worthy of investigation. There has been little or no research
studies into the usage of Hevea brasiliensis stem cuttings as
an alternative vegetative propagation method for an in vivo
propagation of rubber tree in Ghana. Propagation of H.
brasiliensis by stem cutting techniques was used to study
alternative procedures for mass production of rubber
planting materials. Brown and green rubber stem cuttings of
Clone I and Clone Il were soaked for 6 hours in 0.0-22.5g/L
Naphthalene Acetic Acid (NAA) followed by propagation in a
nursery bag filled with nutrient-rich soil. Only the brown
stem cuttings of H. brasiliensis survived. The percent
survival, length of shoots, number of roots as well as length
of roots of Clone Il was significantly (P<0.05) higher than
Clone I. Rubber stem cuttings treated with 15.09/L NAA
significantly ~ (P<0.05)  developed  higher  shoots
(83.33%),number of roots (6.167), length of shoots
(15.38cm) and length of roots (6.00cm) than the remaining
treatments. There was significant (P<0.05) effects of NAA
and Clone Il in sprouting and rooting growth of the brown
stem cuttings. Successful in vivo propagation of rubber
tree(H. brasiliensis)was achieved.

Keywords—Brown and Green, Hevea brasiliensis Clones,
Naphthalene Acetic Acid, Sprouting and Rooting Growth,
Stem Culttings.
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l. INTRODUCTION

Rubber seeds are not only very recalcitrant but also of low
quality, low vigour potency and low germination frequency.
Low quality seed and poor germination rates affect the
availability of planting stocks (Palanisamy and Subramanian,
2000). The time taken to raise seedlings of H. brasiliensis in
nursery before transplantation can be shortened by stem cut
nursery techniques. In addition, cost and effort of raising
planting materials can be minimised by putting tree parts into
mass propagation during the seed-off year or even during
peak seasons of rubber trees by utilizing the stems being cut
after budding successes (Corpuz, 2013).

Hevea brasiliensiscan be propagated by various methods
including in vitro techniques, seedlings from nursery,
budding and grafting all of which have their own merits and
demerits in production of the plant species. Vegetative
propagation facilitates rapid and large scale production of
planting materials not only in rubber but also other tree
species and can play a key role in tree improvement
programmes for multiplication of superior clones or tested
plus trees (Palanisamy and Subramanian, 2000).

Intra-clonal heterogeneity emanates from different genetic
variations imposed by both the rootstocks and scion-stock of
the budded/grafted plantlets. Hevea brasiliensis is currently
propagated by grafting and budding techniques. Budding and
grafting of different plants or clones cause intra scion-
rootstock variability. Thus, for genetic stability the budding
technique should be avoided. In view of this, stem cuttings
and micropropagation are recommended for production of
planting materials. A stem cutting inherits all the traits of the
donor plant and it is a good substitute for budding and
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grafting. A stem cut inherits all the traits of the tree source
(prototype) (Corpuz, 2013).

Propagation by rooted cuttings has been tried as an
alternative to  overcome the stock/scion effect.
Satchuthananthavale, (1973) has reported that cuttings grow
better than budding. Furthermore, stem cuttings require
limited space. The technique is also rapid, inexpensive and
does not require special techniques used in grafting or
budding. There is no problem of compatibility with
rootstocks or of poor graft unions. The most common
treatment to enhance rooting in stem cuttings is the use of
growth regulators (Fowler, 2010). These substances enhance
cell differentiation, starch hydrolysis, sugar and nutrient
mobilization to the basal end of the cuttings resulting in root
initiation (Das et al., 1997).

There is rapid root formation and development and higher
percentage of roots on cuttings treated with auxins (Leakey,
2004). Of all the growth regulators (auxins, cytokinins,
gibberellins, abscisic acids and ethylene), auxins have the
greatest effect on root formation in cuttings. Auxins are not
only involved in rooting but also enhance stem growth,
lateral bud inhibition, abscission of leaves and fruits and
activation of cambial cells. Besides, the naturally occurring
indole-3-acetic acids (IAA), there are more effective
synthetic auxins such as indolebutyric acid-IBA,
naphthaleneacetic acid-NAA (Fowler, 2010) which is used in
rooting of rubber stem cuttings.

Since juvenile rubber shoots are very sensitive to desiccation
and high temperature, they require immediate use of their
cuttings for propagation. Rubber is a seasonal tree species
which does not produce fruits regularly, thus production of
planting materials is seriously hindered.There has been little
or no research studies into the application of stem cuttings of
Hevea brasiliensis as an alternative vegetative propagation
method for anin vivo propagation of rubber tree in
Ghana.The ability to successfully regenerate planting
materials from Hevea through in vivo locally would go a long
way in rubber improvement and not only of rubber trees but
also stimulate interest in attempts at in vivo propagation of
some tropical woody species in the country.

The use of stem cuttings will resolve the problem associated
with the shortage of rubber planting materials usually in the
off-season and lead to the large-scale production of rubber
propagules affordable to rubber outgrowers.Moreover,
production of rubber planting materials via stem cuttings
with their own root system could counteract the major
setback associated with budding/grafting which is intra-
clonal variation due to stock-scion interaction.

This study is aimed at using rubber stem cuttings influenced
by clonal types, stem types and growth regulator as an
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alternative to budding and grafting technique for planting
material development. Specific objectives are to:

e determine the survival rate of lignified (brown) and
non-lignified (green) stem cuttings of rubber as
affected by clones and NAA levels;

e determine the sprouting (shoot development) and
rooting growth of H. brasiliensis stem cuttings as
influenced by the clones and the rooting compound;

e determine the survival rate, length of sprouts and
length of roots among H. brasiliensis stem cuttings
as influenced by the clones and the NAA at varying
concentrations.

. MATERIALS AND METHODS
2.1. Collection of Hevea brasiliensisstem cuttings
Rubber cuttings of two Hevea clones (Clone | and Clone II)
were used in this study. They were collected from rubber
outgrowers in the Western Region of Ghana.

2.2. Propagation of Hevea brasiliensis by stem cuttings
One hundred and twenty (120) lignified (brown) and non-
lignified (green) rubber stem cuttings of each of the two
Hevea clones (Clone I and Clone Il) were prepared from
harvested stems. Each cutting was trimmed to a uniform
length of 40cm with each cutting consisting of 4 or 5 nodes.
The basal portions of the cuttings were then immersed in 0.0,
7.5, 15.0 or 22.5g/L NAA for 6 hours and thereafter planted
in nursery bags filled with sandy-loam soil mixed with
manure in a ratio of 3:1. The experiment was arranged in a
2x4x5 factorial experiment with three (3) replications. The
number of stem cuttings of each clone was determined as (2
clones x 4 treatments x 3 replications x 5 cuttings per
treatment =120).

Stem cuttings were considered potentially sprouted when
their buds ruptured or became visible. The number of
cuttings that sprouted was counted at 20-day intervals after
planting for four times (20, 40, 60 and 80 days). The number
of cuttings that developed shoots (survival), number of roots
and number of shoots were counted. The length of shoots as
well as the length of roots measured using a metre rule 80
days after planting.

2.3. Data analysis

Data was subjected to analysis of variance (ANOVA) using
the Statgraphics® Centurion XVI. Fisher's least significant
difference (LSD) procedure was used for the separation of
means where appropriate at 5%.
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. RESULTS

3.1. Effects of clonal types and NAA concentrations on
shoot development

None of the green stem cuttings survived irrespective of the
clonal types and the concentrations of NAA suggesting the
stem types have an influence on sprouting or shoot
development. Contrarily, Hevea brasiliensis brown stem
cuttings (Fig. 1) survived irrespective of the clonal types and
NAA levels. A higher significant difference was observed in

Fig.1: H. brasiliensis brown stem

o .

the survival rate (cuttings that did not die), sprouting and
rooting potentials between brown and green stem cuttings of
Hevea brasiliensis clones. Total number of brown stem
cuttings  planted=120. Number of brown stem
sprouted=87.This implies that percentage of brown stem

cuttings sprouted:%xlOO%

Therefore, percentage of H. brasiliensis brown stem cuttings
sprouted was72.5%.

cuttings used for propagation

Fig.2 (A-E): Morphological characteristics, growth and developmental stages of stem cuttings of two H. brasiliensis clones
treated with NAA.

A-Stem cutting of H. brasiliensis showing shoots 20 days after planting

B- Stem cutting of H. brasiliensis showing shoots 40 days after planting

C- Rubber stems cuttings showing well-developed shoots 60 days after planting
D- Rubber stem cuttings showing well-developed shoots 80 days after planting

E-Uprooted rubber stem cuttings with root and shoot systems
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3.2. Effects of types of clone on sprouting growth,

survival rate, length of sprouts, number of roots and
length of roots of H. brasiliensisstem cuttings

Table 1 depicts effect of types of clone on shoot
development, survival rate, length of sprouts, length of roots
and number of roots of H. brasiliensis stem cuttings 80 days
after planting (DAP). The clonal types in 20 (Fig. 2A) and 60
(Fig. 2C) days after planting had no significant effects on the
sprouting growth of the Hevea brasiliensis stem cuttings
between the clones (Table 1). Although, the clonal types on
the 40™ (Fig. 2B) and 80" (Fig. 2D) days after planting had
no significant effect on the sprouting growth of the stem
cuttings, Clone 1l showed higher performance than Clone I
(Table 1).

The clonal types, however, showed a significant difference
(P<0.05) in the survivability of the brown stem cuttings
(Table 1). Clone Il showed a higher mean number of
survived stem cuttings representing more than half of the
number of brown stem cuttings that survived (Table 1). The
survivability of cuttings is very important in the
establishment of planting materials since the growth and
rooting depend on the ability of the cuttings to survive.

After 80 (Fig. 2D) days of propagation, brown stem cuttings
of Clone Il of Hevea brasiliensis had a higher survival
percentage of 98.333% as compared to 55.000% of Clone I.
Thus, there was a significant difference (P<0.05) between
Clone I and Clone Il (Table 1).

Table.1: Effect of types of clone on the sprouting growth/shoot development, survival rate, length of sprouts, number of roots and
length of roots of brown H. brasiliensisstem cuttings 80 days after planting (DAP)

NUMBER OF CUTTINGS SPROUTED
DAYS AFTER PLANTING

TYPE
OF PERCENT SHOOT ROOT
CLONE SURVIVAL LENGTH/C ROOT LENGTH/C
S 20-DAY 40-DAY 60-DAY 80-DAY (%) M NUMBER M
CLONE | 0.500+0.90 0.500+0.90 0.667+0.77 1.333+0.98 55.000+33.1 2.917+0.99
| 52 52 & 58 66? 6.167+£3.228 62 4.000+1.4142
CLONE | 0.500+0.52 0.500+0.52 1.250+1.05 2.000+0.85 98.333%5.77  11.950+7.13 5.000+2.66
1 22 22 5 3= 4» 3v 3b 5.667+2.146°

Means with the same letter superscript are not significantly different (P>0.05)

Regardless of the concentration of NAA, almost all the
survived brown stem cuttings showed significant (P<0.05)
length of shoots/sprouts between the two clones of Hevea
brasiliensis. With the length of shoots measured after 80
(Fig. 2D) days of propagation, Clone Il of the brown stem
cuttings performed significantly higher in mean length of
11.950cm than that of Clone | in mean length of 6.167cm
(Table 1). Therefore, this signifies that Clone Il brown stem
cuttings grow and develop faster in shoot length up to 80
days of planting (Table 1).

Clonal types had a significant difference (P<0.05) in both the
number of roots and the length of roots of the brown stem
cuttings. The number of roots developed varied significantly
as influenced by the clones of the brown stem cuttings. The
Clone Il brown stem cuttings statistically were higher in the
mean number of roots (5.000) compared with (2.917) in
Clone | brown stem cuttings (Table 1).

In the case of the length of roots, Clone Il of the brown stem
cuttings once again was statistically longer in mean length of
5.667cm compared to the 4.000cm of the Clone | brown stem
cuttings (Table 1).
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3.3. Effects of NAA concentrations on sprouting growth,
survival rate, length of shoots, length of roots and
number of root of H. brasiliensisstem cuttings

Table 2 shows the effects of concentration of NAA on shoot
development, survival rate, length of sprouts, length of roots
and number of roots of H. brasiliensis stem cuttings 80 days
after planting (DAP). The concentration of NAA did not
have significant effects on the sprouting of the brown stem
cuttings 20t, 40™, 60" and 80™ days after planting (Table 2).
Similarly, no significant difference (P>0.05) was observed in
all the days after planting among the NAA treatments in the
sprouting growth of the brown stem cuttings of H.
brasiliensis (Table 2).

Though, 15.0g/L NAA was higher (1.000) in sprouting of the
brown stem cuttings in both the 20" (Fig. 2A) and 40" (Fig.
2B) days after planting, statistically, it showed no significant
difference (P>0.05) with the other NAA concentrations. At
60 (Fig. 2C) days, both 7.5g/L and 22.5g/L. NAA had similar
number of cuttings sprouted (1.333) which were not
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significantly different
treatments (Table 2).

Although at 80 days, no significant difference existed among
the treatments, the trend increased with the control treatments
and the 7.5g/L NAA showing a higher and equal number of

(P>0.05) from the remaining

sprouted cuttings of 1.833. At 80 days after planting, almost
all the living cuttings sprouted (Fig. 2D) and at this
propagation time, a large number of stem cuttings sprouted
(Table 2).

Table.2: Effect of NAA levels applied on the sprouting growth /shoot development, survival rate, length of sprouts, number of
roots and length of roots of H. brasiliensisstem cuttings 80 days after planting (DAP)

NUMBER OF CUTTINGS SPROUTED
DAYS AFTER PLANTING
CON
C.OF PERCENT SHOOT ROOT
NAA SURVIVAL LENGTH/C ROOT LENGTH/C
(g/L) 20-DAY 40-DAY 60-DAY 80-DAY (%) M NUMBER M
Contr | 0.333+0.51 0.333+0.51 0.500+0.54 1.833+1.47 63.333+42.73 1.833+0.75
ol 6 6 &a 22 9a 3.067£2.013* 3@ 2.167+0.4082
0.333+0.51 0.333+0.51 1.333#0.51 1.833+0.75 76.667+32.04 6.833+2.406* 3.833+1.16
7.5 6 6° 6 3= 22 b 9ab 5.833+1.169°
1.000£1.09 1.000£1.09 0.667+0.51 1.333+0.51 83.333+32.04 15.383+6.65 6.167+2.78
15.0 52 5 6° 6 22 6° 7 6.000+1.673°
0.333+0.51 0.333+0.51 1.333+1.63 1.667+1.03 83.333+23.38 10.950+4.41 4.000+1.41
225 6 6° 3 3a 12 8be 4v 5.333+1.366°

Means with the same letter superscript are not significantly different (P>0.05)

The level of NAA concentrations showed no significant
difference (P>0.05) in the survivability (cuttings that did not
die) of the brown stem cuttings. The controls are
significantly lower in survival (63.333%) compared with
76.667%, 83.333% and 83.333% of 7.5¢g/L, 15.0g/L and
22.5g/L NAA respectively (Table 2).

The concentration of NAA had effect on length of
shoots/sprouts and this effect was highly significant (P<0.05)
(Table 2) suggesting NAA had a significant influence on
shoot development. The length of shoots ranged from
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15.383cm to 3.067cm with 15.0g/L NAA having the highest
significant mean length of shoots (Table 2).

Similarly, the concentration of NAA had effect on the root
growth of brown stem cuttings and the effect was highly
significant (P<0.05) (Table 2). The effect of NAA on the
length of roots varied significantly (P<0.05) between the
controls and the NAA treatments (Table 2). The 15.0g/L
NAA significantly had a higher mean number of roots
(6.167) and root length (6.000cm) compared to the control
treatments with number of roots (1.833) and mean length of
roots (2.167cm) (Table 2).
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3.4. Effects of clonal types and NAA levels on sprouting
growth, survival rate, length of sprouts, and number of
root and length of roots of H. brasiliensis stem cuttings
Table 3 depicts the effects of type of clones and level of
NAA applied on shoot development, survival rate, length of
sprouts, length of roots and number of root of H. brasiliensis
brown stem cuttings 80 days after planting (DAP). The
interaction between Clone | and NAA levels statistically
showed no significance (P>0.05) in the sprouting of the
brown stem cuttings in the number of days after planting
(Table 3).

Also, brown stem cuttings showed no significant difference
(P>0.05) in the number of cuttings sprouted in all the days

after planting in the interaction between Clone Il and NAA
levels (Table 3). On the 20" (Fig. 2A) and 40" (Fig. 2B) day
after planting, though no significant difference existed
between 15¢g/L NAA and the other treatments, it significantly
(P<0.05) showed high number of sprouted stem cuttings
(1.333).

On the 60" (Fig. 2C) and 80" (Fig. 2D) days after planting,
22.5g/L NAA and the control treatments significantly had a
high number of sprouted stem cuttings of 2.000 and 2.667
respectively (Table 3). It was observed that a few number of
cuttings sprouted in the first three data collection days. In
both clones, a large number of stem cuttings sprouted on the
80" day after planting (Table 3).

Table.3: Effect of types of clone and level of NAA applied on the sprouting growth/shoot development, survival rate, length of
sprouts, number of roots and length of roots of H. brasiliensis stem cuttings 80 days after planting (DAP)

NUMBER OF CUTTINGS
SPROUTED
DAYS AFTER PLANTING
Cco
NC.
OF
NA PERCEN SHOO
A T T ROOT ROOT
TYPEOF | (¢/ SURVIV LENGT NUMB LENGT
CLONES |L) 20-DAY 40-DAY 60-DAY 80-DAY AL (%) H/CM ER H/CM
0.333+0. 0.333+0. 0.333+0. 1.000£1.73 33.333+41 2.633+2. 1.667+0. 2.000+0.
CLONE I 0.0 | 577 577 577 Qabe 6332 715 577» 0002
5.000+1.
0.000+£0. 0.000£0. 1.333+0. 1.667+0.57 53.333+30 5.333+2. 3.333+0. 000k
7.5 | 0002 0002 577abed 7bed 557100 454 5770
4.667+0.
1.333+1. 1.333+1. 0.333+0. 1.333+0.57 66.667+41 9.567+1. 3.667%0. 5770
15.0 | 528abed 52 8abed 577 7abed .633abe 701 577¢d
0.333£0. 0.333+0. 0.667+1. 1.333t1.15 66.667+23 7.133t1. 3.000+1. 4.333+1.
22.5 | 577 57720 1550be Sabed .094abe 589 0002be 1550
0.333+0. 0.333+0. 0.667+0. 2.667+0.57 93.333+11 3.500+1. 2.000£l1l. 2.333z%0.
CLONE Il | 0.0 | 577 577 577abe 74 .547be 479 00020 577+
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0.667+0. 0.667+0. 1.333+0. 2.000+1.00 100.000+0 8.333t+1. 4.333+1. 6.6670.
7.5 | 5772 5772b¢ 5772bed (0cd .000¢ 305 528¢d 5774
0.667+0. 0.667+0. 1.000+0. 1.333+0.57 100.000+0 21.200+ 8.667+0. 7.333%1.
15.0 | 577#be 577abe 0002be 72bed .000¢ 2.524 577¢ 1554
0.333+0. 0.333+0. 2.000+2. 2.000+1.00 100.000+0 14.767+ 5.000+1. 6.333%0.
22.5 | 577 5774 000¢<d Qed .000¢ 1.607 0004 577
Means with the same letter superscript are not significantly different (P>0.05)
Statistical analysis showed significant interactions between V. DISCUSSION

clones and NAA on the survivability of the brown stem
cuttings. Although, no significant difference (P>0.05) existed
among the NAA concentrations within Clone I, 15.0g/L and
22.50/L NAA showed an equal and higher survival rate
(66.667%) of the brown stem cuttings as compared with the
control treatments producing the least rate of 33.333% (Table
3).

Also, no significant difference (P>0.05) was shown in Clone
Il among NAA concentrations. However, 7.5, 15.0 and
22.5¢g/L NAA showed equal and higher brown stem cutting
survivability (100.000%) with the control treatments having
lower survival rate of 93.333% (Table 3).

The interaction between clones and NAA on the shoot length
of the H. brasiliensis brown stem cuttings was statistically
different (P<0.05) (Table 3). In both clones, there was a
significant difference (P<0.05) in the concentration of NAA
on the length of shoots of H. brasiliensis brown stem cuttings
with 15.09/L NAA showing the highest shoot length
(9.567cm and 21.200cm) (Table 3). This was followed by
22.5g/L NAA of shoot length whilst the control treatments
showing the least shoot length of 2.633cm (Table 3).

For the number of roots (Fig. 2E) produced, significant
difference (P<0.05) existed in the interaction between the
two clones and NAA treated brown stem cuttings with
15.09/L NAA providing high number of roots (3.667 and
8.667). The control treatments had lower number of roots
(Table 3). The interaction between the two clones and NAA
concentrations showed significance (P<0.05) in the root
length (Fig. 2E) with both 7.5g/L and 15.0g/L NAA
producing high mean length of roots of 5.000cm and
7.333cm. The lowest length of shoots was provided by the
control treatments (Table 3).
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Vegetative propagation provides the best opportunity to
ensure the multiplication of valuable trees for production
(Mialoundama et al., 2002). A particular importance is the
use of stem cuttings which impact significantly on the
production of this important economic tree species. The use
of stem cutting results in the production of true to type
planting materials (clones) with genetic constitution similar
to that of the mother plant and thus reliably clone plants with
desirable traits (Enslin, 2006). Additionally, the technique
leads to early maturity of new plants and the production of
large scale planting materials within a short time for field
establishment.

4.1. Effects of clonal types and NAA concentrations on
shoot development

None of the green stem cuttings survived even under the
same propagation conditions of the brown stem cuttings.
Most of the brown stem cuttings of Hevea sprouted
regardless of the concentration of NAA and the type of
clones. For the surviving brown stem cuttings, there was
significant difference (P<0.05) between the two clones in the
number of roots, length of roots, length of shoots, survival
rate and shoot growth. With the large number of both brown
and green stem cuttings propagated more than half of them
did not survive. Also, of the two clones studied, Clone Il had
a higher survival rate, number of shoots and roots as well as
length of shoots and roots than Clone I. This could be
attributed to both biotic and abiotic stresses especially an
extremely high temperature and a very low relative humidity
during the early stages of planting as well as fungal attacks
on the cuttings. The reason for the successful sprouting and
growth of brown stem cuttings could be due to the hydrolysis
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and availability of carbohydrates stored within the stem
tissues of hardwood cuttings (Leakey, 2004).

Cuttings from green stems because they are slightly lignified
and succulent are extremely susceptible to attack by soil-
borne pathogens (Nestel, 1976). Fungal attack could be a
serious threat to the failure and dying of the rubber stem
cuttings. Rubber production, as is in the case of other crops is
affected by various plant physiological conditions and
pathogenic diseases such as South American Leaf Blight
(SALB) and Microcyclus ulei (Le Guen et al,
2003).Differences in soil moisture caused by ions such as
Sodium, Calcium and Magnesium, aeration; pH and
temperature could affect physical properties, absorption
rates, and breakdown of soil as well as plant injury or death
(Hartmann and Kester, 1975).

4.2. Effects of NAA concentrations on sprouting growth,
survival rate, length of shoots, length of roots and
number of root of H. brasiliensisstem cuttings

The concentrations of NAA had significant influence on
length of shoots and roots and the number of roots, except
the survival rate and shooting growth of the brown rubber
stem cuttings. The treatment of stem cuttings chemically by
the application of auxins such as NAA or other growth
regulators and fungicides strongly influence the ability of
stem cuttings to develop roots. Root initiation and elongation
are influenced by genetic, physiological and environmental
factors (Leakey, 1985).

It is established that stem cuttings with a single node are

better propagules or planting materials for large and

successful survival plum. A large sour plum cutting which
response to hormone application in small effects could be as
a result of high endogenous auxins within the cutting tissues
which could have negative interaction with the applied NAA
growth regulator (Owuor et al., 2009). Alpha naphthalene
acetic acid (ANAA) has been found to be reliable in rooting
cuttings (Corpuz, 2013) and there are compounds within
stem cuttings such as phenolic that interact with auxins to
promote rooting and increase root length (Hartmann et al.,

1997).

Root development differs between tree species and among

plants within clones. Thus, variation in rooting may be

attributed to lack of endogenous auxins, phenolic or other
rooting co-factors in the cutting or lack of enzymes or their
activators for synthesis of auxin-phenol complexes (Leakey,

1985).

Also, although some showed signs of growth in the early
stage, they could not complete the entire planting duration
which could be attributed to lack of root to translocate
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nutrients and moisture through the stem tissues. Some
cuttings sprouted vigorously for a long time but later wilted
or died due to lack of root formation and rotting of the basal
part of the cuttings. Uncontrolled heat and light which cause
an increase in temperature may cause plants to suffer from
heat injury. Also, insufficient supply of water and drought
are detrimental to all plants. Over-supply of water suffocates
the plant roots and can cause diseases such as root rot,
damping off and collar rot (Enslin, 2006).

Auxins, NAA when applied at high rates to Oxalis plants as a
foliar spray was revealed to be phytotoxic (Holt and Chism,
1988). The capacity of the stem cuttings to form roots can be
determined by the percentage of cutting rooted, the number
of roots per rooted cutting and the speed with which roots
emerge and grow (Leakey, 1985).

4.3. Effects of types of clone on sprouting growth,
survival rate, length of sprouts, number of roots and
length of roots of H. brasiliensisstem cuttings

Comparatively, Clone Il significantly developed more shoots
and roots than Clone I. In addition, the length of sprouts and
roots in Clone Il was significantly longer than Clone I. The
difference in performance between the two clones could be
due to the drastic environmental changes which had adverse
effect on Clone | than Clone Il. The type of clone or
genotype of stem cutting under propagation has a great
influence on the survival and the growth of plant species.
Stem cutting, the most frequent propagation method for
woody and herbaceous plants is usually faced with
challenging factors resulting from mother plant status/source,
media, type of cuttings, plant growth regulators and
environmental conditions (Hassanein, 2013). Irrespective of
the method of propagation, the rooting percentage of plant
species is influenced by different genotypes (clones) (Yang,
2009).

V. CONCLUSION
The sprouting and rooting growth success of the Hevea
brasiliensis clones, particularly Clone Il, out-performed and
survived significantly better and higher than Clone I of the
brown stem cuttings. Also, there was higher significant
(P<0.05) survival rate of the Hevea brasiliensis brown stem
cuttings than the green stem cuttings of which none sprouted.
In the case of the levels of NAA influence on the sprouting
and rooting growth on the Hevea brasiliensis brown stem
cuttings, 15¢g/L of NAA out-performed better and higher than
all the other NAA treatments and the control treatments. The
interaction effects between Clone Il and 15.0g/L NAA levels
statistically (P<0.05) performed higher and better than the
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other interactions. Therefore, an alternative method to ensure
rapid and mass propagation of Hevea brasiliensis planting
materials for plantation is established. In using stem cuttings
for the propagation of Hevea brasiliensis trees, these findings
can be considered to shape the propagation procedures.
Propagation methods such as marcottage which can promote
effective rooting on stem cuttings could be tried. The growth
medium (soil), fungicide, season and timefor the collection
and propagation of Hevea brasiliensis stem cuttings must be
taken into consideration since they influence survivability
and growth.
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