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FOREWORD

I am pleased to put into the hands of readers Volume-8; Issue-6, November - December 2023 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: January, 2024
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Abstract— Management of nutrient and water scarcity are very important for getting higher yield of tomato IEI Py o ?E
specially in winter season in Bangladesh. The application of different fertilizer and manures increase the "ﬂ‘ . ,--;LI-;I.-_
availability of nutrients which to stimulate plant growth that lead to enhance stress tolerance. Therefore, the *.F;F?" .
main aim of this study is to investigate how different nutrients management practices improves growth by .= ".."",.ji," 4
reducing impacts of water stress. Tomato plants were grown in field condition and different growth E'!—‘Ebﬂ
parameters such as height, root dry weight and shoot dry weight were measured. Yield and yield attributes

of tomato were also determined. Recommended fertilizers along with organic manures application improve

the growth and yield of tomato plants. On the other hand, growth and yield of tomato was lowest for no

fertilization and manures treatment. This study improves our understanding about how nutrient management

in water stress increase the growth and yield of tomato plant.

Keywords— tomato, nutrients, water stress, yield, manures

l. INTRODUCTION

Climate change is recognized as a great threat to sustainable
development of agricultural expansion thereby alarming for
agricultural productivity. Global warming has direct impact
on enhancement in evapotranspiration rates, and escalates
water stress frequency and intensity with a rise from 1 to
30% in acute dry land by 2100 (Fischin et al., 2007). The
severity of water scarcity is unpredictable as it depends on
many factors such as occurrence and distribution of rainfall,
evaporative demands and moisture storing capacity of soils.

The aggressive exploitation of natural resources has
endangered water resources, biodiversity and soil quality
globally. Although it is notable that less than 1 % of the
worlds fresh water (or about 0.007 % of all water on earth)
is allowable for human consumption. It is anticipated that
more than 1.8 billion peoples of the world will suffer
absolute water scarcity and two thirds of the world
community could be under water stress conditions by the
year 2025 (Haji, 2011). Depletion of this valuable water

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.orq/10.22161/ijeab.86.1

resource accelerates failure of water safeguard for world
community and trigger poverty and malnutrition.

Arable lands are facing serious water scarcity due to climate
change and available resources are depleting at an alarming
rate, which necessitate efficient use of water for agriculture.
Water deficit or drought is the most common stress
condition globally and is increasingly of concern worldwide
(Mahajan & Tuteja, 2005). Water scarcity has to be
considered one of the major abiotic stresses that hinder the
plant growth and development (Yang et al., 2010). On an
average drought and/or water scarcity instigate more than
50% crop yield loss worldwide (Bray et al., 2000).
Numerous alterations in morphological, metabolic, or/and
physiological traits are induced by the water scarcity or
drought stress in plant. At plant growth and development
stage, water stress adversely affected plant elongation and
growth expansion (Shao et al., 2008). Water scarcity
affected the leaf growth and leaf area and a greater
root/shoot ration in several species (Jaleel et al., 2009).
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Severe water stress poses injurious effects on plant water
relations, photosynthesis, ion uptake, and nutrient
metabolism and assimilates partitioning (Jaleel et al., 2009,
Saud et al., 2016). Stomatal closure and turgor losses under
water stress are deemed to be the core cause of decreasing
photosynthetic activity and crop production. (Farooq et al.,
2009). Under water stress plant response are extremely
intricate and fluctuate among plant species and growth
phases and water limitation duration (Fahad et al., 2015).

During stress condition plant develop many adaptive
strategies including escape, avoidance and tolerance
mechanisms (Chaves et al.,, 2003). Morphological
plasticity, water physiological integration or gene
regulation of plants could be possible acclimation
mechanism at water stress condition (Jackson et al., 2000).
Under water scarcity conditions, plants alter metabolic and
physiological function to minimize negative impacts and
maximize survival (Thapa et al., 2011). However,
application of nutrition through fertilization increases the
availability of limited nutrients, and then could alter system
properties, which might be a potentially practical way to
stimulate plant growth, enhance stress tolerance.

Like, optimal nitrogen application plays a crucial role in
combating water stress (Marschner, 1995). N nutrition and
drought tolerance are interrelated, with increased external N
supply improving physiological status and growth in
response to low soil water availability (Drenovsky et al.,
2012). Nitrogen is an essential structural constituent of
protein, rubisco, nucleic acid, chlorophyll and some
hormones and its application in the form of fertilizer
accelerated the agronomic responses of crops (Ata-ul-
Karim et al., 2016). Nitrogen addition drives proper
photosynthetic activity of the leaf (Brennan, 1992).
Effective plant nutrition levels have also alleviated drought
stress damage by sustaining the metabolic activities under
water-restricted condition and at reduced leaf water
potential. Thus, an adequate evaluation of water scarcity
stress on the morpho-physiological traits under nitrogen
fertilizer might deliver valuable understanding of tomato
performance (Abid et al., 2016).
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However, organic manure might be another way for altering
water stress (Forouzandeh et al., 2015) and the storehouse
of both micro and macronutrients and also act as natural
mulch for conserving soil moisture and reducing moisture
stress of soil. The soil-based application of organic
amendments added humic substances to soil might have an
ameliorating effect on water stressed to field grown crops
(Zhang and Ervin, 2004). Thus, nutrient conservation
through organic and inorganic fertilizer might be an
approach for restoration of dry land agriculture to combat
drought stress.

Tomato is most susceptible horticultural plant to drought
stress because of its wide range of transpiring leaf surface,
high stomatal conductance, having a shallow root system
(Mohammed et al., 2018). In Bangladesh tomato is grown
mainly during the dry season (October-March) of the year,
when the evapotranspiration is very high. Thus,
understanding drought stress impact and searching its
alleviating ways become urgent for dry land agriculture.
However, a very little attempts was taken to combat the dry
land tomato -cultivation for future food security of
Bangladesh. Based on the importance of dry land
agriculture and combat to climate change induced food
scarcity the present study is investigate the effects of water
stress and nutrient management on the growth and yield of
tomato.

1. MATERIALS AND METHODS
Study site and soil properties

The experiment was conducted at the research field of
Bangabandhu Sheikh Mujibur Rahman Agricultural
University (BSMRAU), Gazipur, Bangladesh. The
experimental soil is terrace soils, which is nearly equivalent
to Ochrept sub-order under the order Inceptisol of USDA
Soil Taxonomy and belongs to the general soil type Shallow
Red Brown Terrace Soil (Brammer, 1971; Saheed, 1984).
The soil is friable clay loam with acidic in nature. The
physico-chemical properties of studied soil are shown in
Table 1.

Table 1 Physico-chemical characterization of experimental terrace soil surface layer (at the depth of 15 cm)

Soil Characteristics Analytical Soil Characteristics Analytical

Value Value

Physical properties Chemical properties

Particle size distribution Soil pH 5.34

Sand 17.30% Total N (%) 0.07

Silt 45.80% Organic C (%) 0.63

Clay 36.90% C: N ratio 9.0

Textual class Silty clay loam | Available P (ppm) 9.3
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Bulk density 1.38g/cm?® Exchangeable K (meq/100g) 0.09
Particle density 2.63 g/cm?® Exchangeable Ca (meq/100g) 5.34
Porosity (%) 47.4 Exchangeable Mg (meq/100g) 1.45
Hydraulic conductivity (cm sec™) 4.6 x 10* Exchangeable Na (meq/100g) 0.58
Field capacity (% by weight) 30.7 Available Sulphur (ppm) 13

- - Zinc content (ppm) 0.97
- - Boron content (ppm) 0.16

Planting materials

Seedlings of 30 days of BARI Tomato-9 (Lalima) were
used as planting material. BARI Tomato-9, a high yielding
prolific bearer and bacterial wilt tolerant variety was
developed by the Bangladesh Agricultural Research
Institute (BARI), Joydebpur, Gazipur, Bangladesh. The
potential yield of the variety is 90-95 t/ha.

Experimental Design and Treatments

The two factors experiment was laid out in factorial
Randomized Complete Block Design (RCBD) with three
replications. Three different water stresses were considered
as Factor A and four different nutrient management
practices were studied as Factor B.

The experiment consisted of two factors:
Factor A: Different levels of Water stress-

i Ds = Irrigation at 90% Field capacity
(FC) (control)

ii. D= Irrigation at 70% Field capacity
(FC)

iii. Ds= Irrigation at 50% Field capacity
(FC)

Factor B: Different nutrient managements-
i.  No = Control (No nutrient application)

ii.  Nip=Soil test based fertilizers (STB) (N14s.0
Pa15 K750 S11.6 ZNooBuo kg ha?)

iii. N2=STB+50% N,
iv. N3=STB+6tha? poultry manure.

There were 12 (3 x 4) treatments combination such as:
D1No, DiN1, D1N2, D1Ns, D2No, D2N1, D2N2, D2N3, D3N,
D3N1, D3N and D3N3.

The unit plot size was 1.5 m x 1.5 m and maintain a 0.5 m
drainage to separate one plot to another plot. One-month-
old (accumulated in a pit and collected after month) poultry
manure was procured from local poultry farm. Physical and
chemical properties of poultry manure are presented in
Table 2.

Raising of seedlings

Tomato Seedlings were raised in one seedbed on a
relatively high land at the research field of the department
of Soil Science, BSMRAU. The size of the seedbed was 3
mx 1 m. The soil was well prepared with spade and made
into loose friable and dried mass to obtain fine tilth. All
weeds and stubbles were removed and 5 kg well rotten
cowdung was applied during seedbed preparation.
Germination was visible at 3 days after sowing of seeds.
Heptachlor 40 WP was applied @ 4 kg ha* around each
seedbed as precautionary measure against ants and worm.
Necessary shading by banana leaves was provided over the
seedbed to protect the young seedlings from scorching sun.
Weeding, mulching and irrigation were done from time to
time as and when required and no chemical fertilizer was
used in this seedbed.

Table 2 Physioco-chemical characterization of poultry manure

Organic matter | Moisture | pH Organic Total | P K Ca Mg Zn Cu
(%) (1/2.5) | carbon (%) | N (%) | (%) | (%) | (%) | (%) | (ppm) | (ppm)
Poultry manure | 37.43 8.22 34.20 2.22 097 | 118 | 151 | 051 |178.10 | 311

Land preparation

The land was prepared well by deep plowing with a tractor
followed by harrowing and laddering. The weeds and
stubbles were removed and the 36 plots were prepared
according to the layout of factorial RCBD design. Drains
were made around each plot and excavated soil was used
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for making dikes around each plot for restricting the lateral
runoff of irrigation water.

Uprooting and transplanting of seedlings

Healthy and uniform 30 days old seedlings were uprooted
separately from the seedbed and were transplanted in the
experimental plots and maintaining two seedlings in each
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hill and row to row and plant to plant spacing of (75 cm x
50 cm).

The seedbed was watered before uprooting the seedlings
from the seedbed so as to minimize damage to roots with
ensuring maximum retention of roots. The seedlings were
watered after transplanting. Shading was provided using
banana leaf sheath for three days to protect the seedlings
from the strong sunlight. Shading and watering in moderate
quantity were continued till the seedlings were established
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properly. The dead and very weak seedlings were replaced
by the fresh and healthy ones soon after detection.

Manure and Fertilization:

The crop was fertilized with 145.0 kg N, 41.5 kg P, 75.0 kg
K, 11.6 kg S, 0.9 kg Zn and 1.0 kg B ha™* as a soil test based
fertilizer from urea, TSP, MoP, Gypsum, zinc sulphate and
boric acid respectively. The applied nutrient in the different
nutrient management are presented in Table 3

Table 3 Applied amounts of nutrients (kg ha™) in different management treatments

Nutrient N P K S Zn B Poultry
management manure
No (control) - - - - - - -
N 145.0 415 75.0 11.6 0.90 1.0 -
N, 2175 41.5 75.0 11.6 0.90 1.0 -
N3 145.0 41.5 75.0 11.6 0.90 1.0 6tha'

Half of the poultry manure and full amount of phosphorus,
sulphur, zinc and boron from urea, TSP, MoP, Gypsum,
zinc sulphate and boric acid respectively were applied at
final land preparation. The remaining poultry manure was
applied in pits before planting the seedlings. Nitrogen and
potassium were applied in two equal splits at 15 and 35 days
after transplanting under moist soil condition and were
mixed thoroughly immediately after application.

Application of water stress

Tomato plants were exposed to the different water stress
treatment two weeks after the seedling transplantation. The
amount of water applied at different water stress was
applied considering the field capacity of the soil. Keeping
the depletion of water, applied stress required amounts of
irrigation water at 90% FC, 70%FC and 50% was calculated
and administered at 7 days intervals by using measured
water can along with sprinkler from 14 days after
transplanting to harvest.

Physico-chemical characterization of soil

Soil sample from each plot were collected considering the
0-15 cm depth at before treatment exposure and after
harvest. The physico-chemical properties of the initial and
residual soil samples were done by following suitable
standard protocols.

Harvesting

Fruits were harvested at 4 days interval during early ripe
stage when they developed slightly red color.

Plant height (cm)

Five-plant height was measured from plant of each unit plot
from the ground level to the tip of the longest stem and
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mean value was calculated. Plant height was recorded at
50% flowering stages.

Shoot and root dry weight

After final fruit plucking, five pre-selected plants in each
plot were uprooted, chopped with sharp knife for portioning
shoot and root, air-dried in the laboratory and finally oven-
dried for 72 hours at 65°C. The sample was then transferred
into desiccators and allowed to cool down at room
temperature. The final weight of the sample was taken.

Number of fruits plant

The number of fruits per plant was counted from five plants
of each unit plot and the average number of fruits per plant
was recorded.

Yield plant? (kg)

Yield of tomato per plant was recorded as average value of
the whole fruit per plant harvested in different time and was
expressed in kilogram.

Yield (t ha)

Yield per hectare of tomato fruits was calculated by
converting the weight of total plant yield into hectare on the
basis of total plant population of tomato per hectare and
expressed in ton.

Statistical analysis:

The data were statistically analyzed by using Statistix
Version 10.0 software to find out the significance of
variation between treatments. The differences between the
treatment means were judged by least significance
difference (LSD) Test.
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1. RESULTS AND DISCUSSION

Effects of water stress and nutrient management on the
growth of tomato plant

Effects of water stress and nutrient management singly and
or in combination on tomato plant growth parameters is
represent in the table 4, 5 and 6.

Plant height

The results showed that water stress significantly affected
the plant height at both flowering stages (50% and 90%)
(Table 4). The tallest plant at both 50% and 100% flowering
stage (64.12 and 86.65 cm, respectively) were recorded
from D treatment with watering at 90% field capacity (FC),
which was statistically similar with D, at 70% of FC. The
shortest plant at both 50% and 100% flowering stage (59.95
and 78.15 cm, respectively) were found from the most water
deficit D3 treatment with 50% of FC. Thus, deficit irrigation
with 50% FC significantly decreased the plant height of
tomato at 50% and 100% flowering stage by approximately
15.9% and 16.7% respectively. Data revealed that well
watered plot exhibited the healthy growth but the drought
stress reduced the morphological parameters such as plant
height of tomato. The diminishment in plant height could
likewise be credited to declining in the cell extension and
more leaf senescence in the plant prone to stress
(Manivannan et al., 2007). Pervez et al. (2009) found that
significant results toward water stress signifying drought
effects were registered on plant height of tomato plant.
Ubaidullah et al. (2002) also found the similar result.

Significant variation was recorded for different levels of
nutrient management on plant height of tomato at 50% and
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100% flowering stage (Table 5). Data revealed that at 50%
and 100% flowering stage, the tallest plant (72.34 and 97.58
cm, respectively) was found from Nj treatment of STB
based fertilizer along with 6-t/ha poultry manure, which was
statistically similar with N, treatment. While, the shortest
plant at 50% and 100% flowering stage (45.45, and 58.25
cm, respectively) was recorded from N treatment.

Combined effect of different levels water stress and nutrient
management showed significant differences on plant height
of tomato at 50% and 100% flowering stage (Table 6). The
tallest plant at both 50% and 100% flowering stage (73.73
and 100.57 cm, respectively) was found from DiNs;
treatment combination that was statistically similar with
D1N32, D2N2, D2N3, D3Nz and D3N3. While, the shortest plant
(41.66 and 53.73 cm, at 50% and 100% flowering stage
respectively) was found from D3Ny treatment combination,
which was statistically similar with DiNo and D2No
treatments. The present data reveals that nutrient
management with STB based fertilizer along with 6 t/ha
poultry manure significantly ameliorate the adverse effects
of moisture stress on plant height of tomato. Similar trends
were also observed in the treatment combination of STB
fertilizer along with 50% more nitrogen. This might be due
to higher manure application rate improved soil physical,
chemical, and biological properties (Farhad, 2018).
Application of poultry manure might be improved the
porosity and protect the soil moisture depletion favor the
growth and development of tomato plant. Moreover, N
addition encourages the plant growth, which helps to
ameliorate the adverse effects of water stress (Arun et al.,
2012).

Table 4 Effect of water stress on the growth parameters of tomato plant

Treatments Plant height (cm) Root DW Plant™ (g) Shoot DW Plant (g)
D, 64.12a 1.80a 12.38a
D> 61.29ab 1.79ab 11.37a
Ds 59.95b 1.63b 9.33b
CV (%) 7.95 5.67 12.20
SE (1) 2.005 0.041 0.61
LSD (0.0 4.15 0.085 1.27
Table 5 Effect of nutrient management on the growth parameters of tomato plant
Treatments | Plant height (cm) (50%F) Root DW Plant? (g) | Shoot DW Plant™ (g)
No 44.45¢ 1.42d 7.05¢
N1 61.90b 1.70c 12.627b
N 68.46a 1.86b 14.16a
N3 72.34a 2.11a 15.62a
SE (%) 2.31 0.047 0.7111
LSD (0.05) | 4.80 0.098 1.47
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Table 6 Combined effects of water stress and nutrient management on the growth parameters of tomato plant
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Treatments Plant height (cm) Root DW Shoot DW
(50%F) Plant (g) Plant™ (g)

D1*No 47.50e 1.39% 7.32e
D1*Ny 64.96bcd 1.66d 13.16¢d
D1*N: 70.30ab 1.71d 14.11abcd
D1*N3 73.73a 2.06abc 16.20a
D2*No 44.20e 1.28e 6.087e
D2*Ny 61.16cd 1.71d 12.97cd
D2>*N2 68.83abc 1.90c 13.27bcd
D2*N3 70.96ab 2.17a 15.75ab
D3*No 41.66e 1.04e 5.53e
D3*N; 59.54d 1.73d 11.74d
D3*N: 66.26abcd 1.96bc 15.11abc
D3*N3 72.33ab 2.11ab 14.91abc
SE (%) 4.01 0.082 1.23
LSD (0.05) 8.316 0.17 2.55

Root dry weight

Root dry weight was significantly affected by different
moisture stress. Irrigation at 90% filed capacity at Di
treatment showed the maximum root weight (1.80 g), which
was statistically similar with the D, treatment maintaining
70% FC (Table 4). Irrigation at 50% filed capacity
significantly reduced the root dry mass of the tomato plant.
Thus, root dry mass was linearly decreased with decreased
amount of irrigation water added to the trial.

Nutrient management was also significantly influencing the
root dry mas of tomato plant. (Table 5). Significantly higher
amount of root dry mass was found in the N3 treatment of
STB fertilizer along with 6-t/ha poultry manure (2.119).
The lower amount of root dry matter was detected in the
control treatment (1.42g). Application of organic
amendments improves the physical, chemical and
biological properties of soil that helps proper root growth
and development of tomato plants (Jones et al., 2007).

The interaction effects of water stress and nutrient
management had provided a significant response on the root
dry weight production (Table 6). In the present study, the
highest roots dry weight (2.17g) was found in the treatment
combination of D,N3, which was statistically identical with
D3N3z and DiNs. Thus, the study summarized that nutrient
addition of STB fertilizer along with 6 t ha™* poultry manure
overcome the adverse effect of water stress on tomato roots.
Addition of organic and inorganic amendment helps to
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improve the nutrient uptake mechanisms and osmotic
balance that may provide the ameliorative effects of water
stress of tomato plant (Farhad et al., 2018)

Effects water stress and nutrient management on yield
and yield attributes of tomato

Effects of water stress and nutrient management singly and/
or in combination on reproductive stage traits of tomato
plant is represent in the Table 7, 8 and 9.

Number of fruits plant

Significant variation was recorded in terms of number of
fruits plant? of tomato due to different levels of moisture
under the present trial (Table 7). The highest number of
fruits plant® (39.54) was recorded from D;, which was
statistically similar with D,. While, the lowest number
(23.93) was found from D3 (Table 7). Pervez et al. (2009)
and Ubaidullah et al. (2002) also found the similar results
and they showed significant results toward drought stress
signifying drought effects on the number of fruits plant™ of
tomato.

Number of fruit plant® of tomato showed significant
difference due to different nutrient management (Table 8).
The highest number of fruits plant? (51.60) was recorded
from Nstreatment administered with 6 t ha™* poultry manure
along with the STB fertilizer. However, control treatment
(No) provided the lowest fruit number plant? (10.99). Wu et
al., (2018) explained that nutrient uptake plays an important
role on transfer of carbon assimilates and fruit settling.
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Interaction effect of water stress and nutrient management
significantly affected the fruit number plant? (Table 9). The
present data indicated that the maximum fruit number plant
1 (53.41) was accredited against the treatment combination
of D1Ns, which was statistically identical with DiN2, D2Ns,
and D3Ns. The lowest fruit number plant? (7.75) production
was subjected to the treatment combination upholding the
irrigation with 50% FC along with no fertilization (D3No)
treatment which was statistically similar with the D:No and
D:No. The data of the present study reveal that the adverse
effect of water stress on fruit number plant?in tomato plant
might be due to the ameliorative effects of organic matter
along with STB fertilizer. Wu et al., (2018) found similar
findings that the effects of the interaction between water and
fertilization on fruit settling were significant. Liu et al.,
(2019) also found that various soil moisture and potassium
administration provides a significant impact on fruit settling
of tomato. They also suggested that addition of potassium
might play an important role on minimizing the impact of
water stress on fruit settling. Forhad et al., (2018) also found
similar finding that composted poultry manure was able to
partially alleviate the effect of water stress on maize.

Fruit weight plant™ (g)
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Weight of plant® of tomato varied significantly due to
effects of different levels of moisture (Table 7). The highest
fruit weight per plant (3.51kg) was found from D1, which
was similar with the data of D,. On the other hand, the
lowest (0.93) was observed from D3 (Table 7). Significant
variation was recorded for different levels of nutrient
management on fruit weight of plant? (Table 8). The
highest fruit weight per plant (3.36 kg) was recorded from
N3, whereas the lowest weight (0.46) was attained from No.
These results suggested that nutrient management
contribute in the enrichment of fruit weight. Combined
effect of water stress and nutrient management significantly
affected the fruit weight of plant? (Table 9). The present
data signified that the maximum fruit weight of plant (3.51
kg) was attained in the treatment combination of DiNjs,
which was statistically identical with D1N2, DNz and D3Ns.
The lowest fruit weight of plant? (0.32kg) was D3N
treatment that was statistically similar with the D1No and
D:No. Thus the data reveal that the adverse effect of water
stress on single fruit weight in tomato plant might be due to
the ameliorative effects of organic matter along with the
STB fertilizer.

Table 7 Effect of water stress on yield and yield attributes of tomato

Treatments Fruit No. plant™* Fruit Weight (Kg | Yield
plant?) (tha?)
D; 39.54a 2.46a 65.63a
D, 35.48ab 2.22b 59.22b
D3 30.82b 1.93b 49.23c
(%) CV 14.77 12.24 12.24
SE (¢) 2.16 1.12 3.44
LSD (0.0 4.49 1.12 7.13
Table 8 Effect of nutrient management on yield and yield attributes of tomato
Treatments Fruit No. plant* Fruit Weight (Kg Yield
plant™) (t ha'®)
No 10.99d 0.46d 12.39d
N1 36.91c 2.29c 60.99¢
N2 44.28b 284b 75.60b
N3 51.60a 3.36a 89.63a
SE (%) 2.50 1.29 3.44
LSD (0.05) 5.19 2.68 7.13

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.orq/10.22161/ijeab.86.1



https://dx.doi.org/10.22161/ijeab.86.1

Miah et al.

International Journal of Environment, Agriculture and Biotechnology, 8(6)-2023

Table 9 Combined effects of water stress and nutrient management on yield and yield attributes of tomato

Treatments | Fruit No. plant? Fruit Weight (Kg Yield
plant?) (tha?)
D1*No 13.79% 0.59f 15.83f
D1*Ny 43.36bc 2.69cd 71.86¢d
D1*Na 47.60ab 3.05abc 81.36abc
D1*Ns 53.41a 3.51a 93.47a
D2*No 11.45e 0.49f 12.94f
D2*N1 35.92cd 2.25de 59.98de
D2*N: 42.18bc 2.74bc 73.07bc
D2>*N3 52.38a 3.41a 90.90a
D3*No 7.75¢ 0.32f 8.40f
D3*N3 31.46d 1.92e 51.12e
D3s*N; 43.07bc 2.71bc 72.38bc
D3*Ns 49.02ab 3.17ab 84.52ab
SE (¥) 433 0.223 5.96
LSD (0.05) 8.99 0.463 12.36

Fruit yield (t ha')

Different level of water stress significantly the fruit yield of
tomato (Table 7). The highest fruit yield of tomato (65.63 t
ha') was found from D irrigation at 90% FC. On the other
hand, the lowest (49.23) was observed from D3 treatment
(Table 7). These results suggest that fruit yield of tomato
was severely affected by water stress. Similarly, Ullah et
al., (2016), explained that water stress restricts the nutrient
availability and cell division and nutrient translocation
process which hinder the yield of tomato under water
scarcity.

Significant variation was recorded for different levels of
nutrient management on fruit yield of tomato (Table 8). The
highest fruit yield of tomato (89.63 t ha) was recorded
from N3, whereas the lowest weight (12.39 t ha') was
attained in No. These results suggested that nutrient
management contribute in the fruit yield of tomato. Such
finding might be explained that, nutrient availability
provides a significant role on the photosynthetic activity
and carbon assimilation and translocation in the fruit (Wu
et al., 2018).

Combined effect of water stress and nutrient management
significantly affected the fruit yield of tomato (Table 9). The
present data signified that the maximum fruit yield of
tomato (91.47 t ha?) was attained in the treatment
combination of D;N3, which was statistically identical with
D1iN2, D2Nsand DsNs. The lowest fruit yield 8.40 t ha™ was
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recorded in DsNo treatment that was statistically similar
with the D:No and D:No. Thus the data reveal that the
adverse effect of water stress on single fruit weight in
tomato plant might be due to the ameliorative effects of
organic matter along with STB fertilizer. Under water stress
condition, organic matter increased the water holding
capacity (Wang et al., 2016). Li et al., (2012) and Mahama
et al., (2016) also reported that nitrogen and water required
for photosynthesis and transpiration also increase the
capacity of cereals to mobilize and translocate
photosynthates for grain formation and fruit formation
which significantly increased the fruit yield.

V. CONCLUSIONS

The maximum biomass and fruit yield of tomato plant was
obtained from the treatment receiving irrigation at 90% FC.
Irrigation at 70% FC also provided the similar trends. Water
scarcity (irrigation at 50% FC) severely affected the plant
growth, yield and yield attributes of tomato. The highest
biomass and fruit yield of tomato plant was ensured in the
treatment N3 receiving STB fertilizer along with 6 t ha?
poultry manure. Nutrient deficient condition (No; control)
severely demolishes the plant growth and yield of tomato.
Combined effects of irrigation at 90% FC and nutrient
management by STB fertilizer + 6 t ha™? poultry manure
(D1N3) showed greater biomass and fruit yield of tomato
plant. Thus, nutrient management with STB fertilizer + 6 t
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hal poultry manure might be ameliorating the adverse
effects of water stress on growth and yield of tomato.
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Abstract— Dolomite land occurs across five of the nine South Africa provinces and its vast occurrence and IEI i:::;’!"; mE

distribution makes it difficult to avoid when planning for building projects. Such terrains are generally
associated with the formation of ground instability events (sinkholes & subsidences) causing widespread
damage to infrastructure or loss of life. Under section 24 of the Constitution of South Africa, (Act 108 of
1996), safe environment and protection thereof has been elevated to a basic human right. In the context of
safe land use planning and sustainable infrastructure development, more particularly post-1994, a series
of statutes have been promulgated to provide a legislated framework for building practice in South Africa.

The National Building Regulations and Building Standards (Act 103 of 1977) as amended, and the current
National Building Regulations (NBR’s), have been promulgated to promote uniformity in the law relating
to the erection of buildings in South Africa including prioritizing safe land for human settlement. A key
principles is that if conditions of the land on which a building was or is being or is to be erected, shows
signs of becoming dangerous to property and/ or life, such conditions must be investigated and secured.
However, there seem to be challenges in the practical implementation.

This paper therefore presents a review into the legislation pertinent to building practice to identify possible
gaps, implementation challenges and damaging effects due to inappropriate development of dolomite land.
The research further scrutinizes an influence or lack thereof, of the technical requirements aimed at
ensuring sustainable development on geologically hazard prone terrains.

Keywords— dolomite land, hazard, legislation, implementation, negative effects.
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I.  INTRODUCTION

and Karoo Supergroup or unconsolidated deposits of the

The local and international experience has demonstrated
that advancement in scientific knowledge and strict
implementation of legislated disaster mitigation measures
have the potential to encourage safe development of
geologically unsuitable areas like dolomite (karst) land.

In South Africa, the term “Dolomite Land” refers to areas
underlain directly or at shallow depths (<100 m) by Karst,
e.g. dolomite rock of the Chuniespoort and Ghaap Groups
of the Transvaal Supergroup. It includes areas where
dolomite is covered by younger deposits of Pretoria Group
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Cenozoic age (Buttrick et al, 2001). Dolomite land has a
negative connotation due to its association with damaging
effects of sinkhole and subsidence formation (Buttrick et
al, 2001).

Random occurrence of these ground instability events in
densely populated urban areas is costly and may result in
damage to infrastructure and in extreme cases the forced
relocation of communities or even loss of life (Brink,
1979). According to Guitierrez et al. (2014), impacts and
hazards associated with karst are rapidly increasing as
development expands upon these areas without proper
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planning taking into account the inherent hazards
associated with these environments. However, avoiding
development on such land is practically impossible given
its distribution across five of the nine provinces in South
Africa. Buttrick et al. (2011), stated that between 4 and 5
million South Africans reside or work on dolomite land,
and that the costs to repair karst features far exceeds the
cost of implementing appropriate annual dolomite risk
management and maintenance interventions.

It is in this context therefore, that this research considered
a review into the South African legislation pertinent to
building practice and its influence or lack thereof, to

International Journal of Environment, Agriculture and Biotechnology, 8(6)-2023

sustainable development of cities on geologically hazard
prone terrains like dolomite land.

1. OCCURRENCE AND DISTRIBUTION OF
DOLOMITE LAND

According to Ford and Williams (1992), sinkholes are the
most diagnostic surface expression of karst landscapes and
can be found extensively throughout the world
(approximately 7-10% of the earth land surface has been
classified as karst terrain).
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Fig.1: The occurrence and distribution of dolomite land in South Africa (© CGS,2013)

Given the dolomite land distribution, therefore, avoiding it
is not practically possible. However, undue acceptance of
the risk is also not an option subject to the state’s
obligation in terms of the Constitution. This brings about a
critical question of how the current South African building
legislation has influenced the sustainable land use planning
and infrastructure development on dolomite land including
mandatory reporting of ground instability events.

I11. REVIEW OF THE BUILDING LEGISLATIVE
FRAMEWORK

3.1 The Consitution — Protection of Basic Human Rights

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
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Section 24 of the South African Constitution (Act 108 of
1996), affords all South Africans the right to an
environment that is not harmful to their health or well-
being, and to have the environment protected, for the
benefit of present and future generations, through
reasonable legislative and other measures. This is a
legislative obligation of the state to its citizens. In the
broader context of creating safer environment for the
citizens, the local authorities (municipalities) have a
mandate to deliver basic services (housing, roads, water,
etc.) in a sustainable manner and ensure adherence to
disaster risk reduction principles. A selected list of critical
statutes is presented in Fig. 2.
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The Constitution, Act 108 of 1396
(Section 24 & 151 to 164)

National Building Regulations & Building Standards,
Act 103 of 1977
(Section 4,5, 12 & 17)

Local Gevernment Municipal Systems,
Act 32 of 2000
(Section 12 to 14)

Disaster Management,
Act 57 of 2002
(Section 42, 56 & 57)

Housing Consumer Protection Measures,
Act 95 of 1998
(Section 2 & 12)

South African Natienal Standards & Building Manuals
SANS 634, 1936, 10400 & NHBRC 2015

Fig.2: A selected list of critical statutes governing the
building practice in South Africa.

In terms of Section 151(2), the executive and legislative
authority of a municipality is vested in its Municipal
Council and Section 151 (3) further state that a
municipality has the right to govern, on its own initiative,
the local government affairs of its community, subject to
provincial and national legislation. Municipal status,
objectives, duties and categories are prescribed in Section
151 to 164 of the Constitution. Therefore, municipalities
have the executive and legislative authority to ensure that
their communities are not exposed to an environment that
is harmful to their health or well-being.

3.2 Supporting statutes to the Consitution

To give effect to the state constitutional obligation, a series
of statutes have been promulgated to provide a legislative
framework within which building practice operates in
South Africa and their legislative intent are as follows:

e The National Building Regulations and Building
Standards (Act 103 of 1977 — NBRBS), as amended
is the principal building law in South Africa with a
primary objective to promote uniformity in the law
relating to erection of buildings.

e Local Government Municipal Syatems (Act 32 of
2000 - LGMS), provide for the core principles,
mechanisms and processes that are necessary to
enable municipalities to move progressively towards
the social and economic upliftment of local
communities, and ensure universal access to essential
services.

e Housing (Act 107 of 1997), provide for the
facilitation of a sustainable housing development
process; for this purpose to lay down general
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principles applicable to housing development in all
spheres of government.

e Disaster Management (Act 57 of 2002 — DM),
provide for an integrated and co-ordinated disaster
management policy that focuses on preventing or
reducing the risk of disasters, mitigating the severity
of disasters, emergency preparedness, rapid and
effective response to disasters and post-disaster
recovery.

e Housing Consumer Protection Measures (Act 95 of
1998 — HCPM), make provision for the protection of
housing consumers; and to provide for the
establishment and functions of the National Home
Builders Registration Council; and to provide for
matters connected therewith.

e Infrastructure Development (Act 23 of 2014 — ID),
provide for the facilitation and co-ordination of
public infrastructure development which is of
significant economic or social importance to the
Republic, to ensure that infrastructure development
in the Republic is given priority in planning,
approval and implementation.

e Standards (Act 8 of 2008), provide for the
development, promotion and maintenance of
standardization and quality in connection with
commodities and the rendering of related conformity
assessment services. This act provide the basis for
the compilation and publication of national
standards.

V. CHALLENGES FACING THE BUILDING
LEGISLATION

4.1 The Building Legislation and Regulatory Process

Various sections of Act 103 of 1977, provide the basis for
the establishment of regulatory process(es) in the building
practice. In the context of regulating the building process,
Section 4 stipulates that “no persons shall without prior
approval by local authority, erect any building”, Section 5
states that “local authority shall appoint a person as
building control officer”, Section 12 states that “if
conditions of the land poses danger to life or property,
such condition must be investigated and secured” and
finally, Section 17 “provide for the establishment/
publication of the National Building Regulations (NBRs)”".

The NBRs stipulates functional requirements that the
proposed design or construction of the building must
satisfy prior to approval by the local authority. According
to the current deemed-to-satisfy standard for development
of dolomite land, the South African National Standard
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(SANS) 1936:2012, “An application for land use rights,
made to any relevant authority, shall include a sufficient
level of information to provide confidence in the presented
determinations” and “The philosophy to be applied in the
design of the foundations is that there shall be sufficient
structural integrity and stability to allow occupants to
safely escape in the event of sudden loss of support below
the foundations of the structure”. This is based on the
requirement to identify a hazard, determination of an
Inherent Hazard Class (IHC), selection of permissible land
use types and appropriate risk mitigation measures for
each dolomite site to be developed.

South Africa’s past experience on the impact of sinkhole
and subsidence formation has enabled the formulation of
scientifically based building principles. These principles
are detailed in scientific publications like Jennings et al.
(1965), Brink (1979), Buttrick and van Schalkwyk (1995),
Buttrick et al. (2001) and Buttrick et al. (2011), and have
since been adopted into the relevant deemed-to-satisfy
standards like SANS 1936 and SANS 10400. These are
published under the Standards (Act 8 of 2008), giving
them the mandatory status. In addition, the National Home
Builders Registration Council (NHBRC) has been
established under Section 2 of the Housing Consumer
Protection Measures Act (Act 95 of 1998) to ensure added
protection of housing consumers. Section 12 of this act
states that the NHBRC must publish a Home Building
Manual containing technical requirements and guidelines
with which registered home builders shall comply, i.e. Part
13 of the NHBRC 2015 Home Building Manual.

The current South African building regulatory system is
generally a “Performance-Based System” in nature and it
prescribes a set of principles needed to satisfy the
functional requirements. Deemed-to-satisfy standards
define the technical requirements (investigation, analysis,
mitigation measures and risk management, design and
construction methods) for a building project to satisfy,
which if enforced and complied with, will ensure
adherence to functional requirements and ultimately, the
protection of basic human rights. Watermeyer et al (2008)
described a four level performance based regulatory
system which has formed the basis for the development of
a national standard for the development of dolomite land.
A summary of the current performance-based building
regulatory system in as far as it relates to building on
dolomite land is presented in Fig. 3.

The challenge is however that not all areas are the same in
terms of the geological, geotechnical, hydrological or
climate conditions that may influence impact of sinkholes
and subsidence formation, and neither are all areas equal in
terms urbanisation or development density. Accordingly,
Section 4 and 12 of the Act 107 of 1977 establish a single
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building approval authority (the local sphere of
government) aimed at ensuring consistent compliance to
the functional requirements to investigate dangerous
ground conditions. Furthermore, Section 5 gives only the
local sphere of government the authority to a person
“building control officer” to administer the NBRs
functional requirements, and control the on-site activities
on building projects within their area of jurisdiction. In
this context, only the local sphere of government has the
executive and legislative authority to approve building
projects or enforce the NBRs.

Constitutional Intent (Act 108 of 1996):
*People live and work in a safe environment
*Damage to property is within tolerable limits
*There is sustainable land use planning and

development

Level 1
Objective/ Goal

Specify Requirements (Act 103 of 1977 & NBR’s):

Stability of dolomite land must be investigated
*High hazard areas must be identified and delineated

*Dolomite land planned for development shall present
acceptable risk of sinkhole and subsidence formation

Specify Procedures (Deemed-to-satisfy rules):
*Determine the IHC for sites on dolomite
oSites shall have a Tolerable Hazard, i.e. <0.1 events
per hectare in 20 years
*Specify permissible land use type, densities and risk
mitigating measures

Monitor & Confirm Performance:
*Monitor compliance with perfomance requirements
*Confirm development, supervision by a competant
person and reporting to a central database
sEstablish, implement and maintain a Dolomite Risk
Management Startegy (DRMS)

—_—

Fig.3: Summary of a performance-based regulatory system
(modified from Watermeyer et al., 2008)

However, other provincial and national departments
including private entities may implement “Strategic
Integrated Projects (SIPs)” under the Infrastructure
Development (Act 23 of 2014) without prior consultation
or approval by the local authority. Therefore, this
duplication of responsibilities in the building regulatory
process suggests that the current legislative framework
contains some gaps and/ or conflicting legislative
authority. In practice, this may lead to a dereliction of
some building functional requirements as stipulated in the
NBRs, which could potentially give rise to implementation
challenges and negative effects due to inappropriate
development on geologically hazard prone areas including
dolomite land.

4.2 The Building Legislation and Regulatory Gaps

Despite the constitutional intent in terms of Section 24 of
the Constitution and Section 12 of Act 103 of 1977 to give
effect to the constitutional principles as these relates to
safe erection of buildings or a requirement to investigate
dangerous land conditions, but there are problems in the

14


https://dx.doi.org/10.22161/ijeab.86.2

Ngubelanga and Van Rooy

building practice. These problems are characterised by
either inconsistent enforcement of the NBRs functional
requirements at the decision making level and/ or the
duplication of responsibilities in the building regulatory
process.

For example, the deemed-to-satisfy rules like those
stipulated in SANS 1936 or NHBRC 2015 Home Building
Manual are generally not enforced during the formulation
of Integrated Development Plans (IDPs) by the relevant
state authorities. This often leads to the proclamation of
townships on geologically hazard prone terrains without
prior due considerations of the prevailing ground
conditions. A review into the pertinent building legislation,
therefore, suggests that there are gaps in the current
building legislation and regulatory process as summarised
in a schematic representation, Fig. 4.

In broad terms, the acceleration or exemption of the SIP’s
from the normal building regulatory process suggests
possible omission of some functional requirements as
stipulated in the principal building law. As such, the
building practice is exposed to a risk of having building
projects endorsed under the provisions of the Act 23 of
2014 and without prior due considerations of the possible
dangerous ground conditions.

However, SIPs are not the only building projects
implemented under an accelerated approach, subsidy
housing built under the Reconstruction and Development
Programme (RDP) are often exempted from adhering to
the normal building regulatory process because political
targets often supersedes the legislative intent, especially
during election periods.

Therefore, the dereliction of a legislative intent across all
spheres of government based on economic, social or
political importance has the potential to render NBRs
functional requirements redundant. Such gaps in the
regulatory process could mean that, although the pertinent
building legislation prescribes necessary functional
requirements for civil engineering or building projects, but
in practice, infrastructure and human exposure to risks
associated with development of geologically hazard prone
terrains, including dolomite land, is not adequately
addressed.

4.3 The Building Legislation and Implementation
Challenges

The past building legislation failed to force the state to
invest into the geological or geotechnical studies aimed at
reducing the impact of disaster risks on geologically
hazard prone areas earmarked for development. In reality,
the problem still persists today meaning that the current
constitutional intent to articulate societal needs and
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expectations is deferred. Geological unsuitable areas are
being developed without prior due considerations of the
prevailing ground conditions. This situation has created
and continues to create hostile legacies for citizens to bear
and the State to address. In the context of safe
development of dolomite land, Buttrick et al. (2001),
published a modified version of the “Method of Scenario
Supposition”, which has since been adopted into the SANS
1936 for development of dolomite land. This method
requires that a hazard be identified, associated risk
assessed and quantified, i.e. Inherent Hazard Class (IHC 1-
8) and a D-Classification (D1-D4) be assigned prior to a
decision on appropriate development types on dolomite
land.

SANS 1936 demonstrates great scientific advancements
which strive to bridge the gap between the existing
scientific knowledge and the applicable legislation for
consideration during the compilation of IDPs driving the
spatial planning process.

According to SANS 1936 any organisation, department,
state entity or individual owner that develops a parcel of
dolomite land shall ensure compliance with the provisions
of the relevant sections in Part 4.

Therefore, there is a need to discuss possible sources for
non-compliance to functional requirements and to evaluate
how these can be managed. As such, the capacity (fiscal &
technical) of the approving organs of state and local
authorities to implement NBRs functional requirements
needs urgent attention and any identified capacity gaps
must be addressed. As discussed above, building
legislation in its current form is not particularly effective
when used for decision making in land identification for
development and is not responsive to pre- and post-
developmental requirements for geologically hazard prone
terrains.

This results in authorities identifying terrains like dolomite
land unsuitable for certain land use types where risks
cannot be economically mitigated years after a completed
construction phase. However, avoiding dolomite land for
development is also not an option. In practice, lack of
consistent implementation of building legislation is
considered to emanate from challenges set out in Table 1.
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Legislation
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Fig.4: Summary of the building legislation and regulatory process

4.4 The Building Legislation and Damaging Effects

According to Buttrick et al. (2011), 4 to 5 million South
Africans reside or work on dolomite land. In addition,
South Africa has 46 of its 278 (17%) municipalities either
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directly underlain by dolomite rock at surface or have a
portion of dolomite land within their area of jurisdiction.

The latent danger of such terrain on infrastructure,
including impact on the social well-being of citizens and
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exposure to elevated frequency of ground instability events
are well established in the scientific literature like Jennings
et al, (1965), Bezuidenhout and Enslin (1969), Brink
(1979), Kleywegt and Pike (1982), De Bruyn and Bell
(2001) and Buttrick et al, (2001).

Buttrick et al, (2011), also refer to the relocation of a
community of 30,000 households on dolomite land being
relocated to safer ground in an area west of Johannesburg.
Furthermore, South Africa should have gained adequate

International Journal of Environment, Agriculture and Biotechnology, 8(6)-2023

experience from the sinkhole and subsidence catastrophes
of the 1960’s to 1970’s as detailed in Brink (1979),
Wolmarans (1984 & 1996) and Richardson (2013) to
justify appropriate amendments to the current building
legislative framework.

Identified gaps in the legislation and implementation
challenges may have contributed to the continued
destruction of infrastructure in particular, due to the
formation of sinkholes as shown in Fig. 5.

Table.1: Challenges prohibiting the consistent implementation of building legislation.

No. | Description of Comment
Challenge

1 Silo Practice Lack of a broad partnership across spheres of government, departments or state entities involved in
building projects.

2 Capacity Lack of capacity (fiscal & technical) at the local sphere of government, i.e. local authority
responsible for administration of the NBR’s requirements, control of the on-site activities and
compliance to building regulatory process.

3 Division of More than one state entity or department has the legislative authority to implement building

Responsibilities | projects using the provisions of different statutes, i.e. Act 103 of 1977 versus Act 23 of 2014.

4 Political and Interference by executive authority on building processes and administrative instability at key
administrative organs of state like municipalities or implementing departments could lead to the dereliction of
Issues critical regulatory requirements.

5 Public Lack of understanding of the dolomite land by the general public (planners, policy & decision
Awareness makers, developers, etc.) often leads to difficulties in regulating a building process. Any effort to

regulate dolomite impacts must begin with data collection and education.

Fig.5: Examples of sinkhole impact associated with dolomite land in South Africa (© CGS Database)

V. CONCLUSION

A comprehensive legislative framework established to
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regulate and promote uniformity in law relating to erection
of buildings including the associated infrastructure exists
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in South Africa. This is in accordance with the
constitutional intent to protect basic human rights and to
create an environment that is not harmful to the health or
well-being of the citizens. Therefore, good legislation and
policies have been promulgated in South Africa post-1994.
However, it is also imperative to consider that without
proper implementation good legislation serves no useful
purpose.

A review of the applicable legislation in the context of
building practice suggests that building legislative
framework in its current form contains some gaps. These
may have led to the implementation challenges and the
continued damaging effects to property or infrastructure as
summarised in Fig. 6. Buttrick et al. (2001), stated that
sinkholes are generally of limited areal extent (diameter
<100 m), but can manifest within minutes and without
warning. In light of the identified gaps in the building
legislation and implementation issues, it is concluded that
communities residing on or cities built on dolomite land
without due consideration of the pertinent functional
requirements may be exposed to an unexpected risk of
sinkhole formation. It is also crucial to consider that
avoiding dolomite land for development is not practical
and therefore, amendments to the current building law,
promulgation of unambiguous policies and by-laws
preventing approval of small (<1000 m?) residential stands
within 50 m distance from high risk areas or known
ground instability events is necessary.

LEGISLATIVE GAPS

- Act 103 of 1977 versus Act 23 of 2014.
- Multiple approval authority for building projects.

- Duplication of the executive and legislative authority

in the law relating to approval of building projects.

IMPLEMENTATION ISSUES
- Silo practice.
- Division of responsibilities in the regulatory process.
- Potential political interference.
- Lack of capacity resulting in non-compliance.

- Lack of public awareness about geological hazards.

DAMAGING EFFECTS

- Formation of ground instability events.

- Damage to housing and infrastructure.

- Forced relocation of the affected communities.

SUMMARY OF CHALLENGES FACING THE SOUTH AFRICAN BUILDING PRACTICE

- Distruction of social and financial stability.

Fig.6: Summary of possible challenges facing the building
industry in South Africa
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In conclusion, a commitment to implement legislated
functional requirements by decision makers, state organs,
bulk service providers, contractors and individual site
owners is central to the idea of sustainable development.
Effective influence of the building legislation is also
dependent on this commitment and failure by those
involved to agree on the appropriate solutions could mean
that the constitutional intent to protect basic human rights
remains an academic concept. A closer interaction between
geo-scientists and the decision makers (officials), more
specifically at local sphere of government, is crucial in
order to improve their mutual understanding of building
regulatory processes and reduction of disaster risks on
geologically hazard prone terrains. Furthermore, the
interactions shall be aimed at improving the understanding
of the link between spatial planning, sustainable
infrustructure development, geohazards and disaster risk
reduction.

Therefore, the recommendation is that, relevant sections in
the Act 103 of 1977 be amended to stipulate that “no
major development, expansion of existing development or
township proclamation is permitted unless appropriate
geohazard assessment studies have been conducted” and
Act 57 of 2002 be amended to stipulate “guiding principles
for funding of pre-disaster Geological Hazard Mitigation
Plans” in response to the United Nations disaster risk
reduction principles. The recommendations are made with
an observation that the current building legislation has
rather created a situation where the state responsibility to
secure dangerous ground conditions has been relegated to
an individual site developer. Relegating government
functions to the private sector (property developers) and
individual home/ site owners is dangerous.
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Abstract— The guarantee of grain yield is an important issue for national security. Wheat is one of the
main grain crops in China, and monitoring the spatio-temporal changes in its planting area and yield has
important implications for decision-making support. With the development of remote sensing technology,
estimating the long-term changes in the area of wheat planting has become a vital agricultural monitoring
method. This article uses GF-1 satellite WFV sensor data to estimate the wheat planting areas in Xinye
County, Henan Province in 2017, 2020, and 2023, mainly using SVM algorithm for calculation and
comparison. After classification, the overall classification accuracy reaches over 95%, and the Kappa
coefficient is above 0.95. The results show that the winter wheat planting area in Xinye County has shown
an increasing trend over the past six years, from 34296.295 hm? in 2017 to 56914.662 hm? in 2023. By
analyzing and summarizing the changes in regional crops, it has an important contribution to regional
production and agricultural evaluation decision-making.

Keywords— Support Vector Machine (SVM), Winter wheat; Spatial and temporal distribution, Dynamic

changes, Agricultural remote sensing
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. INTRODUCTION

intuitive and improving efficiency through timeliness and

Winter wheat is an important grain crop in China, and
Xinye County, Henan Province, is a major grain producing
county. Obtaining its agricultural spatial distribution

information is of great significance for the local
agricultural informatization and professional intelligent
development. Traditional agricultural surveys require a
significant amount of manpower, material resources, and
time costs, and the final results cannot reflect spatial
distribution information. The use of computer technology

can further reduce costs, making survey results more
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visualization. Using remote sensing satellite data to detect
crops in planting areas can meet the timely and long-term
estimation needs of large areas. By analyzing data from
multiple periods, resolutions, and sources, data on crop
distribution, area, and yield estimation can be effectively
obtained.

The research on grain estimation using agricultural
remote sensing is to effectively distinguish monitored crop
categories from other land features through algorithms and

thresholds. The commonly used method is to establish
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thresholds by normalizing vegetation indices to distinguish
wheat from other land features. For example, Zhao et al.
(2012) used the monthly normalized vegetation index to
establish a linear model for winter wheat yield, which can
effectively, quickly, and accurately estimate winter wheat
yield [1]; Hao et al. (2017) used the normalized vegetation
index as a threshold to segment and extract winter wheat,
and calculated the area, achieving good results [2]; Liu et
al. (2019) established a yield estimation model using
normalized plant mean based on the annual average yield
of rice, achieving remote sensing estimation of rice yield
[3]; Ren et al. (2006) selected NDVI data ranging from 0.2
to 0.8 during the critical growth period of winter wheat
and established their relationship with winter wheat yield,
obtaining yield estimation data with an error of within 4%,
which has high accuracy [4]. In addition, there are also
methods for analyzing and identifying crops using multi-
source data: for example, Feng et al. (2023) used
multivariate remote sensing data to analyze Sentinel-1
SAR images and Sentinel-2 optical remote sensing images,
and used SVM algorithm to achieve an overall
classification accuracy of 94.3% [5].

Furthermore, different algorithms can also be used to
better classify crops on the surface. For example, Sun et al.
(2017) used different algorithms for supervised
classification and compared the characteristics of six
classification methods. The results showed that the
producer and user precision of each classification method
had different differences and could not be applied to all
types of land objects. Each classification method had
different advantages in different land object categories.
Among them, the maximum likelihood classification
(MLC), support vector machine (SVM) classification, and
artificial neural network (ANN) classification have better
overall classification accuracy and Kappa coefficient [6].
Many studies have shown that SVM has good advantages,
for example, Sun et al. (2013) used SVM algorithm to
monitor land use and cover changes in the Abihu Lake area
in 1990, 2001, and 2011, and concluded that SVM
classification method is the optimal classification method
[7]; Guo et al. analyzed and evaluated six classification
methods, including SVM, and concluded that the accuracy
of SVM based classification methods is higher than other

classification methods through comparative analysis of
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classification experimental data; Chen et al. (2019) used
multispectral images as the basis to train and effectively
recognize landslide sample points in remote sensing
images using landslide area SVM detection models [8]; Zu
(2018) processed the remote sensing images of Zhuhai in
Phase III, used SVM algorithm for land and water
separation, and conducted cross processing on the results.
The extracted coastline was analyzed to obtain the coastal
construction changes of Zhuhai in the past decade [9];
Zhang et al. (2016) used SVM algorithm to classify
wetland water bodies, and the results showed that SVM
has higher accuracy in various aspects than traditional
methods, making it very suitable for wetland information
extraction and monitoring in arid areas [10]. In addition,
the SVM classification method has been repeatedly tested
as a mature and high-precision classification algorithm.
The selection of remote sensing data is mostly based
on Sentinel and Landsat series satellites. However, in
recent years, with the continuous improvement of
domestic satellite level, high resolution series satellites
have gradually been widely used. In terms of spatial
resolution, medium and low resolution satellites have
certain advantages in terms of breadth and temporal
resolution, which have good benefits for large research
areas. At the same time, they can compare the ground
conditions of different years and the same time period,
which can improve the requirements for temporal
resolution. Based on this, this study is using the SVM
classification algorithm, mainly using data from the GF-1
satellite WFV sensor with a spatial resolution of 16 meters.
Xinye County is selected as the study area, and the
distribution of winter wheat crops for three years is
extracted and land use change statistics are conducted to
analyze the area change of local grain crop cultivation, in

order to obtain visual spatial information of crops.

1. STUDY AREA AND DATA SOURCES
2.1 Study Area

Xinye County is located in the southwest of Henan
Province (112° 12" 44"~112° 35’ 42" E, 32° 19
30"~32°49" 08" N), with a total administrative area of
1062km? (Figure 1). It belongs to the northern subtropical
monsoon climate, with an average annual temperature of

16-17°C, an average annual precipitation of 800-900mm,
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and an average annual frost-free period of 227 days. In

summer, the temperature is high, precipitation is
concentrated, and drought and flood disasters are frequent.
In winter, it is dry and cold, with a small amount of rain
and snow. Due to its location in the transitional zone
between the north and south of China, the transition zone
has obvious characteristics: a warm and humid climate,
distinct seasonal changes, a long frost-free period,
sufficient solar radiation, and being suitable for wheat
growth, making it a key area for agricultural development
in China. Xinye County is located in the hinterland of the
Nanyang Basin, with a flat and vast terrain and an average
elevation of around 100m. It is the only county in Nanyang
City that does not have a mountainous distribution. There
are two main rivers within the territory: the Bai River and
the Tang River, as well as numerous tributaries. The river
generally passes through the county town from north to
south and finally enters the Han River in Hubei, returning

to the Yangtze River basin.
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of Xinye County can reach 533000 hectares, with a total
yield of 3.25 billion kilograms, accounting for 11% of the
yield in Henan Province and 1% of the national yield. It is
truly a major grain county.
2.2 Data Sources

The remote sensing data source of this study is the
GF-1 satellite WFV sensor data from the China Resources
Satellite Application Center in 2017, 2020, and 2023
(https://data.cresda.cn/#/home). In  the
LANDSAT-8 L2 data was also used for geographic
registration of images at different time resolutions, while
ASTER GDEM 30M resolution DEM was used, which
data

experiment,

was sourced from the geospatial cloud
(https://www.gscloud.cn/home).

This article is based on ENVI software, after radiation
correction, and uses the Atmospheric Correction Algorithm
Tool (FLAASH) to produce available GF-1 series satellite
data covering the Xinye County area in 2017, 2020, and
2023.

The ROI sample data is produced by combining the
sample data with human visual interpretations of Google
Earth high-resolution images. The classification of this
study is divided into four types: water body, wheat,
buildings, and bare land. Images at different times are
compared and modified to avoid changes in the selected
pixels at different times, which may affect the accuracy of

the classification data.

1. METHODOLOGY
The analysis image in this article is based on the GF-
1/WFV satellite image with a 16m resolution spectral band
as the main data source, assisted by Landsat-8 L2 level
data. Sample data is constructed by identifying the spectral
features of different land features, and SVM classification
algorithm is used to conduct research using a human-
machine interaction interpretation platform. The winter
wheat planting information in the Xinye County area in

2017, 2020, and 2023 is obtained (Figure 2).
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3.1 Obtaining ROI Sample Data

Due to the changes in the distribution of surface
features in different years, except for rivers that have
remained almost unchanged for six years, the planting of
crops in different fields varies each year. The changes in
bare land and wheat planting areas are significant, and
manual sample data extraction is required for images from
different years to establish training samples for subsequent
interpretation. After repeated experiments and reference to
other studies, a false color band combination of 432 was
finally used for the production of ROI samples (Table 1).
Under this band combination, the surface wheat showed a
bright red color, while the bare ground showed a gray blue
color, the buildings and roads were turquoise green, and
the water body was black. Various objects can be
distinguished well, which is helpful for the identification
of objects and the production of sample areas, and can

reduce the time cost of object identification.

Table 1 Ground Feature Characteristics of GF-1 Imagery in the False Color Band

Type Characteristic

True color

False color

Dark green or green
appears in true colors,
Wheat and red or orange red
appears in false color
combinations.

The colors presented in

Water true color and false color
body are similar, both being
black.

True color appears in
Bare yellow, while false color
land appears in blue. There is
a difference in brightness.

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.orq/10.22161/ijeab.86.3

23


https://dx.doi.org/10.22161/ijeab.86.3

Sietal.

International Journal of Environment, Agriculture and Biotechnology, 8(6)-2023

True colors appear in

blue and white, with e

significant variations in
brightness, while false
colors appear in cyan
with higher brightness
cyan.

Building

The sample selection in the ROI area should cover the
entire study area as much as possible, and the distribution
of different types should also follow the principle of
average distribution; Furthermore, the amount of image
sample data in different time periods should be as close as
possible to prevent significant differences in algorithm
classification due to differences in sample data. Among
them, the selection of water samples remained basically
unchanged; The changes in buildings are also relatively
small, with the addition of some roads and building areas
in 2023; The selection of samples for bare land and wheat
has relatively significant changes, and it can be observed
from the images that the range of bare land has decreased,
so the selection of samples has gradually decreased. The
opposite is true for wheat samples (Table 2). The average
separation degree of the sample pixels extracted based on
the above principles is above 1.93, which meets the
requirement of separation degree above 1.8.

Table 2 Sample Data Pixel Table (Unit: piece)

2017 2020 2023

Water 7108 7328 7012
body

Building 7746 5944 7852

Bare land 6230 5978 5630

Wheat 12420 13433 16513

3.2 SVM Classification Algorithm

Support Vector Machine (SVM) is a class of
generalized linear classifiers that perform binary
classification of data using supervised learning. Its
decision boundary is the maximum-margin hyperplane that
solves the learning sample. The algorithm logic is to
transform the analyzed dataset into a high-dimensional
new space through nonlinear algorithms, and in the new
space, classify the dataset through algorithms to achieve
nonlinear discrimination. The basic principle of SVM
classification is to set x; € R% as the input mode on a
sample dataset, and y € {1} as the output target. Let the
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The weight vectors w and b offset must satisfy
constrainty;(w'x; + b) = 1 — §;. In the formula ; is the
slack variable of the sample under linearly indivisible
constraints, and is the degree to which the pattern deviates
from the ideal situation. The essence of SVM is to fit
multiple hyperplanes into one, separate two types of data,
and find a decision surface that minimizes the average
classification error of all data. Based on this, the

optimization formula is derived as follows:

o(w,é) = %WTW +eX & )

Among them, ¢ represents a positive parameter
specified by the user, which is used for SVM to support
the punishment of sample correctness and error. It is a
parameter that balances the complexity of the algorithm
and the proportion of error samples. By balancing the
complexity and learning cost of classification with limited
samples, good classification results can be achieved [11-
13].

3.3 Precision Evaluation

The confusion matrix is the commonly used method
for evaluating the accuracy of remote sensing
classification. The classification results are quantitatively
rated based on classification accuracy, Kappa coefficient,
and other specific values. The calculation formula for

Kappa coefficient is as follows:

kappa = L RS 3)

1-pe

sum of diagonal elements

Where p, = , which is the

sum of matrix elements
consistency observed between the two sample data;

Pe =

Y.i Sumof elements inthe i—throw x Sum of elements in the i—th column

Z
(Y, All elements of the matrix)

, which is the consistency of opportunities between two
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samples.

The Kappa coefficient is obtained by combining
different precision parameters, with values between [-1, 1].
The closer it is to 1, the higher the consistency of

classification and the better the classification effect.

V. ANALYSIS AND RESULT

4.1 Winter Wheat Extracted by SVM Algorithm

Based on the requirements of average distribution in
the study area, average number of sampling points, and
average distance of sampling points, the sample data was
created and classified using the SVM algorithm to obtain
the classification of ground objects at different time
resolutions (Figure 3). The water body has more obvious
features in the false color image, and the overall separation
degree is good, which is the blue part in the figure.
However, the variation between buildings and bare land in

the frequency band is relatively small, and there are bright
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pixels in both the bare land and buildings in the false color,
which affects the classification results of the algorithm, as
are the white and orange parts in the image. Finally, winter
wheat performs particularly well in the frequency band,
making it relatively distinguishable from bare land and
buildings, as shown in the green part of the image.

The accuracy verification part involves manually
selecting test sample points and evaluating classification
accuracy. Ultimately, the overall classification accuracy of
images in 2017, 2020, and 2023 can reach over 95%, and
the Kappa coefficient remains above 0.95. According to
the quantitative rating system, it is closer to "1", indicating
good overall classification performance. However, due to
the optical resolution of the image, the classification
results of smaller-scale features are not obvious, but their
errors are still within an acceptable range, which has little

impact on the overall research data.

Fig.3 Comparison of Remote Sensing Images and Classification Results

4.2 Analysis of Dynamic Changes in Winter Wheat
According to the classification results of the SVM
algorithm, the distribution map of winter wheat planting
areas in the study area was obtained, and it can be clearly
observed that the winter wheat planting areas in Xinye
County increased year by year from 2017 to 2023 (Figure
4). In 2017, there were also significant scattered patches in
the wheat planting area, without a large-scale contiguous
planting area. By 2023, it has been connected as a large-

scale planting area. According to satellite image analysis,
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the added area is the original bare land area. The central
part of Xinye County is the county seat, and the overall
area has not changed much. In 2017, there was a large
amount of bare land in the north and south of the county
town, and some wheat fields were interspersed among
them, resulting in a large number of scattered wheat field
areas. By 2023, a large amount of wasteland in the south
and north will be reused, resulting in a significant increase

in wheat cultivation areas.
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Legend

B 2017

Fig.4 Temporal and Spatial Changes of Wheat Planting Areas in Xinye County

Using ArcGIS tool to conduct area statistics on the
winter wheat planting areas in Xinye County for three
years (Figure 5), the analysis shows that the total area of
Xinye County is 106200 hm?, and the winter wheat area in
April 2017 was 34296.295 hm?, accounting for 32% of the
total area of the county; In April 2020, the winter wheat
area was 46113.737 hm?, accounting for 43% of the

county's total area; The winter wheat area in April 2023

60%
50%
40%
30%
20%
10%
0% 2017
mmm Vinter wheat
area (hm2)
Percentage of

34296. 295

32%
county area

was 56914.662 hm?, accounting for 54% of the entire
county. The area of wheat planting areas has been
increasing year by year, and the upward trend is obvious.
At present, a circular surrounding planting area centered
around the county town and river has been formed. The
expansion of winter wheat cultivation in the future can
develop into a large number of bare land near the river

north of the central county town.

60000
50000
40000
30000
20000
10000

2020 2023 0

46113. 737 = 56914. 662

43% 54%

Fig.5 Changes in Winter Wheat Planting Area in Xinye County

V. CONCLUSION
This article uses the GF-1/WFV sensor image to
extract the distribution information of winter wheat crops
in Xinye County, Nanyang City, Henan Province in 2017,
2020, and 2023. High resolution satellite images are used
as reference values to establish sample area (ROI), and

accuracy verification is conducted to assist in dividing four
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different types of feature pixels within the research area.
SVM algorithm is used to classify and extract the
distribution information of winter wheat crops from the
WFV sensor, and the area is calculated. The final
extraction effect meets the accuracy requirements. The
main focus of this study is to verify the effectiveness of

GF-1 imaging combined with SVM algorithm.
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The overall classification accuracy of the SVM
algorithm in this study is 95%. In the face of a small
number of categories, moderate area, small terrain
fluctuations, and relatively significant spectral differences
of the research object, it has produced good results, and the
visual effect is also relatively good. From the research
process, the SVM algorithm has relatively high
requirements for selecting research samples, and under
better sample conditions, the classification effect will be
better. In the study, the spectral differentiation between
bare land and buildings was relatively low. As a result, the
classification of the two types of features was unclear, but
it did not affect the classification and extraction of winter
wheat.

In terms of agricultural monitoring and analysis, the
winter wheat planting area in Xinye County has been
continuously increasing in the past six years, reaching 54%
of the total county area in 2023. By utilizing a large
amount of potential land, the planting area of food crops
has been increased, ensuring food production.

This article obtained better classification results in a
small scale, and in future research, it can be attempted to
use SVM algorithm to study winter wheat in large areas
and verify its effectiveness in large-scale space. Overall,
this study utilizes remote sensing data sources and
technology to monitor agricultural crop yields, which will
help China achieve the goal of digitalization and
intelligence in agriculture and move towards intelligent

agriculture.
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Abstract— Technical efficiency and socioeconomic factors have a significant effect on the productivity of Ei“""mlil

oil palm farming. Therefore, this study aimed to analyze technical efficiency and the influence of socio-

economic factors on oil palm farming. Sampling was conducted using the Simple Random Sampling *SF’I
':.;'l'l;.t

method. The data used are primary data and secondary data. The analysis method used is descriptive
analysis and Stochastic Frontier production function analysis with MLE method. The results showed that E"i‘ gl:'_ﬁ
the average land area of farmers in oil palm plantations was 3.9 ha with an average productivity of 14,638 o

kg/ha. Production factors that have a significant effect on production are land area, NPK fertilizer, Urea
fertilizer and Dolomite. While those that do not have a significant effect are labor and herbicides. The level
of technical efficiency achieved was the lowest 0.81 and the highest 0.95 and with an average of 0.86>
0.62 which means that farming is technically efficient. Socio-economic factors such as variables of age and
distance from the farm to the farmer’s house have the potential to reduce technical inefficiency but have no
significant effect and variables that have a significant effect are variables of experience, education, and
activeness in farmer groups while factors that increase technical inefficiency that have a significant effect

are variables of land area.

Keywords— Self-help Pattern, Production Inputs, Production Response, Technical Efficiency, Socio-

economic, Technical Inefficiency.

I.  INTRODUCTION

Oil palm is a major export commodity that has many
benefits for the Indonesian economy. The development of
oil palm plantations began in 1969 when the Indonesian
government established the State Plantation Company
(PNP) with investment funding by the World Bank The
Asian Development Bank. Since the beginning of the
growth of oil palm in Indonesia, oil palm plantations are
still dominated by large private and state plantations.
However, over time smallholder plantations began to
experience rapid growth.

Data (Ditjenbun, 2021) states that the productivity of
smallholder oil palm plantations in 2019 was 3.24 tons/ha,
this figure is still below the national average of 3.97

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.orq/10.22161/ijeab.86.4

tons/ha. This means that smallholder plantations are still
relatively low and still have the potential to further
increase their productivity. Smallholder oil palm
plantations in Indonesia still need more attention to be able
to increase their productivity.

Jambi Province is the seventh largest palm oil
producer in Indonesia with a total oil palm plantation area
of 1,034,804 ha and produced 2,884,406 tons in 2019
(Ditjenbun, 2021). Based on the data, around 62.98
percent of oil palm plantations in Jambi Province based on
control in 2019 were People's Plantations (PR), PBN was
1.97 percent, and PBS was 35.05 percent.

In 2019, Muaro Jambi Regency was one of the centers
of oil palm farming in Jambi Province with the largest
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total area of smallholder oil palm plantations in Jambi
Province, which was 125,888 ha or 19.32 percent of the
total area of smallholder oil palm plantations in Jambi
Province, and occupied the second position for the area of
Producing Plants (TM) of oil palm plantations with an area
of 94,791 ha. Muaro Jambi Regency also has the largest
number of oil palm farmers in Jambi Province with 57,714
families. However, oil palm productivity in Muaro Jambi
is still low compared to other districts, reaching only 2,575
kg/ha. One of the sub-districts that has the largest
smallholder oil palm area and the highest production in
Muaro Jambi Regency is Sekernan Sub-district, but its
productivity is still relatively low, reaching only 2,661
kg/ha. Judging from the Sekernan sub-district oil palm
area, its productivity still has the potential to be increased
again.

The low productivity of oil palm farming in Sekernan
District can be caused by inefficient use of inputs. The use
of production inputs such as land, seeds, fertilizers and
labor should be carried out properly and efficiently so as to
provide benefits to farmers because it will produce high
productivity. Productivity is said to be high if the farm
produces maximum production with a minimum
combination of inputs. (Tajerin & Mohammad, 2005)
states that studying technical efficiency is the same as
studying productivity. A high level of technical efficiency
will reflect high productivity because technical efficiency
cannot be separated from the optimal combination of
production factors.

Technical efficiency analysis is also carried out to
determine technical factors that can affect the managerial
ability of farmers to produce efficiently, which can
increase the profit of the farmers themselves. Oil palm
farming that is still not technically efficient is thought to
occur because it is constrained by the risk of socio-
economic uncertainty of farmers which causes technical
inefficiency. Technical efficiency is closely related to
technical inefficiency because technical inefficiency is the
residue of technical efficiency. Not achieving technical
efficiency is caused by sources of inefficiency both
socially and economically.

1. RESEARCH METHOD

This research was conducted in Sekernan District,
Muaro Jambi Regency. This research location was chosen
purposively with consideration of oil palm farming as a
source of family income in the area. This research was
conducted in Gerunggung Village. The village was
selected with the consideration that it has a high area but
low oil palm production. The objects used in this study
were independent oil palm farmers. The number of
samples used was 60 farmers with plant age groups based
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on (Fauzi, 2012) namely 3-8 years, 9-13 years, 14-20
years, and 21-25 years. Sampling method using Simple
Random Sampling. This study uses primary data obtained
directly from independent oil palm farmers through a
direct interview system using a questionnaire. The scope
of this study is limited to determine the use of production
inputs that affect the production produced. To analyze
technical efficiency with the stochastic frontier method is
done through two stages, namely the analysis of the actual
production function and the analysis of the potential
production function (frontier), then the ratio between
actual production and potential production is the level of
technical efficiency which ranges from 0 to 1.

The first stage is to analyze the actual production
function using the Ordinary Least Squares (OLS) method.
At this stage, estimating technology parameters and
production inputs (B_m) using the Ordinary Least Squares
(OLS) method. Parameter estimation with the Ordinary
Least Square (OLS) method is used to provide an
overview of the average performance of the oil palm
farming production process in Gerunggung Village at the
existing technology level. The form of the actual
production function with the OLS method is as follows:

The second stage is to analyze the frontier production
function with the MLE Method. At this stage, the overall
parameters of the production factor (), intercept (), and
variance of the two error components vi and wui are
estimated using the Maximum Likelihood Estimation
(MLE) method. The Maximum Likelihood Estimation
(MLE) method is used to describe the best performance of
the farm at the existing technology level. Mathematically,
the stochastic frontier function is expressed in the
following equation:

Y=Xi+()
The transformation form of the Stochastic

Frontier function is expressed as follows:

Description:

Y :palm oil production (kg)
: constant or intercept
: land area planted with oil palm (ha)
: amount of labor used (HOK)
: amount of NPK fertilizer used (kg/year)
: amount of Urea fertilizer used (kg/year)
: amount of Dolomite fertilizer used (kg/year)
: amount of Herbicide used (liter/year)
: disturbance terms
: technical inefficiency effect
: indicates the i-th farmer

The analysis method to measure the level of technical
efficiency of oil palm farming in the research area was
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estimated using the equation formulated by (Tasman,
2008) as follows:

TEi= =exp(-)
Description:
TE; : technical efficiency achieved by the i-th farmer
: actual farm output
: potential output
: one-side error term ()

The criteria for farmers who are classified as
technically efficient in this study are if the efficiency index
value > 0.62 then the oil palm farm is technically efficient.
Conversely, if the efficiency value is <0.62 then oil palm
farming is still not technically efficient.

The method of analysis to answer the influence of
socio-economic  factors that cause the technical
inefficiency of oil palm farming refers to the equation
model developed by (Coelli et al., 2005). The estimation
equation model used in this study is as follows :

It is suspected that the factors that negatively affect
technical inefficiency are the age of farmers, farming
experience, distance from the farm to the farmer's house,
education, and activeness in farmer groups. While the
factors that have a positive effect on technical inefficiency
is the area of land because it is suspected that the wider the
farm land, the more difficult it is for farmers to supervise
their land and in carrying out garden maintenance.

I1l.  RESULT AND DISSCUSION

Characteristics of Respondent Farmers
Farmer characteristics are factors that influence
farmers in managing their farms. Farmer characteristics
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productive age so that he is still able to cultivate the farm
well to increase production.

The lowest farming experience of sample farmers in
the study area is 5 years and the longest is 46 years. The
most dominant farming experience is farming experience
for 11 - 16 years, namely as many as 20 farmers with a
percentage of 33.33 percent. The average farming
experience in the study area is 17.68 years. According to
(Hernanto, 2018) farming experience is one of the most
determining factors for success, in the future farmers will
be better at cultivating their farms because of their
increasing experience.

The largest land area owned by the sample farmers
was 20 ha and the smallest was 1.5 ha. The total land area
of respondent farmers is 236.5 ha and the average land
area is 3.9 ha. The most dominant land area is in the range
of 1.5-5 ha with a frequency of 52 farmers or 86.67
percent. According to (Hernanto, 2018) The types of
farmers based on the area of land cultivated are divided
into four, namely (1) large farmers, those with land > 2 ha,
(2) medium farmers, those with land between 0.5 - 2 ha,
(3) narrow farmers, those with land < 0.5 ha, and (4)
landless farm laborers. Sample farmers fall into the
medium to large farmer groups.

Production Factor Usage

Production factors are very important factors in efforts
to increase farm production. The production factors used
should be in accordance with the recommendations in
order to obtain the expected results. The use of production
factors used by oil palm farmers in Gerunggung Village
can be seen in the following table.

Table 2. Production Factor Usage in the Study Area in

studied were farmer age, farming experience, and land 2022
area. Production Factors Total Average
Table 1. Characteristics of Farmer Respondents in the Herbicides 2.255 37,58
Study Area in 2022 NPK fertilizer 16.320 272
. Urea fertilizer 15.699 262
Characteristics Average Percentage (%) Dolomite 24305 405

Farmer Age 442 25,00

Experience 17,68 33,33 Table 2 shows that the average use of pesticides was

Land Area 3,94 86,67 at least 10 liters/ha, while the highest use was 60 liters/ha.

Table 1 shows that respondent farmers in the study
area had ages ranging from 30 years old at the youngest
and 59 years old at the oldest. The majority of farmers
were between the ages of 45 and 49 years, which is about
25 percent of all sample farmers. The average age of
respondent farmers in the study area was 44.2 years old.
(Hernanto, 2018) stated that the productive age is between
15 - 50 years old, so the average farmer is still at a
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The average herbicide use in the study area was 37.58
liters/ha. Herbicide use was most dominant in the range of
24 - 30 liters/ha, which was 20 percent of the sample
farmers.

The lowest use of NPK fertilizer on oil palm farms in
the study area based on sample farmers was 125 kg/ha and
the highest was 420 kg/ha. The most dominant use of
fertilizer is in the range of 125 - 167 kg/ha and 297 - 339
kg/ha which is about 20 percent. The average amount of
NPK fertilizer used was 272 kg/ha. The use of NPK
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fertilizer in the study area is still relatively low and not in
accordance with recommendations by (Balitbang, 2013)
which should be the average use of NPK fertilizer for oil
palm farming is 350 kg/ha. The use of urea fertilizer for oil
palm farming in the study area is most dominant in the
range of 267 - 291 kg/ha around 36.67 percent of the
sample farmers. The lowest amount of Urea fertilizer use
was 167 kg/ha and the highest was 340 kg/ha. The average
use of Urea fertilizer by sample farmers was 262 kg/ha. So
the use of urea fertilizer in the study area is still not in
accordance with the recommendations based on
(Balithang, 2013) of 300-375 kg/ha. The highest use of
dolomite is 563 kg/ha and the lowest use is 125 kg/ha.
Most farmers used dolomite in the range of 440 - 502
kg/ha which was 33 percent of the sample farmers. The
average use of dolomite in oil palm farming in the study
area was 405 kg/ha. The average use of dolomite in the
study area has exceeded the number of recommendations
by (Balitbang, 2013) which is 375 kg/ha for the use of
dolomite.

Analysis of the Farm Production Function

Production function analysis was conducted with the
aim of seeing how the influence of production factor
variables affecting farm production. Before being
analyzed, testing was carried out using the OLS (Ordinary
Least Square) method. The results of the analysis obtained
are the R2 value of 0.99 and the variables that have a
significant effect on production are land area, NPK
fertilizer, Urea fertilizer, Dolomite and Herbicide. While
the variable labor has no significant effect on production.

Table 3. Estimation of Palm Oil Farming Production

Function in the Research Area with OLS Method in 2021
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ns = not significant

The estimation results of the oil palm production
function with the OLS method are as follows:

Ln Y: 70877 (X10.4683 X2—0.3O71 X30.1621 x40.1776

x50.0892 XGO.OZGO)

Table 3 shows the R? value of 0.9972, which means
that the independent variables (land area, labor, NPK
fertilizer, Urea fertilizer, Dolomite, and herbicide) together
can explain the dependent variable (production) by 99.72
percent, while the remaining 0.28 percent is determined by
other factors outside the model. The value of i = 0,6163
< 1, meaning that the use of production factors in the study
area is in region Il of the production curve or the
Decreasing Return to Scale area, which means that each
additional unit of input produces a decreasing additional
output. Variables that have a significant effect on
production are land area, NPK fertilizer, Urea fertilizer and
Dolomite which have a very significant effect at a (0.01).
While the variables that do not have a significant effect on
production are labor and herbicide.

Analysis of the Farm Productivity Function

Estimation of the productivity function is carried out
with the aim of knowing how the influence of variable
production factors on farm productivity. Before being
analyzed, testing is done using the MLE (Maximum
Likelihood Estimation) method. From the analysis, it can
be seen that the value of R? is 0,9537, =i is 0,8366 < 1,
and the value of gamma is 0.9999. Variables that
significantly affect productivity are labor, NPK fertilizer,
Urea fertilizer, Dolomite, and Herbicide.

Table 4. Estimation of Palm Oil Farming Productivity
Function in the Research Area with MLE Method in 2021

Variable Parameter  Coefficient t-statistic
Constant
Land Area 7.0877 41,16117
Labor 0.4683 13,2746™
NPK -0.3071 -0,1234"
Fertilizer 0.1621 4,4555™"
Urea 0.1776 3,3478™
Fertilizer 0.0892 2,7849™
Dolomite 0.0260 1,2906™
Herbicides
f;%:fe ] 0,0008
Spi 0.6163
R? =0,9972

t-tabel a (0,01), df : 54 =2,6700
t-tabel a (0,05), df : 54 =2,0049
t-tabel a (0,10), df : 54 =1,6736

Description: *** = significant at o (0,01)
** = significant at a (0,05)
* = significant at a (0,10)
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Variable Parameter  Coefficient t-statistics
Constant
Labor 7,1480 55,5114
NPK 0,0201 5,3946™"
Fertilizer 0,1369 4 4577
Urea 0,1840 4,8780™"
Fertilizer 0,0834 3,6781"
Dolomite 0,4122 2,2209™
Herbicide
;i:fe | 0,0008 3,9758
Gamma 0,9999 51,7049
spi 0,8366
LR test of the one-sided error 16,9181
Log-likelihood function MLE 137,4184
Log-likelihood function OLS 128,9594
R? =0,9537
t-tabel o (0,01), df : 55 = 2,6682
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t-tabel a (0,05), df : 55 = 2,0040
t-tabel a (0,10), df : 55 = 1,6730

Description : *** = significant at o (0,01)
*x = significant at a (0,05)

The results of the estimation of the forntier
productivity function of oil palm farming with the
following equation:

Ln Y: 7,1480 (X10‘0201 X20,1369 X30,1840 X40'0834

X50,4122)

Table 4 shows the R? is 0,9537 which means that the
independent variables (labor, NPK fertilizer, Urea
fertilizer, Dolomite, and herbicide) together can explain
the dependent variable (productivity) by 95.37 percent,
while the remaining 4.63 percent is determined by other
factors outside the model. The gamma value () indicates
the presence or absence of inefficiency influence in the
model. Statistically, the value of gamma () 0,9999 is close
to 1, meaning that the error term is caused by technical
inefficiency by 99.99 percent, and the remaining 0.01
percent is caused by external influences. The value of Xfi
=0,8366 < 1, meaning that the use of production factors in
the study area is in region Il of the production curve or the
Decreasing Return to Scale area, which means that each
addition of the same proportion of production inputs will
result in a decreasing increase in output. Independent
variables in the model that have a very significant effect on
productivity at the o = 0.01 level are labor, NPK fertilizer,
Urea fertilizer and Dolomite fertilizer, and herbicides have
a significant effect at the a. = 0.05 level.

The coefficient value of the labor variable of 0.0201 is
positive with the value of twt = 5,3946 > ty001) = 2,6682
which means that the labor variable has a very significant
effect on increasing FFB productivity. These results are in
accordance with research studies (Thamrin, 2016),
(Puruhito et al., 2019), and (Febriyanto, 2020) namely
labor has a significant effect on increasing productivity.
However, different results were obtained in (Asmara et al.,
2011), (Ridho et al.,, 2014), (Sitanggang, 2018), and
(Panjaitan et al., 2020) which stated that labor had no
significant effect on increasing productivity.

The coefficient value of the NPK fertilizer variable
obtained a value of 0.1369 with a positive sign with a
value of twit = 4,4577 > ty0,01) = 2,6682 which means that
the NPK fertilizer variable has a very significant effect on
increasing FFB productivity, in line with research
(Puruhito et al., 2019), and (Syuhada et al., 2022) which
states that NPK fertilizer has a significant effect on
increasing productivity.

The coefficient value of the Urea fertilizer variable
was obtained at 0.1840 with a positive sign with a value of
thic = 4,8780 > ty001) = 2,6682 which means that Urea
fertilizer has a very significant effect on increasing FFB
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productivity. These results are in accordance with research
(Ridho et al., 2014) and (Napitupulu et al., 2020) which
state that Urea fertilizer has a significant effect on
increasing productivity, but different results are obtained
(Nainggolan et al., 2019), and (Puruhito et al., 2019) that
urea fertilizer has no significant effect on increasing the
productivity of oil palm FFB.

Dolomite variable coefficient was obtained at 0,0834
with a positive sign with a value of thir = 3,6781 > ty0,01) =
2,6682 which means that the dolomite variable has a
significant effect on increasing FFB productivity. This is
in accordance with research by (Napitupulu et al., 2020)
that dolomite has a significant effect on increasing
productivity, but different results were obtained (Ridho et
al., 2014) that dolomite has no significant effect on
increasing FFB productivity.

The Herbicide coefficient value obtained is 0,4122
with a positive sign with the value of thir = 2,2209 > ty,05)
= 2,0040 which means that Herbicides have a significant
effect on increasing FFB productivity with a confidence
level of 95 percent. In accordance with research (Syuhada
et al., 2022) that herbicides have a significant effect on
increasing FFB productivity, but different results were
obtained (Ridho et al., 2014) and (Puruhito et al., 2019)
that herbicides have no significant effect on increasing the
productivity of oil palm FFB.

Technical Efficiency Analysis of Oil Palm Farming

The measurement of technical efficiency is carried out
with the aim of seeing how the achievement of production
from the comparison of potential production with actual
production. The value of technical efficiency is obtained
by calculating actual production divided by potential
production. Efficient farming if the value of technical
efficiency > 0,62.

Table 5.Technical Efficiency of Independent Palm Oil
Farming in the Research Area in 2021

Tec?h_nical F;_ronzilrs Percentage
Efficiency (people) (%)
0,81-0,83 7 11,67
0,84 -0,86 25 41,67
0,87 -0,89 22 36,67
0,90 -0,92 4 6,67
0,93-0,95 1 1,66
0,96 1 1,66

Total - 60 100,00

Min 0,81

Max 0,96

Average 0,86 - -

The results of the measurement of technical efficiency
obtained that the level of technical efficiency achieved by
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independent oil palm farmers in the study area ranged
from 0.81 to 0.96 with an average technical efficiency of
0.86. The average value of the actual technical efficiency
of independent pattern oil palm farms in the study area is
0.86 which means that the average productivity achieved
by oil palm farmers in the study area is about 86 percent of
frontier production and can still be increased by 14 percent
more. The average value of the technical efficiency level
of oil palm farmers in the study area > 0.62 and the lowest
technical efficiency value obtained is 0.81 > 0.62 which
means that the overall independent pattern of oil palm
farmers in the study area is technically efficient (ET >
0.62), but still needs to be improved again because the
technical efficiency obtained by farmers can still be
improved by 19 percent more. The technical efficiency
figure obtained in this study is still below the technical
efficiency in research (Harefa, 2021) which obtained an
average technical efficiency of 0.86 with the lowest
technical efficiency value of 0.63 and the highest 0.99.

Influence of Socioeconomic Factors on Technical

Inefficiency of Oil Palm Farms

Technical inefficiency analysis was conducted to see
how the influence of socioeconomic factors on technical
inefficiency. The analysis was conducted using the OLS
(Ordinary Least Square) method and the results showed
that there was no violation of information on Adj. R2, Prob
(F-statistic) and Durbin Watson stat related to classical
assumption test.

Table 6. Results of Sources of Technical Inefficiency

International Journal of Environment, Agriculture and Biotechnology, 8(6)-2023

stat value is 1,585 < 2,00 indicates that the model in the
study is free from autocorrelation. Variables that have a
significant effect on technical inefficiency in oil palm
farming self-help pattern at the level of a = 0,05 are
variables of land area, experience, education, and
activeness in farmer groups. While the variables that do
not have a significant effect on technical inefficiency are
the variables of age and distance from the farm to the
house.

Land area, experience, education, and activity in
farmer groups have a significant effect on technical
inefficiency with a positive land area coefficient, and the
coefficient of experience, education, and activity in farmer
groups is negative. In accordance with (Napitupulu et al.,
2020) namely the land area has a significant effect on
technical inefficiency with a positive coefficient value, and
experience has a significant effect with a negative
coefficient. However, different results were obtained
(Syuhada et al., 2022) namely land area, experience and
education had no significant effect on technical
inefficiency

Variables that do not have a significant effect on
technical inefficiency are age and distance from home.
This result is consistent with (Syuhada et al., 2022) that
age has no significant effect on technical inefficiency.
However, it is inversely proportional to (Napitupulu et al.,
2020) that the distance between the garden and the house
has a significant effect on technical inefficiency with a
positive coefficient, which means that the further the

gistarce—petweer—the galdcu are- the house, the more

I':%ﬁrqsﬁgnagement is %ﬁﬁs‘rhot as recommended,

Yégﬁs is still belov9'ﬁ?é63recommendation, while
endation. The average
7|§ low compared to the

Variable Coefficient Std. Error technkﬁﬁﬂéﬁiﬁciency will inchegée.
Z1 LAHAN 0.002422 0.000689 3.515984 V. CON&C_)%ON
Z2_UMUR -0.000256 0.000421
Z3 PENGALAMAN -0.001446  0.000305 espeéfaﬁ 4i0%he use of fertliZ80 The use of NPK and
Z4 JARAK -0.000206 0.000990 Urea'(?e%
Z5 PENDIDIKAN -0.008695 0.002450 Dolo'rﬁi?él'%ggoexceeded the rgc
Z6_KEAKTIFAN -0.016317  0.005900 prodl'.%t?gﬁg&?tained by fam?epé)
Cc 0.269244 0.020744

natiorilaa'g\zgﬂa‘be production a%gqggtill below the potential

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic

Prob(F-statistic) 0.000000

0.801999 Mean dependenp var
0.779584 S.D. dependent var

0.009404 Schwarz criterion

roduction of oil palm bas _1%%varieties used.

Production factors of : IR, NPK fertilizer, Urea
fertilizer and Dolomite g§e6g§9g§ction factors that can
The level of technical
efficiency of independent_g:%tée h il palm farming in the

r%gtearch area is technlcallX §§E8 t but still needs to be

improved because technical inefficiency is still relatively
high.

0.013320 Akaike info criterion

increase oil palm FFB pr%dﬂﬁgg%

177.6935 Hannan-Quinn crﬁer.
35.77921 Durbin-Watson

Table 6 shows that the Prob. (F-statistic) 0,000 < a
(0,05) shows that the results are simultaneously
significant, meaning that the independent variables
contained in the model together have a significant effect
on the technical inefficiency of farming. Durbin Watson
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Socio-economic factors that have a significant effect
on technical inefficiency in oil palm farming self-help
patterns are land area, farming experience, education and
activeness in farmer groups. While factors that do not have
a significant effect on technical inefficiency are the age of
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farmers and the distance of the plantation to the farmer's
house.
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Abstract— The variability of rainfall patterns has a significant impact on people's livelihoods especially in IEI P ?E
areas where rain-fed agriculture predominates. The temporal variability and trend of rainfall was analysed
using a newly rainfall time series created from the fusion with ground measurement and satellite data for :
ten met stations for the period 1983-2021. Mann Kendall's (MK) non-parametric test was used to verify the :3?'5-'“ _""',j; :
rainfall trend, the variability was analysed using the Coefficient of Variation (CoV), the annual distribution E ﬁ-'ﬁbﬂh

of precipitation was checked using the precipitation concentration index (PCI) and finally the synchronicity T
between stations was tested with an Kruskal Wallis (KW) test. The MK-test shows an increasing trend in

precipitation for all stations even if this trend is not significant. This increase resulted in a general increase

in the amount of rain received in the area. The analysis of rainfall data revealed a moderate intra and inter

annual variability (CoV+ 20%). The PCI also revealed an irregularity of rainfall due to its high seasonality.

The analysis of variance highlighted an asynchrony of the stations. These results provide an in-depth

understanding of the recent rainfall variation and trend in the cotton zone of Mali.

Keyword— Rainfall, variability, trend, PCI, Cotton production zone of Mali

I.  INTRODUCTION Located in West Africa (WA), Mali is a landlocked country
located populated with about 22.6 million of habitants
(World Bank, 2022). The country is large with 1 245 000
km? and shares a border with seven countries (Algeria,
Mauritania, Senegal, Guinea, Cote d’Ivoire, Burkina Faso
and Niger). The country spans with four climatic zones from
north to south (Sahara Desert, Sahelian, Sudanian and pre-
Guinean). Agricultural activities including farming, herding
and fishering, are the main activities and employ about 80%
of the population and contribute about 36% to the GDP
(Maiga et al. 2019). Given the fact that Malian agricultural
activities are largely dependent on rainfed-agriculture,
analysis of long-term historical rainfall data is imperative.
These analyses will provide robust information on the
distribution of precipitation on one hand and better prepare

Rainfall is one of the most key climate parameters which
regulate and determine farming activities and production
worldwide (Bekele et al. 2017; Mesike and Agbonaye,
2016). Agricultural boost in terms of high yield is based on
sufficient amount and distribution of rainfall all through the
seasons in any region (Zachariah et al. 2020).
Consequently, in most African countries whose farming
activity is mostly rainfed, robust and accurate estimation of
the spatial and temporal distribution of rainfall including its
trend are vital input parameters in order to secure
sustainable agricultural activities (Ayalew et al. 2012). The
change in rainfall regime can’t be assessed easily due to
meteorological processes but long-term rainfall could scale
up the planning of agriculture in the rainfed region (Pradhan
et al. 2020).
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farmers on extreme events mitigation to avert agricultural
losses on the second hand.

The high inter-annual rainfall variability in space and time
is one of the most relevant characteristics of West Africa in
general and the southern zone of Mali in particular. This is
exhibited by variable onsets of the rainy season, somewhat
more predictable endings, and droughts or excess water
occurrence at any time during the growing season. A
number of studies on the contemporaneous debate (e.g.
Traore et al. 2021; Sanogo et al. 2015; Giannini, 2015)
show that rainfall increased in the Sahel following the
severe drought of the 1980s. Conversely, other researchers
believe that the Sahel experienced drought throughout the
1990s (L’Hote et al. 2003; Nicholson et al. 2000). It is
required to understand rainfall variability and trend at the
temporal characteristics at local scale in order to gain a clear
understanding of rainfall patterns. In this regard, long term
study of rainfall pattern and its variability is imperative.
Specially, in agricultural regions such as CPZ alteration in
the rainfall patterns may have a major impact on the life and
livelihood of people. With rapid climate change it becomes
more imminent to study the trends in rainfall especially for
those parts of the country which have higher dependability
on agriculture. In this line, the present study seeks to
investigate the recent variability and trend of rainfall and its
distribution using 39-years (1983-2021) rainfall time series
data for 10 selected weather stations in the cotton
production zone (CPZ) of Mali.

Il. MATERIAL AND METHODS
2.1. Site description

The cotton production zone (CPZ) of Mali is located
between 3°59'02" and 10°36'09" West longitude and
10°09'45" and 14°23'13" North latitude (Figure 1) with a
coverage of 150,000 km? and an estimated population of 8
million habitants in 2017 (Soumare and Traore, 2019). The
CZ extends from the Sahelian (300-700 mm) in the north,
Sudanian (700-1200 mm) in the centre to the Sudano-
Guinean (1200-1600 mm) eco-climatic zone in the south.
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The spatial distribution of vegetation is largely related to
cumulative (annual) rainfall and the length of the rainy
season, which varies along the eco-climatic gradient.
Vegetation patterns on a landscape scale are determined by
localised climatic variations and human activities such as
bush clearing and deforestation for agricultural or energy
purposes, overgrazing and gold mining. The cotton
production in the area is led by the Malian Company for the
Development of Textiles (CMDT), spatially organised into
4 subsidiaries, 41 sectors and 520 zones of agricultural
production involving more than 4,000 villages. Smallholder
farming is the most common agricultural practice in the
region. Millet, sorghum and cotton are primarily cultivated,
whilst pastoralism (bovines, goats and sheep) is practised
throughout the area. Cotton occupies about 30% of the
cropping area, 60% for cereals (maize, sorghum and millet),
and only 10% of the land is given over to small crops
(cowpeas, soybeans, groundnuts, etc.).

2.2. Data description

The World Meteorological Organization (WMO, 2018)
recommends an observation period of more than 30 years to
ensure the independence of climate data time series to cope
with natural climate variability. This fact is because shorter
time series are more sensitive to the values at the start and
end of the series. Therefore time-series data of rainfall from
1983 to 2021 for ten (10) meteorological stations in the
cotton production zone were created. These data were
derived from a fusion of satellite rainfall estimates from
African Rainfall Climatology version 2 (ARC-2) adjusted
with weathers stations data using the period of overlap of
the two data sources then extended over the study period.
Calibration procedures are described in Traore, 2024;
Traore et al. (2022). Table 1 presents the general geographic
information of the selected weather stations. These stations
called reference weather stations in this study are those
among the 54 stations listed in the area with no more than
two (04) years of missing data. This is the criterion that
motivated their choice for the present work.
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Fig.1: Relief map of cotton zone with selected weather station’s location within the cotton zone of Mali (Source: Traore et al.
2022)

Table 1: Selected weather stations of the cotton zone and their general geographic information.

Long (*W) Lat (°N) Altitude
Code Station name AEZ* DDMMSS DDMMSS (m)
270131 Senou PK 7°57'00" 12°31'59" 373
270162 Bougouni HBN 7°28'35" 11°25'34" 350
270141 Dioila PK 6°46'32" 12°29'14" 309
270178 Kadiolo HBN 5°45'50" 10°33'34" 353
270107 Kita PM 9°29'43" 13°02'34" 349
270144 Koutiala PK 5°27'38" 12°18'35" 411
270121 N'tarla IRCT PK 5°45'00" 12°42'00" 327
270100 San BH 4°54'03" 13°18'03" 284
270165 Sikasso PK 5°39'26" 11°19'25" 355
270130 Sotuba PM 7°55'589" 12°39'00" 315

AEZ: Agro-ecological zone; PK: Plateau of Koutiala, HBN: Haut Bani Niger, PM: Mandingo Plateau, BH: Plateau of
Bandiagara
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2.3. Analyse procedures
Normality test

Assessment of the normality of data is a prerequisite for
selecting the best statistical methods for data analysis. In
this regard, the available two main methods for assessing
normality are graphical and numerical including statistical
tests (Machin et al. 2007; Bland et al. 2015). This study
applied a normality test using the Kolmogorov-Smirnov test
(KS-test) method. KS-test is recommended when sample
size is greater than 50 (Mishra et al. 2019). In such, daily,
monthly and annual rainfall for all the stations were
subjected to normality tests. The null hypothesis states that
data are taken from a normal distributed population and
when P > 0.05, null hypothesis is accepted and data are
called as normally distributed.

Coefficient of Variation (CoV)

The study uses CoV to examine the variability in rainfall.
The higher value of CoV is an indicator of larger rainfall
variability, and vice versa. The equation of CoV is as
follows:

CoV = gxmo 1)

Where CoV is the coefficient of variation; @ is the standard
deviation and # is the mean of rainfall over the studied
period. CoV was computed to classify the degree of rainfall
variability according to EI-Mahdy, 2021 and Hael, 2021.
CoV less than 20 indicate low variability, CoV greater than
20 and less than 30 indicate moderate variability; and CoV
greater than 30 indicate high variability (Royé and Martin-
Vide, 2017).

Mann Kendall trend test

From the wide types of trend analysis methods, this study
uses the non-parametric Mann-Kendall trend test (Mk-test)
proposed by Mann (1945) and Kendall (1975). This test
does not require the data to be normally distributed and has
low sensitivity in abrupt breaks due to inhomogeneous
time-series (Tabari et al. 2011) and have been widely
employed to detect monotonic trends in the time series of
hydrometeorological variables (Asfaw et al. 2018; Xu et al.
2018; Zakwan and Ara, 2018; Mohamed and El-Mahdy,
2021; Mohamed et al. 2022). The MK test is grounded on a
null hypothesis (Ho), which indicates that there is no trend-
the data are independent and randomly ordered-and this is
verified against the alternative hypothesis (Ha), which
supposes that there is a trend (Koudahe et al. 2018). In the
calculation, the value of Z is the judgement criterion for the
trend change (Xu et al. 2018). When |Z| < 1.96, the null
hypothesis HO is accepted, indicating that there is no
significant trend at the 0.05 significance level. |Z| > 1.96
demonstrates the trend of the time series is statistically
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significant. It must be noted that a positive Z indicates that
the sequence has an increasing trend, while a negative Z
reflects a declining trend.

Precipitation concentration index

Precipitation Concentration Index (PCI) was used to assess
the monthly heterogeneity of rainfall amounts. PCI is a
useful indicator to determine the precipitation changes of a
specific region and defined as the ratio between sum of
squared monthly rainfall to the square of annual rainfall
(Bhattacharyya and Sreekesh, 2022). The PCI, proposed by
Oliver (1980) and further modified by De Luis et al. (2011),
is used for the calculation of the annual PCI following:
iZ, P

PCI = 100 X T2, 77

O]

PCI values of less than 10 indicate quite uniform annual
distribution of rainfall, values between 11 to 15 denote a
moderate rainfall distribution, 16 to 20 denote irregular
rainfall distribution and above 20 represent a strong
irregularity of rainfall distribution Asfaw et al. 2018 and
Rahman et al. 2019, Pawar et al. 2022.

Comparative analysis between stations

Comparison of several groups or independent samples
requires the application of an appropriate statistical test. In
this regard, the common statistical tests are ANOVA for
normally distributed samples or groups and the Kruskal
Wallis test (KW-test) for non-normally distributed samples
or groups (Cabral Junior and Lucena, 2019). In this study,
the KW-test test was used since the hypothesis of the
normality distribution of data was rejected at 1% of
statistical significance, as verified by the KS-test (p-value:
0.5). As the KW-test compares (paired or unpaired) k
samples based on the null hypothesis that the median
differences within groups are not significant. In this
research the groups were formed by daily/annual rainfall
data for individual met stations to check the rainfall pattern’
similarity and difference (synchronicity and asynchronicity)
during the 39 years period. The null hypothesis is that there
are no significant differences between the rainfall medians
in the pattern in the study area.

I1l. RESULTS AND DISCUSSION
3.1. Long-term rainfall temporal variability

Statistics of annual rainfall (1983-2021) show a
comparatively higher rainfall amount for all the stations.
The mean annual amount of rainfall varies from 1223.3 mm
with a standard deviation of 272.6 at Sikasso to 745.4 mm
with a standard deviation of 155 at San. The maximum
rainfall at Sikasso was 1848.3 mm recorded in 2018 and the
minimum was 781.0 mm recorded in 2002. In San, the
maximum rainfall of the period was 1135.4 mm recorded in
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2020 and the minimum was 480.9 mm recorded in 1992.
The result of the normality test using KS revealed non-
normality in the series for all the ten stations at a
significance of 5%. Rainfall amounts show low variability
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for Kadiolo station (18.8%) and Bougouni station (19.4%).
Moderate variability in rainfall is observed in the rest of the

stations.

Table 2: Summary statistics of annual rainfall (mm) of selected weather stations (1983-2021)

Station Min Median Max Average Standard deviation  CoV (%)
Sikasso 781.0 1155.4 1848.3 1223.3 258.7 21.6
Bougouni 807.5 1151.7 1790.0 1187.7 227.8 19.4
Kadiolo 657.4 11155 1892.5 11925 218.7 18.8
Dioila 539.9 1024.7 1796.8 1074.1 2713 25.7
Senou 577.9 986.5 1597.8 1017.7 207.1 20.4
Kita 630.2 978.9 1726.7 1033.4 226.2 22.7
N’tarla 557.4 957.5 1608.0 977.4 236.1 24.1
Sotuba 535.6 941.3 1562.3 982.9 199.5 20.5
Koutiala 588.8 912.0 1587.1 953.5 261.9 26.6
San 480,9 719.0 11354 745.4 153.4 20.7

3.2. Rainfall trend

The MK test and Sen’s slope had been calculated for the
trend analyses on the long period of rainfall data from 1983
to 2021 for the 10 meteorological stations in the zone. The
results of trend analyses by the MK-test for the study
stations were displayed in Table 2. In the Mann Kendall
trend test, a p-value less than 0.05 means a significant trend
and a p-value greater than 0.05 means is considered an
insignificant or simply no trend (Di Leo et al. 2020;
Amrhein et al. 2019). In general, all the stations showed a
positive Sen’s Slope (between S Slope= 3.99 and 19.67)
indicating at least an increasing rainfall trend. Kita in
western zone is the only station which exhibits a non-
statistically significant trend (p-value of 0.345 greater than

0.05) with a positive Sen’s slope value (Sen’s slope =3.99).
The other stations show p-values between p=0.000 and
p=0.021 (p < 0.05) which makes the trends statistically
significant upward trend of total rainfall amount. All the
stations show either zero or positive values for Kendall’s
tau, Mann Kendall parameter (S), Variance (S) and this is a
good sign of the increasing trend of rainfall. These results
agreed with the rainfall recovery trend asserted by Lalou et
al. 2019; Giannini, 2015; Sanogo et al. 2015 in West Africa.
Indeed, the results are also in agreement with the analysis
of Traore et al. 2021 who had noticed an increased rainfall
trend for the period 1983-2018 using a rainfall time series
from one meteorological station in the CPZ of Mali. With
these results, one can assume that there is an increasing
trend of rainfall amounts over the CPZ, significant at 99%.

Table 3: Mann-Kendal rainfall trend and Sen Slope for selected weather station (1983-2021)

Kendall's S€n Slope z

Station tau S Var(S) P-value Alpha HO Value
Sikasso 0.34 12.01 250 6832.7 0.003 0.05 Rejected ~ 3.01***
Bougouni 0.26 8.45 192 6832.7 0.021 0.05 Rejected 2.31**
Kadiolo 0.32 10.44 238 6832.7 0.004 0.05 Rejected  2.87***
Dioila 0.58 19.67 432 6832.7 <0.0001 0.05 Rejected  5.21***
Senou 0.46 12.04 338 6832.7 <0.0001 0.05 Rejected  4.08***
Kita 0.11 3.99 79 6831.7 0.345 0.05 Accepted 0.94
N'tarla 0.57 15.44 420 6832.7 <0.0001 0.05 Rejected  5.07***
Sotuba 0.34 8.43 250 6832.7 0.003 0.05 Rejected  3.01***
Koutiala 0.41 11.83 302 6832.7 0 0.05 Rejected  3.64***
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San 0.43 8.58 320

6832.7 0
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0.05 Rejected  3.86***

Significance level: *** significant at 0.001; ** significant at 0.05

3.3. Precipitation Concentration Index (PCI) Analysis

The variation and distribution in seasonal rainfall signify a
significant indicator to appreciate the concentration and
sequential distribution of precipitation over a given year.
Therefore, the variability and concentration of rainfall for
seasonal rain was evaluated using annual PCI based on the
monthly rainfall over a 39-year period (1983-2021) for 10
meteorological stations in the cotton zone of Mali. The

result shows that the rainfall at the 10 weathers stations falls
under two classes of moderate and irregular precipitation
concentration. Kadiolo station with a PCI value of 15 is the
only station highlighting moderate rainfall distribution. A
PCI value between 16 and 20 were observed in the reminder
stations denoting an irregular rainfall distribution. These
results corroborate with the results of Quenum et al. 2020
who had already proven an irregularity of rainfall in the
savannah zone because of its more pronounced seasonality.

Table 4: PCI distribution for the ten stations used during 1983-2021 period

PCI distribution PCI range Annual
Uniform precipitation <10 NA
Moderate precipitation 11to 15 Kadiolo
Sikasso, Bougouni, Dioila, Senou, Kita, N’Tarla
Irregular 16t0 20 ’ ’ . ’ ’ ’
g Sotuba, Koutiala, San
Strong irregularity > 20 NA
2000
A A A
AB  aB AB
1750
B B B
c
1500
E 1250 m
b 1
1000 I t
500
Sikasso Bougouni Kadiclo Dioila Senou Kita Ntarla Sotuba Koutiala San

Fig.2: Boxplot classification of groups weather stations

3.4. Inter-station comparison of rainfall

Figure (3) shows the result of the comparison of the rainfall
series of the 10 weather stations. Three homogeneous
groups of stations were obtained whose medians are
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different from each other. The group “A” consists of the
stations of Sikasso, Bougouni and Kadiolo with a long-term
average rainfall of around 1200 mm with a standard
deviation of 253. The group “B” consists of the stations of
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N’tarla, Sotuba and Koutiala with a long-term average
rainfall of around 971mm with a standard deviation of 231.
The “C” group consists only of the station of the station of
San with a long-term average rainfall of 745 mm with a
standard deviation of 155. The stations of Dioila, Senou and
Kita, intermediate group “AB", present almost the same
characteristics of the group “A” and the group “B” with a
long-term average rainfall of about 1042 mm with a
standard deviation of 252. Through this result, one can
understand that there is local synchronicity between the
stations and not zonal. This means that an increase or
decrease in rainfall in any weather station is not widespread
for all reminder weather stations in the same climatic zone
or even all stations in the study area.

IV. CONCLUSION

In this paper, an investigation of the rainfall variability and
trend in the CPZ of Mali has been performed by the means
of daily to annual rainfall dataset from 1983 to 2021.
Statistical analysis including CoV, Mann-Kendall non
parametric trend test and PCI were carried out in order to
detect variability, possible trend and concentration in the
rainfall time series data. The rainfall amount showed
moderate annual variability. A significant positive trend in
total rainfall was observed over the study time period. The
PCI showed an irregular rainfall variability in general that
corresponds to the characteristic of the savannah zone. The
comparison analysis used highlights a synchronicity
between some weather stations. Finally, for improving
precision and reliability of the application of the findings
for practical use, increasing the number of study weather
stations would be crucial. However, this research shows the
importance of local level study in practical decision-making
processes in agriculture and other water management
programmes in the climate change adaptation context.
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Abstract— Background and objectives: Arsenic found mostly in rice and rice products is a carcinogen that

.::;’!-;":.’!
affects the skin and internal organs. In recent times, concerns have been on the characteristic chronic iﬁ,ﬂﬁ.
concentration of this metal in rice even as FAO forecast increasing global production of rice. The aim of this -5.

".t‘lll;.t

study is to determine arsenic concentration in both local and imported rice patronized by consumers in the .

Central Region of Ghana. Method: A total of thirty-three samples comprising of seven locally produced rice E -q_,[fl:'_,g*
and four imported brands were collected in three months from various outlets in Ghana. The samples were

separately milled, digested and then filtered. The clear solution was used to run the arsenic test using A.A.S.

Results: The local rice had concentration ranging from 0.256-0.420 mg/kg As, while the imported recorded

0.410-0.505 mg/kg As. The values obtained exceeded CODEX value of arsenic concentration in rice.

Conclusion: Consumers of rice in Ghana are potentially at risk of arsenic related diseases.

Keywords— Rice, arsenic, AAS, carcinogen

I.  INTRODUCTION

Rice is one of the world’s most important staple foods
and supplies more than 50 % of the world’s caloric intake
(Clemens et al., 2013; Majumder & Banik, 2019)'2
However, rice consumption poses a major health risk since
the soils on which rice is normally grown are polluted with
arsernic (As) (Zhao et al., 2014; Gonzalez et al., 2020;
Oberoi et al., 2019)*45. FAQ’s total world rice production
for 2021 was 787,293,867 mt (www.fao.org)®. Rice plays
a crucial role in ensuring global food security and
cultivation provides employment for millions of farmers
worldwide, supporting rural economies and livelihoods. In
view of the gravity of health risks associated with As,
different regulatory agencies like World Health
Organization (WHO), Ghana Government, Vietnamese
and China, have respectively legislated 300, 100-150, 200
and 200 -250ug/kg.
(https://www.sciencedirect.com/journal/heliyon)’.

Recent rice surveys have shown that a significant amount of
rice exceeded the WHO standard for arsenic (Zavala &
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Duxburry, 2008; Rowell, 2014; Meharg et al., 2009)891°,
For instance, polished white rice in the American and
French markets on average had 0.25 and 0.28 mg/kg As,
respectively, while in Jamaica the white and brown rice
samples had As ranging from 0.110 - 0.487 and 0.082-
0.250 mg/kg, respectively (Meharg et al. 2009)%°. A study
in Vietnam reported a mean concentration of As in
Vietnamese rice as 0.115mg/kg (Dinh Binh Chu et al.,
20211,

In common with many other West African countries, the
Government of Ghana conceived rice schemes as a major
tool in improving food security and increasing rural
incomes. To this end, Asian countries of all political stripes
were encouraged to offer their expertise in the production
of paddy rice. Ghana achieved the quite difficult feat of
having experts from both North and South Korea, Taiwan
and China all in the country simultaneously, working on
isolated projects in remote areas (rice production in Ghana:
country profile---AWS)*2,
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Ghana has relatively high rainfall compared with northern
Nigeria and Mali and rice can be grown almost everywhere.
Rice schemes are found right on the border with Burkina
Faso, as in the case of Tono and down to the sea-coast. Rice
production methods in Ghana can be divided into three
types: Valley-bottom rice, Upland and Controlled flooding.
(rice production in Ghana: country profile---AWS)*2,

Ghana is 30% self —sufficient in rice production. The total
rice demand is 600,000mt, the range of domestic prodution
is 200,000 - 300,000 tons. The agro-ecological zones and
production are respectively for irrigated, lowland/inland
valleys and upland are 8, 77 and 15%. The contribution of
the Northern,Voila and Upper East is 70% whie Ashanti,
Upper West, Brong Ahafo, Eastern, Central, Western,
GreaterAccra has 30% of the total production (Population
Census, 2010; USDA/GSS/MOFA 2018-2019)*314,

Rice research in Ghana has focused on the production of
improved varieties with better production yields. While
some attention has been given to rice macro-nutrient
composition for purposes of both human and animal feeding
(Amissah et al., 2003, Adu-Kwarteng et al., 2003)>%6,
There is little published data on the levels of potentially
toxic elements (PTES) in imported or locally produced rice
from Ghana, the potential risk of As transfer to rice irrigated
with mining-polluted surface waters has been highlighted
(Adomako et al., 2010)". In 2021, rice, paddy production
for Ghana was 1.23 million tonnes. It increased from
70,100t in 1972 to 1.23mt in 2021 growing at an average
annual rate of 8.85%. (https://knoema.com/atlas)*®.

Given the significance of rice as a staple food and the
potential health implications associated with As, this study
aims to provide analysis of the arsenic content in local and
imported rice in Ghana. The finding shall augment the
empirical baseline data on rice in Ghana.

Il. MATERIALS AND METHOD
2.1 Procedure
2.1.1 Collection of samples

The samples were collected during July to September 2023.
Thirty-three samples of rice grains comprising of two types:
seven locally produced rice and four popular imported
brands. They were collected thrice in three months from
various outlets in the major rice producing regions of
Ghana. All the samples coded for laboratory for analysis.
The imported rice were from India, China, Thailand and
Vietnam.

2.1.2 AAS analysis

The samples were separately milled and labelled, 0.5 grams
of each of the milled sample digested and centrifuged. The
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clear supernatant used for the arsenic test with AAS
(https://www.sciencedirect.com/journal/journal -of-food-
composition-and-analysis).

I11.  RESULTS

Tablel: Average Arsenic Content (ug/kg) of Rice.
Rice type Arsenic (ug/kg)
Local
R1 Upper East 305+0.34
R2 North 410 +0.12
R3 Oti 420+ 0.25
R4 Ashanti 350 +0.10
RS Eastern 284 +0.05
R6 Western North 300 +0.10
R7 Volta 256 +0.10
Imported
R8 India 505 +0.08
R9 China 410+ 0.14
R10 Thailand 440+ 0.26
R11 Vietnam 500+ 0.11
WHO 300
GHANA 100-150
VIETNAM 200
CHINA 200 -250
CODEX 200

Source: Bartels/ Nkuma/ Gadzekpo laboratory results, 2023
R1, R2, R3, R4, R5,R6, R7 -local rice obtained from Ghana
R8- rice imported from India / R9- rice imported from china

R10- rice imported from Thailand / R11- rice imported from
Vietnam

IV. DISCUSSION

Rice research in Ghana has mainly been qualitative, there is
therefore little published data on the levels of potentially
toxic elements (PTEs) in imported or locally produced rice
from Ghana (Amissah et al., 2003, Adu-Kwarteng et al.,
2003)*518,

Arsenic content in local rice

As indicated in Table 1, we found out that the respective
average arsenic content in the local rice obtained from the
regions of Upper East, North, Oti, Ashanti, Eastern,
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Western North and Volta in Ghana respectively were 305 +
0.34, 400 £0.12, 420+ 0.25, 350 +£0.10, 284 +0.05, 300
+0.10 and 256 +0.10 pg/kg. The sample from Oti region had
the highest content of 0.42 mg/kg As, with the least being
Volta region having 0.256 mg/kg As. All the reported
concentrations are above the WHO, Codex and Ghana
standards of 0.2, 0.3 and 0.1-0.15 mg/kg respectively
confirming the potential risk of As (Adomako et al.,
2010)Y. This finding corroborates earlier study that the
arsenic content of raw rice could reach concentrations of
about 1 ppm (Sun et al., 2008)*°.

Arsenic content in local and imported rice

The average concentrations of arsenic obtained for the
imported rice on sale from India, China, Thailand and
Vietnam respectively were 505 +0.08, 410+ 0.14, 440 *
0.26, 500 + 0.11 pg/kg. The imported rice relatively
typically had higher arsenic content than the local rice.
These concentrations are also higher than the standards of
WHO, CODEX, Vietnam, China and Thailand shown in
Tablel.

In similar research in India, the concentration of As in rice
grains was in the range of 0.04 - 045pg g-1
(https://www.sciencedirect.com/journal/journal-of-food-
composition-and-analysis)® of which our reported
concentration 505 £0.08 ug/kg As (0.505mg/kg As)
obtained in this study is higher for the imported rice from
India.  Another study in Vietnam reported a mean
concentration of As in Vietnamese rice as 0.115mg/kg
(Dinh Binh Chu et al., 2021)*, though below the standard
of 200mg/kg legislated by Vietnam, the present finding of
0.5 mg/kg As reported in this study is much higher.

The findings suggest that rice in Ghana contains higher
concentrations of As, which could be a recipe for
cardiovascular, haematological, renal, endocrine and
hepatic diseases (https://link.springer.com/journal/10653)
since the concentrations are above the legislated thresholds
as provided in Table 1.

CONCLUSION

All the samples analysed contained higher concentrations of
As, above both the local and international legislated
standards. This implies that Ghana’s rice is proned to As
contamination, long term exposure could lead to
bioaccumulation within the body. Therefore, the presence
of arsenic of such a high concentration in the samples is
particularly worrying given that the rice is a staple in very
high demand in Ghana.
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RECOMMENDATION

The Ministry of Food and Agriculture, the Food and Drugs
Authority and other stakeholders must intensify the
monitoring of the quality of rice in Ghana.
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Abstract— Background and objectives: This research is driven by the need to combat the growing concern

of honey adulteration, a practice that compromises the quality and authenticity of this natural product. 'J_E
Adulteration of honey is a pressing concern that compromises its quality, authenticity, and nutritional value. iﬁ'

This study investigates the presence of adulterants in honey samples collected from the Cape Coast ".t‘l'l;.t
metropolis in the Central Region of Ghana. Methods: Seven honey samples were analyzed. They were E ‘Ebﬁ
selected from different outlets in the metropolis. Laser- induced fluorescence (LIF) technique was employed

to identify potential adulterants by examining the fluorescence spectra of the samples. The fluorescence

patterns were compared to a reference database to determine the authenticity of the honey. Results: The LIF

analysis revealed distinct fluorescence patterns among the samples, indicating potential adulteration. The

control sample exhibited a characteristic fluorescence profile consistent with pure honey, while certain

samples exhibited altered fluorescence spectra. This deviation in fluorescence patterns strongly suggests the

use of additives or adulterants in the honey samples. Conclusion: The findings indicate the presence of

adulteration in the samples. The altered fluorescence spectra observed in some samples strongly suggest the

use of adulterants, potentially compromising the quality and authenticity of the honey. To combat honey

adulteration effectively, stringent regulatory measures, increased consumer awareness, and continuous

monitoring are necessary.

'

Keywords— adulteration, honey, Laser- Induced Fluorescence, spectra

I.  INTRODUCTION of fructose to glucose is one of the indicators used to assess
Honey’s nutritional richness and potential health benefits the botanical origin and quality of honey (Bogdanov et al.,

have been negated by the proliferation of adulteration 2017)".

practices (Guleria et al., 2019)%. Adulteration involves the Enzymes play a crucial role in honey's composition and
deliberate incorporation of extraneous substances into characteristics. Invertase, also known as sucrase, converts
honey to compromise its quality. sucrose into fructose and glucose, enhancing honey's
sweetness (White & Doner, 2018)°. Diastase, another
enzyme, breaks down complex sugars like starch into
simpler sugars, contributing to honey's nutritional value
(Codex Alimentarius, 2020). These enzymatic activities
are used as quality indicators and can be affected by factors
such as temperature and processing methods.

The primary constituents of honey are carbohydrates,
specifically sugars. Fructose and glucose are the dominant
sugars present, accounting for approximately 85-95% of the
total carbohydrate content (Molan, 1999)2. These sugars not
only impart sweetness but also contribute to honey's unique
hygroscopic nature, which helps prevent microbial growth
and maintain its stability (Gupta & Kumar, 2017)3. The ratio
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Honey's natural acidity, reflected by its low pH, inhibits the
growth of microorganisms, contributing to its remarkable
shelf-life (Molan, 2017)". Organic acids, including gluconic
acid and acetic acid, are responsible for honey's acidic pH,
which typically ranges from 3.2 to 4.5 (Molan, 2017)". This
characteristic pH level also contributes to the release of
hydrogen peroxide, a potent antimicrobial compound
(Jaganathan & Mandal, 2019)8,

Honey is a treasure trove of minor constituents that
contribute to its nutritional and therapeutic value. These
include proteins, amino acids, vitamins, minerals, and
antioxidants. The presence of amino acids such as proline
and lysine, which are not found in significant amounts in
other sweeteners, enhances honey's nutritional profile
(Dramiéanin, 2018)°%. Furthermore, antioxidants like
flavonoids and phenolic compounds confer honey's
potential health benefits, including its anti-inflammatory
and immune-boosting properties (Bertoncelj et al., 2017)%,

The color of honey varies widely, ranging from pale yellow
to dark amber, depending on its botanical origin (Da Silva
et al., 2019)*. This variation arises from the different types
of nectar and pollen collected by bees. Over time, honey
may undergo crystallization, resulting in changes in texture
and appearance. Crystallization is influenced by factors
such as the ratio of glucose to fructose and storage
conditions (Da Silva et al., 2019)**.

The physical properties of honey, such as viscosity, density,
and refractive index, are influenced by its composition.
These properties are essential for various applications,
including food processing and quality control (Kumar et al.,
2021)*2. The hygroscopic nature of honey, coupled with its
low water content, contributes to its moisture absorbing
capacity and makes it effective for preserving products like
baked goods (Gupta & Kumar, 2017)3.

Honey is used as value as a food and medicine (Sammataro
& Avitabile, 2011)* for offerings, as sweetener, and in
embalming processes (Crane, 1999)** and a divine symbol
and a source of strength and therapeutic properties (Patel &
Patel, 2011; Mazaraki, 2017)*>, Moreover, it has
antibacterial properties (Molan, 2017)7, wound healing
potential (Jull et al., 2015)*".

Adulteration can introduce harmful contaminants into
honey, including heavy metals, antibiotics, pesticides, and
other chemical compounds. Consumption of adulterated
honey may lead to acute and chronic health issues, ranging
from allergic reactions to gastrointestinal disturbances and
even more severe conditions. Contaminants can accumulate
in the body over time, triggering allergic responses, organ
damage, and adverse long-term health effects. Moreover,
the absence or reduction of essential nutrients due to
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adulteration may undermine the nutritional benefits that
pure honey offers (Bogdanov, 2007; Monakhova, 2014)81°,

The prevalence of adulterated honey not only threatens
consumer health but also undermines the ethical and
economic principles of fair trade and sustainability.
Adulteration practices not only deceive consumers by
providing substandard products but also erode the
reputation of honest honey producers. This unfair
competition compromises the livelihoods of legitimate
beekeepers and undermines the integrity of the honey
industry as a whole (Codex Alimentarius Commission,
2019; Dutta, 2018)%0:2L,

The global trade of adulterated honey disrupts food safety
regulations and standards. Adulterated honey can cross
international borders and infiltrate markets, making it
challenging for regulatory authorities to ensure that
consumers receive safe and genuine products. The lack of
comprehensive  regulatory  frameworks  specifically
targeting honey adulteration exacerbates these challenges,
allowing unscrupulous practices to persist (Perna, 2021;
Dutta, 2018 )%,

One of the most significant risks posed by adulterated honey
is the erosion of consumer trust in the food supply chain. As
consumers become aware of adulteration practices, their
confidence in the quality and authenticity of honey may
wane. This loss of trust can extend beyond honey
consumption, affecting overall consumer confidence in the
safety and integrity of food products (Dutta, 2018)%.

Adulterated honey undermines the efforts of legitimate
beekeepers who adhere to ethical and sustainable practices.
The economic viability of genuine beekeeping operations is
threatened when the market is flooded with cheaper
adulterated alternatives. This can lead to decreased demand
for pure honey, pushing beekeepers out of business and
disrupting the delicate balance of pollination and
environmental conservation that bees facilitate (Perna,
2021; Dutta, 2018)%22L,

In addition to individual health risks, the consumption of
adulterated honey can have broader public health
implications. The presence of contaminants in honey could
contribute to the development of antibiotic resistance in
humans, as well as the accumulation of harmful substances
in the environment. The global nature of the honey trade
also means that adulterated honey could potentially spread
diseases across borders (Monakhova, 2014)%°,

Enforcing laws against honey adulteration can be complex
due to the diverse range of adulterants and techniques used.
Adulteration often involves sophisticated methods that can
be challenging to detect without advanced analytical
techniques. Developing effective legislation, regulations,
and enforcement mechanisms to counteract adulteration
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requires collaboration between governments, regulatory
agencies, and the industry (Dutta, 2018)%.

Several substances are commonly used as adulterants in
honey due to their similarities in appearance, taste, and
texture. Some of the most frequent adulterants include:
Sugar Syrups, High-Fructose Corn Syrup (HFCS), Cane
Sugar, Molasses, Starch Syrups, Artificial Flavorings.

In Ghana, honey production has experienced a significant
evolution from traditional honey hunting to modern
beekeeping practices, contributing to economic growth,
livelihood improvement, and agricultural sustainability.
Beekeeping has become an important income generating
activity, offering both economic and ecological benefits to
the people of Ghana.

The history of honey production in Ghana is marked by a
transition from traditional honey hunting to more advanced
and sustainable beekeeping practices (Darkwa & Boateng,
2004)%,

Beekeeping has emerged as a significant economic activity
for rural communities in Ghana. Beekeepers can diversify
their products, including honey, beeswax, propolis, pollen,
venom, and bee brood, thereby increasing their incom@
potential (Darkwa & Opoku, 2016; Abebrese et al.,
2019)%25, In 2008, honey production contributed about
23% to a beekeeper's annual income, and by 2009, the
overall household income for families involved in the honey
sector increased to approximately 37% (Darkwa & Opoku,
2016)%.

Ghana's honey production has not only satisfied domestic
demand but has also found its place in international markets.
The European Union's certification of Ghana as an
authorized exporter of honey to the EU market in 2011
opened doors for expanded trade opportunities. This
recognition signifies the quality of Ghanaian honey and its
potential for export-driven growth (Achiano, 2016)%.
However, maintaining and improving honey quality
remains a challenge. The type of beehives used, harvesting
methods, and processing techniques influence the quantity
and quality of honey (Darkwa & Opoku, 2013)?’.

The prevalence of adulteration practices in the honey
industry has raised significant concerns about the
authenticity and quality of honey. This deceptive practice
poses health risks, and unfair trade practices.

Researchers have turned to advanced analytical methods,
such as laser-induced fluorescence (LIF), to combat this
issue (Li & Yang., 2012)%. LIF capitalizes on the principles
of spectroscopy and fluorescence to unveil the hidden
molecular identity of a sample. Through laser excitation,
specific compounds emit distinct fluorescent signals,
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allowing for precise identification and differentiation (Lee
etal., 2015)%°.

The Cape Coast market is alleged to experience such
adulteration cases .This study shall contribute to industry
integrity, consumer protection, and to raise public
awareness of the problem. Also, shed light on the
prevalence in the Cape Coast metropolis.

With respect to limitations, the study is confined to the Cape
Coast metropolis, potentially limiting the generalization of
findings to other geographical areas.

Il. MATERIALS AND METHOD
2.1 Research Design
2.1.1 Research Approach

A quantitative research approach is adapted to emphasize
the collection and analysis of numerical data to derive
patterns, relationships, and statistical significance. Thus to
provide a clear and objective understanding of the
prevalence and characteristics of honey adulteration in the
Cape Coast market.

2.1.2 Research Type

The research type chosen for this study is descriptive
research. Descriptive research shall focus on providing a
comprehensive depiction of the phenomenon of the extent
of honey adulteration and its underlying factors within the
Cape Coast market. This shall provide insights into the
current state of honey quality in the market and identifying
potential adulterants.

2.2 Data Collection Methods

This shall involve both primary and secondary data
collection methods. Respectively provides valuable insights
into the physical and chemical attributes of the honey
samples and employing a comprehensive review of
literature related to honey adulteration, detection methods,
and its implications to providing a broader context and
facilitating a comparison of findings from various studies.

2.3 Study Area

The study area encompasses a selection of key outlets
within the Cape Coast Metropolis in the Central Region of
Ghana. These outlets are Science, Tantre, Kotokuraba,
Ayensu, Pedu and Abura. Each contributing to the
metropolis’ economic activity. In addition, the Benso Bee
Farm was chosen to offer a controlled source serving as a
reference point. This controlled source acts as a benchmark
against which honey samples can be evaluated for purity
and potential adulteration since it conforms to known
standards and practices. This approach facilitates the
inclusion of diverse vendors, consumers, and regional
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variations that may influence the availability and quality of
honey.

2.4 Sample Collection
2.4.1 Sampling Procedure

To ensure a representative and meaningful sample set, a
systematic random sampling procedure was employed to
capture a cross-section of honey available in the chosen
outlets. The sampling was done in three months.

This approach aimed to minimize bias and ensure that
various vendors, product types, and honey sources were
represented.

2.4.2 SAMPLE PREPARATION

Prior to analysis, the samples underwent a series of
preparation steps to ensure consistent and accurate
measurements:

Homogenization: Each sample was thoroughly mixed to
ensure uniform distribution of any potential adulterants.
This step aimed to eliminate bias arising from variations
within the honey product.

Sample Labeling: Samples were labeled with unique
identifiers to maintain traceability throughout the analysis
process. These identifiers linked each sample to the
corresponding vendor and market.

Storage: Prepared samples were stored in a controlled
environment to prevent degradation and maintain the
integrity of the collected honey.

2.4.3  Laboratory analysis

The Laser Induced Fluorescence transmission data was
obtained by incident light on the sample with fiber on one
end and collecting with another fiber from the other end at
180°. The procedure was repeated five times for each time
transmission. Reference measurement was obtained by
measuring the transmitted light as described when there was
no sample.

Then, fluorescence spectra of samples measured with the
Laser-Induced Fluorescence setup. For each measurement,
drops of pure honey were placed on a glass slide. A bi-
fabricated fiber probe with one of its ends connected to the
laser source (blue LASER of power 100 mW and
wavelength 445 nm), and the other end connected to the
detector (ocean optics USB 200 spectrometer) that had a
high pass filter in front that allowed the longer wavelengths
( 450 nm) that is fluorescence to enter. The
spectrophotometer was connected to a computer that had the
Spectra Suite for data acquisition and visualization. The
software was set at an integration time of 300 ms, an
averaging of 2, and a boxcar width of 10. Five replicates
from each sample were taken to minimize measurement
error.
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2.4.4 Data Analysis

Descriptive statistics unveiled honey sample trends, while
Principal Component Analysis (PCA) transformed
variables into uncorrelated components, exposing patterns
and relationships.

The principal components that captured the maximum
variance in the data were extracted and ranked based on
their eigenvalues. The loadings and scores of the principal
components were analyzed to interpret the underlying
factors contributing to the variation in the dataset. Scatter
plots, biplots, or other graphical representations were
generated to visualize the distribution and clustering of the
honey samples based on the principal components.

I11. RESULTS
Table 1: Absorbance, Brix (%), And Moisture Content
(%) Of Honey Samples
Sample Absorbance | Brix | Moisture
(au) (%) | Content (%)

Control High 78.5 16.2
(Benso bee

farm)

H1 (Science Medium 75.8 18.4

market)

H2 (Tantre) High 80.2 15.8

H3 Low 73.6 19.1

(Kotokuraba)

H4 (Ayensu) Medium 77.9 16.8
H5 (Pedu) High 79.1 16.5
H6 (Abura) Medium 76.3 17.9

CODEX - 80 20

Source: Bartels/Aggrey/Gadzekpo Laboratory analysis
2023

e Brix represents the percentage of total soluble
solids in honey, which is an indicator of its
sweetness.

e Moisture content refers to the percentage of water
present in honey, which affects its quality and
stability.
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IV. DISCUSSION

As shown in Table 1, the control sample exhibited a Brix
value of 78.5%, indicating a high level of sweetness, and a
moisture content of 16.2%, within the acceptable range for
quality honey (CODEX, 2019)®. Among the market
samples, variations in Brix and moisture content were
observed. H2 had the highest Brix value of 80.2%,
indicating increased sweetness, while H3 had the highest
moisture content of 19.1%.

These variations in Brix and moisture content highlight the
potential differences in quality and composition among the
honey samples obtained from different outlets.

4.1 Control (Benso Bee Farm):

From Table 1, Fig 1 . The brix content of the control sample
(79.5%) is slightly lower than the standard honey from the
CODEX standard of 80.0%, indicating a slightly reduced
sugar concentration. The moisture content of 19.1% for the
control sample is comparable to the CODEX standard. The
brix content of most samples is within the range of the
standard honey, except the Tantri sample. In relation to the
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other samples, the control shows slight differences in both
brix and moisture content. These differences might reflect
variations in  beekeeping practices, environmental
conditions, or regional characteristics [Monakhova,
2014,

4.2 The spectra

The spectra as shown in Fig.l provides valuable
information about the chemical composition and
characteristics of the honey samples. The control sample
obtained from the Benso farm served as a reference point
for the comparison of other samples to establish a baseline
for the expected properties of pure, unadulterated honey.
Any deviations observed is attributed to potential
adulteration or differences in composition.

Again, from Table 1, Fig 1, the control sample from the
Benso bee farm exhibited a high absorbance, indicating its
purity and lack of adulteration. Likewise, H2 and H5
indicating a potential similarity in composition. On the
other hand, H1, H4, and H6 displayed a relatively medium
absorbance, which suggests a potential level of adulteration
or compositional differences (ref), with their Brix and
moisture content further supporting the possibility of
alterations in composition.

In H3, a significant deviation from the control is observed,
suggesting potential adulteration or compositional
differences. The Brix value of 73.6% and moisture content
of 19.1% also deviate from the expected ranges for
unadulterated honey.

4.3 PCA Analysis

From figure 2, the variance explained by each principal
component was as follows: PC1, 93.6%; PC2 3.721%; and
PC3, 1.303%. These percentages indicate the proportion of
total variability in the original data captured by each
respective principal component. Key observations are as
follows:

4.3 .1. Control Cluster: The black dots representing the
control, formed a distinct cluster. This indicates that the
control share similar characteristics in terms of their brix
and moisture content. The proximity of these dots suggests
that they are tightly grouped together in the reduced-
dimensional space.

4.3 .2. Inter-Cluster Relationships: Notably, some parts of
the black dots formed clusters with parts of the pale blue
dots, indicating a certain degree of similarity between the
control and H1 (Science Market) .This suggests that there
might be shared characteristics between these two groups,
albeit to a lesser extent compared to the within-group
clustering.

4.3 .3. Cluster Separation: The red and blue dots for
Pedu(H5) and Ayensu(H6), respectively forming clusters
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with the pale blue dots might indicate some level of
similarity in brix and moisture content among these groups.
However, it is important to note that the rest of the dots were
mostly distinct and separate from each other, indicating
clear differences in their composition.

V. CONCLUSION

1. The analysis of Brix and moisture content indicated
variations among the honey samples, suggesting the
presence of potential adulteration.

2. The investigation utilizing the LIF (Laser-Induced
Fluorescence) technique provided valuable insights into
adulteration in honey from the Cape Coast market.

3. The analysis involved seven samples, including a control
sample obtained from the Benso farm, and each sample was
analyzed five times to obtain the mean absorbance spectra
using Principal Component Analysis (PCA).

4. The absorbance spectra demonstrated variations among
the honey samples, indicating potential adulteration. The
control sample from the Benso farm exhibited the highest
absorbance, representing the expected properties of pure,
unadulterated honey. In contrast, the remaining six samples
displayed different absorbance values, suggesting potential
adulteration or compositional differences.

5. Among the adulterated samples, Tantre exhibited the
highest absorbance, closely resembling the absorbance
value of the control sample. This suggests that Tantre honey
may have undergone similar adulteration or shared similar
compositional characteristics with the control. Following
Tantre, Pedu, Science Market, Ayensu, and Abura
displayed progressively lower absorbance values,
indicating varying degrees of adulteration. Kotokuraba
showed the lowest absorbance value among the adulterated
samples, signifying a potentially higher level of adulteration
or compositional differences compared to the others.

6. These findings highlight the presence of adulteration in
the honey samples from the Cape Coast market, as indicated
by their deviating absorbance values compared to the
control.

7. The variations in absorbance suggest differences in the
composition and quality of the adulterated samples
compared to the control, emphasizing the need for quality
control measures in the honey industry.

RECOMMENDATIONS

e To address honey adulteration effectively, it is essential
to strengthen regulatory measures, enhance consumer
education, promote transparency and traceability, and

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.orq/10.22161/ijeab.86.7

International Journal of Environment, Agriculture and Biotechnology, 8(6)-2023

foster collaboration among beekeepers, regulatory
authorities, researchers, and industry associations.

e Additionally, further research and development are
required to refine testing and detection methods and
establish comprehensive honey quality monitoring
programs.

e These findings emphasize the need for strict quality
control measures, increased consumer awareness, and
continuous monitoring to ensure the availability of pure
and authentic honey products.

e By implementing these recommendations and
continuing research efforts, we can combat honey
adulteration, protect consumer health, support the local
honey industry, and ensure the availability of high-
quality and authentic honey in the Cape Coast region.
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Abstract— This article takes Zhaoyang District, Zhaotong City, Yunnan Province, as the study area. By
obtaining basic data such as rainfall, soil texture data, digital elevation, land use, and remote sensing
images, the RUSLE model is used to estimate the soil erosion modulus in Zhaoyang. Based on this, the soil
erosion classification and soil erosion of different land use types in the study area are analyzed. The results
have shown that the soil erosion intensity in Zhaoyang, shows a pattern of increasing from southeast to
northwest. Most of the land is subject to slight erosion, followed by mild and moderate erosion. The
strongly eroded soil is concentrated in the northwest and is greatly affected by altitude and slope factors.
The proportion of soil micro erosion is 64.4%, the proportion of mild erosion area is 17.58%, the
proportion of moderate erosion area is 11.99%, and the proportion of strong erosion, extremely strong
erosion, and severe erosion area are 3.74%, 1.55%, and 0.74%, respectively. The erosion amount of land
use types such as construction land and water bodies is very small, and overall it is at a micro erosion level.
Shrubs, forests, and grasslands are the main sources of regional erosion, and the soil erosion intensity of
cultivated land is high.

Keywords— Revised Universal Soil Loss Equation (RUSLE), Land Use-Cover Change (LUCC), Soil
Erosion, Remote Sensing (RS), Geographic Information System (GIS)
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I. INTRODUCTION disasters such as floods, droughts,

and debris flow,

Soil erosion is the most common form of destruction
of soil resources and refers to the processes of destruction,
denudation, transportation, and deposition of soil and its
parent materials under the action of hydraulic, wind,
freeze-thaw, gravity, and other external labor. Soil erosion
will not only destroy land resources and reduce land

productivity but also aggravate the occurrence of other
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threatening the production and development of human
society. It will also affect the comprehensive utilization
and development of the soil. Therefore, soil erosion and its
nutrient loss have become the focus of researchers.

With the continuous development and maturity of RS
and GIS technology, researchers at home and abroad have

made a lot of achievements in the monitoring and analysis
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of regional soil erosion, including the universal soil loss
equation (USLE) [1] [2] [3], the general soil loss equation
water erosion prediction watershed model (Water Erosion
Prediction Project, WEPP) [4] [5] [6], the Chinese soil loss
equation (CSLE) [7], the Limburg Soil Erosion Model
(LISEM) established in the Loess region of the
Netherlands [8], and the European soil erosion model
(EUROSEM) proposed by Morgan et al. [9]. Meanwhile,
the new soil erosion equation of A=CSLKP proposed by
Smith and Whitt [10], the soil erosion model (SWAT) for
predicting the long-term impact of land management
practices on watershed runoff and sediment yield [11], and
the revised universal soil loss equation (RUSLE) [12] [13]
[14] include many soil erosion calculation models. Among
them, the RUSLE model is the most widely used. The
RUSLE model has the characteristics of a simple structure,
few parameters, and an accurate prediction of average soil
erosion. From the spatial scale of the model, the study of
soil erosion based on the RUSLE model includes not only
slope scales and watershed scales but also regional scales,
so it is suitable for the study of community scales in
Zhaoyang District of Zhaotong City.

As an important area of national key management for
soil and water loss in the lower reaches of the Jinsha River,
Zhaoyang is faced with serious problems of soil and water
loss and needs key control and management. As one of the
main battlefields of ecological security barrier construction
in the upper reaches of the Yangtze River, Zhaoyang,
which is located in the lower reaches of the Jinsha River, is
not only an important ecological security barrier in the
upper reaches of the Yangtze River but also the most
frontier pass for Yunnan to build ecological security
barriers in the upper reaches of the Yangtze River. Serious
soil and water loss not only causes the deterioration of the
local ecological environment, people's poverty, and
economic backwardness, but also poses a great threat to
the safety of downstream flood control, reduces the flood
diversion and storage capacity of rivers, and increases
flood and waterlogging disasters. It is not conducive to
navigation, which shows the urgency and seriousness of
the problem of soil and water loss in the Zhaoyang area.

This article takes Zhaoyang District, Zhaotong City,
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as the study area and comprehensively uses ArcGIS and
ENVI software and the RUSLE model to analyze the
changes in land use, vegetation distribution, and soil
erosion status in the study area. In order to protect and
reasonably develop land resources, effectively prevent and
control soil erosion, improve the ecological environment,
and promote sustainable economic and social development.
Meanwhile, to provide decision-making support for the
sustainable development of the region while also
strengthening the ecological security barrier in the Jinsha
River Basin of Zhaoyang, Yunnan is promoting the
construction of ecological security and ecological barriers,
which is of great strategic significance for achieving the
overall goal of ecological civilization construction in
Yunnan and maintaining the overall ecological security of

the country.

Il. STYDY AREA AND DATA SOURCES
2.1 Study Area

Zhaoyang District is the administrative center of
Zhaotong City, the political, economic, cultural, and
information center, and the interprovincial central city of
Yunnan, Guizhou, and Sichuan provinces, with
geographical coordinates of 27 °7'~ 27 °39 °N,
103 °8 °103 °56 E. Located in the northeast of Yunnan
Province (Figure 1), the topography is high in the west and
low in the east, which is the northeast end of the concave
part of central Yunnan. There is a relatively complete
plateau landform in the Wumeng Mountains and
Hengduan Mountains. The highest point is Dushi Baobao,
Dashanbao Township, with an elevation of 3,364 m, and
the lowest is Maopo on the bank of the Jinsha River at an
altitude of 494 m, with a large elevation difference and an
obvious three-dimensional climate.

It is the monsoon vertical climate of the plateau; the
precipitation is concentrated in May—August, mostly in the
form of torrential rain, forming a strong surface runoff and
serious erosion to the soil. The geological conditions in the
area are complex, and the soil types are complex and
diverse due to different climates, altitudes,
geomorphologies, and topographies. There are 7 types, 9

subclasses, 20 genera, and 80 soil species.
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Fig.1 Topographic Map of Zhaoyang

2.2 Data Collection

This study mainly uses the following data (Table 1):

Landset-8 OLI TIRS image data downloaded from
geospatial data cloud (https://www.gscloud.cn/), temporal
resolution 16 days, spatial resolution 30m x 30m, we
download 2019 satellite image map, NDVI map made by
ENVI5.3, and land use type map of Zhaoyang District,
which are used to calculate vegetation cover factor C value
and soil and water conservation P value.

The precipitation data comes from the Resource and
Environmental Science and Data Center (RESDC) of the
Chinese Academy of Sciences (https://www.resdc.cn/),

which is used to calculate the rainfall erosivity factor R.

The topographic data comes from the geospatial data
cloud (https://www.gscloud.cn/). a spatial resolution of
30m x 30m, which is used to extract slope length and
calculate the LS value of the slope length factor.

The
Harmonized World Soil Database (HWSD). The soil
texture type map of Zhaoyang District, Zhaotong City, is
extracted from the HWSD data, and four fields of SAN
(sand), SIL (silt), CLA (clay), and C (organic carbon) are
added to the layer attributes. Using the field calculator and

soil texture type data comes from the

the soil erodibility K value calculation formula, the soil

erodibility K value is calculated.

Table 1 Collection Data Source

Data requirement Data sources Application
Landset-8 OLI TIRS Geospatial Data Cloud Calculate C and P
image data (https://www.gscloud.cn/homet#pagel/1) factors

Resource and Environmental Science and data

Precipitation data

Center of the Chinese Academy of Sciences

Generate R factor layer

(https://www.resdc.cn/)

Geospatial Data Cloud

30m DEM

Calculate LS factor

(https://www.gscloud.cn/home#pagel/1)

Soil texture

National Qinghai Tibet Plateau Scientific Data
Center (https://data.tpdc.ac.cn/home)

Generate K-factor

layer
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I11. METHODOLOGY
3.1 Method
This study is based on 30m DEM, 2019 precipitation
data, HWSD, and 2019 Landset-8 OLI TIRS image data
in Zhaoyang. The main analysis steps (Figure 2) are as
follows:

1. Using the soil texture type data, the soil texture type
map of Zhaoyang is extracted, and four fields are added
to the attribute of the ArcGIS layer using the formula in
the Environmental Policy Integrated Climate (EPIC).
Using a field calculator, complete the calculation of soil
erodibility factor values (K values) for different soil
subclasses in the study area and create a K factor map.

2. The LS factor of slope length is generated on the basis
of DEM. The slope length is calculated by filling the
depression and calculating the flow direction, and the
distance of the flow path is estimated.

3. Using the Landset-8 OLI TIRS image of Zhaoyang in
2019, the NDVI and vegetation coverage were

calculated, and the land use type map of Zhaoyang was

[ Meteorological Data 1 HWSD
R factor ] K factor

International Journal of Environment,

made by supervised classification. The C value of the
study area was calculated according to the relationship
between vegetation coverage and the C value, and the C
value map of the vegetation cover factor was made.

4. Using ENVI, land use is divided into six types:
grassland, farmland, shrub land, water bodies, forests,
and artificial land. According to the classification of
land use, the soil and water conservation factors are
assigned according to the research results of relevant
scholars, and then the P value map is calculated.

5. Using the Chinese precipitation data set. csv data and
_PRE annual precipitation data, the precipitation
distribution map of Zhaoyang is obtained by mask
extraction, and the R factor diagram is obtained by
inputting the formula of precipitation erosivity factor
into the grid calculator.

6.The soil erosion modulus is obtained by multiplying the
layers of the above factors and then classified according
to "Standards for classification and gradation of soil
erosion (SL 190Mir 2007)".

Landset8 satellite imagery

|

Data preprocessing

I [

‘ DEM ‘ NDVI ‘ Lucc
LS factor ‘ C factor ] [ P factor

| |

[ RUSLE Soil erosion modulus: A=R*K*LS*C*P 1

|

Soil erosion grading ‘

-

Soil erosion of different land use types

|

Spatial distribution
| characteristics of soil erosion |

~

Fig.1 The Scheme of the Study

3.2 RUSLE Model

In this study, the RUSLE based on the USLE was
used to calculate the soil erosion status in Zhaoyang.
Compared with the USLE and RUSLE models, the
structure of the model is simple, the physical meaning of
the parameters is clear, the calculation is simple, and it has
strong practicability and comprehensiveness. The

mathematical expression for RUSLE is as follows:
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A=RXLSxKxCxP...... 1)

In formula (1), A is the annual average soil loss
(t/(hm?-a)); R is the rainfall and runoff erosion factor
((MJ-mm)/(hm?-h-a)); K is the soil erodibility factor
((thm-h)/(MJ-mm-hm)); LS are the topographic factor,
where L is the slope length factor and S is the degree
factor; C is the vegetation cover and management factor. P

is a factor of soil and water conservation measures, all of
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which are dimensionless factors.
3.3 Model Parameter Construction

B LS Factor

Among topographic factors, slope has the greatest
impact on soil erosion. The steeper the slope is, the shorter
the convergence time, the faster the water flow speed, the
greater the runoff energy, and the more severe the erosion
on the slope surface. The potential erosion force of the soil
is greater. Generally, the erosion amount is directly
proportional to the slope. Secondly, the longer the slope
length, the larger the surface runoff area and the greater the
surface runoff flow, which gradually increases the amount
of sediment carried by the water flow and exacerbates soil
erosion in the area. The slope length factor is generally
generated based on DEM. The calculation of slope length
is estimated based on the distance of the water flow path
by filling the depression (Figure 3) and calculating the

flow direction (Figure 4).

International Journal of Environment,

L= ’ "

22.13
A=IlXcosa (2)

In equation (2), L is the slope length factor
(dimensionless); A is the horizontal projection slope length
(m); L is the length of water flow along the surface flow
direction (Figure 5); a is the slope value of the water flow
area (Figure 6); M is a variable slope index; when 6< 0.57°,
m = 0.2; when 0.57°<6< 1.72°, m = 0.3; and when
1.72°<6< 2.86°, m = 0.5, from which the slope length
factor L value in the Zhaoyang area can be calculated.

The slope calculation is based on grading, with the
McCool DK formula used for slopes below 10° and the
Liu et al. formula used for slopes above 10°.

10.18 x sin6 + 0.03 6 <5
§=11680xsin6—-050 5 <6<10" (3)
2191 x sin6 — 0.96 6> 10
In the formula, S is the slope factor (dimensionless); 6

is the slope, and the slope factor S is calculated (Figure 7).

Depression Detention
‘ High : 4026

-Llow: 371

Fig.3 Filling Depression Map
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Fig. 6 L-factor

M K Factor

At present, there are four main calculation methods to
determine the value of the K factor: the direct
determination method, the formula method, the look-up
table method, and the Nomo diagram method. In the
formula method, the EPIC model method proposed by
Williams et al. is the most widely used [15]. This method
is mainly calculated by measuring soil mechanical
composition, soil organic carbon content, and other soil
physical and chemical propertiecs. The data is easy to
obtain, and the calculation result is reliable. Therefore, this
study intends to use the EPIC model method to calculate
the soil erodibility factor K value. The calculation formula

is as follows:

K =0.1317{0.2 + 0.3exp [-0.2565a (1 - )|} x

100

( si )03 y (1 0.25Ca )
Si+Ci Ca+exp(3.72—-2.95Ca)

y ( 0.75n ) 4
Sn + exp(—0.51 + 22.95n) - ()

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.86.8

Fig.7 S-factor

In formula (4), K is soil erodibility, and even if the
resulting unit is an American unit, the result value needs to
be multiplied by a conversion factor of 0.1317 to be
converted into an international unit. Sa is sand content, Si
is silt content, Ci is clay content, and Ca is organic matter
content. The above K-value estimation method is only
applicable in the United States and not in China. It is
necessary to use the correction formula established by
Zhang Jili et al. to correct the soil erodibility factor,
KEPIC. The calculation formula is as follows: (K is the
modified soil erodibility value, and EPICK is the soil
erodibility value estimated by the EPIC formula.)

H R Factor

Rainfall erosion is one of the key driving factors
leading to soil erosion, causing widespread soil erosion
worldwide, represented by the capital letter R. The erosive
force of rainfall cannot be directly measured, and effective

methods need to be used to accurately estimate it. The
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main methods include simple algorithms and classical

algorithms. However, classical algorithms require
extremely high temporal resolution for rainfall data, so this
study uses a simple algorithm for calculation. As shown in
equation (6),
R™ = 0.053 x P16 (6)

In formula (6), R" is the annual rainfall erosivity

factor, P, is the annual rainfall, and the unit is mm.

M C Factor
The type of vegetation will affect the spatial
distribution pattern of soil erosion, and the increase or

decrease in vegetation coverage will affect soil erosion.

h

NDVI

High: 1
0 5 10 20
- — — T
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Therefore, it is essential to study the temporal and spatial
distribution characteristics of vegetation coverage to
effectively control soil erosion and guide the work of soil
and water conservation. When calculating the C value, it is
necessary to calculate NDVI (Figure 8) and FVC (Figure
9), mainly as formula (7).

NDVI-NDVIppin

FVC = ——**—
NDVImax—NDVIpin

(7

In formula (7), FVC is vegetation coverage, NDVI is
pixel value, and NDVI. and NDVI,i, are NDVI values
with vegetation cover and NDVI values of bare soil,

respectively.

>z

FVC
o High: 1

W Low: 0 o 5 10 20
— — T

Fig.8 NDVI Value Map

B P Factor

The factor of soil and water conservation measures
refers to the ratio of soil loss under certain soil and water
conservation measures to the soil loss of sloping
agricultural plots without implementing soil and water
conservation measures. The ratio P is generally between
0-1, where O represents areas with good prevention and
control measures and minimal erosion, and 1 represents
areas where relevant measures have not been implemented.

At present, there is no unified standard for assigning
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Fig.9 FVC Value Map

values to soil and water conservation factors in China.
After referring to a large amount of literature, this study
divides land use into six categories: grassland, farmland,
shrubland, water bodies, forests, and artificial land (Figure
10). Based on the classification of land use and referring to
the research results of relevant scholars, assign values to
soil and water conservation factors, reclassify land use
types, assign values of 0.10 to grasslands, forests, and
shrublands, 0.35 to cultivated land, 0 to water bodies, and
0 to artificial land (Table 2).
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Fig.10 Land Use Map

Table 2 P Value Assignment Table of All Kinds of Land

Land use type P value Land use type P value
Shrub land 0.1 Farmland 0.35
Water bodies 0 Artificial land 0
Grassland 0.1 Forests 0.1

IV. ANALYSIS AND RESULTS

4.1 The Spatial Distribution of LS Factor

The results of data analysis show that the high value
of the LS factor (Figure 11) in Zhaoyang is mainly
distributed in the northern region, especially in the
northwest region where the Jinsha River is located,
reaching the highest value of 1590.06. Combined with the
DEM map (Figure 12) and slope map (Figure 13) of
Zhaoyang, the topography of the high-value distribution
area is larger, while among the LS factors, the slope has

the greatest influence on soil erosion, and the steeper the
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slope is, the shorter the confluence time is. The faster the
flow speed is, the greater the runoff energy, and the more
severe the erosion on the slope, the greater the potential
soil erosivity. In general, the amount of erosion is
proportional to the slope. Secondly, the longer the slope
length is, the larger the surface confluence area and the
larger the surface runoff, which makes the sediment
carried by the flow gradually increase. However, the low
values are mostly distributed in the urban area of

Zhaoyang, where the topography is relatively flat.
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LS Factor Fot "J
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Fig. 11 LS factor
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Fig. 12 DEM of Zhaoyang District
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Fig. 13 Slope map

4.2 The Spatial Distribution of K Factor
Data analysis shows that the highest soil erodibility K
value is distributed in the building area of the urban center

of Zhaoyang (Figure 14), and the artificial land is not easy

to seepage, which is an important reason for the high soil
erodibility factor. The low value of the K factor is mostly
distributed in the covered and luxuriant areas, such as the

grassland in the west and the forest in the east.

K Factor
__1-0.005
|-0.004 - -0.002
[11-0.001 - 0.003
N 0.004 - 0.004
I 0.005 - 0.005

Fig K factor

4.3 The Spatial Distribution of R Factor
From the R factor value distribution map of rainfall

erosivity (Figure 15), it can be seen that the rainfall
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erosivity intensity is basically caused by the precipitation
intensity. In 2019, the rainfall erosivity in Zhaoyang
changed to 2336.66-7196.72 (MJ*mm)/(hm2*h*a),

showing a distribution law decreasing from northwest to
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southeast as a whole. The minimum value of the R factor
in the study area appears in the southeast, and the
maximum value appears in the northwest. According to the

climatic characteristics of Zhaoyang, because most of the

International Journal of Environment,

precipitation in the area is a short-term concentrated
rainstorm, the scouring force on the soil is enhanced,

which increases soil erosion.

R Factor
o High: 7196.72

B ow:2336.66

Fig.5 R Factor

4.4 The Spatial Distribution of C Factor

Vegetation is the key factor in controlling the
occurrence and development of soil erosion; the type of
vegetation will affect the spatial distribution pattern of soil
erosion, and the increase or decrease in vegetation
coverage will have an impact on soil erosion, as can be
seen from the C factor map (Figure 16). The value range is

between 0 and 1, and the closer the value is to 1, the higher

the vegetation coverage. The high value of vegetation
coverage in the study area is mainly distributed in the areas
where the land use type is forests and grassland; the low
value is distributed in the area where the land use type is
farmland; and the lower value is mainly distributed in the
area where the land use type is opaque water surface, less

vegetation coverage.

C factor
e High: 1

S Low: 0

o o
g

3

0 5 10 20
— — T

Fig.16 C Factor

4.5 The Spatial Distribution of P Factor

The soil and water conservation measure factor refers
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to the ratio of soil loss to the soil loss of the farming land
along the slope without soil and water conservation

measures under certain soil and water conservation
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measures; the ratio P is between 0 and 1, and the
prevention and control measures of generation 0 are very
good. That is, the area where erosion basically no longer
occurs; 1 represents the area where the relevant measures
have not been implemented. According to the research
results (Figure 17), the high value of the P factor of soil

and water conservation measures is distributed in the

International Journal of Environment,

southern cultivated area, indicating that the soil and water
conservation is poor and the erosion is serious in the
Zhaoyang area. The low value of the P factor of soil and
water conservation measures is distributed in the artificial
land area in the southeast, which makes the surface water
unable to seep, and it is also difficult to cause erosion to

the surface soil.

P Factor
wor High : 0.35

“ low: 0

Fig.17 P Factor

4.6 Soil Erosion Characteristics

The soil erosion modulus in Zhaoyang is calculated
based on the RULSE model. According to "Standards for
classification and gradation of soil erosion (SL 190Mil
2007)," the soil erosion modulus ([t/ (hm?a) ]) in
Zhaoyang can be divided into six grades: microscopic
erosion, mild erosion, moderate erosion, strong erosion,
extremely strong erosion, and severe erosion, and the
spatial distribution characteristics of soil erosion are
evaluated and analyzed. The results of soil erosion grade
classification and spatial analysis are as follows:
According to the soil erosion intensity classification map
(Figure 18), most of the land in Zhaoyang belongs to
microscopic erosion, followed by mild erosion and
moderate erosion. The erosion distribution area of the
strong grade is small, but it shows the characteristics of
concentrated distribution, and the erosion intensity

decreases from northwest to southeast, showing certain
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regularity. Strong erosion is mainly in the northwest of
Zhaoyang, where the topography is undulating, indicating
that altitude, slope, and other factors have a special impact
on soil erosion.

From the soil erosion area of different intensities
(Table 3), microscopic erosion accounts for the largest area,
which is 1326 km?, accounting for 64.4%. With a mild
erosion area of 362 km?, next only to microscopic erosion,
its erosion area accounts for 17.58%. With a moderate
erosion area of 247 km?, the proportion is 11.99%. There
are small differences in the proportion of areas with strong
erosion, extremely strong erosion, and severe erosion, with
erosion areas accounting for 3.74%, 1.55%, and 0.74%,
respectively. The above analysis indicates that soil erosion
in Zhaoyang is characterized by slight and mild erosion,
but the proportion of extremely strong and severe erosion
is relatively large. Therefore, in the construction of the

regional soil and water conservation ecological
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environment, attention should be paid to the management
of soil and water loss with extremely strong and severe
erosion levels.

The erosion environment of different land use types
and the intensity affected by human activities are different,
which leads to great differences in the soil erosion
characteristics of different land uses. Combined with the
land use map (Figure 10) and the erosion intensity map
(Figure 18) in Zhaoyang, we can see that there are great
differences in erosion intensity among different land use
types. From the point of view of erosion intensity, the
erosion intensity of farmland is large, and the erosion
intensity of grassland is in the grade of moderate erosion;
the erosion intensity of forests is small, which is in the
grade of slight erosion. Which is indicates that the effect of
soil and water conservation in forests is good; there is

almost no erosion in construction land, water areas, and

International Journal of Environment,

other land use types, or the amount of erosion is very small,
which is in the range of slight erosion as a whole. In terms
of the proportion of erosion of different land use types,
shrub land, forests, and grassland are the main sources of
regional erosion, while other land use types account for a
small proportion of erosion.

Table 3 Area of Soil Erosion at All Levels

Erosion level Erosion area(km?) Percentage(%)
Microscopic erosion 1326 64.4%
Mild erosion 362 17.58%

Moderate erosion 247 11.99%

Strong erosion 71 3.74%

Extremely strong erosion 32 1.55%

Severe erosion 15 0.74%

.
4

Soil erosion intensity
Microscopic erosion
____ Mild erosion
77 Moderate erosion
I Strong erosion
I Extremely strong erosion
I Severe erosion

0 5 10 20

— — kM

Fig. 18 Soil Erosion Intensity Map

V. CONCLUSION

This study mainly uses the combination of ArcGIS
and ENVI, analyzes the spatial distribution characteristics
of soil erosion in Zhaoyang based on the RUSLE model,
and studies the effects of soil erosion classification and
different land use types on soil erosion. The results are as
follows:

The intensity of soil erosion in Zhaoyang increases

gradually from southeast to northwest, and most of the
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land is subject to slight erosion. The second is mild erosion
and moderate erosion, and the strongly eroded soil is
concentrated in the northwest, which is greatly affected by
altitude and slope factors.

In Zhaoyang, the proportion of soil with slight
erosion is 64.4%, the proportion of light erosion area is
17.58%, the proportion of moderate erosion area is 11.99%,
and the proportion of strong erosion, extremely strong

erosion, and severe erosion is 3.74%, 1.55%, and 0.74%,

67


https://dx.doi.org/10.22161/ijeab.86.8

Benjamin et al.
Agriculture and Biotechnology, 8(6)-2023

respectively.

From the perspective of different land uses, the
amount of soil erosion in land use types such as
construction land and water areas is very small, and it is in
the range of slight erosion as a whole. Shrub land,
forestland, and grassland are the main sources of regional
erosion. Farmland soil and water conservation measures
are poor; their P value is larger, so the intensity of soil

erosion is high.
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Abstract— Background and objectives: “Asaana” is a local malt consumed by majority of Ghanaians of all E i:“#..! ro1 E

ages in all the cultures due to its refreshing and nutritional benefits. Since traditional women and methods

prepare it, no nutritional information is available during sale. In addition, research data about it is very .-ﬂ?_
scanty. This study therefore aims at determining its nutritional and potential energy value to enrich the :3?'5-
existing data. Method: The study focused on two types of Asaana preparations. A sample from a local E'ﬁ'#l"’:'h

b N3 2 X
et
]

producer prepared by the traditional recipe; and another prepared in the laboratory from two varieties of
maize (yellow and white) according to the traditional recipe. Proximate analysis and energy evaluation done
to determine nutritional value and energy potential. Results: The white variety had higher moisture (94.20+
0.01%), P (6324.16 £36.31g/g), K (6162.76+ 128.07 pug/g), Na (718.08+ 4.51 ug/g), Zn (865.65+ 9.09 pg/g)
contents and fat energy (0.44kj/g). The yellow variety recorded higher dry matter (7.39 £ 0.00%), and
carbohydrate (88.33+ 0.20%) contents and carbohydrate energy (15.0 kj/g). The traditional preparation had
higher protein (8.95+ 0.11%), fat (1.40+ 0.03%), fibre (4.04+ 0.08%), Ca (11600 +76.68 ug/g), Mg
(2000.48+ 28.20 pg/g), Fe(300.45 +£9.86 ug/g)contents and Protein energy(1.52kj/g). Conclusion: “Asaana”
is potentially nutritious and provides basic energy needed for physiological activities.

Keywords— maize, malt, proximate composition, mineral constituents, energy.

l. INTRODUCTION

Cereal-based beverages account for as much as 77%
of total caloric consumption and contribute significantly to
the dietary protein intake in Africa. They are processed
traditionally through natural fermentation with maize or
sorghum as the predominant raw material (Ojokoh & Bello
2014)!. “Asaana” is a traditional non - alcoholic beverage
prepared and consumed mostly in the Southern part of
Ghana. The Gas knows it as “Asaana” (meaning “we taste”
or ‘it is tasty’). “Liha” or “Aliha” (corn drink) in the Volta
region, and as “Elewonyo” by the Ashantis. It is believed
to have originated from the Volta region of Ghana..
“Asaana” is a refreshing drink best consumed fresh with ice
cubes and milk (optional). It is a source of essential
nutrients, and has medicinal and functional properties
(Perez-Armendariz & Cardoso-Ugarte 2020)2.

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
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Corn (Zea mays) is the main ingredient in “Asaana”
and it is grown extensively around the world. Zea mays is a
great source of minerals such as potassium, which helps
regulate the circulatory system. It contains lutein, a vitamin
known to reduce the risk of macular degeneration, cataracts
and other eye diseases. It is rich in dietary fiber beneficial
in regulating bowel movements. It contains the anti-oxidant
quercetin, which plays an important role in treating
prostatitis protects neuronal cells and reduces neuro
inflammation (International Grains Council Market Report,
2013)3. Therefore, consuming “Asaana” could provide all
these health benefits. The aim of this study is to determine
the respective nutritional and energy potential of the
samples . The results shall enrich the database on this local
beverage.
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1. MATERIALS AND METHODS
2.1. Collection of Samples:

A traditionally prepared sample of Asaana from a local
producer, and two varieties of maize (yellow and white)
from Abura market in Cape Coast, in the Central Region of
Ghana were collected.

2.1.1 Laboratory Preparation of Asaana

The maize samples were rid of all foreign materials. They
were labelled separately, and the grains soaked in water
overnight, strained and allowed to germinate for seven days.
They were then sun-dried for four days, ground to coarse
flour, mixed with cold water and the mixture boiled with
constant stirring for four hours. It, was strained after cooling
and allowed to ferment for three days. They were strained,
and caramel sugar added to produce the Asaana (Madilo et

International Journal of Environment, Agriculture and Biotechnology, 8(6)-2023

al., 2022)*. The preparation took place in the Agriculture
Research Laboratory of University of Cape Coast, Ghana.
Some modifications introduced into the procedure proposed
by Madilo et al., 2020 include sorting of foreign materials
and insect infected grains; milling by stainless steel
industrial blender, and adopting the optimum conditions.

2.2. Proximate Analysis of Traditionally and
Laboratory Prepared Asaana

The proximate composition and micronutrient analyses
were carried out using acceptable protocols (AOAC 2008;
Stewart et al., 1974; FAO 2003; IITA 1985; FAO
2008)56.789,

2.3 Data Analysis
The data analysed by SPSS version 20 at p < 0.05.

1. RESULTS

Table 1: Mean Proximate Composition (%) of the Asaana.

Test Traditional method White variety Yellow variety
Dry Matter 5.30+0.02 5.80+ 0.01 7.39+0.00
Moisture 93.8+0.01 94.20 + 0.01 92.61+ 0.00
Ash 1.89+0.05 2.06 £ 0.02 1.28+0.13
Protein 8.95+0.11 7.37£0.23 6.19+ 0.07
Oil / Fat 1.40£0.03 1.20£0.07 1.11+0.01
Carbohydrates 76.86+0.10 86.64 +0.15 88.33 +0.20
Fibre 4.04+0.08 2.73+0.17 3.09 +0.10

Source: Bartels /Atakora/ Gadzekpo Statistical analysis 2023

Table 2: Mineral Constituents (ug/g) of Samples

Mineral Traditional White Variety Yellow Variety Codex values (mg)
P 5220+ 26.40 6324.16+ 36.31 4667.40+ 34.88 600-1000mg

Ca 11600.00+ 76.68 11581.00+ 61.58 11364.67+314.04 800-1000

Mg 2000.48 + 28.20 1770.33 £ 26.50 1950.33+ 53.98 315-365

K 4998.34+ 87.79 6162.76+ 128.07 5888.42+ 45.33 2000

Na 609.98 + 64.56 718.08 + 4.51 637.33£0.72 2000

Zn 800.49 + 10.12 865.65 + 9.09 837.05+ 6.52 3.6-15

Fe 300.45+ 9.86 295.24+ 4.57 266.68+ 1.43 9.0-43

Source: Bartels/ Atakora/ Gadzekpo Statistical analysis 2023
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Table3: Energy Contents for Asaana

Type of Sample Protein Fat Carbohydrate

kcal/lg | kj/g kcall/g Kjlg kcallg Kjlg
White variety 0.29 1.23 0.11 0.44 3.46 14.71
Yellow variety 0.25 1.06 0.04 0.17 3.53 15.0
Traditional method 0.36 1.52 0.06 0.23 3.07 13.07
Atwater standard (cereals) 3.87 16.2 412 17.2 8.37 35.0

Source: Bartels/Atakora/Gadzekpo Statistical results 2023

V. DISCUSSION
4.1 Proximate composition

As shown in Table 1, for all the preparations, the mean
moisture content in the range of 92.61-94.20 %; while ash,
protein and fat contents respectively are 1.28-2.06, 6.19-
8.95 and 1.1-1.40 %.

The moisture content falls within 93.71- 94.93 %; whereas
ash, protein and fat contents respectively are higher than the
0.09-0.19, 0.33-1.01 and 0.22 - 0.77 % reported in a similar
study (Madilo et al., 2022) 4. Carbohydrate is in the range
of 76.86-88.33% and fibre is 2.73-4.04%. Protein is an
essential nutrient for the human body (Hermann, 2021)%,
Fibre lowers cholesterol, which may reduce the risk of
cardiovascular diseases (British Nutrition Foundation,
2018)1, It also regulates blood sugar and alleviates
constipation (Food and Nutrition Board, 2005)%,
Carbohydrates plays key roles in the immune system as it
serves as energy storage.

4.2 Energy Contents

Protein, fat and carbohydrates in the body yield energy,
which the body needs. As Table 1 indicates, the energy
content of the white variety ranges between 0.11-3.46 kcal/g
(0.44-14.71 kj/g); yellow variety ranges between 0.04-3.53
kcal/g (0.17-15.0 kj/g), while traditional method is in the
range of 0.06-3.07 kcal/g (0.23-13.07 Kkj/g). These values
are within the Atwater standards (www.fao.org)*® of 4.12-
8.37 kcal/g (17.2-35.0 kj/g).

Basal metabolism requires 1.2-2.4 kcal/24 hours, equivalent
to 5.0-10.0 Kkj24 hours for human beings
(www.fsps.muni.cz)*, this implies that the Asaana has the
potential to provide the basic energy required for
physiological activities by human. In addition, the energy
evaluation of the Asaana is as follows: fat < protein <
carbohydrate.

The energy content from protein in the traditional method
(0.36 kcal/g) is relatively higher, the white variety has
highest fat energy (0.11 kcal/g), whereas the carbohydrate
energy (3.53 kcal/g) is highest in the yellow variety. These

ISSN: 2456-1878
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values are within their respective Atwater values for cereals
as depicted in Table 1.

4.3 Mineral constituents

Table 2, shows phosphorus (P) content for Asaana
prepared from white variety as 6324.16g/g, yellow variety
as 4667.40ug/g and traditional method as 5220 + 26.40
Mg/g. These concentrations are below the Codex value
(FAO/WHO 2019)'® (600-1000 mg) for Phosphorous.
Though very insignificant, the Phosphorus in Asaana could
be beneficial to the consumer for the formation of bones and
teeth and plays an important role in how the body uses
carbohydrates and fat.

Calcium content in white corn was 11581.00ug/g and that
of yellow corn was 11364.67ug/g, traditional method
11600.00+ 76.68. These concentrations are also less than
the Codex value of 800-1000 mg, and also less than that
reported by Madilo et al., 2022) . Calcium is essential for
the development, growth and maintenance of bone, regulate
muscle contraction, blood clotting

and lowers the risk of developing high blood pressure
(https://www.medicalnewstoday.com/articles/248958#why
-we-need-calcium)*®. Magnesium content for Asaana
prepared from white corn was 1770.33pg/g and that of
yellow corn Asaana was 1950.33ug/g, traditional method
2000.48 + 28.20. Consuming Asaana, Magnesium
promotes healthy blood sugar regulation and nerve
function [Kubala J. 2023)Y7.

Potassium and Sodium contents for Asaana prepared from
white corn were 6162.76 and 718.08p/g respectively and
that of yellow corn were 5888.42 and 637.33ug/g
respectively, while traditional method had 4998.34+ 87.79
and 609.98 + 64.56ug/g. Potassium and Sodium help
maintain normal level of fluid inside our body. Increasing
Potassium intake can help reduce blood pressure, heart
disease and stroke. In contrast, high intake of Sodium
increases blood pressure, heart disease and stroke (C.D.C
2022)8 Therefore, it is best to consume Asaana in
moderation for people with heart conditions and high blood
pressure since there is no provision for appropriate dosage.
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Zinc and Iron content for Asaana prepared from white corn
was 865.65ug/g and 295.24ug/g respectively and that of
yellow corn was 837.05ug/g and 266.68 g/g respectively,
traditional method 800.49+ 10.12 and 300.45+ 9.86 ug/g.
Zinc boost the immune system, accelerates wound healing,
treat acne and decreases inflammation

(http://www.healthline.com/nutrition/zinct#what-it-is)™°.

Iron helps in normal oxygen transportation in the body,
reduces fatigue increases red cells production and supports
the immune system (http://betteryou.com/blogs/products-
guides/iron-benefits)?.

The nutrients in the Asaana as found in the study, are very
insignificant to make any meaningful impact on the health
of the consumer, but continual intake might provide
adequate nutrient for the consumer.

V. CONCLUSION

1. Asaana, non - alcoholic local malt was found to be
nutritious.

2. Asaana has the potential to provide the basic energy
required for physiological activities by human, the energy
profile is fat < protein < carbohydrate.

RECOMMENDATION

Stakeholders must provide a framework for its nutritional
labelling, and in addition to monitor its preparation and
consumption.
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Abstract—Former gold mining land exhibits poor soil fertility, both biologically, chemically, and
physically due to the damaging effects of the mining process on the land. Marginal land conditions, like
former gold mining areas, necessitate high-viability seedlings. Efforts to acquire quality seeds and boost
the productivity of this land involve planting adaptable and high-quality plant seeds, such as the
agarwood-producing plant (Aquilaria malaccensis Lamk.). This plant is among the adaptive non-timber
forest products that grow and naturally produce without inoculation (injection) on ex-mining lands—gold,
nickel, rocky sand, tin, and coal—supplemented with liquid organic fertilizers like Yomari and Arbuscular
Mycorrhizal Fungi (AMF) on Aquilaria malaccensis Lamk plants. Yomari liquid organic fertilizer, with its
high organic and nutrient content, can enhance soil organisms, improve soil pH, while AMF can promote
root growth and expansion, aiding roots in water and nutrient absorption through their external hyphae.
Consequently, this facilitates the production of numerous and robust roots. This research aims to
determine the optimal interaction between AMF doses and Yomari Liquid Organic Fertilizer for the growth
of Aquilaria malaccensis Lamk seedlings in former gold mining land. Additionally, it seeks to ascertain the
impact of administering the best Yomari organic fertilizer dosage and the best AMF dosage on the growth
of Aquilaria malaccensis Lamk on ex-gold mining land. This research was conducted from June to
November 2022 in the nursery of the Faculty of Agriculture, Andalas University. Employing a factorial
experimental method in a Completely Randomized Design (CRD) with two factors—firstly, the AMF dose
consisting of four levels: 10 grams (F1), 20 grams (F2), 30 grams (F3), and 40 grams (F4), and secondly,
the Yomari organic fertilizer dosage comprising five levels: 0 ml (Y0), 0.75 ml/l (Y1), 1.5 ml/l (Y2), 2.25
ml/l (Y3), and 3.0 ml/l (Y4)—each treatment level comprised four replications. Qualitative and quantitative
observation data were analyzed using the F-test at a 5% level of significance. Post-hoc analysis for
differences among treatments was conducted using the BNT test at the 5% level. Observations included the
percentage of live seeds, seed height increment, leaf number, widest leaf width, root weight, and
percentage of roots infected by AMF in ex-gold mining soil media inoculated with Acaulospora sp. and
Gigaspora sp. The administration of 40 grams of FMA with a dose of 3.00 ml/I of liquid organic fertilizer
showed an increase in the percentage of survival, an increase in the number of leaves, an increase in the
height of the plant seedlings, the widest leaf width, the percentage of root weight, and the seedlings of
agarwood-producing plants infected with AMF.
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I. INTRODUCTION

The rehabilitation of former Gold mining areas generally
requires high-quality seedlings. However, these seedlings
often experience significant mortality after being planted in
the field due to insufficient availability of nutrients and
water for growth and development. This is a result of plants
having few, shallow, weak, and damaged roots (Sari, 2018;
Intan, Sutoyo, and Satria, 2019, and Kimi, Sutoyo, and
Satria, 2021). The root issues can be addressed by using
liquid organic fertilizers such as Yomari fertilizer and
Arbuscular Mycorrhizal Fungi (AMF) at specific doses.
Yomari organic liquid fertilizer functions to enhance the
development of soil organisms, increase soil pH, stimulate
vegetative plant growth, play a role in the formation of
green leaf substances, and promote stronger and more
numerous plant roots. Soaking coffee cuttings in 1 ml/l
Yomari organic liquid fertilizer and spraying the cuttings
three times at a dose of 1 ml/l within 10 days will result in
numerous shoot cuttings with many strong roots (Satria et
al.,, 2021). The presence of AMF can improve the
availability of nutrients, especially phosphorus (P), which is
usually low in former Gold mining soil. This improves soil
structure, enhances water absorption, and protects plants
from root pathogens and toxic elements. Inoculating 40
grams of AMF in ultisol and in planting media from former
Gold mining soil can enhance the growth of seedlings of
Agquilaria malacensis Lamk., especially those with high
AMF infection and more extensive roots (Satria and Raesi,
2021; Kimi et al., 2021, and Satria, Fadli, Herawati, and
Aprisal, 2021).

This plant has great potential for development in former
mining areas, considering it is an adaptive non-wood forest
product that naturally grows and produces on former
mining lands such as nickel, sandy gravel, tin, and coal
(Sari, 2018; Intan et al., 2019, and Kimi et al., 2021). In
connection with the above explanation, the researcher is
interested in conducting a study with the title "The
Influence of Yomari Liquid Organic Fertilizer and AMF
(Arbuscular Mycorrhizal Fungi) Doses on the Growth of
Agarwood-Producing ~ Plant  Seedlings  (Aquilaria
malacensis Lamk.) in Former Gold Mining Soil."This
research is conducted to address several formulated
problems in the following questions: 1. Is there an
interaction between AMF dose and Yomari organic
fertilizer on the growth of agarwood-producing plant
seedlings (Aquilaria malacensis Lamk.) in former Gold
mining soil? 2. What is the effect of Yomari organic
fertilizer dose on the growth of these seedlings in former
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Gold mining soil? 3. What is the effect of AMF dose on the
growth of these seedlings in former Gold mining soil?

The long-term goal of this research is to obtain naturally
produced Aquilaria malacensis Lamk. (without inoculation)
and improve the productivity of former Gold mining soil.
The specific objectives of this research are: 1. To determine
the best interaction between Yomari organic fertilizer dose
and AMF dose for the growth of agarwood-producing plant
seedlings (Aquilaria malacensis Lamk.) in former Gold
mining soil. 2. To determine the effect of the best Yomari
organic fertilizer dose on the growth of these seedlings in
former Gold mining soil. 3. To determine the effect of the
best AMF dose on the growth of these seedlings in former
Gold mining soil.

This research is expected to provide information about
agarwood-producing plant seedlings (Aquilaria malacensis
Lamk.) that can associate well with Yomari organic
fertilizer and AMF doses and are compatible for planting in
former Gold mining areas. The results of this research are
expected to contribute to the development of plant science,
especially plant breeding. Contributions include: 1.
Providing information on the standard method of AMF
Doses and Yomari Liquid Organic Fertilizer on the Growth
of Agarwood-Producing Plant Seedlings (Aquilaria
malacensis Lamk.) in Former Gold Mining Soil. 2. Making
a positive contribution to the development of science and
technology in agarwood cultivation (Aquilaria malacensis)
and serving as a reference for adaptation and preservation
of its germplasm.

Il. METHODS

The research will be conducted in the experimental farm of
the Faculty of Agriculture, Andalas University. The
planned duration of the study is 6 months, starting from
May 2023 to November 2023.

The tools utilized in this research include a hoe, bucket,
polybags, scissors, hotplate, ruler, digital scale, meter,
writing tools, tweezers, scissors, cover glass, hose, tea
strainer, object glass, camera, and microscope. The
materials employed consist of seedlings of agarwood-
producing plants, Aquilaria malaccensis Lamk species,
former Gold mining soil, ultisol, compost, Yomari liquid
organic  fertilizer, Arbuscular  Mycorrhizal  Fungi
(including Acaulospora sp., Gigaspora sp., and a
combination of Acaulospora sp. with Gigaspora sp.), NPK
fertilizer, Curater 3 G, Aquadest, KOH 10%, HCI 2%,
Trypan blue for root staining, and clean water.
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This study adopts a factorial experiment method within a
Completely Randomized Design (CRD) with two factors.
The first factor involves the dosage of AMF with 4 levels:
10 grams (F1), 20 grams (F2), 30 grams (F3), and 40
grams (F4). The second factor includes the dosage of
Yomari organic fertilizer with 5 levels: 0 ml (Y0), 0.75
mi/l (Y1), 1.5 ml/l (Y2), 2.25 ml/l (Y3), and 3.0 ml/I (Y4).

International Journal of Environment, Agriculture and Biotechnology, 8(6)-2023

Each treatment level consists of 4 replications. The
observational data, both qualitative and quantitative, will
be analyzed using an F-test at a significance level of 5%.
Differential effects on treatments will be further analyzed
using the Tukey's Honestly Significant Difference (HSD)
test at a 5% significance level

Genetic Resources of Agarwood-Producing Plants (Aquilaria malaccensis Lamk.)

“

Former Gold Mine Land

N

Low-Quality Seedlings

‘]

Provision of Mycorrhizal Fungi (FMA) and Liquid Organic Fertilizer for Yomari

"

High-Quality Seedlings

-

Sta n.darld ized

Fig.2. Flowchart of the Study: The Effect of the Application of FMA Doses and Yomari Liquid Organic Fertilizer on the
Growth of Gaharu-Producing Plant Seedlings (Aquilaria malacensis Lamk.) on Former Gold Mining Soil

Seedlings of Aquilaria malaccensis Lamk, the agarwood-
producing plant species, are sourced from the Gaharu
farmer group in Kanagarian Muaro Linggae, Sijunjung
Regency. These seedlings are initially prepared in
polybags measuring 8 cm x 9 cm. When the research is set
to begin, the plants are transplanted into larger polybags,
sized 12 cm x 17 cm. The seedlings meet specific criteria,
including being free from pests and diseases, having a
height ranging from 5-15 cm, and possessing 2-5 leaves.

The soil used is a mixture of former Gold mining soil from
Dharmasraya Regency and Ultisol obtained from the
experimental farm of the Faculty of Agriculture, Andalas
University. The soil is evenly processed, and the planting
medium is filled into polybags measuring 12 cm x 17 cm.
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Seedlings are then transferred from the previously
mentioned polybags, which already contain the planting
medium (a mixture of former Gold mining soil and
Ultisol). Before planting, the seedlings, which have been
immersed for 15 minutes in Yomari liquid organic
fertilizer solution (according to the treatment), are inserted
into the planting hole where their roots come into contact
with FMA (according to the treatment) in the planting
medium. The hole is then covered with the soil within the
polybag.

The FMA used is a combination of Acaulospora sp. and
Gigaspora sp. The FMA is weighed according to the
treatment doses (10, 20, 30, and 40 grams per polybag)
using a digital scale, following the research by
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Nurmasyitah et al., (2013), and Satria et al., (2021), which
states that the application of 40 grams of FMA is the
optimal dose. FMA treatment is applied by sprinkling it
into the planting hole, then placing the pre-soaked
seedlings into the hole and covering it again with the soil
in the polybag. Starting two weeks after planting, the
seedlings are sprayed with POC fertilizer according to the
treatment doses (0, 0.75, 1.5, 2.25, and 3 ml/liter), with
additional spraying at 8 weeks after planting.

Gaharu seedlings are watered in the morning and evening
to maintain soil moisture in the polybag, using a hose for
watering. After the study, it was found that the percentage
of surviving seedlings was 100%, indicating that
replanting was unnecessary.

Weeding is done when weeds appear inside or
around the polybag, with weeding performed every 2
weeks. Weeding involves manually pulling out the weeds.
Root pruning is done to trim roots growing outside the
polybag, preventing the roots from spreading beyond the
polybag. Pruning is carried out using cutting tools such as
scissors. According to Rusmana (2014), root pruning
encourages lateral root growth within the polybag and
reduces stress during transportation. The illustration of
seedling root pruning can be seen in Figure 2. After the
study, no weeds were found growing outside the polybag.

Observations on the survival of seedlings during the study
can be calculated at the end of the observation period (16
weeks after FMA inoculation). The percentage of
surviving  seedlings is calculated as  follows:
Measurements of plant height increment were conducted
starting from the inoculation of FMA to the seedlings.
These measurements were performed once a week until
the end of the observation period (16 weeks after FMA
inoculation). Plant height was measured from the base of
the lower stem to the tip of the upper stem using a
measuring tape.

Observations on the number of leaves were initiated after
FMA inoculation to the seedlings. These observations
were conducted once a week until the end of the
observation period (16 weeks after FMA inoculation). The
observed leaves were those that had fully opened and
remained on the plant during the observation.
Measurements of the widest leaf width were conducted
weekly starting from FMA inoculation to the seedlings
until the end of the observation period (16 weeks after
FMA inoculation). The leaves measured were those that
had fully opened. The measurement of the widest leaf
width was carried out by measuring all the leaves on the
agarwood seedlings using a measuring tape, then marking
the leaves with the widest width for further observation.
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Observations on roots emerging from the polybag during
the implementation of the agarwood seedling study were
conducted from week 1 to week 16, and no roots were
found outside the polybag. After the observations, it was
confirmed that there were no roots emerging from the
polybag. Observations on the weight of the roots of
agarwood-producing plant seedlings in each treatment
were conducted at the end of the experiment (16 weeks
after FMA inoculation),

Using a scale, observations of root weight were conducted
by tearing the polybag, then loosening the planting
medium in a bucket containing water while rinsing until
the roots were clean. After cleaning the root samples, the
roots were dried, and then the weighing of the roots was
carried out.

Observations of FMA infection on the roots of agarwood-
producing plants were conducted at the end of the
observation period (16 weeks after FMA inoculation) by
taking root samples. The observation of the percentage of
FMA-infected roots was conducted at the Plant Physiology
Laboratory, Andalas University, after field observations
were completed. The percentage of FMA-infected roots
can be calculated as follows:

The roots were thoroughly cleaned using distilled water
(aguadest). After cleaning, the roots were immersed in a
10% KOH solution. The KOH immersion aims to release
oxygen from the cell walls for 2 days (48 hours). Once the
immersion is complete, the roots were rinsed again using
distilled water 3-5 times, with the assistance of a tea
strainer as a container. Subsequently, the roots were
soaked in a 2% HCI solution to soften the cell walls for 2
days (48 hours), followed by immersion in a trypan blue
solution for another 2 days (48 hours). Trypan blue is
utilized for root staining.

Next, the plant roots were cut using a knife to a length of 1
cm, with 5 pieces taken from each treatment and 3
replications. The glass slides were cleaned using 95%
alcohol, and the cut roots were placed on the glass slides
and covered with a cover glass. Each sample was labeled
on the glass slide. Each prepared sample was observed
under a microscope at a magnification of 400X. Root
infection could be determined by the presence of hyphae,
vesicles, and arbuscules

I11.  RESULT AND DISCUSSIONS

1. Percentage of Life of Agarwood-Producing Plant
Seeds

Based on the analysis of variance, it is indicated that there
is an interaction between the dosage of FMA and the
dosage of POC concerning the percentage of live
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agarwood-producing plant seedlings. The average
percentage of live agarwood-producing plant seedlings can
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be observed in Table 1.

Table 1. Percentage of Life of Agarwood-Producing Plant Seeds due to AMF and LOF treatment at 16 weeksay of age

Dosis FMA (g)

Dosis POC (ml/l)

0,00 0,75 1,50 2,25 3,00

10 32,50B 37,50C 55,00 B 62,50 B 80,00 B
c c b b b

20 37,50 AB 42,00 BC 50,00 B 62,50 B 75,50 B
d cd c b a

30 37,50 AB 52,50 B 55,00 B 67,50 B 85,00 B
d c c b a

40 42,50 A 62,00 A 75,00 A 90,00 A 97,50 A
d c b a a

KK =9,13%

Note: The numbers followed by the same uppercase letter in the same row and the numbers followed by the
same lowercase letter in the same column are not significantly different ccording to the LSD 5%.

Based on Table 1, it can be observed that there is a
significant interaction between the dosage of FMA and the
dosage of POC regarding the percentage of live agarwood-
producing plant seedlings. The application of 10 g of FMA
has a similar effect on the percentage of live seedlings
when combined with POC dosages of 0 ml, 1.50 ml, 2.25
ml, and 3 ml. Similarly, the application of 20 g of FMA
has a consistent effect on the percentage of live seedlings
with POC dosages of 1.50 ml, 2.25 ml, and 3 ml. The
application of 30 g of FMA shows a similar effect on the
percentage of live seedlings with POC dosages of 0.75 ml,
1.50 ml, 2.25 ml, and 3 ml. Lastly, the application of 40 g
of FMA exhibits a uniform impact on the percentage of
live seedlings across all POC dosage applications.

The results of the research depict the complexity of the
interaction between FMA and POC in influencing the
growth of agarwood plants in former gold mining areas.
The use of liquid organic fertilizer and mycorrhiza can
have a positive impact on the growth of agarwood plants
in former gold mining areas. Liquid organic fertilizer
provides the necessary nutrients for plants, while
mycorrhiza helps enhance nutrient absorption and improve
soil structure. The combination of both can increase plant
resilience to less fertile conditions, such as former gold
mining areas, and enhance agarwood plant productivity.
Perez and Urcelay (2009) stated that FMA can improve
the height growth of specific host plants that are
compatible with FMA. Different FMA types can have
different effects on different host plants. FMA is a
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biological fertilizer that only needs to be infected into its
host plants once because it is a living organism that can
continue to grow and develop (Setiadi and Setiawan,
2011).

Table 1 also indicates that the application of 0 ml POC has
a similar effect on the percentage of live seedlings with the
application of 20 g, 30 g, and 40 g FMA. The application
of 0.75 ml POC has a consistent effect on the percentage
of live seedlings with the application of 10 g, 30 g, and 40
g FMA. The application of 1.5 ml POC has a similar effect
on the percentage of live seedlings with the application of
10 g and 40 g FMA. The application of 2.25 ml POC
yields the highest percentage of live seedlings with the
application of 40 g FMA. Lastly, the application of 3 ml
POC has a similar effect on the percentage of live
seedlings with the application of 20 g, 30 g, and 40 g
FMA.

POC can help improve soil structure in former gold
mining areas, which may have less than ideal soil textures.
Well-structured soil can facilitate the movement of water
and air, as well as improve plant access to nutrients.
Liquid organic fertilizer can also help increase the soil's
capacity to retain water, which is crucial, especially in
former gold mining areas that may have water retention
issues. Soil that can retain water effectively can help
agarwood plants thrive in unstable environmental
conditions.
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POC can provide essential nutrients for agarwood plants in
former gold mining areas through organic substances.
POC contains organic substances such as humic acid and
fulvic acid. These substances can help increase the
availability of nutrients in the soil by enhancing ion
exchange and binding available nutrients. Additionally,
liquid organic fertilizer also contains microorganisms such
as bacteria and fungi that are beneficial to plants. These
microorganisms help break down organic matter in the soil
into forms that are more easily absorbed by plant roots.
Liquid organic fertilizer can also stimulate the growth of
soil microbes, which play a role in breaking down organic
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matter and releasing trapped nutrients. This can enhance
nutrient availability for plants.

2. Increase in the number of leaves of agarwood
producing plant seeds

Based on the analysis of variance, there is an interaction
between the application of FMA dosage and POC dosage
concerning the increase in the number of leaves on
agarwood plant seedlings. The increase in the number of
leaves on agarwood plant seedlings can be observed in
Table 2.

Table 2. Increase in the number of leaves of agarwood-producing plant seeds Due to AMF and LOF treatment at the age of
after 16 weeksof seedlings

Dosis POC (ml/l)

Dosis FMA (g)
0,00 0,75 1,50 2,25 3,00
10 325A 4,00B 475B 6,00 B 7,00C
d cd c b a
20 3,50 A 4,25 AB 5,00 AB 6,50 BC 7,50 B
d cd c b a
30 3,75A 4,75 AB 5,25 AB 7,25 AB 7,75 B
c b c a a
40 3,75A 5,00 A 575A 8,00 A 10,25 A
c c b a a
KK =10,99%

Note: The numbers followed by the same uppercase letter in the same row and the numbers followed by the
same lowercase letter in the same column are not significantly different ccording to theLSD 5%.

Based on Table 2, it can be observed that there is a
significant interaction between the dosage of FMA
(Arbuscular Mycorrhizal Fungi) and the dosage of POC
(Liquid Organic Fertilizer) regarding the increase in the
number of leaves on agarwood-producing plants. The
application of 10 g, 20 g, and 30 g of FMA results in the
highest increase in the number of leaves when combined
with a POC dosage of 3 ml. The application of 40 g of
FMA has a similar effect on the increase in the number of
leaves across all POC dosage applications. Table 2 also
shows that the application of 0 ml POC has a similar effect
on the increase in the number of leaves with the
application of 30 g and 40 g of FMA. The application of
0.75 ml and 1.50 ml POC results in the highest increase in
the number of leaves with the application of 40 g of FMA.
The application of 2.25 ml POC has a similar effect on the
highest increase in the number of leaves with the
application of 30 g and 40 g of FMA. The application of 3
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ml POC has a similar effect on the increase in the number
of leaves across applications 40 g of FMA dosage.

The significant interaction between the
application of FMA (Arbuscular Mycorrhizal Fungi)
dosage and POC (Liquid Organic Fertilizer) dosage
regarding the increase in the number of leaves on
agarwood-producing plants is due to the mechanisms
involving both in enhancing the health and growth of
plants. This includes a symbiotic mutualistic interaction
between FMA and plant roots. FMA forms a symbiotic
mutualistic relationship with plant roots. The mycorrhiza
(fungus) on FMA forms structures such as mycelium that
reach into the soil and create root-like structures,
enhancing nutrient absorption by plants.

In this relationship, plant roots provide carbohydrates from
photosynthesis to FMA, while FMA assists plants in
nutrient absorption, especially phosphorus. Liquid Organic
Fertilizer (POC) as an Additional Nutrient Source. POC
contains organic substances, nutrients, and
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microorganisms that can increase nutrient availability in
the soil. Additional nutrients from POC can strengthen the
symbiotic relationship between FMA and plants by
providing the resources needed for the growth of
mycorrhiza and plants. Optimization of Phosphorus
Availability.

FMA plays a critical role in increasing phosphorus uptake
by plants. Phosphorus is crucial for leaf formation and
overall plant growth. The application of FMA dosage can
improve phosphorus uptake efficiency, especially at
specific dosages. Specific Dose Interaction. The research
results show that FMA dosages of 10 g, 20 g, and 30 g
result in the highest increase in the number of leaves at a
POC dosage of 3 ml. This may reflect an optimal point
where the interaction between FMA and POC achieves
maximum results.

The interaction between FMA and POC creates a
synergistic effect, where the combination of both provides
better results than the application of each separately. Thus,
through the synergy of increased nutrient absorption
through FMA and the provision of additional nutrients
from POC, this interaction can significantly enhance the
growth of agarwood plants, especially in terms of the
increase in the number of leaves(Satria et al., 2022). The
specific dose factors of each component also provide an
additional dimension that needs to be considered in
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managing agarwood cultivation in former gold mining
areas. The percentage of live seeds is influenced by
various biotic and abiotic factors. Biotic factors such as
seed quality, plant seeds used from both species came
from healthy seeds. The characteristics of healthy plants
are that they have green leaves and stems, the seeds are
not diseased, the stems are straight, which is in accordance
with the Indonesian national standard (SNI) 01-5006.1-
2006 regarding seed quality which states that healthy
seeds are fresh seeds. that are not attacked by pests and
diseases, and do not show symptoms of nutrient deficiency
(stems are notstraight and pale yellow in color). The high
percentage value of live seedlings Aquilaria malacensis
seedlings had the best growth response to the AMF dose
treatment with the highest LOF concentration.

3. Agarwood-producing Plant Seed Height Increase

Based on the analysis of variance, the seedling height of
agarwood-producing plants indicates that there is no
interaction between the dosage of FMA (Arbuscular
Mycorrhizal Fungi) and the dosage of POC (Liquid
Organic Fertilizer). Individually, both types of FMA and
POC dosage have a significant effect. The data can be seen
in Table 3.

Table 3. Plant Seed Height Increase due to AMF and LOF treatment at seedling age of after 16 weeks

Dosis POC (ml/l)

Dosis FMA (g) Rata-Rata
0,00 0,75 1,50 2,25 3,00
10 15,0 22,5 275 30,0 35,0 26,00 ¢
20 17,5 25,0 30,0 35,0 45,0 30,50 b
30 17,5 27,5 30,0 35,0 45,0 31,00 b
40 20,0 30,0 35,0 40,0 57,5 36,50 a
Rata-Rata 1750E 2625D 30,62C 35,00B 45,62 A
KK = 18,86%

Note: The numbers followed by the same uppercase letter in the same row and the numbers followed by the
same lowercase letter in the same column are not significantly different ccording to theLSD 5%.

Based on Table 3, FMA with a dosage of 40 g provides an
average seedling height for agarwood-producing plants
that is higher than other dosages, reaching 36.50 cm. POC
dosage also has a significant effect on the seedling height
of agarwood-producing plants. The average results show
that a POC dosage of 3 ml reaches 45.62 cm. The
occurrence of separate mechanisms between FMA and
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POC, where both contribute independently to plant
growth.

FMA can influence nutrient absorption through a
symbiotic relationship with plant roots, while POC can
directly provide additional nutrients to the soil(Satria et
al., 2022). The absence of interaction between the
application of POC (Liquid Organic Fertilizer) and FMA
(Arbuscular Mycorrhizal Fungi) on the height of agarwood
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seedlings can be influenced by several factors, including
the existence of Separate Mechanisms (Independent
Actions) between the application of POC and FMA. FMA
enhances nutrient absorption and improves the condition
of plant roots, while POC provides additional nutrients and
improves soil structure.

The same impact on seedling height. Factors such as
nutrient availability, water absorption, and improved plant
health may have a similar impact on the height of
agarwood seedlings without depending on each other.
Both factors may have a positive additive contribution, but
they do not modify or enhance each other's effects.
Optimal Conditions Without Dependency. In situations
where the dosage of POC and FMA has reached its
optimal conditions, no additional improvement can be
achieved through the interaction between the two. POC
and FMA dosages have already provided an optimal level
of nutrition and soil support for the growth of agarwood
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plants. Linear or Saturated Response. The addition of POC
or FMA dosages has reached a level where plants respond
linearly or even reach a saturation point, where further
addition does not provide additional increases in seedling
height. This is because this is because the higher the dose
of LOF given and the higher the dose of AMF given to
agarwood-producing plants, the higher the growth of
agarwood-producing plant seeds. In addition, this plant is
able to utilize N2 in the air, and the organic matter
produced by this plant is rich in N nutrients (Kimi et
al.,2020 and Satria et al, 2022)).
4. Widest Leaf Width of Agarwood Seedlings

Based on the analysis of variance, it is evident
that there is an interaction between the treatment doses of
FMA and POC on the longest leaf length of seedlings
from agarwood-producing plants. The longest leaf length
of seedlings from agarwood-producing plants can be
observed in Table 4.

Table 4. Widest Leaf Width of Agarwood-Producing Plant Seeds due to AMF and LOF treatment at 16 weeks of seedling

Dosis FMA (g)

Dosis POC (ml/l)

0,00 0,75 1,50 2,25 3,00

10 4,7500 B 5,6250 B 6,1250 C 6,5000 B 7,4750 C
d c bc b a

20 5,0250 AB 6,2500 AB 6,5500 BC 6,7500 B 8,0000 C
c b b b a

30 5,2500 AB 6,4750 A 6,9500 AB 6,9750 B 9,1250 B
c b b b a

40 55750 A 6,7250 A 7,3700 A 7,7500 A 10,3750 A
d c bc b a

KK =6,99%

Note: The numbers followed by the same uppercase letter in the same row and the numbers followed by the
same lowercase letter in the same column are not significantly different ccording to theLSD 5%.

Table 4 also indicates that the application of POC dosages
0 ml, 0.75 ml, and 1.5 ml has the same effect on the
percentage of live seedlings with the application of FMA
dosages of 10 g and 40 g. The application of POC dosages
2.25 ml and 3 ml has the same effect on the longest leaf
length in all FMA dosage applications. The research
results indicate a significant interaction between FMA and
POC dosages on the longest leaf length of agarwood-
producing plants. A dosage of FMA 10 g may have
reached its optimal limit for the application of POC
dosages of 1.50 ml and 3 ml, while higher FMA dosages of
40 g are needed to see an improvement with POC dosage
of 3 ml.
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The simultaneous application of FMA and POC can
support the growth of agarwood leaf length by increasing
nutrient availability, activating plant hormones, and
improving soil quality. In this context, the interaction
between FMA and POC dosages plays a crucial role in
optimizing the plant's response to the given treatments
(Satria et al.,2022). The higher the dose of AMF given to
the producing lant, the wider the width of the widest leaf of
agarwood- producing plant seeds. In addition, this plant is
able to

utilize N2 in the air, and the organic matter produced by
this plant is rich in N nutrients (Kimi et al.,2020)
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4. Longest Leaf Length

Based on the analysis of variance, it is indicated
that there is an interaction between the treatment of FMA
dosage and POC dosage on the widest leaf width of
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agarwood-producing plant seedlings. The average widest
leaf width of agarwood-producing plant seedlings can be
seen in Table 5.

Table 5. Longest Leaf Lengh of Agarwood-Producing Plant Seeds due to AMF and LOF treatment at 16 weeks of seedling

Dosis FMA (g)

Dosis POC (ml/l)

0,00 0,75 1,50 2,25 3,00

10 1,9250 A 2,2250 A 2,3500 B 2,5500 A 2,8500 C
d c bc b a

20 1,9000 A 2,3250 A 2,7500 A 2,6500 A 3,0500 BC
d c b b a

30 2,0000 A 2,3000 A 2,5500 AB 2,6250 A 3,0750 B
d c b b a

40 2,0750 A 2,4000 A 2,5750 A 2,7250 A 3,4250 A
d c bc b a

KK =5,84

Note: The numbers followed by the same uppercase letter in the same row and the numbers followed by the
same lowercase letter in the same column are not significantly different ccording to theLSD 5%.

Based on Table 5, it can be observed that there is
a significant interaction between the dosage of FMA and
POC on the widest leaf width of agarwood-producing
plants. The application of FMA dosages of 10 g, 20 g, 30
and 40 g resulted in an increase in the widest leaf width
when combined with a POC dosage of 3 ml. The
application of FMA dosage of 40 g had the same effect on
the widest leaf width for all POC dosages. Table 5 also
indicates that the application of POC dosages of 0 ml, 0.75
ml, 2.25 ml, and 3 ml had the same effect on the widest
leaf width for all FMA dosages. Meanwhile, the
application of POC dosage of 1.50 ml had the same effect
on the widest leaf width for the application of FMA
dosages of 20 g and 30 g.

The positive interaction between the application
of Arbuscular Mycorrhizal Fungi (FMA) and Liquid
Organic Fertilizer (POC) affecting the growth of agarwood
leaf width can be explained through several mechanisms
related to increased nutrient availability, increased soil
microbial activity, and soil condition improvement. FMA
forms a symbiotic relationship with plant roots, creating
arbuscular mycorrhizal mycelium structures that can
enhance the absorption of nutrients, especially nutrients
that are less soluble in water, such as phosphorus and other
minerals. POC, as a liquid organic fertilizer, can provide
organic nutrients that are more easily accessible to plants.
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The combination of increased mineral absorption by FMA
and the provision of organic nutrients by POC provides
better nutritional support for the growth of agarwood
leaves(Satria et al., 2021 and Satria et al., 2022). POC
provides sources of organic nutrients that support the
growth and activity of soil microbes. This microbial
activity plays a crucial role in breaking down organic
matter into forms that can be used by plants. Increased
microbial activity can enhance the circulation of nutrients
in the soil, which in turn supports plant growth, including
leaf width. Hormone stimulation can also influence leaf
width growth. FMA can stimulate the production of plant
hormones, which can affect the growth and development
of leaves(Intan et al., 2019). The combination with POC
may provide additional support in triggering plant
hormone responses leading to broader leaf growth.

6. Root Weight of Agarwood-Producing Plant Seedlings

The analysis of variance results indicates that there is an
interaction between the AMF treatment and the POC
treatment on the root weight of agarwood-producing plant
seedlings (Appendix 4 and Table 3). The best response is
shown in the treatment of 40 grams of AMF with a POC
treatment of 3.00 ml, which is significantly different from
other treatments at 3 months after planting (MAP).

81


https://dx.doi.org/10.22161/ijeab.86.10

Satria et al.

International Journal of Environment, Agriculture and Biotechnology, 8(6)-2023

Table 6. Root Weight of Agarwood-Producing Plant Seedlings due to AMF and POC Treatment at 16 Weeks After Planting

(WAP).
) Dosis POC (ml)
Dosis FMA (g)
0 0,75 1,50 2,25 3,00
g
10 11.3000 ¢ 12.3175b 12.9925 ¢ 13.1600 ¢ 13.8675 ¢
C B B AB A
20 12.2325b 13.0750 b 13.5550 ¢ 13.7150 ¢ 13.9900 ¢
C BC AB AB A
13.0275b 14.1000 a 15.1225b 15.8875 b 19.2300 b
30 D C B B A
40 14.3925 a 15.8600 a 16.8500 a 17.5800 a 24.6975a
C C B B A
KK =4.12%

The higher the dose of AMF (Arbuscular Mycorrhizal
Fungi) and the higher the concentration of POC (Yomari
Liquid Organic Fertilizer) given to agarwood-producing
plants, the higher the root weight of agarwood-producing
plant seedlings. Nitrogen is crucial for the formation and
growth of vegertative parts of plants such as leaves, stems
and roots. Meanwhile, phosphorus can help enhance lant
growth, produce chlorophyll, increase protein levels, and
accelerate leaf growth (Satria et al., 2021 and Satria et al.,
2022).

7. Percentage of Roots of Agarwood-Producing Plant
Seedlings Infected with AMF

The analysis of variance results show that there is an
interaction between the AMF (Arbuscular Mycorrhizal
Fungi) treatment and the POC (Yomari Liquid Organic

Fertilizer) treatment on the widest leaf width of agarwood-
producing plant seedlings (Appendix 4 and Table 3). The
best response is shown in the treatment of 40 g AMF
dosage with 3.00 ml POC treatment, which significantly
differs from other treatments at 16 weeks after planting
(MAP). This may be due to the mycorrhizal fungi with the
AMF dosage and POC concentration being able to thrive
in a planting medium dominated by sandy soil with larger
soil pores compared to clayey soil. This condition is
believed to be suitable for the development of larger AMF
spores, capable of infecting plant roots (Kimi et al., 2020;
and Asmaraman et al., 2018).

Table 7. Percentage of Roots of Agarwood-Producing Plant Seedlings Infected with AMF due to AMF and POC treatments
at 16 Weeks After Planting (WAP).

Dosis POC (ml)

Dosis FMA (g)
0 0,75 1,50 2,25 3.00
%
17.5000 a 19.0000 a 20.0000 a 23.0000 a 25.0000 a
10 D C C B A
20 32.7500 b 34.5000 b 36.2500 b 38.2500 b 44.2500 b
E D C B A
36.0000 b 43.5000 c 46.5000 c 51.5000 c 58.0000 c
30 E D C B A
20 57.5000 ¢ 62.5000 d 65.7500 d 85.7500 d 95.5000 d
E D C B A
KK =1.85%

Note: Numbers followed by the same uppercase letter in the same row and numbers followed by the same lowercase letter in
the same column are not significantly different according to the LSD.
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According to Brundrett (1996), mycorrhiza is a form of
mutualistic symbiotic relationship between fungi and
plant roots, where both symbionts benefit from each other.
Arbuscular mycorrhizae (CMA) are considered obligate
symbionts, meaning that CMA can function only after
infecting the host plant. CMA can infect the root system
of the host plant, as depicted in Figure 1, and
subsequently produce an extensive network of hyphae.
This mycorrhizal association enables the plant to enhance
its capacity for nutrient absorption from both organic
liquid fertilizer (POC) and water (Satria et al., 2022).

Fig.1. Form of roots infected by Arbuscular Mycorrhizae
(CMA) as viewed under a microscope at 400X
magnification.

The colonization increase by Arbuscular Mycorrhizae
(CMA) begins with the formation of an appressorium. The
appressorium is a crucial structure in the life cycle of
CMA, representing a key event for a successful
interaction with the potential host plant. Subsequently, the
contact phase is followed by the symbiotic phase. From
that phase onward, the fungus perfects the complex
morphogenetic process by producing intercellular and
intracellular hyphae, vesicles, and arbuscules. The main
structures of CMA are arbuscules, vesicles, external
hyphae, and spores (Dewi, 2007). According to Sufaati et
al., (2011), arbuscules are hyphal structures originating
from branching hyphae inside the cortex cells of the host
plant's roots. Arbuscules have a small tree-like appearance
and function as sites for the exchange of primary
metabolites (especially glucose and phosphorus) between
the fungus and plant roots. The distribution of external
hyphae is influenced by biotic and abiotic factors such as
soil chemical and physical properties, organic matter, and
microflora and microfauna present in the soil as the
growing medium (Trisilawati et al., 2012).

IV. CONCLUSION

Based on the results of the above research, it can be
concluded that: 1. there is an interaction between the
administration of AMF doses and the concentration of
liquid organic fertilizer on the growth of seedlings of
agarwood-producing plants (Aquilaria malacensis Lamk.)
on former gold mining soil, and 2. Administration of 40
grams of AMF with a concentration of 3.00 ml/I of liquid
organic fertilizer is the most effective in increasing the
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percentage of survival, the number of leaves, the height of
seedlings, the widest leaf width, and the percentage of
agarwood-producing plant seedlings infected with CMA.
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Abstract— Since 2018, the Gao region has been the focus of a massive influx of people from all walks of =1

life in search of the gold nugget that would make them rich. Indeed, gold has been discovered at various I_Eliq. i'ij_E
sites in the region, successively up to the present day. In a context of insecurity and occupation of the sites "ﬂT... DAt o
by armed groups, gold mining is carried out in an anarchic fashion with little regard for the environmental ’3"’:'».,"-.'-:5., g
regulations in force. The aim of the study was to analyze the economic and environmental effects of gold “E ‘El:“.':"" d
panning in a context of armed conflict in the Gao circle, Mali. The methodology adopted consisted in *. -'ﬁ'
conducting surveys among gold miners and local authorities in the region. Analysis of the survey results

revealed that the positive impact was a drop in the unemployment rate among young people and an

increase in their income above the minimum wage, according to 86% of respondents. However, the

uncontrolled exploitation of sites using inappropriate machinery and techniques poses serious

environmental problems, particularly for water, soil, flora and fauna resources. What's more, the waste

generated is very poorly managed (59% of respondents dump it in the open air and 35.24% burn it). This

has serious consequences for renewable natural resources. One of the main factors encouraging

uncontrolled mining on gold panning sites is the failure of operators to comply with, or even ignore,

current legislation in areas of insecurity. The Malian government must seek to secure these areas so as to

ensure compliance with appropriate operating measures and better organize the industry. This will have

the dual advantage of bolstering the coffers of the state and local authorities, as well as ensuring the safety

of gold miners on the sites.

Keywords— Effects economy, effects environment, gold panning, armed conflict, Gao.

Résumé— Depuis 2018, la région de Gao fait I'objet d’un flux massif de personnes venues de tous les
horizons a la recherche de pépite d or qui ferait leur richesse. En effet, l’or a été découvert sur divers sites
de la région et de facon successive jusqu’a nos jours. Dans un contexte d’insécurité et d’occupation des
sites par les groupes armés, I’exploitation aurifére se fait de facon anarchique avec peu d’égard pour la
réglementation environnementale en vigueur. L objectif de I’étude est d’analyser les effets économiques et
environnementaux de ’orpaillage dans un contexte de conflit armé dans le cercle de Gao au Mali. La
méthodologie adoptée a consisté a mener des enquétes aupres des orpailleurs et des autorités locales de la
région. De [’analyse des résultats des enquétes, il ressort que la conséquence positive a été la baisse du
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taux de chdmage aupres de la couche jeune et une augmentation de leur revenu supérieur au SMIG selon
86% des enquétés. Cependant, [’exploitation anarchique des sites avec des engins et techniques
inappropriés pose de graves problémes environnementaux notamment sur les ressources hydriques,
pédologiques, floristiques et fauniques. En outre, les déchets générés sont trés mal gérés (59% des
enquétés jettent a I'air libre et 35,24% les brulent). Il en résulte de graves conséquences sur les ressources
naturelles renouvelables. Le non-respect des textes en vigueur, voire leur ignorance par les exploitants sur
une zone d’insécurité constitue ['un des principaux facteurs favorisant I’exploitation anarchique sur les
sites d’orpaillage. L’Etat malien doit chercher a sécuriser ces zones afin d’y faire respecter les mesures

appropriées d’exploitation et mieux organiser la filiere. Ceci aura le double avantage de faire renflouer
les caisses de I’Etat et des collectivités, mais aussi d assurer la sécurité des orpailleurs sur les sites.

Mots clés— Effets économiques, effets environnementaux, orpaillage, conflit armé, Gao.

I.  INTRODUCTION

Au Mali, I’exploitation artisanale de 1’or aussi appelée
orpaillage est une pratique séculaire, en témoigne les récits
datant des empires du Ghana et du Mali. De cette époque
des grands empires (du Ghana, du Mali et du Songhay), ou
elle était essentiellement traditionnelle, a nos jours, cette
activité a connu plusieurs types de pratiques (Maiga et al,
2022, p.39). Aujourd’hui, I’exploitation aurifére artisanale
contribue au Mali a la survie de nombreuses populations
(emploie plus de 250.000 personnes) sur 350 sites
différents (Camara, 2017, p.1). Selon [I’étude de
I’OCDE/ALG (2018, p. 6), environ 300 a 350 sites
d’exploitation ont été répertoriés avec une production d’or
artisanale et a petite-échelle d’environ 04 tonnes par an.

Ces derniéres années, 1’orpaillage connait une mutation
trés spectaculaire matérialisée par [I’introduction des
méthodes et techniques modernes (broyeurs, engins
miniers, détecteurs de métaux, etc.) ainsi que des produits
chimiques dangereux (cyanure et mercure) dont
I’utilisation ne respecte aucune norme environnementale,
d’hygiéne et de sécurité. Avec 1’utilisation de plus en plus
courante des détecteurs de métaux par les orpailleurs, les
sites d’orpaillage peuvent étre ouverts n’importe ou dés
I’instant que la présence d’indices est signalée. D’autres
variantes d’orpaillage verront le jour comme 1’orpaillage
par dragage des cours d’eau avec utilisation de dragues
industrielles et artisanales et de « cracheurs ». En pleine
crise sécuritaire, 1’orpaillage constitue de nos jours, une
source de revenus et d’emplois malgré les menaces qu’elle
fait peser sur I’environnement.

L’exploitation artisanale de 1’or, bien qu’étant une
tradition au Mali, s’est étendue au Nord du pays cette
derniére décennie notamment dans les régions de Kidal et
de Gao qui sont aussi en proie a des conflits armés qui
durent depuis 2012. Dans le nord du pays, la prospection
artisanale de 1’or représenterait plus de 15% de la
production nationale, mais elle échappe au contréle du
pouvoir malien (ouest-france.fr). Les gisements de mines
d’or ainsi découverts font I’objet de convoitise et attirent
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beaucoup de jeunes de toutes les nationalités surtout de la
sous-région. Ce qui a accentué la pression humaine sur les
sites miniers avec son corollaire de dégradation de
I’environnement. L’insécurité persistante, réduisant de
facon considérable le contrdle de I’Etat dans cette partie du
pays fait que les normes d’exploitation sont peu, voire pas
respectées. Par ailleurs, les sites sont contrblés par les
groupes armés  pour renforcer leur  capacité
d’autofinancement afin de mieux s’armer. Dans la région
de Gao, de la découverte des premiers filons d’or en 2018,
le passage des matériaux simples aux cracheurs s’est fait
avec grande célérité. Cette situation nonobstant le fait
qu’elle contribue a créer des emplois et occuper les jeunes,
compromet sérieusement la régénération des maigres
ressources naturelles de la zone comme les sols, les eaux
de surface, les zones de paturage, les rares foréts.

Le cercle de Gao connait un afflux important du fait de la
découverte de sites qui regorgent du précieux minerai. En
quelques années, 1’orpaillage a connu une mutation rapide
avec I’introduction des méthodes et techniques modernes
et aussi l’utilisation des produits chimiques dangereux.
Au-delas des aspects économiques rentables, I’orpaillage
pratiqué avec des méthodes d’extraction ainsi que les
procédés ne respectant pas les normes environnementales
est a la base des problemes de santé et environnementaux
auxquels les travailleurs ainsi que les riverains sont
confronteés.

Beaucoup de travaux ont été réalisées sur 1’orpaillage dans
les régions Sud du pays en raison de 1’existence de site
miniers depuis le temps des empires et trés peu sur la
partie Nord. La découverte de sites miniers dans cette
partie nous donne ainsi 1’opportunité d’étudier les
implications de cette activité surtout dans un contexte de
conflit armé. L’objectif de la présente étude est d’analyser
les effets économiques et environnementaux de
I’orpaillage dans un contexte de conflit armé dans le cercle
de Gao au Mali.
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II. METHODES ET MATERIELS
2.1 Méthodes
2.1.1

Le cercle de Gao est situé entre 15 et 17° latitude Nord et
de 1° Ouest a 1° Est sur une superficie de 31 288 km? soit
35% de la superficie totale de la région de Gao (carte 1).

Zone d’étude

rooro
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Sa population estimée a 338 595 habitants en 2020
(DRSIAPS). Le cercle de Gao est composé de 07
communes (Gao, Gounzoureye, Gabéro, Soni Aliber,
N’tillit, Anchawaji, Tilemsi). Notre commune d’étude est
celle de N’tillit ou ’activité d’orpaillage est beaucoup plus
développée depuis quelques années (carte 2).

N
! Algérie
f o
\ — \';V‘l': 2
_~_GAO
/

|
0N

p Faso

Tessalit AD:

\ nn-s‘n sako|
Kidal £
v — 3

Tombouctou

Gourma-Rharous

:@o‘ z
150N
1

Douentza

Source: MDRI

1:2 000 000

T
0N

Infrastructures scolaires
= Infrastructure sanitaires

- Villages

Cours d'eau

T
15'09°N

Routes

- Eaux de surface

Réalisateur: M. Abdoulaye
Date: 02/2021

IR M b ] Limite Region

I:l Limite cercle

rooro o o0

Carte 1 : Présentation du cercle de Gao.

roone

o5

E L

161

S
; ,7 Nuttx 7
- e

(]

® Vilages_Ntiit

Cours d'eau

Routes

[ commune_nut

1cm =10 km
120 0

Source | MDRI
S$C: GCS WGS 1984

Ouinerden

/Bourem

Gossi

- i)

unzourey,év ¥

Gabero

A |
QF'QAnch,_a}uadi

=16 <

161

w15 &

T 154

[ ] Limites_Communes | Dte- 03032023

__Monidors

Réalisateur : M ABDOULAYE

08

05 03 0 0z

Carte 2 : Présentation de la commune rurale de N’Tillit dans le cercle de Gao.

2.1.2

Le cercle de Gao compte sept communes. Notre choix a
porté sur la commune de N’Tillit au niveau de laquelle

Démarche méthodologique

Iactivité d’orpaillage est trés développée. Le travail de
terrain a consisté a mener des enquétes quantitatives
auprés de 105 orpailleurs et des enquétes qualitatives
auprés de 05 responsables du domaine des mines et de
services techniques. Le choix des orpailleurs (concasseurs,
puisatiers, laveurs, transporteurs de minerai) s’est fait de
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facon aléatoire et a concerné ceux sur le site et ceux de
passage a Gao en fonction de leur disponibilité. Pour des
raisons de sécurité, une grande partie des enquétes a eu
lieu a Gao. Cependant, le terrain a aussi été exploré, ce qui
nous a permis de prendre les coordonnées des zones
d’étude, des photos qui témoignent de la réalité et de
collecter aussi des données.

2.2 Matériels
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Les données collectées sont des données climatiques,
sociodémographiques et des relevés de points de
coordonnées du site. Les données socioéconomiques ont
été collectées a 1’aide de 1’application mobile KoboCollect
et les relevés de points de coordonnées sur le site
d’orpaillage pris a 1’aide de GPS. Les matériels utilisés
sont le Smartphone, le GPS, I’appareil photographique, le
questionnaire et le guide d’entretien. Les données
climatiques et socioéconomiques ont été traitées sur le
logiciel Excel et celles cartographiques sur le logiciel Arc
GIS 10.8. Les résultats obtenus sont présentés sous
diverses formes de figures et de tableaux.

I1l. RESULTATSET DISCUSSION
3.1 Résultats

3.1.1 Site d’exploitation
réglementation

aurifére et sa

Sur les sites d’exploitation, le paysage fait ressortir les
habitations de fortune implantées ¢a et 1a et les excavations
qui s’éparpillent a perte de vue. Les habitations (sous
forme de baraque) sont faites, selon les moyens des
orpailleurs, en bois ou métal et couvertes de baches ou de
palissades. Elles constituent le foyer d’accueil des
travailleurs. 1l y a peu de toilettes qui sont trés souvent
réalisées non loin des baraques. Il est a noter que la
majorité des personnes sur les sites d’orpaillage ne dispose
pas de toilette. La défécation a 1’air libre est fréquente avec
son corollaire de risque de maladies diarrhéiques. Quant
aux espaces d’excavation d’or, ils sont disséminés un peu
partout sur le site. Avec des formes variées (rectangulaire,
carré ou ronde), leur profondeur varie de 1 a 100 m voire
130m selon la structure du sol ou la volonté des orpailleurs
de creuser en profondeur en suivant le filon d’or.

3.1.2  Provenance, expérience, niveau d’instruction
des orpailleurs

La région de Gao est la principale provenance des
orpailleurs. En effet, 90% des orpailleurs proviennent de la
région. Dans des proportions plus faibles, le reste des
orpailleurs provient des régions de Sikasso suivis de
Mopti, Ségou (6%) et d’autres pays d’Afrique (4%)
comme le Soudan, le Tchad, le Burkina Faso, I’ Algérie. La
majorité des orpailleurs enquétés soit 63% ont moins
d’une année d’expérience dans la pratique de I’orpaillage,
contre 32% ont entre 1 et 2 années d’expérience.
Seulement 5% ont plus de 2 années d’expérience. Ce qui
veut dire qu’il y a beaucoup plus de nouvelles personnes
qui viennent a I’activité sur le site sans expérience. Ce qui
peut avoir des conséquences néfastes quant a la maniere et
aux procédés de travail qui peuvent s’avérer néfastes pour
I’environnement. La majorité des orpailleurs soit 72% a un
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niveau minimum du 1% cycle. Seulement 28% ne sont pas
instruits. Ce qui traduit de plus en plus qu’il n’est plus une
activité réservée aux seuls illettrés. On y trouve beaucoup
de jeunes diplémés qui viennent chercher fortune.

3.1.3  Etapes de I’extraction de I’or sur le site

Dans la région de Gao, de la découverte des premiers
filons d’or en 2018, le passage des matériaux simples aux
cracheurs s’est fait avec grande célérité. Malgré sa
contribution dans la création d’emplois, la pratique
actuelle de [Iorpaillage compromet séricusement la
régénération des maigres ressources naturelles de la zone
comme les sols, les eaux de surface, les zones de paturage,
les rares foréts.

Sur le site, les étapes de 1’extraction de l’or sont les
suivantes :

- Le fongage : consiste a creuser des trous (photo
1) afin d’atteindre le minerai

qui se trouve dans une roche. Il se fait manuellement et
constitue la phase la plus difficile et pénible du circuit
d’extraction. L’orientation du trou suit le lit du minerai et
peut étre verticale ou horizontale.

- Le test du minerai : Afin de vérifier si le minerai
extrait contient de I’or, un

test est fait au niveau du site. Si le test est positif, on
récupére le minerai pour la suite de la chaine ; dans le cas
contraire, il est mis en dépdt. Ce test consiste a broyer la
roche avec un mortier et un pilon en métal, ensuite une
assiette et une cuvette permettent de laver le minerai et
évaluer sa teneur en or.

- Le concassage : Cette phase consiste a rendre la
taille du minerai extrait en

petite taille. Il se fait sur l’aire de concassages. Le
concassage est manuel et se fait a 1’aide d’un marteau,
d’une enclume (pierre de granite), d’un nceud de sac pour
éviter les projections de particules et protéger les doigts
(photo 2).

- Lebroyage:

Durant cette phase le minerai est réduit en poudre, appelé
farine. Le minerai est broyé dans les moulins a énergie
gazole deux fois de suite et est séché entre chaque broyage
quand le taux d’humidité est élevé (photo 3). Le broyage
est fait par deux a trois personnes dans un moulin. Le
dispositif de broyage est constitué d’un moulin, d’un
moteur relié au moulin par une courroie pour le faire
fonctionner, deux fOts de gasoil pour alimenter le moteur,
deux flits d’eau pour refroidir le moteur, d’un « dynamo a
meule » qui sert & aiguiser les meules, des cuvettes pour
recueillir la farine, les baches pour sécher la farine.
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Photo 1 : Foncage

- Le lavage : La farine issue du broyage (sac de 50
kg) est mélangée avec de

I’eau. Ce mélange est ensuite lavé sur une rampe. Une
petite quantité du mélange est placée dans une passoire,
ensuite de I’eau y est versée pour étre liquéfié. La rampe
est couverte d’un tapis (moquette) qui, par gravimétrie,
piege I’or et la matiére légére est entrainée vers le bas dans
un trou peu profond. Le tapis est rincé dans une cuvette
d’eau pour étre débarrassé de 1’or. Cette opération se fait
apres une certaine quantité de mélange lavé. Aprés cette
étape, la boue restée dans la cuvette ol est rincé le tapis est
nettoyée jusqu’a obtention de la « poudre noire ».

- La récupération de ’or : C’est la dernicre phase
d’extraction de I’or. Les

orpailleurs de cette zone utilisent un moyen, a savoir
I’amalgamation au mercure (Hg). La poudre noire obtenue
apres le lavage est mélangée a mains nues au mercure pour
amalgamation. L’ensemble or-mercure sera ensuite brlé
au chalumeau pour avoir 1’or. L or est pesé sur place par
un acheteur qui est un employé du propriétaire du site. Il
se vend aussi & Gao.

3.1.4  Conditions de travail et revenus tirés
de I’activité d’orpaillage

Les conditions de travail sur le site sont trés difficiles
(53%), pénibles (34%) et moins pénibles (13%).

Cependant, une grande majorité (86%) affirme gagner par
I’équivalent

mois plus de du Salaire Minimum

E e S
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Photo 2 : Concassage  Photo 3 : Broyage

Interprofessionnel Garanti (SMIG) au Mali fixé a 40 000 F
CFA, tandis que 14% affirment gagner moins. Les
conditions sécuritaires sur le site sont mauvaises en ce sens
gue 88% des orpailleurs ne se sentent pas en sécurité sur le
site. En effet, 46% des orpailleurs affirment avoir été
agressés au moins une fois. Les cas d’accident sont
fréquents soit 88% des enquétés. Ces accidents peuvent
aller de blessures légéres a graves (cas pigdre avec objet,
de fracture, Iésions, luxation, etc.).

3.1.5 Impacts environnementaux de

Porpaillage

Les sites d’orpaillage constituent des dépotoirs a ciel
ouvert de déchets solides en raison du nombre important
de déchets générés sur le site. Ces déchets sont des
plastiques, de la ferraille, des verres, de biomasse (résidus
de bois et de tiges). Les résultats des enquétes font état de
59% des enquétés qui rejettent les ordures a 1’air libre,
35,24% les brilent et 5,71% ramassent et enfouissent les
déchets dans le sol dans des trous ou fosses qui affleurent
le sol (figure 1). Quant a ceux liquides, 64,76% affirment
mettre en place un systéme d’évacuation des eaux usées
bien que sommaire, 9,52% enfouissent les eaux dans le
sol, 25,71% rejettent les eaux usées a 1’air libre (figure 2).
Les produits chimiques, carburants et lubrifiants sont
déposés a méme le sol (photo 4). 26% des enquétes
affirment utiliser des produits chimiques. La gestion des
déchets solides et liquides ne répond dans la plupart des
cas aux normes environnementales.

Fig.1 : Mode de gestion des déchets solides Figure 2 : Modes d’évacuation des eaux usées
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La coupe du bois constitue une réelle menace dans une
zone presque dépourvue d’arbre. Le bois coupé sur le site
(ou transporté depuis Gao ou Gossi) sert dans la
construction des hangars, des souténements dans les
fosses, de chauffage (photo 5).

o P o

La qualité de I’air est trés mauvaise. La zone étant aride
avec une vitesse de vent allant jusqu’a 3,5m/s en saison
séche, la zone d’orpaillage vue a distance donne
I’impression d’une tempéte de sable avec le dégagement
de tonnes d’argiles ventilés par le vent. Les orpailleurs a
57% trouvent que la qualité de I’air est mauvaise (niveau
de pollution élevé), 41% trouvent qu’elle est moyenne

e~

Photo 4 : Dép6t de fit de carburant a méme le sol
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Les produits chimiques les plus utilisés sont les explosifs,
le cyanure, le mercure. Leur manipulation se fait sans
grande mesure de précaution. Les eaux usées sont
quelques fois stockées dans des fosses et fréquemment
ruissellent sur le sol.

e

B R v - : 3 3 P S
e e e e SR e e e

Photo 5 : Coupe et vente de bois.

(niveau de pollution moyenne) et 2% trouvent qu’elle est
bonne (niveau de pollution acceptable) (figure 3).

L’insalubrité du site d’orpaillage en raison du non-respect
des régles d’hygiéne et d’assainissement, fait que les
orpailleurs contractent des maladies (figure 4) telles que le
paludisme, la diarrhée, les maladies dermiques et
oculaires.

Fig.3 : Avis des orpailleurs sur la qualité de ['air.

Sur notre site d’étude, les ordures sont jetées de fagon
anarchique dans la nature et trés souvent non loin des
habitations (photo 6). Ce qui donne libre cours au vent de
faire trainer les plastiques dans tous les sens et qui sont
accrochés par les épineux (photo 7). 74,29% des personnes
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Fig.4 Situation de contraction des maladies.

enquétées disent avoir contracté au moins une maladie sur
le site depuis leur arrivée contre 25,71% qui ont affirmé
n’avoir contracté aucune maladie. Ce taux élevé s’explique
aussi par le fait que certains orpailleurs (18%) n’utilisent
pas de moyens individuels de  protection.

90


https://dx.doi.org/10.22161/ijeab.86.11

Toure et al.

g X

Photo 6 : Dépét anarchique d’ordures prés des

habitations (en bleu).

3.1.6  Sécurité sur le site

La sécurité dans les conditions de travail sur le site est
pénible et 88,57% des personnes affirment avoir été
victime au moins d’un accident. Le niveau d’insécurité est
assez €levé dans la mesure ot 54,59% affirment avoir été
agressé sur le site contre 45,71% qui n’ont subi aucune
agression. Les agressions sur le site vont de 1’intimidation
(24,76%), a la menace avec arme & feu (20%), avec arme
blanche (1%) en passant par d’autres formes d’agression
verbales (54,29%). En un mot, 87,62% des orpailleurs ne
se sentent pas en sécurité (86,67%). Cependant, ce qui les
motive a rester est le gain car 85,66% affirment avoir un
revenu supérieur au SMIG malien.

L’état de sécurité sur le site et les axes routiers menant au
site est mauvais selon 86,67% des enquétés dont certains
ont affirmé avoir été victimes de braquage lors duquel ils
ont été dépossédés de leur gain (or ou argent).

3.2 Discussion des résultats

Les résultats de 1’étude montrent que malgré la situation
d’insécurité qui prévaut au Nord du Mali depuis 2012, la
découverte de sites auriféres a occasionné un afflux massif
de personnes vers le cercle de Gao a la recherche du
précieux métal.

Les résultats de 1’étude ont montré que la majorité des
orpailleurs enquétés ont un niveau minimum du ler cycle,
contre seulement 28% de non scolarisés. La présence de
personnes de niveau primaire dans 1’orpaillage
s’expliquerait par [’abandon scolaire au profit de
I’orpaillage. Bien que peu nombreux sur les sites
d’orpaillage enquétés, la présence de personnes de niveaux
secondaire et supérieur serait liee au chémage. Ces
résultats divergent de ceux de Camara (2017) qui a trouvé
dans son étude que plus de 61% des orpailleurs enquétés
sont non scolarisés. Toute chose qui prouve que
I’orpaillage est un secteur informel. L auteur explique que
les non scolarisés sont beaucoup plus représentés sur les
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Photo 7 : Des plastiques accrochés aux

épineux.

sites d’orpaillage, par ce que le processus d’extraction de
I’or ne nécessite pas forcément un niveau d'instruction
conséquent. Les résultats obtenus par Diarra (2020)
abondent dans le méme sens. Cet auteur a trouvé que la
majorité des orpailleurs enquétés sont non scolarisés, soit
57%. Certains considérent méme [’orpaillage comme une
opportunité exclusive pour les non scolarisés.

Il ressort des résultats que dans un contexte marquée par
I’insécurité dans la zone ayant impacté de nombreuses
activités, 1’orpaillage contribue a 1’économie locale. En
effet, de I’analyse des retombées économiques de
I’activité, il ressort que les gains mensuels de la plupart
des orpailleurs dépassent le SMIG malien dont le montant
se chiffre a 40000 francs CFA. Ainsi, de nombreuses
personnes, notamment les jeunes au chdmage trouvent
dans cette activité leur moyen de survie, voire une source
d’enrichissement. Ces résultats sont corroborés par
Camara (2017) qui affirme que [’orpaillage dans Ia
commune rurale de Séléfougou dans le cercle de Kangaba
au Mali, offre des opportunités d’emploi aux populations
résidentes et environnantes et ralentit 1’exode rural vers les
grandes villes. L’auteur ajoute que I’impact économique
de I’orpaillage se traduit par une activité commerciale plus
intense dans les villages/fraction abritant les sites. Les
revenus générés par cette activité contribuent de facon
significative a la réduction de la pauvreté dans la
commune. Les services et les activités annexes et connexes
apportent aussi une part non négligeable dans les
recettes des populations du cercle voire de la région, ce qui
peut contribuer a diminuer la pauvreté et le taux de
chomage ; Cette réduction de la pauvreté passe par
I’augmentation au niveau du panier des ménageres, par la
création des activités qui se développent autour des sites
(commerce, restauration) ; par un afflux massif de
véhicules de transport en commun assurant la liaison entre
la commune et les communes voisines, voire les villes les
plus proches. Nos résultats convergent également vers
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ceux de Diarra (2020), qui a montré que ’orpaillage
contribue & augmenter les revenus des orpailleurs par la
vente directe de I’or et la création des activités annexes qui
se développent autour des sites (restauration, bars,
boutiques, forges, vente d’habits, jeux vidéo, etc.).
Cependant, il est a noter que les recettes engendrées par
I’orpaillage ne profitent pas directement ni a I’Etat, ni a la
commune car la filiére n’est pas encadrée par ces derniers
du fait de I’insécurité qui sévit dans la zone. L’Etat doit
fournir des efforts dans ce sens pour que la filiere soit
mieux organisée afin qu’elle lui profite ainsi qu’a la
commune. Malgré ses impacts positifs au plan
économique, la pratique de I’orpaillage dans le cercle de
Gao  représente  une  véritable menace  pour
I’environnement. Ainsi, dans la zone d’étude, la pratique
de l’orpaillage se traduit entre autres par la production de
déchets solides et liquides dont la gestion reste précaire, la
pollution de 1’eau et du sol suite a 1’utilisation des produits
dangereux comme le mercure et le cyanure, la mauvaise
qualité de I’air, I’insalubrité. Ces résultats sont confirmés
par ceux de Camara (2017) qui a montré que 1’orpaillage
se traduit par des déboisements, la destruction du couvert
végétal et les sols, la pollution des eaux qui résulte de
I’usage des produits chimiques (mercure, cyanure) dans le
traitement de 1’or.

Nos résultats sont également corroborés par ceux de
I’¢tude de Diallo et al (2003). Ces auteurs confirment que
les incidences provoquées par 1’exploitation aurifére se
manifestent sur la flore et sur le sol, par conséquent sur les
eaux (souterraine et de surface) et sur la faune, a savoir :
les bruits des orpailleurs, la perturbation et la destruction
des habitats, etc. Cet auteur souligne aussi que ces
incidences entrainent la raréfaction et/ou la disparition de
certaines espéces, la destruction de 1’aire de nidification et
des ressources alimentaires des oiseaux. Ce qui occasionne
le déplacement de ces populations. Les études de
’ONUDI/DNACPN (2009) et de ’OCDE/ALG (2013)
confirment nos résultats. La premiere mentionne que les
produits chimiques utilisés pour le traitement de I’or
(mercure et cyanure) vont polluer les cours d’eau et les
aquiféres. En cas de présence de sulfures, le contact avec
I’eau et I’air peut entrainer la formation des acides qui
pourraient polluer également les nappes aquiferes et les
cours d’eau. La seconde souligne que le lessivage par les
eaux de ruissellement favorise la mobilisation et la
dispersion des métaux lourds dans I’environnement,
notamment dans les eaux de surface (fleuves, rivieres, lacs,
barrages et retenues d’eau) et dans les eaux souterraines
par infiltration.

Dans la région de Gao, I’exploitation artisanale de 1’or
s’est produite dans un contexte de conflit armé avec la
présence de plusieurs groupes armés. Le controle de
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certains sites miniers artisanaux par les groupes armés et
les organisations criminelles est une réelle menace. Des
braquages et attaques surviennent surtout a 1’approche des
fétes. Cet état de fait est confirmé par le journal
I’indépendant. Dans sa parution du 24 Juin 2023, il a fait
état d’un braquage contre un bus en provenance du site
d’extraction d’or de Intahaka qui a fait 02 morts et 11
autres brutalisées et dépouillées de tous leurs biens. Les
études menées par ICG (2019) et par Munshi (2021)
montrent qu’en I’absence de I’Etat, les groupes armés
ciblent les exploitants miniers artisanaux pour extraire de
I’or et soutirer des taxes. Dans une étude récente, IISD
(2022) en vient a la conclusion que I’orpaillage en zone de
conflit armé constitue un cercle vicieux se basant sur le
fait qu’un financement plus important provenant de
Iorpaillage augmente la capacit¢ et I’incitation des
groupes armés non étatiques a s’emparer de plus de
territoires et de sites miniers artisanaux, tout en
augmentant leurs effectifs et les quantités d’or collectées.

IV. CONCLUSION

Les résultats de 1’étude montrent que 1’orpaillage attire un
nombre important de personnes aussi bien au Mali que
dans la sous-région et méme au-dela. La majorité des
personnes sur le site affirment qu’elles tirent profit de
I’orpaillage qui draine de plus en plus des personnes qui
ont un niveau d’instruction plus ou moins élevé. Ce qui a
contribué a tirer beaucoup de jeunes du tréfonds du
chomage et atténue quelque part le niveau d’insécurité par
la réduction des attaques et braquages de facon globale.
Cependant, force est de constater que la hausse des
revenus est accompagnée d’une cherté de la vie avec une
hausse de prix des denrées de premiére nécessité. La filiére
reste mal organisée et la tragabilité inexistante, 1’insécurité
dans la zone aidant. En effet, I’Etat et ses représentants
(services techniques et organisations faitieres) ne sont pas
présents sur le terrain qui demeure sous le controle des
groupes armés qui font la loi trés souvent au détriment de
celle de la république. Et donc ni I’Etat, ni la collectivité
ne profite des retombés de ’orpaillage. Par ailleurs, leur
absence laisse libre cours aux orpailleurs & procéder a des
pratiques d’orpaillage peu respectueuses de
I’environnement. Les effets environnementaux s’avérent
déja graves sur les hommes, leurs activités et la durabilité
de la biodiversité locale.

Définit comme une « activité a petite échelle consistant a
récupérer ['or contenu dans les gites primaires,
alluvionnaires et éluvionnaires a l’intérieur d’un couloir
d’exploitation artisanale par les procédés manuels
associant des équipements rudimentaires, sans utilisation
de produits chimiques » (Code minier, 2019), I’orpaillage,
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depuis son transfert aux collectivités territoriales, connait
une autre pratique totalement différente qui fait que dans la
pratique le Code Minier actuel apparait comme un outil
complétement inadapté a gérer efficacement la
problématique de l’orpaillage au Mali. Aucune de ses
dispositions* n’est observée. Ce qui donne I’impression
d’un vide juridique inexplicable. Profitant de ce vide, de
nombreux acteurs sont apparus dans ce domaine et se
réclament de ce fait comme étant les Véritables
organisateurs de la filiére. En d’autres termes, le cadre
juridique actuel de ’orpaillage présente des insuffisances
structurelles et rencontre des difficultés pratiques dans son
application sur le terrain. Il constitue des handicaps
majeurs pour ’ouverture de ce secteur vers les
investissements privés d’une certaine envergure.
L’orpaillage reste ainsi un secteur toujours informel non
imposé qui mobilise une grande diversité d’acteurs de
plusieurs nationalités. Des mesures devront étre prises
pour mieux sécuriser la zone, y étendre I’influence de
I’Etat, réglementer la filiére afin que 1’orpaillage profite
mieux aux orpailleurs et a la collectivité et a I’Etat malien.
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Abstract— Enzymes serve as natural catalysts that exhibit high specificity to their respective substrates -"!°*'!

and function effectively under mild temperature, pressure, and pH conditions, resulting in superior ﬁ
conversion rates compared to traditional chemical catalysts. These catalysts, sourced from animals, plants, -.SF
and microorganisms, offer versatility, with lipases standing out for their broad applicability, capturing the .._._ll',;r
interest of various industries. However, the widespread adoption of soluble lipases is hindered by E

-B-"J‘I'l;.l

il

challenges such as high acquisition costs, limited operational stability, and difficulties in recovery and
reuse. To address these limitations, enzymatic immobilization has emerged as a viable alternative, aiming
to enhance the stability of soluble enzymes while simplifying their recovery and reuse processes. This
approach significantly mitigates the overall cost associated with enzyme-dependent processes. This review
examines the diverse sources of enzymes, explores various immobilization methods for lipases, and

discusses their wide-ranging applications.

Keywords— Lipase, Classification, Sources, Immobilization, Application.

. INTRODUCTION

Enzymes stand out as efficient biocatalysts with
significant potential, particularly in the food industry,
where they offer a range of benefits such as safety,
efficiency, specificity, controlled reactions, and minimal
energy and chemical consumption. Their widespread
application in the manufacturing of fats and oils, guiding
the transformation of raw materials into final products, has
become increasingly prevalent (Cieh et al., 2023; Dijkstra,
2009). The use of various enzymes in lipid processing and
modification, though met with varied success within the
inherent limitations of bio-catalytic reactions, has gained
considerable attention in the field of enzymology over the
past few decades (Pliego et al., 2015). Enzyme catalysis
represents a notable initiative facilitating reaction
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processes under near-ambient conditions, showcasing
enhanced specificity and velocity. This approach has
played a key role in numerous industrial scenarios,
contributing  significantly to process intensification
(Wohlgemuth et al., 2015).

Lipases (E.C.3.1.1.3) are enzymes that possess
specific properties concerning their substrates. These
properties include chemo-, region-, and stereo-specificity.
They can facilitate heterogeneous reactions in systems that
are both water-soluble and water-insoluble. Due to their
broad catalytic properties, lipases are widely utilized as
biocatalysts in  numerous industries, including
agrochemicals, pharmaceuticals, detergents, tanning, food,
and surfactant production (Ananthi et al., 2014; Iftikhar et
al.,, 2012; Kumar et al., 2012; Thakur et al., 2014).
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Additionally, lipases are positioned as the third most
prevalent enzymes in terms of usage, after amylases
(carbohydrases) and proteases, owing to their diverse
utility (Ulker et al., 2011). Lipases, also known as fat-
splitting enzymes, triacylglycerol acylhydrolases, or
glycerol ester hydrolases, are a class of enzymes that
catalyze hydrolysis processes. They catalyze the
hydrolysis of triglycerides in these processes, transforming
them into fatty acids and glycerol at the oil-water interface.
Notably, lipases can also reverse this reaction in aqueous
and non-aqueous conditions. (Laachari, El Bergad, et al.,
2015; Lee et al., 2015; Nadeem et al., 2015; Priji et al.,
2015; Ramos-Sanchez et al., 2015). Parts of the a/p-
hydrolase fold family, lipases, possess an active site
containing a catalytic triad of Ser-His-Asp/Glu located
beneath a brief amphiphilic helical segment that obstructs
substrate access. Interacting with hydrophobic substrates
prompts a structural rearrangement, leading the enzyme to
shift from a closed to an open conformation, allowing
accessibility to the active site (Miled et al., 2003; Verger,
1997). Specific lipases exhibit enantioselective properties
and catalyze processes such as esterification,
interesterification, transesterification, acidolysis, and
aminolysis (Hasan et al., 2009). The substrates of lipases,
which consist of triacylglycerols with lengthy chain
lengths, are water-insoluble. A two-phase system is
produced by dissolving these substrates in organic solvents
before combining them with a buffer. Lipases, which can
catalyze reactions in both aqueous and organic media, are
water-soluble.  However, applying organic  solvents
presents difficulties due to the potential for denatured and
conformationally altered lipases, which could impact their
functional and catalytic capabilities (Guo et al., 2015). In
particular, several lipases have a movable lid structure that,
depending on displacement, either permits or prohibits
access to their active site. The lipase lid usually remains
closed in an aqueous media, hiding the active site. But the
lid can open at a contact between water and an organic
solvent. Based on molecular dynamics simulations, the
lipase lid can move in nonpolar conditions, providing
access to the active site and making the lipase active while
the lid is open. In contrast, the lipase is inactive when the
lid is closed (Barbe et al., 2009). The benefits of using
lipases as biocatalysts include excellent specificity and
selectivity and the capacity to sustain catalytic activity in
both aqueous and non-aqueous conditions (Sanchez et al.,
2018; Vanleeuw et al., 2019; Zou et al., 2023). As the
manufacturing industry increasingly focuses on climate
change and environmental concerns, there is a gradual
shift towards developing alternative, greener, safer, and
sustainable processes (Wohlgemuth et al., 2015).
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"Immobilized enzymes" are enzymes that are
restricted or localized physically; however, they still can
catalyze reactions and be recycled (Brena et al., 2013).
Enzyme immobilization technology is acknowledged as a
potent tool for adjusting and customizing a range of
catalytic characteristics, such as enzyme activity,
selectivity, specificity, stability at varying pH and
temperature ranges, inhibitor resistance, and recyclability
over multiple catalytic cycles (Bilal, Asgher, et al., 2019;
Bilal, Zhao, et al., 2019). Additionally, the products
produced have a higher purity because the biocatalyst may
be easily removed from the reaction medium when
enzymes are attached to solid supports (Homaei et al.,
2013; Singh et al., 2013; Zdarta et al., 2018; Zhang et al.,
2015). Choosing the suitable support materials and the
immobilization techniques used is an important challenge
to obtaining the desired immobilization results. This is
important because it significantly affects the catalytic
system's and the enzyme's characteristics. Several
parameters define suitable immobilization support,
including pore width, specific surface area, mechanical
resistance, internal geometry, and support activation
degree (Bilal, Asgher, et al., 2019). This contribution
offers a thorough overview and discussion of the most
recent advancements in the application of immobilized
enzymes in the food industry, taking into account the body
of  knowledge currently available on enzyme
immobilization, which includes a variety of strategies,
supports, and applications (Bilal, Asgher, et al., 2019;
Datta et al., 2013; Jesionowski et al., 2014; Mohamad et
al., 2015; Zdarta et al., 2018). They are used in the fruit
juice, dairy, baking, and brewing industries and provide
fresh perspectives, especially when considering the food
industry.

This review aims to provide a comprehensive and up-
to-date overview of lipase research by combining recent
studies and developments in classification, sources,
immobilization techniques, and various industrial
applications.

1. CLASSIFICATION OF LIPASES

This section discusses the categorization of lipases
based on their specificity, while the subsequent part is
focused on exploring the sources of lipases. Basically,
lipases can be categorized according to specificity and
origin, as depicted in Fig. 1. Table 1 summarizes the
functional characteristics of distinct lipase classes,
highlighting examples from previous year’s research
developments.
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Fig.1: Classification of lipases

2.1. Based on specificity

This section provides an overview of the classification
of lipases according to their specificity. The subsequent
section focuses on the sources of lipases. Their specificity
significantly influences the characterization of the
industrial applications of lipases; thus, these uses can be
classified into three broad categories: (i) substrate-specific,
(ii) regioselective, and (iii) enantioselective.

2.1.1. Substrate specific lipases

Lipases exhibiting substrate specificity play an
important role in reactions that precisely target particular
substrates within a mixture of raw materials. This
precision is instrumental in achieving desired outcomes, as
exemplified by the effective utilization of lipases in
processes such as biodiesel production (Ribeiro et al.,
2011) and the production of high-purity diacylglycerols
(Borza et al., 2015). Typically, these specialized lipases
demonstrate proficiency with substrates like fatty acids
and alcohols (Kapoor & Gupta, 2012). Recent research
underscores the paramount importance of considering both
substrate specificity and enzyme stability, highlighting
their fundamental roles in optimizing the application of
lipases across various industrially significant processes
(Brigida et al., 2014).

2.1.2. Regioselective lipases

Regioselective lipases are essential for maximizing
desirable side effects and guiding reactions in the right
direction. This characteristic is very important, especially
in the chemical and pharmaceutical industries, where it is
crucial to produce isomeric molecules that perform best in
specific configurations. The acylation of quercetin with
ferulic acid, using Rhizopus oryzae lipase to synthesize
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flavonoid derivatives (Kumar et al., 2016), the
deprotection of per-O-acetylated thymidine, producing 3'-
OH-5"-OAc-thymidine using lipase from Candida rugosa
(Rivero & Palomo, 2016), and the synthesis of acacetin
and resveratrol  3,5-di-O-beta-glucopyranoside using
Candida antarctica lipase B (Novozym 435) and
Burkholderia cepacia lipase (Amano PS-1M) are examples
of recent discoveries in the field of regioselective lipase
(Hanamura et al., 2016). Lipases are classified into three
classes based on positional specificity or regiospecificity.

2.1.2.1. Non-specific lipases

These particular types of lipases are exceptionally
versatile, acting on a wide range of substrates. Mucor
meihei lipases are a prime example of this, as they are
versatile enough to catalyze a wide range of reactions,
from the manufacture of biodiesel to uses in the cosmetics
sector. These lipases generally catalyze the hydrolysis of
triacylglycerols into glycerol and free fatty acids, using
mono- and diacylglycerols as intermediates. The method's
ability to function under ambient circumstances with little
thermo-degradation makes it very beneficial (Kapoor &
Gupta, 2012; Ribeiro et al., 2011). High-purity structured
lipids have been produced through the acidolysis of canola
oil with caprylic acid using the non-specific Candida
Antarctica lipase, according to a study by Savaghebi et al.
(2012).

2.1.2.2. 1,3 specific lipases

These lipases help hydrolyze triacylglycerols at the C;
and Cs locations, which produces fatty acids 1, 3 or 2, 3
diacylglycerols and 2-monoacylglycerols. The latter two
molecules become unstable, which causes acyl migration
and the synthesis of 1- or 3-monoacylglycerols and 1,3-
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diacylglycerol (Barros et al., 2010). It is noted that the
synthesis of diacylglycerols happens considerably more
quickly than the conversion of triacylglycerols into
monoacylglycerols (Ribeiro et al.,, 2011). A specific
conformation is produced by the 1,3 specificity, as
demonstrated in the example of Carica papaya latex lipase
(Rivera et al., 2017). Recently, long-chain fatty acids have
been synthesized by acidolyzing walnut oil with caprylic
acid using 1,3-specific immobilized lipases from
Rhizomucor miehei (Lipozyme) and Rhizopus delemar
(PP-RhDL) (Todorova et al., 2015). Moreover, biodiesel
production has used 1,3-specific immobilized Rhizopus
oryzae lipase produced in Pichia pastoris (Clementz et al.,
2016).

2.1.2.3. Fatty acid-specific lipases

These lipases work well to degrade esters that contain
double bonds on C-9 of long-chain fatty acids (Ribeiro et
al., 2011). A detailed study into lipases with fatty acid
selectivity showed several enzymes that target various
substrates with various carbon chain lengths, saturation
levels, and unique side chains. Some lipases showed
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strong selectivity for medium- or long-chain and branched
esters. In contrast, lipases sourced from S9 Geotrichum
candidum, S11 Candida lypolytica, YM Bacillus
coughing, MJ1 Aspergillus niger, MJ2 Aspergillus oryzae,
and S3 Penicillium citrinum showed unique specificity for
short-chain esters (Song et al., 2008). Selected microbial
strains that could produce lipases suited for medium- and
long-chain saturated fatty acids were found through
screening in another study (Miettinen et al., 2013).

2.1.3.

In a racemate, enantioselective lipases hydrolyze one
isomer more than the other, especially when starting with
prochiral precursors. These lipases are very good at
separating enantiomers from a racemic mixture (Barros et
al., 2010). Enatiospecific lipases catalyze
various processes, such as the transesterification of
secondary alcohols into drugs (Borza et al., 2015), the
hydrolysis of menthol benzoate for the production of
cosmetic and food items (Dhake et al., 2013), and the
hydrolysis of glycidic acid methyl ester for the synthesis of
medical and health care products (Su et al., 2014).

Enantioselective lipases

Table 1: Classification of lipases based on specificities.

Reaction
details

Classification
basis

Application References

Substrate-
enzyme system

Type

Mode

Camellia oil +
Penicillium
camembertii
lipase

Substrate

specific Esterification

Batch  Production of high

purity di-acylglycerols

(P. Zheng et al.,
2014)

Novozym 435,
nonspecific
Candida
antarctica lipase
+ refined,
bleached and
deodorized
(RBD) canola oil

Acidolysis
(nonspecific)

shaker flask
systems

Batch- Production of

structured lipids (SLs)

(Savaghebi et
al., 2012)

Batch- Production of

Regio-selective

1,3-specific
immobilized
lipases from
Rhizomucor
miehei +Walnut
oil + caprylic
acid

Acidolysis
(1,3 specific)

immobilized
enzyme system

MLM-type structured
lipids

(Todorova et al.,
2015)

1,3 specific
immobilized
lipase from
Rhizopus oryzae

Transesterification
(1,3 specific)

Fed-
batch shake flask
system

Biodiesel

(Clementz et al.,
2016)
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+ olive oil +
methanol +
hexane
MJ2 Aspergillus Batch-  Transportation fuel, (Song et al.,
oryzae lipase is Hydrolysis (fatty  silica gel GFzsa wastewater 2008)
highly specific acid specific) plates denitrification, fuel cell
to methyl hydrogen carrier
butyrate production, biodiesel
transesterification,
electricity generation
Enantio-  C. antarctica Batch-  Large-scale processes (Borza et al.,
specific lipase A Transesterification  shaker flask in pharmaceutical 2015)

entrapped in sol-
gel + Secondary
alcohols

systems

industry

2.2. Based on sources

Lipases are found extensively in plants, animals,
insects, and microbial organisms (Maldonado et al., 2014;
Patil et al., 2011; Ray, 2012). Microbes are particularly
important among the various sources of lipase due to their
substantial industrial potential, easy culture handling, wide
availability, and potential for scalable production (Patil et
al., 2011).

2.2.1. Plant sources

Plant materials that include lipases include latex,
leaves, bran, seeds, beans, and fruits. Plant lipases are
particularly abundant in seed sources such as castor bean,
African bean, elm, sunflower, physic nut, lupin, linseed,
coconut, almond, black cumin, wheat grain, rice, corn, oat,
barley, sesame, sorghum, etc. Since seeds are the primary
energy source for plant growth and contain a high
concentration of triacylglycerols, they have higher lipase
activity than other plant components. Due to increased
lipase activity, triacylglycerols in plant seeds are converted
into soluble sugars during germination (Patil et al., 2011).
As detailed in the provided Table 2, these lipases find
diverse applications, including the hydrolysis of vegetable

oils (Salaberria et al., 2017), processing of seeds and oils
(Lampi et al., 2015; Mohd Zin et al., 2017), production of
structured lipids (da Silva Serres et al., 2017), beverage
production (Moreau et al., 2016), and synthesis of
pharmaceutical and therapeutically significant compounds
(Hamden et al., 2017). Lipases derived from palm fruit
mesocarp have proven effective in manufacturing
pharmaceuticals, detergents, and cosmetic products
(Suwanno et al., 2017). Recent studies highlight the
efficiency of lipases from the drumstick tree in treating
obesity (Kadouf et al., 2015).

Plant lipases are attractive because of their direct use
as biocatalysts, accessible acceptability, particular uses,
and inexpensive cost. However, their investigation has
been restricted due to poor abundance, instability, and
activity loss during conventional purifying procedures
(Seth et al., 2014). Addressing these challenges, a novel
technique based on immuno-purification has been
developed for rapeseed lipase preparation (Belguith et al.,
2013). Research is ongoing to get lipases from inedible
plant sources so that different fatty acids can be
hydrolyzed to produce biodiesel (Bankovi¢-Ili¢ et al.,
2012).

Table 2: Lipases from plant sources.

Lipase source Applications

References

Castor bean

Barley Hydrolysis of lower molecular weight water-
soluble substrates and

triglycerides.

Rice/rice bran
phosphatidylcholine.

Almond Hydrolysis of oil.

Hydrolysis of vegetable oils.

Preferential hydrolysis of sn-2 position of

(Salaberria et al., 2017)
(Schneider et al., 2016)

long-chain insoluble

(Qietal., 2015)

(Huang et al., 2017)
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Carica papaya latex

Elm

Fenugreek

African bean

Sunflower seed

Physic nut

Sorghum

Palm fruit mesocarp

Coconut
Oat
Vermonia sp

Lupin

Sesame
Linseed

Moringa olifera (Drum stick

In reactions involving fats and oils demanding
sn-3 selectivity, interesterification,
transesterification  and  acidolysis  using
homogenous triacylglycerol and various other
acyl donors industrially and also a crucial
component in cure for dengue.

Synthesis of emulsifiers or oiling agents for
foods, spin finishes and textiles, antifoaming and
antistatic agents for plastics and lubricants,
water treatment, metal working fluids, personal
care products and dispersing agents from
tricaprin.

Synthesis of pharmaceutical and therapeutically
significant products.

Production of fermented condiments such as Iru,
Soumbala, daddawa, sonsu, afitin, ugba

Production of structured lipids by action on
other oils.

Production of biodiesel within a hybrid system
of chemical and enzymatic process.

Production of alcoholic beverages.

Pharmaceuticals, industrial detergent, food and
cosmetics.

Processing coconut oil.
Processing oats.
Specific towards trivernolei.

Specific towards lupin oil to release fatty acids
from them.

Non-specific lipases.

Treatment of triacylglycerols in acidic
environment.

Treatment of obesity.

(Rivera et al., 2017)

(Barros et al., 2010)

(Hamden et al., 2017)

(Seth et al., 2014)

(da Silva Serres et al., 2017)

(Sousa et al., 2015)

(Moreau et al., 2016)
(Suwanno et al., 2017)

(Mohd Zin et al., 2017)
(Lampi et al., 2015)
(Barros et al., 2010)

(Stephany et al., 2016)

(Oliveira et al., 2017)
(Qiu et al., 2017)

(Kadouf et al., 2015)

2.2.2.

tree)

Black cumin For enrichment of I'- Linolenic acid in the (Siow et al., 2016)
unhydrolyzed acylglycerol fractions of T'-
Linolenic acid containing oils.

Wheat grain Determination of the storage quality of wheat (Ahmad et al., 2015)
and wheat bran.

Corn To act on oleyl ester than stearyl ester to release (Eze et al., 2007)
fatty acids.

Animal and insect sources more frequently in clinical diagnosis than in commercial

Lipases are produced by animal cells and are
necessary for digesting fats and lipids (Patil et al., 2011).
However, because of the difficulties in managing cultures
and separating products, these animal lipases are used
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production. Animal lipases have not been explored as
much as plant and microbial lipases. Table 3 below
lists several animal tissue-derived lipases used in different
research projects. Among the variety of animal lipases,
pancreatic lipase has been widely used as a tool for lipid
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chemistry and biochemistry research, exhibiting efficient
catalysis in the hydrolysis of primary alcohol esters
(Pahoja & Sethar, 2002).

Lipases derived from the porcine pancreas play a
significant role in preparing Monoacylates of 2-Substituted
(2)-But-2-ene-1,4-diols  (Kawashima et al., 2016),
asymmetric aldol reactions (J. Zheng et al., 2014), and the
synthesis of bis (indolyl) alkanes (Xiang et al., 2013).
Furthermore, starfish lipases are a viable substitute for
porcine pancreatic lipases and have significant uses in the
food processing sector, as shown in Table 3. It is
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important that insect tissues also yield lipases, primarily
contributing to the development of the insect's larval stage
(Sakate & Salunkhe, 2013) or residing in their gut
(Delkash-Roudsari et al., 2014; Rong et al.,, 2014).
Research shows that lipases active against diacylglycerols
are found in various insect flight muscles and bodily
tissues, except for the alimentary canal (Pahoja & Sethar,
2002). Research on gut lipase activity to create bio-control
agents is becoming increasingly popular (Khan et al.,
2012; Sandhu et al., 2012).

Table 3: Lipases from animal and insect sources.

Lipase sources

References

Human pancreas
Human gastric cells
Porcine pancreas
Guinea pig pancreas
Cyprinion macrostomus
Chicken adipose cells
Scorpion

Rainbow trout

Dasyatis pastinaca

Seabass liver

(Borrelli & Trono, 2015)

(Patil et al., 2011)

(Borrelli & Trono, 2015)
(Borrelli & Trono, 2015)

(Patil et al., 2011)

(Patil et al., 2011)

(Patil et al., 2011)
(Kittilson et al., 2011)
(Borrelli & Trono, 2015)

(Sae-Leaw & Benjakul, 2018)

2.2.3.  Microbial sources

Microbial lipases, derived from bacteria, yeast, and
fungi, are desirable for industrial use because of their ease
of production and adaptability (Ray, 2012). The following
lists the several biotechnological uses for which microbial
lipases are helpful because of their remarkable selectivity.
These lipases are predominantly extracellular and mainly
produced from bacterial and fungal species. Physical and
chemical parameters like temperature, pH, and dissolved
oxygen significantly impact their creation, as does the
makeup of the medium (Thakur, 2012). Further insights
into microbial lipases can be gained from recent review
papers covering topics like the general overview of
microbial lipases (P Kanmani et al., 2015), microbial
alkaline lipases (Niyonzima & More, 2015), and the
purification of microbial lipases (Show et al., 2015).
Recent findings indicate that microbial lipases can be
obtained through the fermentation of agricultural waste
(Zubiolo et al., 2015) and dairy waste (Marques et al.,
2014), contributing to environmental protection. This
opens up possibilities for potential future bio-catalytic
applications.
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2.2.3.1. Fungal lipases

Among the several types of microbial lipases, fungal
lipases are widely used due to their unique characteristics,
which include substrate specificity, stability at both pH
and temperature, affordability during extraction, and
effective activity in organic solvents (Patil et al., 2011).
Because of the carbon and nitrogen content of the medium,
these lipases can be found either intracellularly or
extracellularly (Sharma et al., 2010). Fungal lipases are
interesting for their exceptional adaptability, as they may
catalyze a variety of processes such as alcoholysis,
acidolysis,  saponification, ethanolysis, hydrolysis,
esterification, transesterification, deacetylation, and
hydrolytic kinetic resolution.

Solid-state  fermentation technology holds great
potential for producing fungal lipases, as evidenced by the
latest developments in this field (Ramos-Sanchez et al.,
2015). A further review focuses on the molecular and
functional variety of fungal lipases, examining
transdisciplinary strategies that lead to enhanced substrate
selectivity and thermostability (Gupta et al., 2015). A
special review also covers the use of fungal lipases to
produce biodiesel, outlining developments and important
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variables that impact lipase stability and activity, like the
type of biocatalyst used, the water content, solvent usage,
and raw material selection (Aguieiras et al., 2015).

Recent research on fungal lipases includes
isolating several fungal strains from Divle Cave cheese,
which identified Mucor racemosus as a strong lipase
producer with possible uses in the cheese industry
(Ozturkoglu-Budak et al., 2016). Several fungal strains
were screened to assess their lipase-producing capabilities
using various substrates, such as sugar cane bagasse,
soybean bran, and wheat bran (Fleuri et al., 2014).
Aspergillus  niger,  Nectria  haematococca, and
Trichoderma reesei are a few examples of fungal sources
whose  lipases  were  cloned, expressed, and
characterized, and their catalytic activity was compared by
Vaquero et al. (2015). A study by Khasanov et al. (2015)
examined the catalytic activity of fungal lipases isolated
from Rhizopus microsporus, Penicillium sp., and Oospora
lactis. In addition, the immobilization of fungal lipases
from Rhizomucor miehei and Thermomyces lanuginosus
on nanozeolite supports was studied by de Vasconcellos et
al. (2015).

2.2.3.2. Yeast lipases

Because of their unique properties and ease of
cultivation, yeast lipases are an essential source of
enzymesin great demand across various industries,
including biodiesel, chemicals, and pharmaceuticals. The
primary yeast producers of lipases are Candida antarctica,
Candida rugosa, Candida utilis, and Saccharomyces
species. These enzymes catalyze a wide range of processes
and find applications in various industrial sectors. A
literature review indicates that lipases derived from
Candida rugosa are important examples of biocatalysts
that are effective in various reactions. These reactions
include the hydrolysis of conjugated linoleic acid methyl
ester by adding an organic solvent (Kobayashi et al.,
2012), transesterification of palm oil with methanol and
ethanol (Moreno-Pirajan & Giraldo, 2011), and
enantioselective hydrolysis of menthol benzoate (Dhake et
al., 2013), etc. Another significant yeast source is Candida
antarctica, effectively employed in the synthesis of
valuable fatty acids (L. D. Santos et al., 2015), biodiesel
production through the transesterification of Simarouba
glauca oil (Garlapati et al., 2013), and the production of
pharmaceutical products through acylation and alcoholysis
(Baldessari & Iglesias, 2012). Additionally, Candida
antarctica lipases are utilized in the synthesis of cosmetic
and detergent products by acidolysis of butter oil with
conjugated linoleic acid (Garcia et al.,, 2001) and
acidolysis of acyl glycerols (Senanayake & Shahidi, 2002).
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Yeast lipases, enzymes from different yeast species
involved in diverse processes, are essential to biodiesel
synthesis. Thermomyces lanuginosus lipases, for example,
are used in the hydro esterification of soybean oil
(Cavalcanti-Oliveira et al., 2011), Rhodotorula
mucilaginosa in the esterification of palm oil (Nuylert &
Hongpattarakere, 2013), Thermomyces lanuginosus in the
hydrolysis of soybean oil (Cavalcanti-Oliveira et al.,
2011), and Thermomyces lanuginosus in  the
transesterification of rapeseed oil (Price et al., 2014). An
overview of the production and use of Candida
lipolytica/Yarrowia lipolytica lipases in the bio-surfactant
manufacturing process is given in a recent review by
Brigida et al. (2014).

2.2.3.3. Bacterial lipases

Bacterial lipases can be found in several parts of cells,
such as extracellular, intracellular, or membrane-bound.
Some extracellular bacterial lipases are lipoproteins, while
the majorities are glycoproteins. Bacterial lipases
are remarkably numerous and frequently described as
thermo-stable and substrate non-specific (Dhake et al.,
2013; Vaquero et al., 2016). Recent studies highlight the
thermal stability and industrial potential of bacterial
lipases, such as those from Thermophilic Bacterium,
Bacillus licheniformis lipases (Rashid et al., 2013),
Bacillus pumilus lipase isolated from tannery waters
(Laachari, El Bergadi, et al., 2015), and extracellular lipase
of Bacillus licheniformis (Rashid et al., 2013). For
instance, the lipase Serratia marcescens N3 is used to
hydrolyze several types of edible oils, and it is most active
when applied to Gingily oil (Zaki & Saeed, 2012). Serratia
effectively carries out the Kkinetic resolution of racemic
alcohols in organic solvents marcescens H30 lipase (Su et
al., 2014). Staphylococcal lipases isolated from facial
sebaceous skin are used as biocatalysts in the food,
cosmetic, pharmaceutical, and detergent sectors (Xie et al.,
2012).

Several  bacterial lipases exhibit  promising
applications in biodiesel production, such as Geobacillus
thermodenitrificans AV-5 (Christopher et al., 2015), cross-
linked Staphylococcus haemolyticus lipase immobilized on
solid polymeric carriers (Kim et al., 2013), Pseudomonas
fluorescens lipase (Salis et al., 2009), Staphylococcus
haemolyticus L62 lipase expressed in Escherichia coli
cells (Kim et al., 2013), and Staphylococcus haemolyticus
L62 lipase (Jo et al., 2014). Furthermore, the use of elite-
immobilized crude lipase produced from Staphylococcus
pasteuri for the pretreatment of coconut mill effluent
shows the effectiveness of bacterial lipases in waste
management and treatment (Palanisamy Kanmani et al.,
2015) and by the lipase from Pseudomonas aeruginosa
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AAU?2 in treating lipid-rich industrial effluents (Bose &
Keharia, 2013).

1. IMMOBILIZATION TECHNIQUES

Enzymes function as biological catalysts in enzymatic
reactions, enhancing reaction rates without undergoing
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depletion. This property allows for the repeated utilization
of enzymes as long as they remain active. Various
methods for immobilizing enzymes on solid surfaces have
been developed, and these methods are classified as
follows and shown in Fig. 2.

(Enzyme immobilization }
methods

TIrreversible

| |

Reversible

| |

Covalent Cross
bonding Entrapment Jinking

S 5 Disulfide
} [ Chelation J[ Adsorption ][ Ponding 1

Fig.2: Schemes for major enzyme immobilization methods

3.1. Irreversible mechanism

In irreversible immobilization, the only way to
separate a biocatalyst from a support is to undermine its
biological activity. The most popular approaches for
permanently immobilizing enzymes include coupling and
cross-linking  procedures and covalent trapping like
microencapsulation.

3.1.1. Covalent bonding

Making covalent connections between proteins and a
support matrix is often used for permanently immobilizing
enzymes. Because of the stronger interactions created
between the matrix and the enzyme, this method has the
benefit of keeping the enzyme from escaping into the
solution while it is being used. In some cases,
keeping amino acid residues essential for catalytic action
from being involved in the covalent attachment to the
support can be challenging, which makes achieving high
binding activity difficult. During the coupling reaction,
substrate analogues can be added to the reaction media as a
simple way to improve this activity (Brena et al., 2013).
Covalent techniques are usually used for immobilization
when the enzyme does not need to remain in the finished
product.  Researchers  have  developed  various
reactions, considering the functional groups present in the
matrix  (Jasti et al., 2014). In a broad classification,
coupling methods are divided into two main groups: (1)
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activating the matrix by adding a reactive function to a
polymer and (2) modifying the polymer backbone to
generate an activated group. Activation approaches are
typically recommended to provide electrophilic groups on
a set of supports that react with potent nucleophiles on
proteins during the coupling step. The covalent binding of
covalents to matrices is governed by
parameters comparable to those used in protein chemical
modification. VVarious commercially available supports are
available for immobilization; the best one to employ will
rely on the properties of the catalyst and its intended
usage. To find the best method depending on specific
circumstances, it is often essential to experiment with a
number of different approaches (J. C. S. d. Santos et al.,
2015). When covalent processes are used, ether, amide,
carbamate, and thioether bonding are frequently used by
enzymes to attach to the support. As a result, a strong link
known for its high stability is established between the
matrix and the enzyme. Because the linkage is covalent,
throwing out the matrix and the enzyme becomes
important when the enzymatic activity decreases.

A leak-proof link between the enzyme and the matrix
can be formed using the covalent immobilization
technique, but there are also disadvantages, including high
cost, limited immobilization activity yield, and
irreversibility. However, modifications to the
immobilization method can alleviate these constraints to
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differing degrees. A number of variables, including the
carrier material's size, shape, and composition, as well as
the particulars of the coupling reactions, affect the activity
of covalently immobilized enzymes (Bilal, Asgher, et al.,
2019). For covalent bond-based immobilization,
hydrophobic or hydrophilic supports can be used;
silica/chitosan-based supports have also been shown to be
effective carriers for covalent immobilization in recent
research (Cazaban et al., 2018; Manzo et al., 2018; Singh
et al., 2017; Van Den Biggelaar et al., 2017). Due to its
high surface area, low diffusional limitations, good
mechanical properties, chemical resistance, and abundance
of hydroxyl groups, silica is well-suited for surface
functionalization with agents such as glutaraldehyde and
3-aminopropyltriethoxysilane  (APTES) and enzyme
attachment. Because of its advantageous structural
characteristics, chitosan, a common natural biopolymer, is
a hydrophilic, biodegradable, and biocompatible
polysaccharide  frequently employed for enzyme
immobilization. Many covalent attachments of the amino
groups on the enzyme's surface onto cross-linked agarose
beads are an effective covalent technique for immobilizing
enzymes. This procedure increases the enzyme structure's
stiffness, giving it more stability against conformational
changes by denaturing chemicals (Romero-Fernandez &
Paradisi, 2020). Covalent immobilization can also be site-
directed to obtain immobilized enzymes with enhanced
stability and reactivity. Using the Huisgen 1,3-dipolar
cycloaddition "click" reaction and non-canonical amino
acid incorporation, Wu et al. (2015) developed the
PRECISE (protein residue-explicit covalent
immobilization for stability enhancement) system, which
allows for directed enzyme immobilization at specifically
selected residues throughout an enzyme. This
system facilitates the evaluation of the impact on activity
and stability under severe conditions by enabling
immobilization at both close and remote locations from the
active site.

3.1.2. Entrapment and cross-linking

The entrapment approach works by encasing enzymes
in a network of polymers, which allows products and
substrates to pass through while keeping the enzyme in
place. In contrast, this strategy does not limit the enzyme
to a matrix or membrane-like coupling system. Numerous
methods for entangling enzymes, including fiber
entrapment, gel and microencapsulation, have been
suggested by Livage and Coradin (2018). These
approaches change the encapsulating material for ideal pH,
polarity, or amphiphilicity to improve enzyme stability,
minimize leaching and denaturation, and optimize the
microenvironment (Nguyen & Kim, 2017). However, mass
transfer limits through gels or membranes limit the
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practical applicability of these techniques. It's important to
remember that more recent approaches, including cross-
linked enzyme aggregates (CLEAS) and crystals (CLECS),
have been proposed to immobilize enzymes (Galliani et
al.,, 2018; Tran & Balkus Jr, 2011) and differ from
conventional  immobilization  approaches.  Though
these techniques developed at the turn of the century,
they are still the go-to option for enzymatic applications in
biorefineries and the food sector. With their highly active
immobilized enzymes and adjustable particle sizes, high
catalytic and volumetric productivities, ease of recycling,
and operational stability, CLECs are perfect for industrial
biotransformations. However, a major drawback of this
technique is the thorough protein purification needed to
generate CLECs. With the addition of salts or nonionic
polymers, enzymes from an aqueous solution precipitate to
form physical aggregates of protein molecules, which is
how the more recently produced CLEAS are an upgraded
version of CLECs (Homaei et al., 2013; Nguyen & Kim,
2017). Because of their increased catalytic activity,
improved operational and storage stabilities, ease of use,
superior reusability, and multi-point attachment through
intermolecular cross-linking between enzyme molecules,
cleavage-free amnesias CLEAs have become a promising
carrier-free immobilization system. Enzyme preparation
from lipases, horseradish peroxidase, penicillin acylases,
and laccases is the subject of many ongoing investigations
to produce CLEAs of high yield (Sulek et al., 2011).

The development of multipurpose cross-linked
enzyme aggregates (multi-CLEAs) and combined cross-
linked enzyme aggregates (combi-CLEAS), which cross-
link multiple enzymes together, is a development in the
immobilization process. As a result, CLEAs have an
increased ability to catalyze a range of biotransformation
reactions, either one at a time or in succession as catalytic
cascade processes (Bilal, Zhao, et al., 2019). Recent
examples have been reported for these cross-linked
immobilization approaches. Periyasamy et al. (2016)
successfully combined b-1, 3-glucanase, cellulase, and
xylanase for one-pot cascade saccharification of sugarcane
bagasse (SCB). After six consecutive applications, the
combi-CLEAs produced improved temperature and
storage qualities, maintaining 90% of their activity
(Periyasamy et al., 2016). Another example is the
production of three distinct, independent catalytic
reactions using multi-CLEAs of pectinase, xylanase, and
cellulase. The produced multi-CLEAs showed excellent
recyclability and thermostability (Dalal et al., 2007).
Combining CLEAs with magnetic nanoparticles (M-
CLEAS) has also increased their stability and reusability in
the food industry. The benefit of this integration is that it is
simple to separate from the reaction mixture, making it
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easier to use again and increasing the possibility of
developing continuous biocatalytic processes (Martins et
al., 2018; Nadar & Rathod, 2016). In a recent
advancement, magnetic combi-CLEAs based on glucose
dehydrogenase and ketoreductase have been developed.
Compared to the original CLEAs, they demonstrated better
catalytic activity and stability in both aqueous and biphasic
media (Su et al., 2018).

Furthermore, using CLEAs combined with the bio-
imprinting process has been extensively investigated over
the pastyears toimprove the stability and catalytic
efficacy of various enzymes. Imprinted CLEAs are a
revolutionary  combinatorial ~cross-linked  imprinting
technique (iCLEAs). Bio-imprinting technology is
valuable for adjusting enzymes' stability,
enantioselectivity, reusability, and catalytic characteristics.
(Bilal, Asgher, et al., 2019; Cui & Jia, 2015; De Winter et
al., 2012).

3.2. Reversible mechanism

Regarding the binding between the support and the
enzyme, reversibly immobilized enzymes can separate
from the support in mild circumstances. In response to this
issue, reversible techniques have attracted much interest
in enzyme immobilization, primarily because of their
sound financial basis. The principal factor contributing to
these enzymes' cost-effectiveness is their declining
activity, which triggers regeneration and reloading of the
support with new enzymes. The support cost primarily
determines the catalyst's total immobilization cost.
Reversible enzyme immobilization is very important
for bioanalytical systems and the immobilization of labile
enzymes (Bilal, Zhao, et al., 2019).

3.2.1.  Adsorption (Non-covalent interactions)

Nonspecific adsorption: Nonspecific adsorption is a
relatively simple technique for immobilization that
operates predominantly through physical or ionic means of
binding (Mohamad et al., 2015). Enzymes bind to the
matrix through salt bonds in ionic bonding. On the other
hand, in physical adsorption, the enzymes use hydrophobic
interactions, hydrogen bonds, and van der Waals forces to
bind to the matrix. Changes in ionic strength, pH, solvent
polarity, and temperature, among other factors that
regulate interaction strength, can reverse the process
caused by the forces involved in non-covalent
immobilization. = The  procedure  of  adsorption
immobilization is mild and straightforward, usually
maintaining the enzyme's catalytic activity. Despite their
economic  appeal, these methods have  certain
disadvantages, such as the possibility of enzyme leakage
from the matrix in the event of weak connections.
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lonic binding: Utilizing protein-ligand interactions via
chromatography  is commonly  used for  reversibly
immobilizing enzymes. The use of ion exchangers for
enzyme reversible immobilization is an example of an
early application of this method (Vaz & Filho, 2019). This
method is reversible and convenient, but it can be
challenging to identify the exact circumstances that ensure
strong bonding and high enzyme activity. Lately,
immobilized polymeric ionic ligands have been used to
manipulate the protein-matrix interaction, allowing for the
optimization of derivative characteristics. Despite the
advantages, problems could occur, especially if highly
charged supports are used, especially if the goods or
substrates are charged. Diffusion and partition, for
example, might upset kinetics in certain situations and
change the enzyme'sideal pH and pH stability range
(Ward et al., 2016). However, recent research over the last
few years has shown that pH values can be adjusted to
achieve ideal circumstances for a particular enzyme.
(Benitez-Mateos et al., 2017; Furuya et al., 2017; Wang et
al., 2017).

Hydrophobic adsorption: Hydrophobic interactions
driven by entropy instead of chemical bond formation can
also be achieved by the reversible immobilization of
enzymes. This technique has been a chromatographic
concept for over thirty years, relying on conventional
experimental parameters; including temperature, pH, and
salt content (Mohamad et al, 2015). Both the
hydrophobicity of the protein and the adsorbent influence
the intensity of the interaction. The size of hydrophobic
ligand molecules and the support substitution level can be
changed to modify the adsorbent's hydrophobicity. It has
been possible to immobilize reversible B-amylase and
amyloglucosidase to hexylagarose carriers (Das &
Kayastha, 2019). The use of different supports, such as
silica, magnetic nanoparticles, and synthetic beads made of
polymethacrylate matrices, as support materials for the
hydrophobic absorption method has been reported in
research in recent years (Abreu Silveira et al., 2017; Gao et
al., 2019; Hdttner et al., 2017; Koutinas et al., 2018;
Srivastava et al., 2012; Vescovi et al., 2017).

Affinity binding: Determining the immobilization of
enzymes has been attributed to the fundamental principle
of utilizing the attraction between complementary
biomolecules. The approach shows a significant benefit
through a highly selective interaction. The requirement for
covalent attachment of a costly affinity ligand to the
matrix, such as an antibody or lectin, is a drawback (Brena
et al., 2013). Strong connections between the protein
structure and a surface functionalized with a
complementary affinity ligand can be established using
affinity tags, which can be intrinsic or injected at a
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specified place away from the active site in the original
enzyme structure. In contrast to random immobilization,
which can result in the immobilized enzyme in numerous
orientations, directed immobilization results from greater
specificity in enzyme adsorption to support materials
(Bolivar & Nidetzky, 2013).

One of the two methods for achieving enzyme
immobilization based on affinity binding between
enzymes and support materials is the ionic exchange or
covalent bonding. A recent advancement in ionic
immobilization is affinity binding, in which enzymes are
fixed to substrates containing metal ions such as Ni?*,
Cu?*, Co?*, Fe*, and Zn?* by use of a fused peptide tag
containing a polyhistidine chain (His-tag) (Bohmer et al.,
2018; Liu et al., 2017; Vahidi et al., 2018). (Bohmer et al.,
2018) showed how ionic affinity binding allowed co-
immobilizing chimeric amine dehydrogenase (AmDH) and
alcohol dehydrogenase (ADH) on regulated porosity glass
Fe®* ion-affinity beads. Over five cycles, the immobilized
dual-enzyme system demonstrated recyclability, with total
turnover numbers for ADH and AmDH surpassing 4000
and 1000, respectively. Immobilization of enzymes with a
fused discrete protein domain is a further form. Enzymes,
for instance, fused to the modified Zpssic; binding domain
are bonded to immobilization matrices with anionic
surface groups by ionic interactions. Compared with
smaller tags like the His-tag, this method provides a
substantial benefit for oriented immobilization. Oriented
immobilization is highly preferred because it uses the
Znasicc  module more efficiently to achieve spatial
separation between the immobilization matrix and the
enzyme catalytic activity. This method reduces the
possibility that surface binding will negatively affect the
enzyme's activity (Bolivar et al., 2017; Romero-Fernandez
& Paradisi, 2020). The formation of covalent bonds
between the enzyme and the immobilization support is
another method for achieving affinity-based enzyme
immobilization. This approach integrates a tiny peptide
tag, a distinct protein domain, or a genetically fused
protein into the target enzyme. It is comparable to affinity
binding via ionic exchange. Attaching horse liver alcohol
dehydrogenase, fused to a polyhistidine tag, onto metal-
activated polymethacrylate support using epoxy groups is
a recent development in covalent affinity binding
(Contente & Paradisi, 2018). Using a second protein as a
spacer to block the direct covalent connection between the
enzyme and the immobilization matrix, this novel method
of covalent immobilization via affinity binding increases
the catalytic activity of the target enzyme. His-tag and
different target enzymes are fused to form T4L
lysozyme, the second protein rich in lysine amino acid,
increasing immobilized enzymes' recovered activity
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(Planchestainer et al., 2017). A recent development
is affinity binding to immobilize enzymes on magnetic
beads, which improves the functionality of immobilized
enzymes in analytical tests. Faster assay Kkinetics are
achieved by the abundance of binding sites that magnetic
beads provide for biological reactions (Sassolas et al.,
2020).

3.2.2.  Chelation or metal binding

Salts of transition metals or metal hydroxides, such as
zirconium or titanium, applied to the surface of an organic
carrier can create bonds by coordinating with nucleophilic
groups on the matrix. The term "metal link
immobilization" describes this method well (Singh et al.,
2013). Usually, heating or neutralization causes the
hydroxide or metal salt (such as chitin, cellulose, alginic
acid, and silica-based carriers) to precipitate onto the
support. Some coordination places in the metal still need
to be occupied for coordination with groups in enzymes
because steric constraints prevent the matrix from
occupying all the coordination positions in the metal. Even
though the process is relatively simple, the immobilized
specific activity of enzymes ranges from 30% to 80%.
However, the operational stabilities that are attained are
frequently irregular and difficult to replicate, potentially
because of irregular adsorption sites and metal ion leakage
from the support. A way to overcome these difficulties is
to use stable covalent bonds to immobilize chelator ligands
on solid supports, enabling metal ions to be bound via
coordination. As a result, stable complexes are formed,
which can be used to retain proteins. Elution of the bound
proteins can be accomplished by lowering the pH of the
process or by competing with soluble ligands. The support
is renewed by rewashing it with a potent chelator (such as
ethylenediaminetetraacetic acid or EDTA). Immobilized
Metal-lon Affinity (IMA) adsorbents, which are these
supports, are widely used in protein chromatography
(Kagedal, 2011).

3.2.3. Disulfide bonds

This study's unique approach to irreversible enzyme
immobilization is its capacity to create a stable covalent
link between the enzyme and matrix that can be selectively
broken down under mild conditions with the help of a
suitable  chemical such as dithiothreitol (DTT).
Furthermore, thiol groups' reactivity can be managed by
varying the pH, which produces high activity yields when
disulfide bonds are created with the help of an appropriate
thiol-reactive adsorbent (Batista-Viera et al., 2011). Under
mild circumstances, enzymes with exposed nonessential
thiol (SH) groups can be immobilized onto thiol-reactive
substrates, producing reactive disulfides or disulfide
oxides. One important benefit of this strategy is that the
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bonds created between the thiol enzyme and the activated
solid phases are reversible and can be removed with an
excess of a low molecular weight thiol. This characteristic
becomes essential when the enzyme breaks down more
quickly than the absorbent, enabling subsequent reloading
(Ovsejevi et al., 2013).

In conclusion, covalent interactions usually help
maintain enzymes' structural stability. Some cost-related
issues arise from the irreversible attachment of enzymes to
the matrix, which necessitates discarding both the matrix
and the enzyme once enzymatic activity falls. However,
adopting reversible techniques is quite interesting, mainly
due to financial considerations; the support can be renewed
and reloaded with new enzymes when enzymatic activity
declines. The price of support materials frequently
significantly impacts the total cost of an immobilized
catalyst. In bioanalytical systems, reversible enzyme
immobilization is particularly useful for labile enzymes.

V. MATERIALS USED FOR THE
FABRICATION OF IMMOBILIZATION
SUPPORT

Enhancing the immobilization of lipase involves the
development of novel support materials characterized by
optimal porosity, surface area, and a balanced
hydrophobic/hydrophilic profile. These materials should
possess specific attributes, as illustrated in Fig.3, such as
thermal and chemical stability, inertness, renewability,
heterogeneity, a strong affinity for lipase, interactive
functional groups, physical robustness, availability, and
cost-effectiveness (Rodriguez-Restrepo & Orrego, 2020;
Zdarta et al., 2018). Moreover, an ideal support material
would facilitate the binding of active lipase sites to
substrate molecules and exhibit a distinct morphology to
minimize diffusional limitations (Wong et al., 2009).

It is important to note that lipase, being an essential
enzyme widely applied in biotechnology and various
industrial processes, has garnered significant attention
from researchers. Consequently, the development of new
support materials for lipase can be categorized into three
fundamental groups based on their properties.
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Fig.3: Properties of support materials used for lipase
immobilization

4.1. Natural polymers as supports

Alginate: Alginate, extracted from the cell walls of brown
algae, constitutes the calcium, magnesium, and sodium
salts of alginic acid. Its utilization in immobilization is
widespread, such as in the formation of xanthan-alginate
beads, alginate—polyacrylamide gels, and calcium alginate
beads. These configurations result in heightened enzyme
activity and reusability. The stability of enzymes is further
enhanced through cross-linking alginate with divalent ions,
such as Ca®* and glutaraldehyde. This cross-linking
process, as documented by Flores-Maltos et al. (2011),
contributes to the improved durability of the immobilized
enzymes.

Chitosan and chitin: Natural polymers such as chitin and
chitosan serve as effective supports for immobilization, as
documented by Kapoor and Kuhad (2007). The binding of
enzymes to chitosan involves the utilization of protein or
carbohydrate moieties, as outlined by Hsieh et al. (2000).
Notably, the combination of chitosan with alginate has
demonstrated reduced leaching effects, attributed to
physical and ionic interactions between the enzyme and
the support, as observed by Betigeri and Neau (2002).
Additionally, a wet composite comprising chitosan and
clay has proven to be a reliable method for enzyme
trapping due to its hydroxyl and amino groups, facilitating
easy enzyme linkage, favorable hydrophilicity and high
porosity. In bead form, chitosan exhibits superior enzyme
entrapment, capturing twice the amount of enzymes, as
highlighted by Chang and Juang (2007), emphasizing the
high affinity of the chitin-binding domain of chitinase Al
from Bacillus circulans to chitin, which has been
strategically employed for the retention of D-hydantoinase.
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Collagen: Given its natural polymer composition, collagen
has found application in immobilizing tannase, utilizing
glutaraldehyde as a cross-linking agent, as detailed by
Katwa et al. (1981). The utilization of Fe*3-collagen fibers
has demonstrated remarkable efficacy as a supporting
matrix for catalase immobilization. Even after 26
consecutive reuses, significant catalase activity was
retained, according to findings by Chen et al. (2011).

Carrageenan: Carrageenan, characterized as a linear
sulfated polysaccharide, has consistently been employed in
the immobilization of various enzymes, such as lipase, to
enhance stability, as discussed by Tumturk et al. (2007).
Notably, this support exhibits pseudoplastic behavior,
thinning under shear stress and promptly recovering
viscosity once the stress is alleviated. (Jegannathan et al.,
2010) achieved an encapsulation efficiency of 42.6%
through the co-extrusion method, utilizing Carrageenan to
support biodiesel production. Carrageenan has been
recognized for its cost-effectiveness and durability as a
support, demonstrating superior entrapment capabilities
for lactic acid and agalactosidase enzymes, according to
reports by Rao et al. (2008).

Gelatin: Gelatin, characterized as a hydrocolloid material
abundant in amino acids, can adsorb up to ten times its
weight in water, making it a noteworthy candidate for
enzyme immobilization due to its extended shelf life. In a
mixed carrier system with polyacrylamide, Emregul et al.
(2006) found that cross-linking with chromium (l11)
acetate yielded superior results compared to chromium
(1) sulfate and potassium chromium (I11) sulfate.
Additionally, combining calcium alginate with gelatin is
an effective template for calcium phosphate deposition in
enzyme immobilization. Moreover, when gelatin is paired
with polyester films, it promotes a loading efficiency of
75%, a notable improvement compared to previous studies
with 50% loading efficiency (Ates & Dogan, 2010; Shen
etal., 2011).

Cellulose: Cellulose, the most abundant natural polymer,
has found extensive applications in the immobilization of
various enzymes, including fungi laccase, penicillin G
acylase, glucoamylase, a-amylase, tyrosinase, lipase, and
B-galactosidase (Huang et al., 2011; Klein et al., 2011;
Namdeo & Bajpai, 2009). Notably, the storage capacity of
Diethylaminoethyl (DEAE)-modified cellulosic supports
has been demonstrated to be prolonged (Al-Adhami et al.,
2002).  Cellulose-coated = magnetite  nanoparticles,
employed for starch degradation, showcased the
development of a novel starch-degrading system when a-
amylase was attached to cellulose dialdehyde-coated
magnetite nanoparticles, as observed in the work by
Namdeo and Bajpai (2009). Furthermore, the
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immobilization process using ionic liquid-cellulose film
activated by glutaraldehyde exhibited enhanced
formability and flexibility, as detailed by Klein et al.
(2011).

Starch: Comprising linear amylase and branched
amylopectin units, starch is an effective enzyme
immobilizer. Hybrid  supports, specifically those
combining calcium alginate and starch, were utilized for
the surface immobilization and entrapment of bitter gourd
peroxidase in a study by Matto and Husain (2009). The
entrapped enzyme exhibited enhanced stability in the
presence of denaturants such as urea, attributed to internal
carbohydrate  moieties.  Conversely, the surface-
immobilized enzyme demonstrated superior activity.
Industrial techniques widely adopted for a high product
yield include radiation grafting of substances like
acrylamide and dimethylaminoethyl methacrylate onto
starch (anh Dung et al., 1995; Raafat et al., 2012).

Pectin: This heteropolysaccharide, combined with 0.2—
0.7% glycerol acting as a plasticizer, mitigates the
support's brittleness. It has been employed in immobilizing
papain and developing novel materials for treating skin
injuries, as discussed by Ceniceros et al. (2003). Pectin—
chitin and pectin—calcium alginate supports have
demonstrated improved thermal and denaturant resistance
and enhanced entrapped enzyme catalytic properties. This
enhancement is attributed to the formation of highly stable
polyelectrolyte complexes between the enzyme and the
pectin-coated support (Gomez et al., 2006; Satar et al.,
2008).

Sepharose: The immobilization of amylase and
glucoamylase has been achieved using CNBr-activated
Sepharose-4B due to its porous nature and facile
adsorption of macromolecules. Matrix modifications, such
as the use of alkyl-substituted Sepharose with multipoint
attachment between hydrophobic clusters of the enzyme
and alkyl residues of the support, play a crucial role in
preserving catalytic properties under extreme conditions
such as pH extremes, high salt concentrations, and
elevated temperatures (Hosseinkhani et al., 2003). An
additional illustration of a modified Sepharose matrix
involves Concanavalin A (Con A)-Sepharose 4B. In this
case, the biospecific interaction between the glycosyl
chains of the enzyme and Con A is pivotal in fabricating
various biosensors (Mirouliaei et al., 2007).

4.2. Synthetic polymers as supports

Insoluble supports with porous surfaces, such as ion
exchange resins/polymers, serve as effective platforms for
enzyme entrapment. Renewable matrices like Amberlite
and DEAE cellulose, known for their substantial surface
areas, have been utilized for immobilizing a-amylase

107


https://dx.doi.org/10.22161/ijeab.86.12

Hussain et al.

(Kumari & Kayastha, 2011). In immobilizing white radish
peroxidase, introducing glutaraldehyde and polyethylene
glycol serves a dual purpose by acting as both an additive
and a protective layer around the enzyme's active center.
This protective layer prevents free radical attacks (Ashraf
& Husain, 2010).

Various synthetic polymers have also found
application as enzyme supports. Polyvinyl chloride, for
instance, hinders thermal inactivation of cyclodextrin
glucosyltransferase. Polyurethane microparticles, derived
from polyvinyl alcohol and hexamethyl diisocyanate in a
specific ratio, exhibit high enzyme loading and efficiency.
UV-curable methacrylated/fumaric acid-modified epoxy is
proposed for industrial applications, while polyaniline in
emeraldine salt and emeraldine base powder forms
facilitates the covalent binding of o-amylase. Other
examples include glutaraldehyde-activated nylon for lipase
immobilization and UV-activated polyethylene glycol with
high porosity for wastewater treatment (Ashly et al., 2011;
Pahujani et al., 2008; Romaskevic et al., 2010; Xiangli et
al., 2010).

4.3. Inorganic materials as supports

Zeolites: Zeolites, also known as 'molecular sieves,' are
crystalline solids with well-defined structures and shape-
selective properties, extensively employed in molecular
adsorption. Compared to microporous de-aluminized
counterparts, microporous zeolites are more effective
supports for a-chymotrypsin  immobilization.  This
superiority stems from the increased presence of hydroxyl
groups, fostering robust hydrogen bonds with the enzyme
(Xing et al., 2000). Similarly, Na Y zeolite emerges as a
preferred choice for lysozyme immobilization due to its
heightened activity compared to alternative supports, as
documented by Chang and Chu (2007). The heterogeneous
surface of zeolites, characterized by multiple adsorption
sites, is conducive to regulating interactions between
enzymes and supports (Serralha et al., 1998).

Ceramics: The utilization of ceramic membrane for
Candida antarctica lipase immobilization demonstrated
the potential of this inert support for conducting hydrolytic
and synthetic reactions while mitigating feedback
inhibition, as elucidated by Magnan et al. (2004). Ceramic
foams, incorporating both macro (77 nm) and micropores
(45 um), proved effective in reducing diffusion rates and
enhancing specific surface area, as evidenced by the
research of Huang and Cheng (2008). Another illustration
involves toyonite ceramics, whose variable pore structure
can be adjusted through diverse organic coatings, as
explored by Kamori et al. (2000).

Celite: Celite, characterized as a highly porous
diatomaceous material with bio-affinity properties, has
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found application in immobilizing enzymes such as lipase,
polyphenol oxidases, and B-galactosidase. This preference
arises from its cost-effectiveness, low polarity, and
extensive adhesion area (Ansari & Husain, 2012; Khan et
al.,, 2006; Liu et al., 2009). Notably, Celite exhibits
resilience against elevated pH or temperature, urea,
detergents, and organic solvents, as outlined by Khan et al.
(2006). In the realm of x-transaminases immobilization
within sol-gel matrices, Celite is an additive of choice due
to its chemical inertness and interconnected pore structure,
as highlighted by Koszelewski et al. (2010).

Silica: The effective removal of chlorolignins from
eucalyptus kraft effluent has been achieved using enzymes
such as lignin peroxidase and horseradish peroxidase
(HRP) when immobilized on activated silica, as
demonstrated by Dezott et al. (1995). Additionally, the
enhancement of detergent cleaning performance is
observed with a-amylase immobilized on silica
nanoparticles. The utilization of these enzymes is
attributed to their nano-sized structures, featuring a high
surface area, ordered arrangement, and remarkable
stability against chemical and mechanical forces, as
explored by Soleimani et al. (2012). The reinforcement of
enzyme and support bonds is achieved through surface
modifications of silica, involving the amination of
hydroxyl and reactive siloxane groups, as well as the
addition of methyl or polyvinyl alcohol groups (Narsimha
Rao et al., 2000; Pogorilyi et al., 2007; Shioji et al., 2003).

Glass: Glass, characterized as a highly viscous liquid, has
been utilized to immobilize a-amylase. In this process,
phthaloyl chloride-containing amino group functionalized
glass beads demonstrated robustness and renewability, as
evidenced by Kahraman et al. (2007). Another enzyme,
nitrite reductase, found immobilization on controlled pore
glass beads, which served as a biosensing device for
continuous monitoring, as reported by Rosa et al. (2002).
Furthermore, urease immobilized on glass pH-electrodes
has proven to be an effective and stable biosensor,
enabling the monitoring of urea levels as low as 52 pg/ml
in blood samples, as highlighted by Sahney et al. (2005).

Activated carbon: Both natural and hydrochloric acid-
modified activated carbon are valuable supports for
enzyme adsorption, as discussed by Alkan et al. (2009).
Recently, mesoporous-activated carbon particles have been
employed in immobilizing acid protease and acidic lipases,
featuring ample contact sites for enzyme immobilization.
Notably, catalytic efficiency has been well-maintained
even after 21 cycles of reuse, as indicated in the work of
Ramani et al. (2012). Additionally, it has been observed
that activated carbon with a high surface area (600-1,000
m? g1) and a significant fraction of its pore volume in the
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300-1,000 A range is well-suited for enzyme
immobilization, as reported by Daoud et al. (2010).

Charcoal: The chemical modification of charcoal through
the adsorption of papain with sulfhydryl groups has
resulted in an increased number of active sites. This
modified charcoal has been effectively applied to recover
mercury from aqueous solutions and has proven efficient
in industrial wastewater treatment, as documented by
Dutta et al. (2009). Furthermore, charcoal supports have
found application in the food industry, particularly for
immobilizing amyloglucosidase in starch hydrolysis
without the need for any crosslinking agent, achieving a
remarkable 90% catalytic activity, as reported by Rani et
al. (2000). The excellent adsorptive capacity of charcoal
with minimal release of fine particulate matter has been
underscored in earlier findings by Kibarer and Akovali
(1996).

V. APPLICATIONS OF IMMOBILIZED
LIPASES

Microbial lipases stand out as the primary choice for
various biotechnological applications in today's industries,
and it is anticipated that this market will experience further
growth in the upcoming years. Substantial efforts are
directed towards the advancement of new technologies to
enhance the production and preservation (reuse) of
microbial lipases. These enzymes find widespread use in
diverse industrial sectors such as food, oil and fat, soap
and detergent, paper and cellulose, leather, textiles,
cosmetics, and biodiesel, showcasing their versatility.
Immobilized lipases offer specific applications in
industries. The wvarious factors that impact enzyme
immobilization and potential modifications to enhance
their activity have been outlined in Fig.4.

As of 2016, most of the global market for technical
enzymes is reported in Europe, the Middle East, and
Africa (EMEA). Projections for 2021 indicate an
expansion of this market into North America and the Asia-
Pacific region, with annual growth rates of 6.8% and 7.9%,
respectively. Furthermore, the technical enzyme market is
anticipated to surpass the EMEA market to become the
largest global market in the following years. This suggests
that significant progress in process development within the
enzyme industry will predominantly occur in the Asia-
Pacific and North America regions by the specified year.
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Fig.4: Determinants of enzyme immobilization and activity

5.1. Biosensors

An electrochemical biosensor is designed to offer
analytical, quantitative, or semi-quantitative information
by utilizing a biological recognition device in direct
contact with an electrochemical signal transduction
system. Today's prevalence of biosensors is attributed to
their  cost-effectiveness, rapid analysis, efficiency,
sensitivity, and selectivity of enzymes for specific
analytes, as highlighted by the International Union of Pure
and Applied Chemistry in 2014.

Lipase-based biosensors have proven utility in
detecting environmental pollutants, such as pesticides, as
noted by Ma et al. (2018). In the food industry, biosensors
play a crucial role in monitoring food quality, particularly
the presence of triacylglycerol. Meanwhile, in the medical
field, lipase and phospholipase sensors serve as diagnostic
tools for detecting levels of triglycerides, cholesterol, and
phospholipids in blood samples, according to Herrera-
Lopez (2012).

In a notable example by Zhang et al. (2014), an
electrochemical biosensor was developed for monitoring
tributyrin in human serum. Tributyrin, a triacylglycerol
naturally present in butter, was detected using a biosensor
constructed from polydopamine (PDA) and gold
nanoparticles (GNPs), forming a hybrid material
(GNPs@PDA) deposited on pretreated indium oxide and
tin (ITO) electrodes. Lipase was then immobilized onto the
GNPs@PDA. The cyclic voltammetry technique was
employed for tributyrin determination in conjunction with
the electrochemistry of lipase/GNPs/PDA/ITO electrodes.
The optimized methodology utilized a scan rate of 50 mV
st in phosphate buffer (50 mM, pH 7.5, 0.9% NaCl),
achieving a detection limit of 0.84 mg/dL. This biosensor
exhibited excellent performance for determining tributyrin
in human serum, showcasing potential applications in
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clinical settings and related research for triglyceride
determination in biological samples, offering fast, safe,
and cost-effective results.

5.2. Structured lipids

Immobilized lipases serve as efficient and selective
catalysts in synthesizing structured lipids. Their role in
esterification and interesterification allows for the
customization of lipid structures, leading to the production
of fats and oil with improved nutritional, functional, and
sensory properties. Structured lipids are effectively
synthesized through lipase-mediated esterification and
interesterification reactions (Kim & Akoh, 2015).
Additionally, lipases play a vital role in enhancing the
quality of food products within the food processing
industry, primarily by modifying fats and oils. This
enzymatic activity is applied to a diverse range of
vegetable oils, including sunflower, coconut, olive, corn,
and rice bran oil, all rich in omega-6 fatty acids. Similarly,
lipases are utilized to modify oils from fish, linseed,
walnuts, and milk, which are abundant in omega-3 fatty
acids. Both omega-6 and omega-3 fatty acids are crucial
for maintaining optimal health by regulating essential fatty
acid levels within acceptable limits (Khan et al., 2023;
Sangeetha et al., 2011). Additionally, phospholipases find
industrial applications in processes such as egg yolk
treatment  for  mayonnaise  production, lecithin
modification, and the oil-degumming step in refining
vegetable oils. Novozymes 435 is an example of a lipase
that demonstrates effectiveness in esterifying free fatty
acids with octanol to produce octyl esters. Lipase-
catalyzed transesterification, esterification, and
epoxidation processes successfully modify vegetable oils,
forming bio-lubricant components.

To enhance the industrial viability of lipases,
immobilization techniques are employed, leveraging their
inherent "interfacial hydrophobicity. Various
immobilization  methods include adsorption on
hydrophobic adsorbents like glass beads coated with
hydrophobic  materials, methylated silica, phenyl-
Sepharose, poly-(ethylene glycol)-Sepharose,
polypropylene particles, polypropylene hollow-fibers,
nonwoven fabric, and nitrocellulose membranes (Sharma
& Kanwar, 2014). Silica and solgels are also utilized,
offering high compositional and morphological flexibility
(Borza et al., 2015). For a more in-depth understanding of
the diverse applications of lipases in oil and fat
modifications, additional insights can be gained from the
following literature (Ramani et al., 2010; Rodrigues &
Fernandez-Lafuente, 2010).

5.3. Flavor production
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The sensory experience of flavor and fragrance is
pivotal in determining consumer preferences for various
products. Consequently, synthesizing and utilizing these
compounds are crucial for providing a distinct identity to a
product. Flavor and fragrance are intentionally
incorporated into formulations for food, beverages,
pharmaceuticals, and personal care items. Ethers serve as
primary contributors to flavor, but their high cost renders
the production process impractical. Chemical methods,
while an option, often result in the formation of
undesirable compounds, limiting their application in the
food and beverage industries (Aravindan et al., 2007;
Dhake et al., 2013; Ray, 2012). An alternative approach
involves enzymatic catalysis for flavor and fragrance
synthesis, eliminating the need for toxic solvents and
intricate product recovery procedures. Notably, lipase
stands out among enzymes, capable of producing diverse
flavors depending on the reaction medium. In the food
industry, lipases find applications to enhance the
organoleptic characteristics of products. They are
employed in flavored dairy items to improve the taste of
cheese, milk, and butter, contribute to aroma development
in beverages, extend shelf life in baking, enhance quality
in mayonnaise, facilitate cocoa butter processing, and
serve various other purposes (Aravindan et al., 2007;
Dhake et al., 2013; Ray, 2012).

To demonstrate the effectiveness of enzymatic
synthesis in flavor production, (Sadighi et al., 2017; Silva
et al., 2014) devised methods for immobilizing lipases
from various sources, such as porcine pancreatic lipase
(PPL) and Thermomyces lanuginosa lipase (TLL),
respectively.  Silva et al. (2014) employed
polyhydroxybutyrate (PHB) particles to immobilize
porcine pancreatic lipase (PPL) for synthesizing pineapple
flavor through the esterification of butanol and butyric acid
in a heptane medium. The optimized pH and temperature
for hydrolysis reaction with immobilized PPL were at 8.5
and 50°C. In the esterification reaction, the optimum
conversion reached approximately 93% after 2 hours.
Operational stability tests suggested that this methodology
could be a valuable tool for lipase immobilization for ester
synthesis, with the biocatalyst retaining 63% of its initial
activity after six cycles of esterification. In a separate
study, Sadighi et al. (2017) utilized mesoporous silica
nanoparticles (MCM-41) coated with polyethyleneimine
(MCM-41 @ PEI) and modified with divalent metal ions
(M = Co?, Cu?, or Pd?*) to produce chelated silica
nanoparticles (MCM 41 & M) for lipase immobilization.
The MCM-41 @ PEI Co carrier demonstrated higher
catalytic activity at 75°C, retaining 70% of its initial
activity after 14 days of storage at room temperature.
When applied to the synthesis of ethyl valerate (green
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apple flavor) in the presence of valeric acid and ethanol, a
reduction of 60% and 53%, respectively, was observed
after 24 hours of incubation in n-hexane and
dimethylsulfoxide medium.

These studies underscore the versatility of lipases in
the food and pharmaceutical industries, showcasing their
high yield in esterifying lipids for flavor production. Using
non-polar substrates in organic chemical synthesis further
highlights their broad applicability. Immobilization of
enzymes proves crucial, enhancing storage stability and
maintaining enzymatic activity across a wide range of
temperatures and pH. Moreover, this approach reduces
operational costs by facilitating the easy recovery of
lipases for subsequent reuse, with minimal activity loss
over multiple cycles.

5.4. Biodiesel production

Biofuels have emerged as a sustainable and renewable
alternative to conventional fossil fuels, with biodiesel
being a notable example. Biodiesel production involves
the use of biomass, often comprising fats and vegetable
oils, positioning it as a cleaner energy source compared to
petroleum-based diesel fuels. The transformation of
triacylglycerols found in oils and fats into esters through a
process called transesterification is the key method for
biodiesel synthesis. This reaction can be influenced by
various factors, including the molar ratio of alcohol,
catalyst type, presence of water and free fatty acid,
temperature, time, and stirring speed (Vargas et al., 2018;
Yicel et al., 2012). Enzymatic immobilization has proven
to be a highly advantageous approach. Comparative
studies reveal that the catalytic activities of the same lipase
molecule can differ significantly based on the
immobilization support used (Sankaran et al., 2016;
Vargas et al., 2018; Yicel et al., 2012). Khosla et al.
(2017) explored the potential of an extracellular lipase
from Pseudomonas sp. ISTPL3 was isolated from Pangong
Lake for the transesterification of lipids produced by the
oleaginous chemolithotrophic bacterium Serratia sp.
ISTD04, contributing to  biodiesel  production.
Immobilizing the lipase on activated biochar resulted in a
higher yield of fatty acid methyl esters (FAMEs) at
92.23%, compared to 87.81% for the non-immobilized
lipase. The authors attribute this increase to the enhanced
stability and catalytic activity achieved through lipase
immobilization. Furthermore, the immobilized lipase
retained 75.11% of its activity after three cycles of
biodiesel production, highlighting the potential for cost
reduction through lipase reuse and improved production
efficiency.

Numerous other studies have also demonstrated
favorable outcomes in immobilizing lipases from various
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microorganisms on different supports (Cruz-lzquierdo et
al., 2014; Kalantari et al., 2013; Miao et al., 2018; Pico et
al., 2018; Sankaran et al., 2016; Vargas et al., 2018; Xie &
Huang, 2018; Yiicel et al., 2012). These studies underscore
the potential of immobilized enzymatic catalysts to
enhance biodiesel production processes, offering
advantages such as increased vyield, improved lipase
stability in reaction media, and cost reduction through the
repeated use of lipases.

5.5. Treatment of wastewater

Industrial waste comprises organic and inorganic
substances found in solvents or suspensions, varying in
levels of harmfulness. Various effluent treatment processes
aim to eliminate these characteristic residues from
different industrial processes (Meng et al., 2015; Sarmah
et al., 2018). Typically, these treatments involve physical,
biological, and chemical stages, with the effectiveness
directly impacted by the combination of treatments
suitable for the specific waste type. Biological treatment,
often following physical or chemical-physical treatment,
employs microorganisms that produce enzymes capable of
breaking down organic matter. In this process,
microorganisms  hydrolyze triacylglycerols in the
extracellular medium through the action of lipases,
resulting in the production of fatty acids and glycerol.
Lipases can be utilized in various forms, such as in the
crude form of a fermented broth or isolated, for pretreating
effluents before anaerobic digestion. Alternatively, they
can be used as an enzyme complex containing lipase and
other enzymes to enhance treatment efficiency. These
enzymes find extensive application in removing fats from
treatment plant aerators utilizing activated sludge and are
commonly employed in treating industrial effluents from
sectors like food processing, textiles, paper and cellulose,
tanneries, and automotive industries (Mendes et al., 2005;
Meng et al., 2015; Ramani et al., 2013; Sarmah et al.,
2018; Shen et al., 2013).

Recent trends indicate a growing interest in the study
and application of marine lipases, driven by their ability to
function in more extreme environments than other lipases.
In this context, microorganisms are introduced into the
reaction medium, and liquid fermentation is performed.
The microorganisms utilize the lipids catalyzed by the
lipases to obtain energy for maintenance and replication.
Hassan et al. (2018) conducted studies involving isolating
marine bacteria from the Mediterranean Sea for lipase
production. They optimized cell production, immobilized
the bacteria, and applied them in effluent treatment.
Bacillus cereus HSS emerged as the most promising
microorganism, exhibiting the highest lipolytic capacity.
Immobilization through the adsorption of sponge cells and
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recycling significantly increased lipase activity by 2.8-fold
compared to free cells. The repeated reuse of immobilized
B. cereus HSS maintained reasonable lipase activity. An
economic study focusing on oily wastewater treatment
demonstrated 87.63% efficiency in removing biological
oxygen demand, a 90% removal of total suspended solids,
and a 94.7% removal of oil and grease. This highlights the
potential of immobilized microorganisms as a cost-
effective method for wastewater treatment. The positive
results suggest promising applications for the large-scale
implementation ~ of  immobilized = microorganisms,
encouraging further research in this direction.

VI. CONCLUSION AND FUTURE
PERSPECTIVES

Lipases are versatile tools and established biocatalysts
in diverse industrial sectors due to their remarkable ability
to catalyze reactions in agueous and non-agueous
environments. The comprehensive overview presented in
this review underscores the ongoing imperative for
continuous development in the lipase immobilization
process. Researchers are particularly concerned about its
advancement, given its widespread application in
numerous industrial-scale chemical reactions, spanning
areas such as food, pharmaceuticals, cosmetics, and fuel
production. The review further delves into lipase sources,
categorization based on specificity, and various
applications. Moreover, the lipase immobilization process
brings significant advantages, including heightened
chemical and thermal stability compared to the free form
of lipase and ease of recovery and reuse. The diverse range
of materials serving as supports for lipase immaobilization,
along with the methods employed in the immobilization
process, not only confer crucial advantages but also
provide ample scope for tailoring biocatalytic systems to
specific chemical reactions and applications. The review
discusses different support materials and immobilization
techniques, highlighting the critical challenge of
judiciously selecting the appropriate support material and
immobilization method in this evolving field.

However, improving the lipase immobilization
process comes with challenges, like the high cost of
making lipases. So, future research should focus on using
molecular biology and genetic engineering to make more
microbial lipases and make the whole process cheaper.
Also, from an economic standpoint, creating new supports
from cheap waste biomass or natural materials that are
easy to find can be a big advantage in using lipases in
industries. Another way to cut costs is by using co-
immobilization, where different enzymes, including lipase,
are put together on the same material to do different jobs.
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In the future, we expect to see more reports about new
materials with different properties and ways to use them in
the lipase immobilization process.
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Abstract— Limited information exists regarding the zootechnical performance of the local chicken ecotype IEI i:,,y; ?E

Konde. The objective of this study was to evaluate the laying and growth performance of local hens Gallus o - |J. e,
gallus domesticus ecotype Konde in a semi-intensive production system. A founder group of breeders (30 *.F;F?h"'
hens and 6 roosters) from the Boulgou Province (Garango, Zabré and Tenkodogo) was set up at a ratio of .= ;E":'!. i m

one (1) rooster for five (5) hens. Eggs were collected and identified daily. After five days of collection, eggs E 'Q"Ekldqb
were naturally incubated under large brood hens (15 to 20 eggs) and then transferred to a T
compartmentalized and numbered hatcher. These incubations resulted in 306 identifiable one-day-old

chicks (106 in the wet season, 103 in the cold dry season and 100 in the hot dry season). The individual

weight (IW) of the chicks was recorded every week from hatching to three (3) months of age. Carcass
characteristics were assessed on 10 birds per rearing period at 3 months of age. The laying rate was

33.60% during a 180-day laying period. Observed fertility and hatching rates were 60.33 and 80.31%,
respectively. The average weight, length and large diameter of the eggs were 41.33 g, 48.75+2.07mm and
36.42+1.6mm, respectively. The results showed that chicks with an average hatching weight of around 28g

reached, at three months of age, 926.64 + 153 g, 884.06 + 133 g, and 857.44 + 105 g during the rainy,

cold-dry, and hot-dry seasons, respectively. Carcass yield was 62.19, 66.46, and 65.91% in the rainy, hot,

and dry seasons, respectively. A detailed economic evaluation showed a gross profit of 922 FCFA per bird

at 3 months of age. Based on the growth performance, the local chicken ecotype Konde could be used for

meat production. However, further improvement of performance and sustainability of the chicken’s ecotype

Konde through genetic selection and management tools is still needed.

Keywords— local chicken ecotype Konde, laying, growth, carcass yield, Burkina Faso
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l. INTRODUCTION

Poultry farming is practiced in all countries of the world
and conducted by all social strata of the population (Lara
and Rostagno, 2013; FAO, 2019a; Ngongolo et al., 2021).
It is therefore an important lever for economic growth and
a powerful tool to tackle poverty and food insecurity in
several areas of the world including Burkina Faso
(Ouattara et al., 2014a; Ouedraogo et al., 2015). In
Burkina Faso, the poultry population is estimated at
around 45 million birds and is composed of chickens
(76.3%), guinea fowl (19.2%), pigeons (3.7%), ducks
(0.7%), and turkeys (0.1%) (FAO, 2019b). The poultry
sector plays a prominent role in the Burkinabe livestock
sub-sector. It accounts for 6% of agricultural value added
(%$0.14 billion) and contributes more than 140,000 and
6,000 tons of meat and eggs per year, respectively (FAO,
2019b). The per capita consumption of poultry meat and
eggs in Africa is estimated at 8kg and between 45 and 50
eggs (about 1kg) per person and year (FAO, 2019b). Local
chicken and other local poultry products are better
appreciated by the consumers compared to products of
exotic breeds (Rajkumar et al., 2017) largely due to
hardiness and organoleptic properties of the meat. Local
poultry breeds accounts for over 98% of the national
poultry population (FAO, 2019b). Despite its socio-
economic impact and its important contribution to the
population food security, the productivity of the local
poultry population remains low compared to exotic breeds
(FAO, 2019b). Thus, local poultry production is well
below the needs of the population. The unbalance between
the demand and the supply produced by local poultry
breeds has forced Burkina Faso to turn to imports of exotic
chickens to meet national consumption needs, estimated at
about 37,000 tons of chicken meat annually (FAO, 2019b).
The poor performance of traditional poultry farming is due
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to several factors; chief among them is the low genetic
potential of the breeding stock and the artisanal hushandry
system characterized by low scientific and economic
investments (Ouattara et al., 2014a; Ouedraogo et al.,
2015). However, the promotion of local poultry farming
and the gradual improvement of farming technique are
proving to be the determining factors for economic
development (Yapi-Gnaore et al. 2011) and the
safeguarding of genetic resources and biodiversity (Yapi-
Gnaore et al., 2011; Tadano et al., 2013) . Several studies
(Akouango et al., 2010; Yapi-Gnaore et al., 2011;
Rajkumar et al., 2017) have been carried out to investigate
the laying and growth potentials of local chicken.
However, information about the zootechnical performance
of the ecotype Konde is scant at best. In spite of the good
potential of the ecotype Konde to be used as a broiler
breed (Zare et al., 2021), there is a persistent danger for its
disappearance (Ouandaogo, 1975; Zare et al., 2021). The
general aim of the present study is to dissect the
performance of the local hen (Gallus gallus domesticus),
particularly that of the ecotype Konde in improved
breeding systems with the specific objective of evaluating
the laying and growth performance of the local chicken
ecotype Konde in a semi-intensive rearing system.

1. MATERIAL AND METHODS
2.1. Presentation of the study area

The present study was carried out at a poultry farm
belonging to the station of the Institut de I'Environnement
et de Recherches Agricoles (INERA) in Ouagadougou,
Burkina Faso. This poultry farm is located in the peri-
urban area of the town of OQuagadougou in sector 31 of the
seventh district, capital of the province of Kadiogo and it
is located in the center of Burkina Faso (Map 1).

123


https://dx.doi.org/10.22161/ijeab.86.13

Yacouba International Journal of Environment, Agriculture and Biotechnology, 8(6)-2023
‘ Burkina Faso N VILLE DE OUAGADOUGOU
| Les Zones Climatiques A Decogage en Aundissetiiont
PR
» \' ‘ 7=
\ 00

Légende

+ Limite dEtat

(7 ) Numero oa:

—— Limiia ¢ saciour

Légende

31 Numero de secteur

Arrondissement & Etude

Al Arron mont 2022
IS Sbonclaens Scurce :BDU de Ouaga MARS 2022

Source:Direcson oe 13 Mescoroiogl; 1GS MARS 2022

PROVINCE DE KADIOGO
Commune de Ouagadougou|

KOMSILGA

Source: BNDT 2012/GB MARS 2022

ARRONDISSEMENT 07|
Secteur 31
39 Bonheur ville
30
Légende
31 Numero de secteur|
[Bonheur
vitle Nom de quarber
Rue urbaine
Limite de secteur
Source BDU de Ousga AMARS 2022 Trame urbaine

Map 1: Map location of the study area in the commune of Ouagadougou (IGB, 2014).

2.2 Materials
2.2.1. Biological material

In concordance with the sample size requirements per
breed or population for the study of domestic animal
biodiversity, the FAO guidelines recommend at least 25
individuals per breed/population (FAO, 1998). The current
study involved 36 ecotype Konde chicken birds aged
between 5 and 6 months. Hens (n=30) and roosters (n=6)
of the breeding nucleus came from different villages in the
Boulgou province. These chickens were selected based on
their morpho-biometric characteristics, notably plumage,
crest, height on legs, and leg color as suggested by Zare et
al.(2021). They were randomly distributed into 6 pens
according to their area of origin. Several incubations were
carried out and resulted in 306 identifiable day-old chicks
distributed across three time periods: 106 birds in the rainy
season, 103 bhirds in the cold dry season, and 100 birds in
the hot dry season.

2.2.2. Rearing building

The trial building was subdivided into eleven pens (3 m
high, 2.25 m long and 1.15 m wide). Each pen housed one
rooster and 5 hens. The building model used was an open
structure where the environmental conditions were not
controlled. A hygrometer was used to measure relative
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humidity and temperature. Wood shavings were used as
bedding for the welfare of the chickens.

2.3 Method
2.3.1. Monitoring of laying and incubation

Eggs were removed as soon as they were laid and coded
based on the pen location "C", the hen's y-number "P" and
the egg's rank n (CxPyn). Each egg was recorded
according to the breeding cock and the hen on individual
identification cards. Eggs that could not be properly
identified were coded as non-identifiable (NI). Properly
identified eggs were placed in natural brooding on the
basis of 15 to 20 eggs per broody hen. Two candling
sessions were carried out at day 7 and 18 respectively.
Immediately after the second candling, the eggs in the
beginning of hatching were taken from under the broody
hens and put in an electronic incubator transformed into a
hatcher containing a labeled (1 to 35) box. Replication (R)
involved the egg-laying cycle (duration of egg-laying until
brooding instinct or pause period) of the parents and the
first generation. The egg collection was extended over a
period of 6 months in order to generate five replicates.

The collected data was used to evaluate the following
zootechnical parameters: General laying rate (GLR) and
individual laying rate (ILR);
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number of eggs laid
GLR = - : X100
laving duration « hens

_ number of eggs laid by a hen

ILR X100

laying duration
The actual fertility (FR) and hatching (HR) rates were
calculated according to the formulas of Sauveur (1988):

ber "til
_ number of fertileeggs X100

number of eggs laid

number of tached eggs
_ f 995 4100

"~ number of fertile eggs

Embryonic mortality rates were calculated using the
following formulas: early embryonic mortality rate
(EEMR), late embryonic mortality rate (LEMR) and chick
mortality rate (CMR),

number of eggs with dead embryo at day 15
EEMR = - X100
number of fertile eggs

number of eggs with dead embryo at day 24
LEMR = - X100
number of fertile egys

number of deaths in a period

CMR =

= X100
number of birds during the same period

The average egg Shape index (ESI) used to measure the
mechanical strength of the shell was calculated according
to the formulas presented by Sanfo et al., (2012)

length
 width
Egg characteristics were calculated using the following
formulas: clear egg rate (CER), average egg weight

(AEW) and average number of eggs per hen and per year
(ANEHY).

ESI

number of clear eggs

CER = X100
number of incubated eggs
nsumaofe weights
AEW — fegg weig
number ofeggs
sum of eggs laid by all hens per vear
ANEHY — fegg ) pery

number of hens

2.3.2. Production and rearing of chicks
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Eggs were collected and identified daily and kept in
incubators then put in natural incubation from the 5th and
7th day of collection in the dry and rainy seasons,
respectively. The chicks were weighed and identified as
soon as they hatched. They were reared in the brooder
from the first week to the third week at a density of 25
chicks/m2 and then from the fourth week at a density of 10
chicks/m2 in screened pens (4.5m x 1.15m). Each chick
was identified with a numbered plastic ring placed on its
leg. These bands were replaced at five (5) weeks of age
with numbered metal bands attached to the right-wing
membrane.

2.3.3. Feeding of hens and chicks

Each laying hen received 80 g of feed per day. A
summary of the feed characteristics is presented in Table
1. The chicks received the same ration consisting of the
starter feed (galdus) up to 2 weeks of age followed by the
feed presented in Table 1. The chicks received 7 g of
galdus feed per day for 3 days and 10 g of galdus feed per
day for 4 days for the first week of age (galdus is a high
nutritional value starter feed). Starting at day 14, they
received the growth feed. Birds were weighed weekly at
which time the ration was increased by 5 g for each bird
during the three months of the study. The feed was
distributed in the mornings. Water was provided ad libitum
using the national water distribution network. The
individual weights (IW) of chicks were recorded weekly
from hatching to three (3) months of age. Weighs were
collected before feed distribution. After hatching, the
chicks were placed in a brooder equipped with a heating
bulb (60 W) for one month.

The following intake related parameters were calculated:
feed intake index (FII) and average consumption per bird
(ACB).

feed consumption during a period (g)

FII = .
Egg mass during the period (g)

amount of feed served —refusals
ACE — rr f

number of birds
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Table 1. Bromatological composition of feed rations

Ingredients (%) Starter feed (galdus) Growth feed Laying feed
1 to 14 days 15 to 84 days >85 days
Corn (Maize) - 60 66.5
Wheat bran - 0 9.35
Soybean - 10.85 0
Soybean meal - 14 9
Cottonseed cake - 3 2
Fish meal - 6 5.3
Qyster shells - 2 4.5
Salt - 0.15 0.15
Broiler premix - 25 2.5
Methionine - 0.1 0.25
Lysine - 0.3 0.21
Iron Sulfate - 0.1 0.14
Bicalcium phosphate - 1 0.1
Total - 100 100
Nutritional composition
Metabolizableenergy (kcal/kg) 3150 3016.24 2855.8
Fat (%) - 5.15 3.59
Crude protein (%) 22 21.19 16
Crude fiber (%0) - 3.15 3.16
Lysine (%) 1.3 0.48 0.92
Methionine (%) 0.6 0.82 0.56
Methionine + Cys (%) 0.95 1.38 0.82
Calcium (%) 0.95 0.46 2.05
Phosphorus (%) 0.60 0.13 0.28
Sodium (%) - 0.25 0.13
Chloride (%) 0.23

2.3.4. Growth rate and carcass characteristics

Carcass characteristics were assessed by sacrificing ten
(10) animals at the age of twelve (12) weeks per rearing
period. Birds were slaughtered in the morning on an empty
stomach. The birds were first weighed to determine their
live weight. After bleeding, they were plucked to
determine the weight of feathers, carcass, liver, gizzard,
intestines, legs, and head. The data collected allowed us to
calculate the following zootechnical parameters: average
daily gain (ADG), feed conversion (FC) and carcass Yyield
(CY).
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weight gain during a week
7

feed consumed during a period

ADG =

"~ weight gain during the same period

carcass weight

CY X100

~ live weight at slaughter
2.3.5. Economic studies

In order to evaluate the economic performance, a financial
analysis in the form of a profit and loss account was
carried out during all the breeding seasons. The results
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obtained were divided into variable expenses, fixed
expenses, and products.

To assess the economic profitability, the following
formulas were used:

Feed cost/phase =FC* price per kg of feed (FCFA)

where FC is the total feed consumed (in kg) per phase
(Start-up and growth)

Feed cost =) Feed cost/phase (FCFA)

Sale of chickens = Number of chickens * sale price of a
chicken (FCFA)

Cost of production =Y expenses (FCFA)
Profit = Income - expenses (FCFA)
2.3.6. Sanitary protocol

Basic hygiene measures were applied at the level of the
rearing equipment by regular washing and disinfection and
sometimes the application of sanitary voids in the pens. In
general, the animals were maintained in accordance with
the vaccination schedule for local chickens. As biosecurity
measure, a foot bath was installed. The health monitoring
adopted in the trial was that established by the Centre de
Promotion de I'Aviculture Villageoise (CPAVI).

2.3.7. Statistical analyses

International Journal of Environment, Agriculture and Biotechnology, 8(6)-2023

The collected data was stored as an Excel spreadsheet
(Microsoft Excel 2016). Data processing and analysis were
implemented using "R" software (version 4.1.1). Charts
and tables were produced using Microsoft Excel 2016
software. Analysis of variance using Turkey's test for
mean separation was performed on the parametric
quantitative data. Nonparametric analyses were performed
by the Kruskal Wallys test using the Pairwise Test for
median separation.

1. RESULTS
3.1. Laying performance

The laying rate average was 33.60% and ranged between
26.20 and 44.94%. This translates to an average of around
61 + 3 eggs per hen during a six-month period (Table 2).
In average, hens start laying at about 20 weeks of age.
However, there is substantial variation as some hens start
laying at 2 years of age. Fertility rate ranged between 54
and 68.26% with an average of 60.33%. The early and late
embryonic mortality rates were 7.80% and 18.44%,
respectively. The average hatching rate was around 82%
with a maximum and minimum of 84.60% and 74.82%,
respectively.

Table 2. Production and reproductive performance of Konde ecotype hens during a 24-week period.

Production performance

AL (Weeks) ANE/ Laying Cycle ALI/ Cycle AEH /P ALR (%)
Mean 20+ 1.16 11+3 162 61+3 33.60
Maximum 24 17 18 81 44.94
Minimum 20 10 11 48 26.20

Reproduction performance

FR (%) CER (%) EEMR (%) LEMR (%) HR (%)
Mean 60.33 39.67 7.80 18.44 81.56
Maximum 68.26 45.85 10.17 25.18 84.60
Minimum 54.15 31.74 6.19 15.40 74.82

AL: Age at laying; ANE: Average number of eggs; ALI: Average laying interval; ALR: Average laying rate; AEH/P:
Average eggs per hen; EEMR: Early embryonic mortality rate; LEMR: Late embryonic mortality rate; HR: Hatching rate;
FR: Fertility rate; CER: Clear egg rate

3.2. External egg quality characteristics of local ecotype (LD) were 48.75+2.07mm and 36.42+1.6mm, respectively
Konde (Table 3). Mean egg shape index (ESI) ranged between
0.74x1.31 to 0.75+1.58 with a mean of 0.75+0.01. Out of a
total of 1815 eggs collected, hens laid more eggs with
white shells (79.12%) than with dirty white shells
(20.88%) (Table 3). All eggs were oval in shape (100%).

The average egg weight (AEW) was 41.33 g and varied
between 38.37 (first month of laying) and 42.54 g (six
month of laying) as indicated in Table 2. The AEW
increased, as expected, with the age of the hen. The
average egg length (EL) and large diameter of the eggs
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Table 3. Local chicken ecotype Konde egg characteristics

Quantitative external egg characteristics

M1 M2 M3 M4 M5 M6 Mean
AEW  38.37+3.06 39.72+3.10 41.6%3.37 42524415  44.44+7.11  42.54+3.84 41.33+2.37
)
EL 46.27+1.45  47.14+150  47.85+1.93  48.89+1.79  51.23+3.60  51.12+1.38 48.75+2.07
(mm)
LD 34.56+1.25  34.93+1.12  35.67+1.24  36.94+1.17  38.06+2.03  38.33+0.95 36.42+1.6
(mm)
ESI 0.75+1.35 0.74+1.31 0.75+1.58 0.76+1.48 0.74+2.81 0.75+1.16 0.7540.01
External egg qualitative characteristics
Egg characteristics N %
Color white shells 1436 79.12
dirty white shells 379 20.88
Total 1815 100
Egg Round 0 0
shape Oval 1815 100
Total 1815 100

Mi: Month i (i=1, 2...,6); N: number of eggs; %: total percentage

3.3. Quantity of feed served and consumed

Feed intake index for egg production (FIIE) ranged from 6.23 to 7.33 with an average of 6.62+0.5 (Table 4). The average
daily feed consumption per hen (ADFCB)was 53.91+4.10 g and ranged between 49.72 and 59.38 g (Table 4).

Table 4. Feed consumption parameters of local Konde ecotype chickens

N AFSB(g) RB ADFCB FIIE

Mean 30 80 26.09+4,10 53.91+4,10 6.62+0.5
Maximum 80 30.28 59.38 7.33
Minimum 80 20.62 49.72 6.23

N: Number of birds; AFSB B: amount of feed served per bird; RB: Refusals per bird ; ACB: Average daily feed
consumption per bird; FIl / B: Feed intake Index per bird for eggs production.

3.4. Average daily gain, feed intake, and mortality rate
at 12 weeks of age

The average daily gain (ADG) varied with the age of the
chicks (Table 5). The mean ADG was 10.69, 10.17, and
9.88 g in the wet, cold dry, and hot dry seasons,
respectively. Across all rearing seasons, the ADG was
10.25 g. There was no significant difference in ADG
between seasons. The feed intake index per bird for meat
production (FIIM) showed significant changes across the
different rearing seasons (Table 5). The farm recorded
cumulative FIIM was 3.41, 3.58 and 3.55 for the rainy,
cold dry and hot dry seasons respectively. The highest
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FIIM was 4.48 and was observed in the seventh week
during the hot dry season and the lowest (1.88) was
recorded during the second week of the rainy season. The
overall FIIM was 3.51 over the entire rearing period.
However, there was no significant difference between the
overall FIIM across seasons, although there were
significant differences across some weeks.

Twenty-one birds died resulting in a general mortality rate
of 6.80% (Table 5). The highest mortality rate (9.43%)
was observed during the rainy season (10 birds died),
followed by the warm season with a total of seven deaths
(mortality rate of 6.80%). The lowest mortality rate (4%)
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was observed during the cold dry season with only four
deaths. For the rainy season, the highest mortality rate was
observed during the 4th week with four (4) losses or
3.81%. During the cold dry season, the highest mortality

International Journal of Environment, Agriculture and Biotechnology, 8(6)-2023

rate was observed during the 6th week with two (2) deaths
or 2.02%. For the hot dry season, the highest mortality rate
was observed during the 2nd week with two (2) deaths or
1.98%.

Table 5. Evolution of average daily gain (ADG), feed intake index for muscle (F1IM), and mortality rate during 3 seasons for
Konde ecotype hens

ADG FIIM  Mortality ADG FIIM  Mortality ADG FIIM  Mortality
RS (9) RS RS CDS(g) CDS CDS HDS(g) HDS HDS
S1 423 1.892 0.94 2.20P 3.80° 0 2.01° 4.08° 1.94
S2 7.15% 1.88? 0 3.71° 3.85P 0 4.89° 2.87° 1.98
S3 6.50° 2.67° 0 5.83 3.35° 0 6.50° 2.112 0
S4 6.39° 3.532 3.81 7.99 2.95P 0 7.00? 3.19% 0
S5 8.452 3.212 1.98 7.592 3.73 1 8.38? 3.09° 0
S6 10.132  3.422 0 9.27° 3.622 2.02 9.012 3.452 0
S7 13200 3.03? 2.02 9.81° 3.99° 0 8.58P 4.48° 1.01
S8 12700 3.54? 1.03 13.20? 3.36° 0 10.19° 4.02 0
S9 14470 343? 0 13.672 3.64 0 12.65? 3.922 1.02
S10 15.24%  3.61? 0 14.80° 3.722 1.03 16.55? 3.292 0
s11 15.358  3.90? 0 16.56° 3.622 0 14.812 3.93 1.03
S12 14.442 449 0 17.45° 3.71° 0 18.05" 3.56° 0
Mean 10.69*  3.412 9.43 10.172 3.582 4 9.88? 3.552 6.8

Means marked with the same letter in the same row are not significantly different (p>0.05) at the Kruskal Wallis pairwise

test; RS: Rainy Season; CDS: Cold Dry Season; HDS: Hot Dry Season; S: week; each number indicates week number or age

of birds;

3.5. Growth curve of chicks

The average hatch weight was 29.61 (+ 3.16), 28.85 (z
3.32,and 27.19 g ( 3.10 g) during the cold dry (CDS), the
rainy (RS), the hot dry (HDS) seasons, respectively. The
average hatch weight for all rearing seasons was 28.55 g
(Fig 1). Difference in hatch weight was not significant
between RS and CDS. However, hatching weights were
significantly different between the latter seasons and HDS.
The mean body weight (BW) of chickens at twelve (12)
weeks of age was 926.64 g + 153.18 g (877.27 g = 120.06
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g and 976 g + 167.43 g for females and males,
respectively) during RS, 884.06 g £ 132.92 g (839,69 g
101.85 g and 923.22 g + 145.85 g for females and males,
respectively) during SSF, and 857.44 g + 105.43g (8379 +
96.68 g and 884.85 g + 111.51 g for females and males,
respectively) during HDS as presented in Fig 1. The
highest (1,400g + 132.92g) and lowest (6449 + 132.929)
live weights at twelve (12) weeks of age were observed in
CDS.
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Fig 1. Evolution of body weight of local chicken ecotype Konde during the Rainy (RS), Cold and Dry (CDS), and Hot and
Dry (HDS) seasons

3.6. Carcass yield

The carcass characteristics at 12 weeks of age are
presented in Table 6. Across all rearing seasons, the
average body weight of birds wused for carcass
characteristics was 998.73 g. The Average carcass weight
was 648.50 g and the overall carcass yield was 64.93%
(Table 6). The highest carcass yield (65.91%) was

observed during the HDS season followed by the cold dry
season with a carcass yield of 65.37%. The rainy season
had the lowest carcass yield (62.19%). Carcass yield was
significantly difference between the RS and both CDS and
HDS. A significant difference in carcass yield was
observed between males and females (males had higher
carcass yield).

Table 6. Organ weights and carcass yield at 12 weeks of age

Carcass

Head+

Body . Feathers Intestines Liver Gizzard  carcass
Season Sex . Weight tarsus ) o
Weight(g) (9) (9) (9 @ yield (%)
) )
F(n=5) 862.40 516.60 44.80 79.40 74.20 20.40 27.60 59.902
RS M(n=5) 1033.40 662.40 44.20 136.80 77.60 26.80 34.20 64.10°
Total
947.90 589.50 44.50 108.10 75.90 23.60  30.90 62.192
(n=10)
F(n=6) 1059 688.00 46.67 81.00 43.00 25.00 25.33 64.96°
DS M(n=5) 1131.00 744.00 85.00 90.14 79.43 27.00 42.00 65.78°
Total
1094.20 727.20 73.50 87.40 68.50 26.40 37.00 65.37°
(n=11)
F(n=5) 826.50 532.50 45.00 78.00 35.50 2250  29.00 64.43°
HDS M(n=5) 986.00 652.88 74.75 84.13 59.88 21.63 35.00 66.21°
Total
954.10 628.80 68.80 82.90 55.00 21.80 33.80 65.91°
(n=10)
Total
Mean (n=31) 998.73 648.50 62.27 92.80 66.47 2393  33.90 64.93
n=

Values with the same letter in the same column are not significantly different (p-value >0.05). RS: Rainy Season; CDS: Cold

Dry Season; HDS: Hot Dry Season
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3.7. Economic results

The price of a local one-day old chick was set at 650 F
CFA to reflect current local chick market prices (Table 7).
The price of galdus starter feed was set at 1000 F CFA per
kilogram and grower feed at 300 F CFA per kilogram. The

International Journal of Environment, Agriculture and Biotechnology, 8(6)-2023

market price of local chickens was estimated at 3,000 F
CFA. At the end of the rearing cycle, the gross margin
(GM) was estimated at 265,542 F CFA (gross margin of
922 F CFA per bird).

Table 7. Evaluation of the economic profitability of Konde chickens at 12 weeks of age

Variables Quantity Unit price (FCFA) Price (FCFA)
Chicks 309 650 200.850
Starter feed 44.57 1.000 44,571
Growth feed 828.46 300 248.537
Electricity et water bill 1 4.500 4.500
Litter 10 500 5.000
Veterinary products 1 25.000 25.000
Transportation 1 3.000 3.000
Labor 3 25.000 75.000
Depreciation PM
Total expenses 606.458
Sale of chicken 288 3.000 864.000
Sale of manure 8 1.000 8.000
Total sales 872.000
Gross margin 265.542

Gross margin/chicken 922

V. DISCUSSION

4.1. Breeding and production performance of the local
hen ecotype Konde

Hens start laying at around 20 weeks (5 months) of age.
This result is similar to that observed by Ouattara et al.
(2014a) in Burkina Faso. Older ages of 6 and 7 months at
start of laying were reported by Moula et al. (2012a) in
Algeria, Fosta et al. (2007) in Cameroon, Akouango et
al.(2010) and Moula et al.(2012b) in Congo, Hailu et al,
(2019) in Ethiopia, Moula et al. (2009) in Belgium, and
Dalal et al. (2019) in northern India. The difference in age
at the start of laying is due to genetic factors and rearing
and feeding conditions. In the present study, the fertility
rate observed in hens was 60.33%. It is lower than the
64.73 and 73.40% found in Burkina Faso by Ouattara et
al.(2014b) using experimental and control diets,
respectively. It also was lower than the 78.96% reported in
Congo by Akouango et al. (2010). Several reasons
including genetics potential, management, and feeding
factors could explain these differences.

The average laying rate was 33.60% corresponding to a
production of 61 + 3 eggs during a 6-month laying period
(around 120 eggs per year). This is higher than the 30.52%
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found by Ouattara et al. (2014b) in Burkina Faso using an
experimental diet and 29.67% for a control diet. However,
it was lower to the 44.6% found in Algeria for local
Kabilye hens reported by Moula et al. (2012a). The
average hatching rate (81.56%) was higher than the 53.81
and 58.79% reported by Ouattara et al. (2014b) using two
different diets, 62.06% reported by Akouango et al. (2010)
in Congo and 76.1% presented by Hailu et al. (2019) in
Ethiopia. However, it was similar to hatching rate reported
by Fotsa et al.(2010) in central and southern Cameroon
(79.7 and 83.3%). This variation in hatching rate across
studies is likely to be due to differences in genetic
background, nutrition, age, rearing and incubation
management, and breeder quality (Rajkumar et al., 2017).

4.2, External egg qualities

The average egg weight at the start of laying was 38.37 g.
Weight variation at that stage was largely due to genetic
factors (Egahi et al., 2013). Age has an effect on the
variation of egg weight where small eggs are produced at
the beginning of laying and they increased in size with the
hen’s age (Ouattara et al., 2014a). The Average egg weight
(41.33+2.37¢g) of local Konde hens was similar to those
obtained by Ouattara et al. (2014b) in Burkina Faso
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(41.07+1.37g) using experimental diet, and by Akouango
et al. (2010) in Congo (41.91+0.5g). The average egg
length (48.75 mm), and egg large diameter (36.42 mm) for
the ecotype Konde were similar to those reported by
Samandoulougou et al.(2016) for local hens in Burkina
Faso. However, the average length and larger diameter
found in this study were greater than those reported by
Fayeye et al. (2005). The average shape index (0.75) was
slightly higher than the 0.74 reported by Samandoulougou
et al. (2016). The egg color (71.25% white and 28.75%
dirty white) and egg shape (100% oval) distributions were
different from the results reported by Samandoulougou et
al., (2016) who found that only 65% of the eggs were
white and the remaining 35% were dirty white.
Additionally, their results showed that 83% of the eggs
were oval, 15% fusiform, and 2% round.

4.3. Feeding

Over the duration of the trial (24 weeks), the average feed
conversion ratio, a measure of feed efficiency, was 6.62.
The average daily feed consumption per hen was 53.91g.
These results could be explained by climatic conditions,
age, and the type of feed provided. Ouattara et al. (2014b)
reported feed conversion ratios at 24 weeks of age of 8.52
and 8.37 using a control and an experiment diet,
respectively.

4.4, Hatching weight

The average weight of chicks at hatching did not differ
between rearing seasons. The average weight found in this
study (28.55 g) across all rearing seasons was similar to
that reported by Akouango et al. (2010) in Congo (28.38
g), Fosta et al., (2007) in eastern Cameroon (28 g), and
Yapi-Gnaoré et al. (2011) in Cote d'lvoire (28.1 Q).
However, it was heavier than the 24 to 26.2 g for local
hens in Cameroon, the 25.5 to 26.9 g for local breeds in
Senegal and Céte d'lvoire) (Nahimana et al., 2017; Yapi-
Gnaore et al., 2011). On the other hand, it was lower than
the 30.49 to 37 g obtained by Moula et al. (2009) for local
breeds in Belgium. The discrepancies in weight with other
studies could be explained by genetic differences between
breeds as well as environmental and rearing conditions.

4.5. Mortality rate

The overall chick mortality rate of 6.80% observed in this
study was similar to the 6.67% reported by Ouattara et al.
(2014a) using local breeds of chickens reared in semi-
intensive stations. Lower mortality rates ranging between
3.49 and 5.24% were reported by Akouango et al. (2010),
and Moula et al. (2009). Other studies reported higher
mortality rates ranging between 8.02% and 9.8%
(Ouedraogo et al., 2015). The low mortality rate could be
explained, in part, by the relatively more rigorous health
monitoring system. The highest mortality rate of 9.43%
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was observed during the rainy season due to the high
temperatures and humidity favorable for the proliferation
of several pathogens.

4.6. Growth rate

The mean ADG (10.25 g) for the entire rearing period (84
days) was quite low but within the range of reported
values for local chicken breeds. This result is almost
identical to that reported by Ouattara et al. (2014a) for
local chickens in Burkina Faso. The ADG found in this
study was higher than the 5.80 to 7.85 g reported by
Msoffe et al. (2004), and Halima et al. (2007). The ADG
was less than that of 12.04 g obtained in Belgium using the
local Ardennaise breed bred during the same duration as
the present study (Moula et al., 2009). These differences
can be explained by rearing conditions, environmental
conditions, age and genetic potential.

The average chick weight at twelve weeks of age ranged
between 857.44 g and 926.64 g. It was higher than the
355.7 to 544.5 ¢, 664 to 778 g, 563.98 to 770.51 ¢, and
511.4 to 622 g of the local breeds reported by Nahimana et
al. (2017) in Senegal, Ouattara et al. (2014a) in Burkina
Faso, Akouango et al. (2010) in Congo, Fosta et al. (2007)
in Cameroon, respectively. The growth performance of the
Kondé ecotype birds are similar to those reported by Yapi-
Gnaoré et al. (2011) for local breeds in Cote d'lvoire
(855.4 to 891.5 g). However, they are lower than the 1042
g of the local breed Ardennaise presented by Moula et al.
(2009) in Belgium and also lower than the 1100 g and
1304 g obtained from mixed breed chickens by Ouédraogo
et al. (2015) in Sourou province, Burkina Faso. The
differences between our results and those reported for
other local chickens in Burkina Faso, Africa, and Europe
can be attributed on top of the genetic potential of the
chickens, feed, and rearing conditions to the marked
heterogeneity in environmental factors. Birds in the hot
and dry season have the lowest live weight at 12 weeks of
age compared to the rainy and cold and dry seasons. This
decline in growth rate is likely to be due to heat stress. In
fact, several studies (Ahmad et al., 2022; Lara &
Rostagno, 2013) have shown a decrease in feed intake and
growth in chickens in the presence of heat stress.

4.7 Feed efficiency

The feed conversion ratio did not differ significantly
between the rearing seasons. The average feed conversion
ratio of 3.51 was similar to that found by Fosta (2008) in
Cameroon (3.16-4.19). On the other hand, this feed
conversion ratio was substantially lower compared to those
of traditional chickens in Africa (Ayssiwede et al., 2013).
Additionally, it was lower than the values reported by
Moula et al. (2009) in Belgium (7.2 to 8.1), Ouattara et al.
(2014a) in Burkina Faso (4.4 to 4.9), and Ouattara et al.
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(2014b) in Burkina Faso (4.5 to 5.5), respectively.
Multiple factors including breed, rearing and management
conditions, and environmental parameters could explain
the differences in feed conversion rate across studies.
However, it should be noted that local breeds of chicken
across countries and regions have poor feed conversion
ratios compared to so-called exotic or improved chicken
breed (Ayssiwede et al., 2013).

4.8. Carcass Yield

The overall carcass yield (64.93%) found in the present
study is similar to the results (61 to 79%) reported by
Pousga et al., (2019). However, the carcass yield in
cockerels (65.53%) and in pullets (63.54%) was lower
than the 78.43 and 71.49% reported by Akouango et al.
(2010) for cockerels and pullets, respectively.
Additionally, the estimates of carcass yield in this study
were higher than those reported by Ouattara et al. (2014a)
after 138 days of feeding (60.3 to 62.7). Carcass weight
and vyield in cockerels were significantly higher than in
pullets. The lower weigh of female birds could be due to
the higher deposition of abdominal fat in pullets
(Ayssiwede et al., 2013).

Organ measurements showed high weights for the head
and legs (92.80 g). This is likely due to the fact that the
ecotype Konde hens have larger tarsi than other local birds
in Burkina Faso. A strong positive correlation was
observed between live and carcass weights. Therefore, live
weight could be a good predictor of both carcass weight
and carcass yield. The weak correlation between hatching
weight and live weight at 12 weeks means that the weight
of the chicks at 12 weeks is weakly related to the weight of
the chicks at hatching. Thus, hatching weight will have no
power to predict bird weight and 12 weeks of age. Similar
results were reported by other authors (Akouango et al.,
2010).

4.9. Economic Results

The gross margin per bird (922 F CFA) found in this study
was lower than the estimates (1448 to 1639 F CFA)
reported by Ouattara et al. (2014b). This large variation in
gross margin is primarily the result of the variation in feed
prices. As with exotic breeds, feed is the major production
cost (>70%)

Conclusions

This study quantified the growth performance of local
ecotype Konde hens in Burkina Faso. Under semi-
intensive conditions, Konde hens could be raised for meat
and egg production. Although the growth parameters are
more satisfactory than the laying performance. In order to
reach a weight of two kilos at 12 weeks of age, major
improvements in management and genetic selection are

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.86.13

International Journal of Environment, Agriculture and Biotechnology, 8(6)-2023

needed. For the future sustainability of the Konde ecotype
in Burkina Faso, a serious conservation and selection
program needs to be implemented.
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Abstract— This paper investigates the influence of technology-enhanced language learning on English proficiency by
conducting a comparative study against traditional teaching methods. In a world increasingly reliant on English for
academic, professional, and social communication, the effectiveness of language instruction is of paramount
importance. The review of existing literature underscores the growing role of technology in language education,
emphasizing its potential benefits such as accessibility and engagement. However, concerns regarding digital equity,
overreliance on technology, and potential drawbacks have also surfaced. Given the diverse outcomes reported in
previous studies, a systematic comparative study is crucial to gain a more nuanced understanding of the impact of the
technology. The paper involves pre-and post-test assessments of participants drawn from various backgrounds who
utilize digital tools or undergo traditional language instruction. Quantitative analysis enables a systematic
comparison, providing insights into the effects of technology on language learning outcomes.The findings of the study
will shed light on whether technology-enhanced language learning significantly enhances English proficiency
compared to traditional methods. It acknowledges advantages of technology while addressing the need for a balanced
approach to language instruction. The paper offers implications for educators and learners, highlighting the role of
technology as a supplementary tool in English Language Teaching (ELT). Acknowledging limitations, including
sample size and potential biases, this research contributes to discussions surrounding the integration of technology in
ELT, ultimately aiming to empower learners in their pursuit of English proficiency in an interconnected world.

Keywords— comparative study, digital tools, English proficiency, Technology-Enhanced Language Learning,
traditional methods.
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I.  INTRODUCTION

The importance of this research lies in its potential to

In the globalized world today, English proficiency is
highly valued, with the language serving as a critical
medium for communication, education, and career
advancement. As English Language Teaching (ELT)
continues to evolve, technology has emerged as a potent
force shaping language learning practices. This paper
explores the impact of technology-enhanced language
learning on English proficiency, offering a comparative
analysis with traditional teaching methods. The central
question guiding this study is whether technology plays a
substantial role in enhancing English proficiency
compared to conventional approaches.
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inform educators, policymakers, and learners about the
effectiveness of incorporating technology into language
education. In an age where digital tools are readily
available, understanding how they influence language
learning outcomes can lead to more informed decisions in
ELT. This study aims to contribute to the ongoing
discourse on the role of technology in language education
and provide valuable insights for language instructors,
institutions, and learners.

Il. LITERATURE REVIEW

Over the past decade, technology has reshaped the
landscape of language education, introducing innovative
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methods and tools that promise to enhance language
proficiency. Studies have shown that technology can
make language learning more accessible and engaging.
Digital tools, such as language learning apps, online
platforms, and multimedia resources, offer learners the
flexibility to practice their English skills at their own pace
and convenience. Moreover, gamification and interactive
exercises integrated into these tools have the potential to
foster engagement and motivation among learners.

However, concerns have been raised regarding equitable
access to technology, as not all learners have equal access
to devices and reliable internet connections. Additionally,
there is a risk of overreliance on technology, potentially
diminishing  opportunities for authentic language
immersion, interpersonal communication, and critical
thinking skills development.

Theoretical frameworks, such as the SAMR model
(Substitution, Augmentation, Modification, Redefinition)
and the TPACK framework (Technological Pedagogical
Content Knowledge), provide valuable perspectives for
evaluating the integration of technology in language
instruction. These models stress the importance of
purposeful and meaningful technology integration that
goes beyond mere substitution of traditional methods.

1. METHODOLOGY

To assess the impact of technology-enhanced language
learning, we designed a comparative study involving
participants from diverse linguistic backgrounds. The
study divided participants into two groups: one exposed
to digital tools for language learning and the other
following traditional language instruction methods. This
division aimed to examine differences in English
proficiency outcomes between the two groups.

Participants were recruited from a variety of language
learning settings, including educational institutions and
online platforms. Pre-and post-test assessments were
administered to both groups to measure their English
proficiency levels. The assessments included standardized
tests, oral interviews, and written assignments. This
mixed-method approach allowed us to gather
comprehensive data on participants’ language skills.

Quantitative analysis, including t-tests and ANOVA, was
employed to compare the performance of the two groups
and evaluate the statistical significance of differences in
language learning outcomes.
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V. FINDINGS

The findings of our study revealed significant differences
in English proficiency outcomes between the two groups.
Participants who utilized digital tools for language
learning demonstrated notable improvements in their
listening, speaking, reading, and writing skills compared
to those following traditional methods. These differences
were statistically significant, underscoring the positive
impact of technology-enhanced language learning on
English proficiency.

Specifically, the digital tools group showed increased
motivation and engagement in their language learning
journey. The interactive nature of these tools, combined
with the gamified elements, contributed to sustained
interest and effort among learners. Additionally,
participants in this group reported greater autonomy in
their learning process, as they could access resources and
practice exercises independently.

Conversely, the traditional methods group exhibited more
modest improvements in English proficiency. While these
participants still made progress, it was not as substantial
as that observed in the digital tools group. They faced
challenges related to engagement and motivation, often
citing repetitive exercises and a lack of interactive
elements in their learning materials.

V. DISCUSSION

The findings of this study contribute to the ongoing
discourse on technology-enhanced language learning in
ELT. Our results align with previous research indicating
that digital tools can significantly enhance English
proficiency when compared to traditional methods.
However, it is crucial to recognize that technology should
not be viewed as a panacea but rather as a valuable
supplement to language instruction.

One notable implication is the importance of
pedagogical considerations in technology integration.
Effective language learning with digital tools requires
purposeful design and alignment with learning objectives.
Educators should harness the advantages of technology
while also addressing its limitations, such as issues of
equitable access.

Additionally, this study underscores the value of learner
autonomy in language education. Technology-enhanced
language learning allows learners to take more control of
their learning process, promoting self-directed learning
and motivation. These elements should be integrated into
language instruction strategies.
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VI. CONCLUSION

This study provides valuable insights into the impact of
technology-enhanced language learning on English
proficiency. Our findings indicate that digital tools can
substantially enhance language learning outcomes,
particularly in terms of motivation, engagement, and
autonomy. However, the study also highlights the need
for a balanced approach, recognizing the potential
challenges and limitations associated with technology
integration.

Educators, policymakers, and learners should consider
these findings when making decisions about the
incorporation of technology into language education. By
purposefully integrating digital tools into language
instruction, we can empower learners in their pursuit of
English proficiency in our increasingly interconnected
world.
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Abstract— Nep Ngu rice is a valuable genetic of glutinous rice resource and cultural heritage with a long IEI':QF!?E
history of cultivation and utilization in Binh Dinh .A total of 102 traditional Nep Ngu varieties selectd at %-:;E'LI-"}
Binh Dinh province Vietnam, were used to explore this diversity using SSR markers and quantitative o ,_';_B'l:ﬁ
morphological characters. The study aims to evaluate the genetic diversity of Nep Ngu (Binh Dinh) varieties f-"’* _""',j; -
and involves molecular diversity analysis using 62 polymorphic SSR markers revealed among the 102 E'ﬁ"ﬁbﬂh
varieties. The Nep Ngu (Binh Dinh) varieties generated three clusters at 0.63 similarity coefficient. Some T
varieties with similar names were grouped into different clusters as molecular analysis showed that they

were actually genetically different. The 102 Nep Ngu (Binh Dinh) varieties collected were evaluated

phenotypically. In the analysis of quantitative traits, the range of coefficients of variability was high. It varied

from 130.74-93.05 % (filled grain) to 30.38-18.16% (unfilled grain). This shows that these traits can be

considered most stable as exemplified by their coefficients of variability. The highest values seen in unfilled

grain indicate that this character is more affected by the environment and farmers’ cultural management

practices. The mean values of quantitative trait measurements were higher (137.87-155.70 cm). The highest

values noted in yield (36.33-56.52 g).Looking at agro-morphology, ANOVA showed highly significant

differences among the 102 traditional rice varieties. The standardized Shannon-Weaver diversity indices for

the quantitative morphological characters ranged from 0.68 to 0.89 with a mean of H = 0.79. Cluster

analysis using UPGMA grouped the 102 traditional varieties into 3 major clusters. Varieties collected with

two lines good for aroma with Line 81 and line 52. Sequence of Nep Ngu 52; Nep Ngu 81 were submitted to

GenBank with accession number OR880900 and OR880901 respectively.

Keywords— Coefficients of variability, molecular analysis, DNA dequencing, quantitative morphological
characters, NepNgu varieties.

I INTRODUCTION number of relatively uniform high-yielding and high-
yielding varieties dominating the rice landscape. Genetic
diversity is fundamental to the survival of a species.
Recombinant processes and gene mutations provide
continuous input to new variants, as well as processes of
environmental adaptation and random drift shape the
distribution of genetic diversity in time and space (Brown
etal., 1989).

Nep Ngu selected at Binh Dinh called landraces
(glutinous rice )or local varieties or farmers, form the
foundation for building better rice crops. Landraces are
often considered a rich source of genetic variation.
Moreover, local varieties offer farmers alternatives in areas
where modern rice varieties are not well adapted and
contribute to diversity at the field level. However, the
number of traditional varieties grown has declined, with a
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The easiest and most common tool for assessing
genetic diversity is to measure differences in morphological
traits or phenotypes. Farmers use certain phenotypic
features of plants for selection and identification. Thus,
morphological traits are associated with genetic diversity,
and the naming of these varieties suggests that farmers have
some understanding of the genetic diversity of crops grown
in their fields (Jarvis et al., 2000). Recent advances in
molecular biology, primarily the development of
polymerase chain reaction (PCR) for DNA amplification,
DNA sequencing, and data analysis have led to powerful
techniques that can be used to screen, characterize, and
assess genetic diversity.

Characterization and evaluation of diversity
among traditional varieties will provide plant breeders with
the information needed in determining the starting materials
for breeding to produce varieties with improved yield and
quality. This article is: assessing the genetic diversity of
traditional rice varieties in the gene bank of Binh Dinh
glutinous, VietNam using morphological characteristics
and microscopic markers; To study correlations between
letters for application in plant breeding, and to relate results
between morphological features and molecular markers.

With molecular marker techniques, powerful tools
have been developed so that gene sources can be accurately
assessed and characterized. Several types of molecular
markers are available to assess the degree of genetic
variation in rice (Ni et al., 2002). These include limited
segment length polymorphism (RFLP) (Botstein et al.,
1980), randomly amplified polymorphic DNA (RAPD) (
Williams et al., 1990), amplified piece-length
polymorphism (AFLP) (Vos et al., 1995), Many researchers
evaluated genetic diversity of Indian rice germplasm using
other SSRs, but SSRs from UCGM have not been used for
studying diversity previously (Yadav et al. 2013). Studies
were also conducted globally on classifying rice genotypes
based on their genetic diversity and population structure
using molecular markers ( Shinada et al. 2014). and
microsatellites or simple sequence repeaters (SSR) (Lang et
al., 2009, Lang et al 2014). SSR markers, also called DNA
microsatellites, are regions of DNA (often forming part of
the non-coding regions) where sequences of one to five
nucleotides are repeated, and they are uniformly distributed

International Journal of Environment, Agriculture and Biotechnology, 8(6)-2023

in the genomes of most eukaryotes. The SSR sequences
found in plants are frequently made up of AT and GA
nucleotide repeats(Jae-Ryoung et al.,2019).The InDel
organelle markers identified 70% of the purple rice
landraces in this study as tropical japonica, 8% as
temperate japonica, and 22% as indica ( Suksan et al.,2021)
Characterization and evaluation of diversity among
traditional varieties will provide plant breeders with the
information needed in determining the starting materials for
breeding to produce varieties with improved yield and
quality. This article is: assessing the genetic diversity of
traditional glutinous rice varieties in the gene bank of Binh
Dinh glutinous using morphological characteristics and
microsatellite markers; correlation research for traits . This
information is expected to be useful in the germplasm
management and enable breeders selected promising
accessions for glutinous rice improvement efforts by plant
breeding program.

Il. MATERIALS AND METHODS
Plant Materials

A total of 102 accessions of traditional varieties
collected from Binh Dinh, Vietnam, conserved in genebank
of HATRI in Vietnam were used. Passport information of
these accessions is presented in Table 1.

Agro-morphology- Based Diversity Analysis

One hundred traditional varieties were planted in the field
at the HATRI Vietnam during the wet season 2022-2023.
Seeds were sown in raised seed beds and 18-21day old
seedlings were transplanted at one seedling per hill. Rice
transplantation were established at distances of 15 x 20 cm.
The standard cultural management practices for rice were
followed (Bui, 1986).

Data Collection

Data were collected for quantitative traits
following the Descriptors for Rice Oryza sativa L. (IBPGR—
IRRI Advisory Committee, 1980). The following is the list
of morphological and agronomic traits and the number of
samples that were measured to assess diversity and
relationships of the different rice accessions.

Table 1. Passport information of the 102 traditional varieties used in the study.

PASSPORT
INFORMATION

NAME OF

NO |ACCESSION VARIETY

NO |ACCESSION

NAME OF
VARIETY

PASSPORT
INFORMATION

) Hoai Nhon District, has
Nép Ngu | a latitude of 14°26'35.62"N
(01) and a longitude of

108°59'30.57"E or 14.443229

Nép Ngu Ho_éi Nhon District, has
13 a latitude of 14°26'35.62"N
(13) _

and a longitude of
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