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FOREWORD

I am pleased to put into the hands of readers Volume-8; Issue-5, September-October 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: November, 2023
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Abstract— The current study aimed to evaluate the effect of dietary supplementation of medicinal plants
with yeast on the fatty acid profile, chemical, physical and microbiological quality of Barki sheep burger
during frozen storage at -20 °C for 90 days. Fifteen Barki lambs (13.46 + 3.47 kg body weight, 4.5 months
of age) were randomly divided into three groups (5 lamb/group). T1: control group fed on berseem hay and
concentrate feed mixture. T2: fed on control diet + air dried powder of medicinal plants mixture which
consisted of (garlic, cumin, ginger and turmeric). T3: fed as group two with (Saccharomyces cerevisiae).
Results indicated that addition of yeast to medicinal plants significantly decreased (p<0.05) palmitic acid,
myristic acid and increased the content of oleic acid and decatrienoic acid with non-significant effect on
linoleic acid and o linolenic acid. Burger of medicinal plants with yeast group had the lowest index of
atherogenicity (1A) which is healthier for human consumption. Feeding type had a slight significant effect
on pH values of fresh sheep burger. No significant differences were found in shear force values of sheep
burger. Cooking loss of sheep burger processed from sheep fed on medicinal plants recorded the lowest
cooking loss, followed by sheep burger of medicinal plants with yeast. Burger of medicinal plants group
showed the lowest TBA value. Feeding types and storage conditions significantly (p<0.05) affected on color
parameters (L*, a* and b*). No significant changes in microbiological quality of sheep burger during frozen
storage. In conclusion, sheep burger processed from lambs fed on diet supplemented with medicinal plants
and yeast improved the composition of fatty acids, delayed the lipid oxidation and decreased the cooking
loss without any negative effects on color parameters, shear force and microbial analysis which is
subsequently affected on sheep burger quality and human health.

Keywords— sheep burger; medicinal plants; yeast; quality characteristics

I INTRODUCTION

Sheep meat quality is affected by many factors including,

Sheep is Known as excellent source of protein, fatty acids,
amino acids, vitamins and minerals, beside its unique
flavor. Barki sheep breed is also commonly known for its
tolerance to arid and semi-arid environmental conditions.
For such advantages, sheep production is becoming
increasingly important in Egypt because of sheep meat can
be contributed in solving the problem of animal protein
deficiency for human consumption [1].

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
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age, breed, sex, slaughter weight and feeding type [2].

Diet is the most important factor that influence on the
fatty acids profile of animals’ meat. In this regard, it is
possible to enrich lamb meat and provide high quality
products for consumers by modification sheep diet [3].
Recently, one of the feeding strategies to improve animal
production is phytogenic additives, using of natural
substances has a beneficial impact on animal health, animal
products (milk and meat) quality and subsequently human
health [4].
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Medicinal plants can be used as natural feed additives
to improve feed efficiency and growth rate [5]. Probiotics
could enhance growth performance by improving rumen
fermentation and increasing the uptake of nutrients which is
resulting in increased yield of livestock products.

Yeast (Saccharomyces cerevisiae) is a commonly used
probiotic in ruminant production to improve feed efficiency
by increasing nutrients availability and utilization resulting
in increased animal products' yield such as wool, milk and
meat [6].

Despite these advantages, there is a lack of information
available regarding the efficacy of feeding animals on
medicinal plants alone or combined with yeast on the
quality of meat products processing. Thus, this filed of
research needs more investigations on how to modify and
enrich meat to achieve meat products that meet consumer’s
desire.

Therefore, the objectives of the current study were to
evaluate the effect of addition medicinal plants and yeast to
sheep diets on fatty acid profile, chemical, physical and
microbiological quality of sheep burger during frozen
storage.

1. MATERIALS AND METHODS

The experimental procedures were approved by Animal and
Poultry Nutrition Department and Animal Breeding
Department, Poultry Production Division, Desert Research
Center.

2.1 Location

The current study was conducted at Maryout Research
Station belonging Desert Research Center, located 35km
south west of Alexandria (Latitude 31.02 °N and Longitude
29.80 °E), Egypt.

2.2 Experimental design

Fifteen Barki lambs (4.5 months age, 13.46 +3.47 kg body
weight) were used. Lambs were randomly divided into three
feeding groups (5 lamb/group). T1: the control group fed on
berseem hay (Trifolium alexandrinum) and concentrate feed
mixture (CFM) without additives. T2: fed on control diet +
1% air dried powder of medicinal plants mixture which
consisted of garlic (Allium sativum), cumin (Cuminum
cyminum), ginger (Zingiber officinale) and turmeric
(Curcuma longa) with equal ratio (1:1:1:1). T3: fed as group
T2 + yeast (Saccharomyces cerevisiae) 5 gm /head/ day.
All animals were fed on 1.5 % of LBW hay + 2.5% of LBW
concentrate according to NRC [7] requirements. At the end
of the experiment period (224 days), all lambs were fasting
for 12h and slaughtered at average final body weight 36.72

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
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+ 5.70 kg. The hot carcass weighted and kept at 4 °C
overnight, then weighed again.

2.3 Preparation of sheep burger

Carcasses of each feeding treatment were deboned with a
sharp knife. Lean meat and fat were separately minced and
weighted. Three batches of each feeding treatment were
used in burger processing. Each batch was mixed with salt
(1%, wiw) and black pepper (0.1%, w/w) and handily mixed
and formed by using manual burger press machine
(Metaltex N0.25.17.25). Sheep burgers (1cm thickness,
10cm diameter and 65+2g weight) were placed in plastic
foam trays packed in polyethylene bags and frozen at -20
°Cx1until further analysis.

2.4 Chemical analysis
2.4.1 Fatty acid profile

Fatty acid profile of raw sheep burger was determined as
described by Folsch et al [8]. The fatty acids are methylated
with boron trifluoride in methanol, extracted with heptane
and determined by using a gas chromatograph (GC/MS/MS
Agilent 7000, Germany) with FID detector (PE Auto
System XL) with an auto-sampler and Ezchrom integration
system. Carrier gas (He); ca. 25Psi- air 450ml/min-
Hydrogen 45ml- split100 ml/min.

2.4.2 TBA value

Assessment of lipid oxidation in raw sheep burger samples
was determined as described in Qil Chemists' Society
AOCS [9] by measuring 2- thiobarbituric acid reactive
substances (TBARS). Results were expressed as (umol
TBARS/g).

2.5 Physical analysis
2.5.1 pH value

Estimation of pH values in raw sheep burger were assessed
according to Khalil [10] by using a digital pH-meter
(Jenway 3320 conductivity and pH meter, England).

2.5.2 Cooking measurements

Sheep burger were cooked in a preheated oven for 15 min
each side. Cooking loss was determined by using the
following equation according to Naveena et al. [11] as
follows:

Cooking loss (%) =

(Uncooked sample weight) - (Cooked sample weight) x100

(Uncooked sample weight)
2.5.3 Shear force value

Cooked sheep burger shear force was determined by using
Instron Universal Testing Machine (Model 2519-105, USA)
for three times at different positions. Results were expressed

as (Kg/f).
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2.5.4 Color measurements

Color measurements (L*, a* and b*) of raw sheep burger
were evaluated according to CIE [12] by using Chroma
meter (Konica Minolta, model CR 410, Japan). Lightness
(L* value), redness (a* value) and yellowness (b* value).
Color measurement data for the samples was under standard
illuminant D65 and 10° observer. The average was obtained
of three spectral readings at different locations for burgers
of each treatment.

2.6 Microbial analysis

The microbiological quality of raw sheep burger was
evaluated at 0, 30, 60 and 90 days of storage at -20 °C. Total
bacterial and psychrophilic bacteria counts were estimated
as described by Ercolini et al. [13]. Molds and yeasts were
estimated according to NMKL [14]. Results were expressed
as log of Colony Forming Unit (log CFU/qg).

2.7 Statistical analysis

All data were analyzed using statistical analysis system
SAS [15]. Two- way ANOVA was applied for physical
analysis (pH, shear force, cooking loss and color
measurements), TBA and microbiological analysis. One —
way ANOVA was applied for fatty acid.

1. RESULTS AND DISCUSSIONS
3.1 Fatty acid profile

Fatty acids profile of sheep burger processed from sheep fed
on different types of medicinal plants and yeast is presented
in Table 1. It was observed that feeding type had no
significant effect on capric acid (C10:0), lauric acid
(C12:0), pentadecanoic acid (C15:0), heptadecanoic acid
(C17:0), stearic acid (C18:0). However, supplemented diets
with yeast significantly decreased (p<0.05) palmitic acid
(C16:0) and myristic acid (C14:0). Contrariwise, addition
of yeast to diet increased the content of oleic acid (C18:1®9)
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and decatrienoic acid (C16:3w4). On the other hand, feeding
types had no significant effect on linoleic acid (C18:2w6)
and a linolenic acid (C18:3w3). However, burger of sheep
fed on diet containing yeast had the higher Y UFA, MUFA/
SFA and UFA/SFA than the other feeding groups. On the
other hand, burger of yeast group had the lowest index of
atherogenicity (IA) which is healthier for human
consumption. These results are constant with Moreno-
camarena et al. [16] result, where they found that dietary
supplement with different levels of chromium-yeast
decreased the palmitic (C16:0) and stearic (C18:0), while
palmitoleic (C16:1n-7), vaccenic (C18:1n-7), linoleic
(C18:2n-6) and arachidic (C20:4) fatty acids increased in
lamb meat. Addition of yeast in sheep diets significantly
decreased (p<0.05) the content of saturated, increased the
content of monounsaturated and total of unsaturated fatty
acids. Milewski et al. [17] found that meat of sheep fed on
Saccharomyces cerevisiae (Inter Yeast® S brewer's yeast)
had the lower palmitic acid (C16:0) and higher linoleic acid
(C18:2w6). Similar results were found by Milewski and
Zaleska [18]. On the other hand, Rodriguez-Gaxiola et al.
[19] found that supplemented diet with enriched-chromium
yeast increased palmitic acid and decrease vaccenic acid in
Rambouillet lamb meat. In addition, enriched-chromium
yeast had no significant effect on the total content of
saturated, unsaturated and unsaturated/saturated fatty acid
ratio. Regards to feeding on medicinal plants, the results of
the current study contradict the findings of Redoy et al. [20]
they found that sheep meat of herbal-supplemented feeding
groups had lower saturated fatty acids and higher
unsaturated fatty acids content compared with the control
diet group. Data of atherogenic index of sheep burger came
in accordance with the results of [16] they found that
significant decrease was found in the index of
atherogenicity in sheep Longissimus dorsi as the level of
yeast in the diet increased. Similar results were found by
[17].

Table 1 Fatty acids profile of sheep burger

Fatty acids T1 T2 T3 SEM
Capric acid C10:0 0.71 0.71 0.11 0.20
Lauric acid C12:0 0.94 0.89 0.12 0.27
Myristic acid C14:0 441 4.79 241 0.66
Pentadecanoic acid C15:0 1.13 1.14 1.22 0.13
Palmitic acid C16:0 25.60% 29.372 22.96° 1.13
Heptadecanoic acid C17:0 2.83 2.38 2.22 0.27
Stearic acid C18:0 21.81 20.92 23.26 092
Arachidic acid C20:0 0.14 0.14 - 0.02

> SFA 57.60% 60.372 52.33° 1.47
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Palmitoleic acid Cl6: 107
Cl6:1w5
Oleic acid C18:109
Vaccinic acid Cl18:1w7
6 Octadecosanic acid Cl18:1w5

YMUFA
Linoleic acid C18:2w6
C18:205
Decatrienoic acid Cl16:304
v Linolenic acid C18:3w6
o Linolenic acid C18:303
o Octadectetraenoic C18:403

YPUFA

Y UFA

UFA/SFA
MUFA/ SFA
PUFA/ SFA
> w6
>3
n-6: n-3

Index of atherogenicity (IA)

1.77 1.75 2.42 0.17
0.20 0.25 0.25 0.01
32.38 30.94 37.17  1.36
2.94 1.95 2.65 0.26
0.89 0.74 0.84 0.07
38.79%® 36.15° 44.07*  1.45
2.28 2.26 2.63 0.18
0.28 0.29 0.24 0.01
0.59% 0.50° 0.73*  0.04
0.14 0.13 0.14 0.01
0.21 0.20 0.19 0.01
0.28 0.24 0.35 0.03
3.22 3.14 3.57 0.20
42.01% 39.29° 47.64* 1.56

0.73% 0.65" 0.91*  0.04
0.68% 0.60° 0.84*  0.04

0.05 0.05 0.07 0.04
2.43 2.39 2.78 0.18
0.50 0.45 0.54 0.04
4.84 5.75 5.23 0.44
1.08 1.27 0.68 0.13

&b means within the same row with different superscripts letters are different (p<0.05). T1: control, T2: contains medicinal
plants, T3: contains medicinal pants with yeast. SEM: standard error of means. Index of atherogenicity (I1A) = [C12:0 + (4 x

C14:0) + C16:0]/ YUFA.

3.2 Physical properties
3.2.1 pH values

Data of the physical properties of sheep burgers processed
from sheep fed on different types of medicinal plants and
yeast during frozen storage are illustrated in Table 2. It can
be noticed that feeding type had a slight significant effect
on pH values of fresh sheep burger. Regards to storage time,
significant decrease (p<0.05) was found in all burger
samples after 60 days of storage and surprisingly significant
increase was found at the end of storage time 90 days. These
results are consistency with data of Tekce et al. [21] they
indicated that slight significant differences were found in
pH values of lambs fed on rations supplemented with
different doses of probiotics and yeast. Similarly, Gloria-
Trujillo et al. [22] postulated that lambs fed diets
supplemented with different levels of Saccharomyces
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cerevisiae had no significant effect on pH values of meat.
On the other hand, Smeti et al. [23] they stated that feeding
lambs on aromatic plants not affected on pH values of lamb
meat. Similarly, Lozano-Sanchez et al. [24] they reported
that lambs fed on diet supplemented with different levels of
polyherbal had no significant effect on pH values of lamb
meat. However, the decrease or the increase in pH values
during frozen storage is due to the microbial activity. The
decrease in pH values is probably due to the increase in
psychrophilic bacteria activity leading to producing lactic
acid which is responsible for the decrease in the pH values.
On the other hand, the increase in decomposition bacteria
and enzymes activity resulting in producing alkali
compounds which is responsible for increase the pH values
[25].
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Table 2 Physical properties of sheep burger during frozen storage at -20 °C for 90 days

Storage periods (days)
Treatments 0 30 60 90 SEM
pH value
T1 6.39%AB 6.03%8 5.81°A 6.04%A 0.06
T2 6.23% 6.33% 5.86° 6.17%A 0.06
T3 6.56A 5.96%8 5.99° 6.20%A 0.06
Tenderness (Shear force value kg/f)
T1 1.50%A 1.87%A 1.31%4 1.61%4 0.20
T2 1.75%A 1.40%A 1.23%A 1.81%A 0.20
T3 1.28%A 1.59%A 1.04%A 1.51%4 0.20
Cooking loss (%)
T1 45,96 51.5134 48.34%A 42.07°A 1.38
T2 39.318 49 4434 48.19% 45.07%A 1.38
T3 40.91°A8 48.49%A 45,904 38.4108 1.38

&b means within the same row with different superscripts letters are different (p<0.05).
A-B means within the same column with different superscripts letters are different (p<0.05).

T1: control, T2: contains medicinal plants, T3: contains medicinal pants with yeast.

SEM: standard error of means.

3.2.2 Shear force

No significant differences were found in shear force values
among sheep burger of feeding groups as shown in Table 2.
Regards to storage condition, although slight increase was
found in shear force values during frozen storage, but the
differences were not significant. These findings came in
accordance with the results of Orzuna-Orzuna et al. [26]
they documented that feeding lambs with diet supplemented
with polyherbal mixture had a slight difference on shear
force of meat. Similar results were found by [24] they
reported that shear force values not affected by feeding
lambs on polyherbal diets. On the same line, Marcon et al.
[27] indicated that diet supplemented with curcumin had no
significant effect on shear force of lamb meat. On the other
hand, Guimardes et al. [28] found that diets containing yeast
(Saccharomyces cerevisiae) not significantly affected on
shear force value of lamb meat.

3.2.3 Cooking loss

Cooking loss of sheep burger processed from sheep fed on
different types of medicinal plants recorded the lowest
cooking loss, followed by sheep burger of medicinal plants
with yeast (Table 2). During frozen storage, significant
increase (p<0.05) in cooking loss was found in all burger
samples after 30 days, followed by significant decrease till
the end of frozen period 90 days. However, at any time of
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frozen storage burger processed from medicinal plant with
yeast recorded the lowest cooking loss. The results of the
current study contradict the findings of [26] they stated that
cooking loss significantly increased in lamb meat fed on
polyherbal mixture and cooking loss increased as the doses
of polyherbal mixture increased. Similarly, [20] they found
that cooking loss of sheep meat feeding on diets
supplemented with herbals was higher than control feeding
group. Regards to storage conditions, the changes in
cooking loss are consistency with results of Sadallah and
Khalil [29] they found that cooking loss of all the lamb
samples significantly increased after 30 days of frozen
storage after that the reduction in cooking loss was small
and not significant till the end of storage period.

3.2.4 Color measurements

Data of color measurements of sheep burger from sheep fed
on different types of medicinal plants and yeast are showed
in Table 3. Feeding types and storage conditions slightly
affected in L* values of sheep burger. Contrarily, feeding
types and storage conditions significantly affected in a*
values. Burger of control group had the highest a* value
followed by burger of medicinal plants, while the lowest a*
value found in burger of medicinal plants with yeast.
Regards to storage time, a* values significantly decreased
after 30 days of storage in all burger samples, followed by
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slight increase after 60 days and the decreasing continued
till the end of storage time 90 days. Conversely, b* values
not affected by types of feeding. Regarding to storage time,
significantly increased after 30 days of storage and slight
decreased after 60 days and the increased continued to the
end of storage 90 day. The changes in color measurements
of sheep burger are close to results that obtained by [26]
they found that supplemented lamb’s diet with polyherbal
mixture had no significant changes on meat color
parameters (L*, a*, b*). In the same line, [24] indicated that
addition of polyherbal as supplementation not significantly
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affected on meat color measurements. On the other hand,
[28] found that addition of yeast (Saccharomyces
cerevisiae) to lambs’ diet not affected on meat color. The
changes in color parameters during frozen storage are
concordant with the results of Fernandes et al. [30] they
found that (L* values) of lamb meat did not significantly
change during frozen storage time. On the other hand, the
changes in a* values were not significant. Contrarily, b*
values showed significant variation during storage, which
can be explained by a quadratic model of decreased
followed by increase till the end of storage period.

Table 3 Color measurements of sheep burger during frozen storage at -20 °C for 90 days

Storage periods (days)
Treatments 0 30 60 90 SEM
L*
T1 55,355 58.443A 57.725 57.18% 0.67
T2 56.26%A 58.58%4 57.10%4 57.83%A 0.67
T3 56.3734 56.473A 56.73%4 58.520A 0.67
a*
T1 8.942A 3.78" 4,515 3.67% 0.28
T2 7.53%8 3.88% 4.475A 4.,045A 0.28
T3 5.71¢ 4.33bA 4.245A 2.898 0.28
b*
T1 9.4Q°A 11.723A 11.0608 12.45% 0.27
T2 9.69"A 12.05%4 12.04%4 12.89%4 0.27
T3 9.86" 12.58%4 12.21%4 12.38%4 0.27

&¢ means within the same row with different superscripts letters are different (p<0.05).
A€ means within the same column with different superscripts letters are different (p<0.05).
T1: control, T2: contains medicinal plants, T3: contains medicinal pants with yeast.

SEM: standard error of means.

3.3 TBA value

Table 4. showed the effect of feeding and storage time on
TBA values of raw sheep burger. It can be noticed that at
zero time, no significant differences were found in sheep
burger samples. During frozen storage, significant
decreased (p<0.05) were found in all burger samples after
30 days of storage and the decreasing continued till 60 days
of storage which recorded the lowest TBA values in all
burger treatments. Significant increase was found at the end
of frozen period 90 days. Regards to feeding type, burger
processed from sheep fed on medicinal plants showed the
lowest TBA value during storage time followed by burger
processed from sheep fed on medicinal plants with yeast
while, burger of control group showed the highest TBA
values at the end of storage time. These results are close to
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that obtained by Leal et al. [31] they found that TBA values
of lamb meat significantly increased as the time of storage
increased. Also, they found that meat from lambs
supplemented with vitamin E and rosemary extracts
exhibited the lower TBA than meat of control feeding
group. In the same line, Afele et al. [32] they found that
Malondialdehyde (MDA) significantly decreased in meat of
sheep fed on diet supplemented with garlic and ginger
powder than meat of control group. Generally, the decrease
in TBA values in meat of medicinal plants feeding groups
may be due to the bioactive compounds such as Gingerol in
ginger and allicin in garlic which are responsible for the
high antioxidant activity. TBA value of lamb meat fed on
yeast was higher while, the lower TBA value found in meat
fed on yeast with minerals [28].
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Table 4 TBA value of sheep burger during frozen storage at -20 °C for 90 days

Storage periods (days)
Treatments 0 30 60 90
TBA value (umol TBARS/g)
T1 26.51%A 10.50°A 6.58°A 25.42%A
T2 30.38%4 13.34%A 9.21°A 14.358
T3 33.12%4 14.660°A 10.554 18.08%8
SEM 1.71 1.71 1.71 171

&¢ means within the same row with different superscripts letters are different (p<0.05).

A-B means within the same column with different superscripts letters are different (p<0.05).

T1: control, T2: contains medicinal plants, T3: contains medicinal pants with yeast.

SEM: standard error of means.

3.4 Microbiological quality

Table 5. showed the microbiological quality of sheep burger
during frozen storage. It can be noticed that feeding types
had slight effect on total bacterial count of sheep burger
samples. During frozen storage, burger of medicinal plants
group exhibited lower total bacterial count than burger of
yeast group. On the other hand, feeding types and storage
condition had no significant effects on psychrophilic

bacteria, mold and yeast counts. These results are close to
that obtained by [30] they found that microbiological
analysis showed good stability during storage period. On
the other hand, Al-Rubeii and Hussen [33] found that
feeding lambs on diet supplemented with medicinal plants
resulting in significant decreased in total plate count and
psychrophilic count in lamb meat during cold storage
periods.

Table 5 Microbiological quality of sheep burger during frozen storage at -20 °C for 90 days

Treatments Storage periods (days)
0 30 60 90 SEM
Total bacterial count (log CFU/qg)
T1 4.24%8 4,563 4,088 4.08A 0.33
T2 4.60% 45134 3.47%8 4.46% 0.33
T3 5.85% 4.455A 4,435 4.78%A 0.33
Psychrophilic (log CFU/g)
T1 3.84%4 3.28%4 3.70%4 3.57% 0.37
T2 3.8284 3.86%4 3.50% 3.744 0.37
T3 4.64%A 3.46%4 3.88%A 4.23A 0.37
Mold and yeast (log CFU/g)
T1 4,234 5.543 3.27%4 2.95% 0.57
T2 3.56% 4.00%A 3.79%4 2.4134 0.57
T3 5.1134 4,392 4.14%4 3.444 0.57

b means within the same row with different superscripts letters are different (p<0.05).

A-B means within the same column with different superscripts letters are different (p<0.05).

T1: control, T2: contains medicinal plants, T3: contains medicinal pants with yeast.

SEM: standard error of means.
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(AVA CONCLUSION

The purpose of the current study was to evaluate the quality
characteristics of sheep burger processed from sheep fed on
diets supplemented with medicinal plants as feed additives
and yeast as probiotic during frozen storage. The addition
of medicinal plants combined with yeast improved the fatty
acid profile, delayed the lipid oxidation and decreased the
cooking loss without negative effects on color parameters,
shear force and microbial analysis during frozen storage
which subsequently affected on sheep burger quality and
human health.
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Abstract— This study aims to determine the factors that affect the growth and development of corn plants
(zea mays 1.) in the sub-districts of Adiankoting, Sipoholon and Paranginan. This study uses the Statistical
Package Social Sciences (SPSS) stastika formula consisting of each sub-district using 50 questionnaires from
Adiankoting sub-district 50 questionnaires, from Sipoholon sub-district 50 questionnaires and from
Paranginan sub-district 50 questionnaires, and the total amount to 150 questionnaires. This research was
conducted by a direct field survey system and interviews with respondents or corn farmers in each of the 150
farmers, the results of this study indicate that in each sub-district there are different and some are the same
in terms of altitude, land area, planting distance, age of farmers and others. The three sub-districts are
dominated by male farmers, mostly only diparanginan more female farmers but maybe in other areas or in
other villages there may also be many female farmers. I conducted this research during October to November
2021 where there is still strict health protocol supervision because corona has spread everywhere, so caution
is needed. In the Adiankoting, Sipoholon and Paranginan sub-districts, the various types of fertilizers used

and the way they are applied and pests and diseases are too many to attack in these areas.

Keywords— Growth, Development, Zea Mays L

L. INTRODUCTION

Maize is one of the food crops that is also an
important class of cereals in the world economic sector.
Apart from being a staple food, corn products are usually
processed into animal feed, processed food ingredients and
so on. In the historical record, the corn plant originated from
southern Mexico and Latin America and then spread to
Europe, India and finally spread throughout the world
including Indonesia (Riwandi, et al., 2014).

The need for corn (Zea mays) consumption from
year to year is increasing (Muis, et al. 2015). Corn is one of
the important food crops in Indonesia and has a strategic
role in the national economy, given its multipurpose
function, as a source of food, feed, and industrial raw
materials (Khairiyah et al., 2017).

In an effort to meet national maize demand and
zero imports, since 2007 the government has implemented
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a program to increase maize productivity through Integrated
Crop Management of maize (PTT maize). Currently, the
government (Decree of the Minister of Agriculture Number:
1243/Kpts/OT.160/12/2014) continues the program with a
special effort program to increase maize production through
the Maize Integrated Crop Management Improvement
Movement (Maize GP-PTT) and the Expansion of Planted
Areas with Increased Maize Planting Index (PAT-PIP),
which aims to increase production, farmers' income, and
preserve the environment (MOA, 2015). The purpose of this
study is to determine the factors that influence the growth
and development of corn plants in Adiankoting sub-district,
to determine the factors that influence the growth and
development of corn plants in Sipoholon sub-district, to
determine the factors that influence the growth and
development of corn plants in Paranginan sub-district.
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II. REVIEW OF LITERATURE

Sweet corn plants belong to the grass family with
the species Zea mays saccharata Strurt. The classification of
sweet corn plants is as follows:

Kingdom : Plantae

Division : Spermatophyta
Subdivision : Angiosperms
Class : Monocotyledonae
Order : Poales

Fanili : Poaceae

Genus : Zea

Species : Zea mays saccharata Sturt (Rukmana, 2008).

Corn is a seasonal plant that has a tall, sturdy stem
and usually a dominant single stem, although there may be
some that contain buds (tillers). This plant has a stem height
of between 60 and 300 cm. The position of the leaves is
dystopic (two rows of single leaves that come out in an
alternating position) with leaf midribs overlapping and the
leaves are wide and relatively long.

Maize is a fibrous-rooted plant that consists of three types
of roots: seminal roots, adventitious roots, and aerial roots.
Seminal roots grow from the radicle and embryo.
Adventitious roots are called supporting roots, which grow
from the lowest book while aerial roots are roots that grow
from books above the soil surface.

a. Roots

Corn plant roots consist of 3 kinds of
roots, namely seminal roots, adventitious roots and
prop roots. The root system functions as a tool for
sucking water and mineral salts contained in the
soil, removing organic substances and compounds
that are not needed and respiratory equipment.
Prop roots function to keep the plant upright. Corn
roots are included in fibrous roots that can reach a
depth of 8 m although most are in the 2 m range.
(Subekti, et al., 2007).

b. Stem

Maize stems are erect and easily visible
like sorghum and sugarcane, but not like rice or
wheat. The stems of the maize plant are branched
with the number of internodes varying between 10-
40 internodes. Maize plants are generally
unbranched. The length of maize stalks generally
ranges from 60-300 cm, depending on the type of
maize. Maize stems are quite sturdy but do not
contain much lignin. Corn stems have three main
components: epidermis, vascular tissue and stem
center (Subekti et al., 2007).
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c. Leaves

Corn leaves are perfect leaves. The shape
is elongated, between the midrib and leaf blade
there is a ligula. The leaf bone is parallel to the
mother leaf bone. The leaf surface is smooth and
some are hairy. Each stoma is surrounded by fan-
shaped epidermal cells. This structure plays an
important role in the plant's response to water
deficit in leaf cells (Wirawan and Wahab, 2007).

d. Fruit

Maize fruit consists of cobs, seeds and
wrapping leaves. Maize seeds vary in shape, color
and endosperm content, depending on the species.
In general, maize has straight or winding rows of
seeds that number between 8-20 rows of seeds.
Corn kernels consist of three main parts: seed coat,
endosperm and embryo (Rukmana, 2008). Corn
seeds are located regularly, according to the
location of the embryo flower consisting of
plumula, radicle and acutelina. Seeds are round,
tooth-shaped or flat according to the variety. Seed
color also varies, including yellow, white, red,
orange and red almost black. Contains starch
protein and fat.

Corn plants are monocious plants. In a plant there
are male flowers and female flowers that are located
separately. Male flowers are located at the tip of the plant,
while female flowers are along the middle of the corn stem
and are in one of the leaf axils. Maize has separate male and
female flowers (diklin) in one plant (monoecious). Each
flower has a structure typical of flowers from the Poaceae
tribe, called a floret. Male flowers grow at the top of the
plant, in the form of a wreath (inflorescence). The pollen is
yellow and has a distinctive aroma. Female flowers are
arranged in cobs that grow between the stem and leaf
midrib. In general, one plant can only produce one
productive cob despite having a number of flowers. Female
flowers grow on the side cob end of the stem originating
from the leaf axils, usually at about mid-length of the main
stem. The lateral (side) stems are very short because of their
short internodes. On each book of the lateral stem, a leaf
grows. Due to the close proximity of the books, the leaves
close together, forming the kelobot that wraps around the
developing cob. In certain cultivars, the development of
tassels seems to affect the development of the cob stem
(Rukmana, 2008).

e. Climate
Maize plants are widely adaptable to the
environment. In general, maize plants can grow in
lowlands to highlands (+ 1300 m above sea level),
with a temperature range between 130°C-380°C
and full sunlight. In Indonesia, corn plants grow
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and produce optimally in the lowlands up to 750 m
above sea level. The ideal air temperature for seed
germination is 300°C-320°C with soil water
capacity between 25-60%. During growth, corn
requires an optimum temperature between 230°C-
270°C (Budiman, 2009). Maize plants are native to
the tropics and can adapt to environments outside
the region. Maize does not demand too strict
environmental requirements. Corn plants require
rainfall of around 100-140 ml/month. For this
reason, it is necessary to observe rainfall in order
to determine the planting time appropriately
(Murni, et al., 2008). Corn plants should get full
sunlight with an optimum temperature of 210-340
C. In older plants, especially towards the ripening
of seeds, hot conditions and sufficient sunlight
intensity are needed, and if high humidity will
result in poor corn plant production, especially
seed quality. Because during its growth period,
sweet corn plants need sufficient sunlight to be
able to produce seeds and form fruit properly
(Nasution, 2019).
Soil

Soil fertility is often linked to the state of
the top soil. In this layer, the root system of plants
usually develops well. For this reason, tillage
before planting and tillage during maintenance
play an important role in plant fertility. In tillage,
the ratio of solid, liquid and air in the tillage layer
makes the soil loose and favorable for plant root
growth. Corn plants can grow well on all types of
soil. But it will grow better on loose, humus-rich
soil. Soil that is dense and can retain water is not
good for planting corn because it grows poorly or
will rot (Budiman, 2009). Soil acidity (pH)
required for optimal growth of corn plants is
between 5.6 - 6.2 but 6.8 is best. Soil acidity below
5.5 is not good for corn plant growth, the soil
already needs to be limed (Hardiyanto, 2020). Soil
slope has to do with water movement on the soil
surface. It is also one of the requirements for plant
life including corn plants. Soils with a slope of less
than 8% can be planted with corn at this level of
slope, which is very likely to cause soil erosion
(Budiman, 2009).
Maize Pests and Diseases

Plant-disrupting organisms or pests are a
problem in the cultivation of maize. Armyworms
are one of the pests that often plague agriculture in
Indonesia, including corn crops. Currently, there is
a new type of armyworm that is currently endemic
in the world, namely Fall Armyworm (FAW) or
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Spodoptera frugiperda. The pest belongs to the
order Lepidoptera, family Noctuidae. Spodoptera
frugiperda attacks food crops such as corn, rice and
wheat. This pest is one that is difficult to control,
because its imitators spread quickly, even
including strong fliers that can reach a
considerable distance in one week. If assisted by
the wind, it can reach 100 km. The pest has spread
rapidly from the Americas in 2016, to the African
continent and spread in Asia to Thailand in 2018
(Harahap, 2018). Armyworms (Spodoptera litura)
belong to the order Lepidoptera. This pest is
polyphagous, making it rather difficult to control.
Symptoms of armyworm (Spodoptera litura)
attack begin at the larval stage, where young larvae
damage the leaves and leave traces of the upper
epidermis (transparent) and leaf bones. Advanced
larvae damage the leaf bones, and cause the plant
to run out of leaves. This rapid and uncontrollable
attack has led to the need for intensive control
(Marwoto and Suharsono, 2008).Litura larvae
attacks can cause significant losses to farmers.
Symptoms of attack are usually caused by the
presence of caterpillars or larvae of this pest. The
larvae will damage the leaves and attack
simultaneously and in groups. The
larvae/caterpillar attack will leave remnants of the
upper epidermis of the leaves, so that the leaves
become transparent and only the leaf bones are left
behind. To overcome the pest is still using
chemicals where we know the adverse effects on
the environment and the phenomenon of resistance
in insect pests due to the use of insecticides has
increased the attention of experts to research on the
utilization of pathogens to control plant pests.
Insect pathogens are relatively specific and their
effects are much smaller than those caused by
chemicals on the environment or non-target
organisms (Christina, 2013). Corn stalk borer
(Ostrinia furnacalis) is one of the pests of corn
plants that can be found in almost all parts of Asia
including in Indonesia where this insect spreads in
Papua, Sulawesi, Nusatenggara and Sumatra.
Female insects lay their eggs under the surface of
the main leaves of corn plants when the plants are
two weeks old. The female insect is capable of
laying 300-500 eggs. The larvae of this insect can
damage almost all parts of the corn plant with the
characteristics of the attack, namely small holes in
the leaves, slit holes in the stems, the base of the
cob to damage the corn cob. This pest can be
controlled by spraying insecticides and releasing
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natural enemies such as larval predators, ants and
cocopeat (Adnan, 2009). The corn cob borer
(Helicoverpa armigera Hbn.) consists of a female
H. armigera imago that lays its eggs on the corn
hairs when the cob has started to come out. The
female imago can produce up to 730 eggs. The
female imago will lay eggs on the corn silk and
will enter the corn cob and eat the seeds that are
undergoing development so that it can reduce the
quality and quantity of corn cobs. Signs of cob
borer attack on maize are characterized by
transverse holes in the leaves of vegetative stadia
plants. The hair of the corn cob is cut off, the tip of
the cob has graze marks and often has larvae.
Control that can be done is by technical culture
such as perfect tillage which will damage pupae
formed in the soil and can reduce subsequent pest
populations. The use of insecticides made from
active  ingredients such as  dimehipo,
monocrotophos, karbofuran, effectively
suppresses the attack of corn cob borers.
Insecticide application is recommended when one
egg cluster per 30 plants has been found. Liquid or
spray insecticides are only effective in the egg and
larval phase of instrars I-I1I, before the larvae enter
the cob. (Adnan, 2009). Rust diseases in corn can
be grouped into southern corn rust, common corn
rust, and tropical corn rust, this fungal disease
affects corn plants after milk ripening. When
weather conditions are significant, it has an impact
on the development and spread of the disease. The
symptoms of this disease are small elongated
circles on the leaf surface. The spread of this
disease is caused by spores that are blown by the
wind and then spread and infect the leaf surface.
Control for this type of disease can be done by
spraying fungicides containing mankozeb and
pyraclostrobin, in addition to sanitation can also
help prevent the development of disease
(Puspawati and Sudarma, 2016). Downy mildew is
a disease of corn caused by several species of fungi
such as  Peronosclerospora  maydis, P.
phillipinensis, and P. sorgi which are distributed in
Java, Sulawesi and North Sumatra. Transmission
of this fungus is aided by wind that occurs in the
afternoon where the fungus will fall on the leaf
surface and in the growing point area and then
infect the corn plant until it dies. Symptoms of this
disease can be seen from the presence of chlorotic
color extending parallel to the leaf bone and on the
lower surface of the leaf there is a white color like
flour (Talanca, 2013).
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I11. RESEARCH METHODOLOGY

This research was conducted with a field survey
system and interviews with respondents or corn farmers
guided by a list of questions that have been prepared
according to the research objectives in North Tapanuli and
Humbang Hasundutan Districts. This research was
conducted in three sub-districts in North Tapanuli and
Humbang Hasundutan, including Adiankoting, Sipoholon
and Paranginan sub-districts. This research was conducted
from OCTOBER 2021 to NOVEMBER 2021. With the
altitude of the place in Adiankoting District 400-1300
meters above sea level, in Sipoholon District 400-1300
meters above sea level and in Paranginan District 600-1700
above sea level.

Iv. RESULT AND DISCUSSION

Based on the statistical results that have been
carried out on the research questionnaire on corn farmers
who are the identity of the respondents, namely gender, and
age. Respondents in this study were 50 maize farmers. In
this study, the characteristics of farmers who were
respondents were the gender and age of farmers in
Adiankoting, Sipoholon and Paranginan sub-districts.
These characteristics can indirectly affect land cultivation,
land area, pests found, maintenance and control carried out
in Adiankoting, Sipoholon and Paranginan sub-districts.
Respondents in this study were 50 farmers organized by
maize farm ownership status. Gender is the difference
between women and men biologically since a person is
born. Farmer gender can indirectly affect maize farming.
Where in this study showed the number of male farmers as
many as 27 people and 23 women in Adiankoting sub-
district. The number of male farmers was 32 people and 18
women in Sipoholon sub-district, while the number of male
farmers was 20 people and 30 women in Paranginan sub-
district. In fact, it is often found that field labor is generally
dominated by men. According to Lionberger (1960), age
in the productive category tends to be easier to accept new
innovations and more open to technological advances. Age
is information about a person's date, month and year of
birth. Age information contains a measure of the length of a
person's life in years. Age can influence a person in making
a decision. Age can also be one of the benchmarks for the
success of farming activities. Farmers who have a
productive age will usually work better and more optimally
than farmers who are no longer productive. The number and
percentage of farmer respondents in the age group of 15 -
64 years are classified as a productive group of people to
work because in this age range they are considered capable
of producing goods and services. Productive age is one of
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the success factors in farming activities. According to
Hasyim (2006) and Ryan et al. (2018), farmers with
productive age will work better and more optimally than
non-productive farmers. However, older farmers can
understand field conditions better. This is in accordance
with the opinion of Novia (2011) who states that older
farmers usually have relatively less understanding, but have
advantages in recognizing the condition of the farmland.
The processing of maize fields in Adiankoting, Sipoholon
and Paranginan subdistricts is divided into two parts,
namely processing and not processing. Those who do the
processing by means of tractors and bulldozing the soil.
Land cultivation greatly affects the growth and
development of the corn plant in each farmer's land. Where
land processing is very useful as loosening the soil so as to
create spaces and pores that allow the soil to get air aeration.
Helps to mix plant residues, soil organic matter, and
nutrients more evenly.Kill weeds mechanically. Drains the
soil before planting seeds. This is a positive effect in wet
climates. When done in the fall, tillage helps to weaken the
soil throughout the winter through freezing and thawing
mechanisms that can occur many times throughout the
winter. This helps prepare the planting for spring. However,
tillage can also dry out the soil before seed planting. This is
a negative impact in arid climates as the soil loses nutrients
such as nitrogen and its ability to store water. Reducing the
rate of water absorption increases soil erosion. Ploughing
reduces the cohesion between soil particles, thus
accelerating erosion. With reduced water absorption rates,
there is a risk of surface water runoff carrying residues of
fertilizers and pesticides used in the previous planting
period. Reduced soil organic content. Reduces the number
of beneficial soil organisms such as microbes, earthworms,
ants, and so on. Destroys soil aggregates. Risk of soil
compaction in unplowed areas. Crop residues that are
destroyed and left in the soil can attract unwanted organisms
and insects and potentially disrupt production, as well as
attract diseases. The agricultural sector is a sector that
supports the lives of most people. The agricultural sector
needs to be developed along with the increase in population
and the development of technology that can increase
agricultural production. In addition, the agricultural sector
plays a role in meeting the needs of the population,
increasing farmers' income, providing industrial raw
materials, providing business opportunities and
employment opportunities, and supporting national food
security. The goal of farmers in farming is to obtain high
production at low cost. Agricultural development needs
better attention, even though the priority on
industrialization policy has been dropped, but the
agricultural sector can have the ability to generate increased
income (Sudarman, 2001). In agriculture, the production
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factor of land has the most important position, as evidenced
by the amount of services received by land compared to
other factors. The area of land planted will affect the number
of crops that can be planted which in turn can affect the
amount of vegetable production produced. If the farmer's
land area is large enough, then the economic opportunity to
increase production and income will be greater (Soekartawi
et al., 2002). Land area for wetland farmers is one of the
factors that influence the increase in yield income. Villagers
whose main activity is farming depend on their land. Thus,
the area of land owned is one of the clues to the amount of
income received. If the land area increases, the income of
farmers will also increase and vice versa if the land area
used is small or narrow, then the income earned by farmers
will also decrease because the rice planted is small. So, the
relationship between land area and farmer income has a
positive relationship (Isfrizal & Rahman, 2018). In addition
to land area, working capital is essentially an amount that
continues to exist in sustaining a business that bridges the
time between expenditures to obtain materials or services
and the time of receipt of sales. In addition, it is the most
important aspect in the activities of a business. Without
having capital, a business will not be able to run even
though other conditions for setting up a business are already
owned. Capital is a factor that determines the amount of
production and income. Lack of capital in farming will
cause the use of production facilities to be very limited
which in turn will affect production and income (Karyanto,
2008). Capital in farming can be classified as a form of
wealth in the form of money or goods used to produce
something either directly or indirectly in a production
process (Soekartawi, 2006). In addition to land area and
capital there is the amount of production. According to
Soekartawi (2006) agricultural production is influenced by
various factors including commodity types, land area, labor,
management capital, climate and socio-economic factors of
producers. For more details, Soekartawi (2006) states that
the factors that affect production can be divided into two
groups, namely: (1) biological factors, such as agricultural
land with various levels of fertility, seeds, varieties,
fertilizers, medicines and others. (2) Socio-economic
factors such as production costs, prices, labor, education
level, income and others. Suratiyah (2006) states that if the
demand for production is high, the price at the farm level
will also be high, so that with the same costs’ farmers will
get higher income. Conversely, if farmers have succeeded
in increasing production, but prices fall, farmers' income
will also fall. Planting distance can affect yield, because
different plant populations will produce different plant
growth. Increasing the planting distance to a certain level,
the yield per unit area can increase while the yield per plant
can decrease. Plant disturbing organisms found in the corn
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fields of farmers in Adiankoting, Sipoholon and Paranginan
subdistricts are crickets, fleas, crickets, walangsangit,
aphids, Grayak caterpillars, crickets, dwarf, yellow stems,
burnt leaves, not growing perfectly yellowed leaves, skinny
stems2 and yellowed leaves. Maintenance carried out by
farmers using various types of chemical and organic
fertilizers such as NPK, UREA, Biogrent Organic Fertilizer,
KCL, TSP. the types of insecticides used to control pests and
diseases of corn crops are decis, antracol, Fosthin, Antracol,
Mantap, Fosthin, Dithane, Tronton, Trivia, Mantap, Koge,
Fierg EC, Synergy, Fenite. The obstacles in the field that I
encountered were that the road access was still damaged a
lot, the corona was still there at that time, not all the farmers
we wanted to research accepted our interviews to get the
research results. This research was conducted in three sub-
districts of Adiankoting, Sipoholon, Paranginan, the reason
I chose this place was because the place was quite close and
I didn't want to get covid for sure if it was far away, and also
in the three sub-districts it was pretty much planting corn.

V. CONCLUSION

In research conducted in three districts, namely in
Adiankoting, Sipoholon and Paranginan, there are factors
that affect the growth and development of corn plants,
namely:

1. Land cultivation is not done

2. Lack of land clearing

3. The presence of pests and diseases in corn plants
4. The use of many types of insecticides

5. Planting distance is too tight

So, it can be concluded according to the data in the field
that there are still many diseases of corn plants in Sipoholon
District compared to Adiankoting District, Paranginan
District. Where the productivity of corn plants is more in
Paranginan District even though the land area is more in the
sub-district of Sipoholon, this is because the knowledge of
growing corn is more advanced in the sub-district of
Paranginan.
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Abstract

D. officinale is a renowned botanical species in China with a rich historical background

associated with its extensive use in traditional medicine. This research aims to develop a pulpy drink using
the Stem of the D. officinale plant and enhance its thermal stability. In order to enhance the thermal
stability of the beverage, multiple amounts of xanthan gum were used in the formulation. The physical
stability of the D. officinale pulpy drink was assessed by measuring particle size, Zeta potential, particle
sedimentation, viscosity, and color. The current research findings indicated that the beverage with a
composition of 3% D. officinale pulp and 0.4% xanthan gum exhibited the highest level of physical
stability. This beverage exhibited the smallest particle size, negative zeta potential, viscosity, and no

sedimentation.

Keywords— Xanthine gum, D. officinale, herbal drink, Drink development, Drink stability.

I.  INTRODUCTION

Dendrobium is enriched in carbohydrates, which is used as
oral medicine. It is also a main component of various food
items and drinks [1]. In China, this is used as medicine for
increasing the secretion of saliva and helping moisten the
lungs. This polysaccharide is very prominent in medicine;
various genera of D. officinale are used [2]. These plants
from the Orchidaceae family are generally believed to
help improve eyesight, relieve fever, and protect from
CVDs if we use them as eatable or drink them. This is why
people of China consider this plant one of the best herbs to
cure all diseases and use it to increase their lifespan [3].
Various species present in the world of this plant include
D. aphyllum, D. candidum, D. chrysanthum, D.
densiflorum, D. crystallinum, D. fimbriatum, etc. [4].

Making drinks from plant extract as medicine is the
traditional way to treat diseases in China. In the case of
immunity, there is a drink known as National Herbal Drink

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
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(NHD). This drink has ingredients like D. officinale,
Atractylodes macrocephala Koidz., Paeonia lactiflora
Pall., Lycium barbarum L., and Glycyrrhiza uralensis
Fisch. This drink is mostly consumed by individuals who
have low immunity levels. In this drink, the prominent
constituent is D. officinale, which plays an important role
as an antioxidant, lowers blood pressure, and helps to fight
liver diseases. Many studies have demonstrated that this
compound also improves the mechanisms of phagocytosis
by activating the macrophages; hence, their function is
improved. In the gut of mice, there is a diversity of various
microbes or microbiota. Their variety is also increased due
to this compound [5].

The structure of D. officinale consists of various
polysaccharide sub-units that may include glucose,
pyranose, etc. The beta-glycosidic bond is present in the
sugar sub-units of this compound. It has also been
evaluated that the intestine and stomach secretions cannot
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digest this compound. This compound is converted
through digestion in various products like lactic acid,
propanoic acid, lactic acid, etc. [1]. The D. officinale
flower is also a food additive, sweetener, and drink. Its
scent makes an individual stress-free. However, to give
more color taste and improve the shelf-life of the drink,
various additives like honey and alcohol are also used.
These can then be used for therapeutic applications [6].
Due to the higher molecular weight and viscosity of D.
officinale, it is used in the food industry to give the food
gelling property [7]. Many Asians believe that D.
officinale, when used as soup or juice, is more effective
and used as a functional food [8]. D. officinale flower is
also used as raw material in soft candy preparation. This
soft candy is like gellies. In the Republic of China, another
variety of Dendrobium is used in the food items and
barrages known as D. nobile Lindl. This plant consists of
alkaloid compounds that protect the body from dementia
abnormalities in the natural cell death process and protect
it from neural diseases [9].

Il. MATERIAL AND METHODS
2.1 Sample preparation

In this step, the plant stems were selected based on certain
criteria such as ripeness, no signs of deterioration, and no
foreign ingredients. Stems were washed twice to
decontaminate. After washing, the Stem was weighed with
analytical balance (Shanghai Yousheng Co., Ltd.,
Shanghai, China) and blended with water in a high-speed
blender of 0.3:10 (w/v) provided by Shenzhen Kangjia
Electronics, Shenzhen, China. This blended mixture was
ground for 20 min using a collide mill to make a fine pulp.
After that, hydrocolloids were added to the drink and
mixed using a high-speed mixer (Shanghai Lichen Bangxi
Instrument Technology Co. Ltd., Shanghai, China) at 1100
rpm for 10 min. Finally, the D. officinale drink was
sterilized in an autoclave at 121 °C. Different ratios of
xanthan gum were used to investigate the physical stability
of the drink. Formulations with xanthan gum were applied
as follows: T1 0.1%, T2 0.2%, T3 0.3% and T4 0.4%. D.
officinale pulpy drink was transferred to 50 ml glass
bottles and sterilized in an autoclave (Bosun Medical
Biological instrument, Shanghai, China).  After
sterilization, they were kept at room temperature to cool
down and used for further analysis.

2.2 Particle Size Analysis

The particle size measurement was conducted using a
methodology previously outlined by Ni et al. [10]. In this
study, the D. officinale beverage samples' particle size was
assessed using a laser diffraction technique, employing a
Laser particle size analyzer (S3500, Microtrac Corporation
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of America). The sample was diluted 10 times with
deionized water, and 5 ml was injected into the machine.
2.3 Zeta potential

The Zeta potential is an important parameter that
significantly impacts the stability of colloidal systems. It
was measured with a methodology previously outlined by
Ni et al. [10]. It was calculated by using a Nano-size and
zeta potentiometer. The samples underwent a dilution
process of 50-fold using deionized water. Subsequently,
these diluted samples were utilized to assess the zeta
potential under ambient conditions. The final
measurements of zeta potential values were obtained by
doing a triplicate analysis of the beverage samples.

2.4 Particle Sedimentation

Natural sedimentation of D. officinale drink was measured
by the volumetric method. In this method, the D. officinale
pulpy drink was put in measuring cylinders and afterward
kept at a temperature of 4 °C for 24 hours. The volumetric
determination of separation was conducted in percentage
after the storage process.

2.5 Drink Viscosity

A touchscreen digital viscometer was used to determine
the viscosity of the D. officinale pulpy drink. A 15 ml
sample was measured with spindle number 1 at 1.24/s
share rate for 2 min.

2.6 Drink Color Analysis

In order to analyze the color properties and variations, a
precision spectrophotometer (Ultra scan Pro, Hunter lab)
was used. The values were measured in L, a*, and b*,
where L, a*, and b* are referred to as brightness,
green/red, and blue/ yellow, respectively. The
spectrophotometer was calibrated as per company
guidelines. After that, the sample was inserted into the
apparatus, and color readings were evaluated.

2.7 Statistical Analysis

All the data is arranged and calculated by MS Excel 2019,
Minitab, and Origin. ANOVA is one-way with LSD, used
to calculate the statistical data. Data is presented in charts
with standard deviation (£SD) and significant value p >
0.05.

I11. RESULTS AND DISCUSSION

2.8 Size of particles in pulpy drink

The use of a high-speed blender and a colloidal mill
reduced particle size. The sample was collected at different
stages to determine the particle size of blended and ground
drinks. Blending for 7.5 minutes reduced the particle size
to 127 micrometers, and grinding for 20 minutes reduced it
to 45 micrometers at optimal levels (Fig. 1A). The thermal
treatment of beverages resulted in a significant rise in
particle size (Fig.1 B). After the sterilization process, the
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control sample showed a significant rise in particle size
(100 um). A variation of 55 micrometers indicated the
presence of large aggregated particles. The particle size
difference was decreased to the initial particle size of the
pulpy drink (45 micrometers) by increasing the ratio of
xanthan gum.
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Fig.1: Particle size reduction in response to increasing the
time of blender and collide mill (A) and Particle size of the
formulations in response to Autoclave sterilization (B).
Error bars present +SD, and small letters present
significant differences.

The observed increase in particle size could be because of
the coagulation and denaturation of proteins and the
aggregation of carbohydrates caused by the elevated
temperature during sterilizing. The results of this research
align with the conclusions drawn in a prior study
conducted by Ni et al. [10]. According to a study
conducted by Liu, Sun, Xue, and Gao et al. [11], the
process of sterilization, specifically at a temperature of 121
oC for over 25 minutes, resulted in decreased physical
stability in walnut beverage emulsions because of the
denaturation and coagulation of walnut protein. While the
observed increase in particle size of T4 was within the
acceptable limit in this study, the drink remained stable.
However, adding xanthan gum in combination with D.
officinale polysaccharide showed advantageous effects in
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reducing the aggregation of suspended particles and
enhancing the stability of the drink.
2.9 Zeta Potential of pulpy drink

The zeta potential values observed for all samples had a
significant negative polarity, suggesting an abundance of
negatively charged particles relative to positively charged
particles in the turbid drink. This could be attributed to two
factors: the isoelectric point (pl) of the D. officinale
polysaccharide and the characteristics of the introduced
stabilizers. The polysaccharide derived from D. officinale
has a net negative charge, primarily due to the presence of
uronic acid [12]. It was observed in this study that the
value of the zeta potential in the beverage samples, which
were supplemented with xanthan gum and subjected to the
autoclave sterilization method, exhibited significantly
negatively higher zeta values (Fig. 2). However, the
anionic characteristics of xanthan gum and D. officinale
polysaccharide resulted in the presence of negatively
charged particles. After sterilization, it was observed that
the zeta potential values of all drinks exhibited a rise. It
may be attributed to a probable decrease in the effective
surface charge of dispersed particles, which the
aggregation of these particles may have generated. Their
effective surface charge influenced suspended particles'
dispersion and aggregation [13]. It suggests that the
dispersed particles present in the drink exhibited limited
aggregation tendencies as a result of the significant
electrostatic repulsion forces.

2.10Particle Sedimentation in a pulpy drink.

Xanthan gum possesses several hydroxyl groups that
actively bind to water molecules, facilitating the
development of gel and viscous solutions [14]. Being an
extracellular heteropolysaccharide, Xanthan gum is widely
utilized as a thickening agent and emulsifier to improve
the stability of food products [15]. Xanthan gum was also
found stable in high temperatures, making the D. officinale
drink stable [16]. As shown in Fig. 3 (A), the control
sample had 35% sedimentation, but adding 0.4% xanthan
gum reduced it to 0% (Fig. 3E). It could be because of the
characteristics mentioned above of xanthan gum that it
bounded the water and made a viscous solution to hold up
the suspended particles.
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Fig.2: Zeta potential of the formulations. Error bars are
presenting £SD and small letters are presenting significant
difference.
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Fig.3: Particle sedimentation photograph of all the
formulations

2.11Viscosity of pulpy drink.

As presented in Table 1, the control sample indicated that
the polysaccharide of D. officinale was not thermally
stable [17]. However, after sterilization, the control sample
significantly reduced the viscosity, and adding xanthan
gum helped improve the viscosity of the drink to make it
stable. The results suggested that xanthan gum improved
efficiency in making a stable D. officinale pulpy drink by
increasing the viscosity and protecting it from high heat
impact. It has shown that incorporating hydrocolloids,
typically at concentrations ranging from 0.1% to 3.0%,
may effectively enhance the stability of cloudiness in
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drinks [16, 18]. Significant improvements may be attained
with the incorporation of xanthan gum because of its
exceptional capacity to exhibit higher viscosity at low
shear rates. It can be attributed to the higher molecular
weight and distinctive stiff rod-like structure of xanthan
gum, which may also account for the pronounced shear
thinning behavior seen in drinks thickened with the
xanthan gum [19].

Table 1: Viscosity of the D. officinale pulpy drink with
different xanthan gum ratios. Small letters in every column
show a significant difference.

Formulations Prior to After sterilization
sterilization
Control 15.62 + 0.06¢ 2.19+0.03¢
T1 29.12 £ 0.034 12.35 + 0.054
T2 56.9 £ 0.02, 38.75+ 0.07;
T3 86.43 + 0.05; 62.15 + 0.08;
T4 123.65 + 0.09, 75.83 £ 0.02,

2.12 Color Analysis of pulpy drinks

The acceptability of a food product may be greatly
influenced by its color, with the proportional significance
of this factor fluctuating across different food systems
[20]. One of the drawbacks associated with thermal
treatments is the alteration of pigments due to high heat,
leading to modifications in the original hue of the food
substance. Chlorophyll (the pigment responsible for the
green color) degrades during high-heat processing,
resulting in pheophytins (the pigment responsible for the
gray-brown color), which is strongly correlated with a
drop in product quality [21].

This study observed a significant alteration in the hue of
all beverages compared to the control sample. All
autoclaved sterilized drinks turned green to yellowish, as
presented in Table 2. It could also be because of the
degradation of chlorophyll under high heat. There was also
a correlation between temperature and the polymerization
reaction between pigments and polyphenols, which
increased the possibility of degradation and destruction of
pigments in drinks as the temperature increased [22].

Table 2: Color Analysis of sterilized D. officinale pulpy
drink. Small letters in every column show a significant

difference.
Formulation L a* b*
Control 44.65 + -1.56, 67.01,
0.3
T1 58.72 + -0.17, 43.36p
0.1
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T2 58.80 £ -0.16p 43.32;
0.1,

T3 60.64 + -.01, 45.32;
0.4,

T4 60.61+ 0.2, -.02, 45.39;

IV. CONCLUSION

The addition of hydrocolloids and their precise amounts
has significantly influenced the physical stability of liquid
beverages. Xanthan gum is an additive that enhances the
stability of beverages due to its hydroxyl groups, which
have the potential to bind water molecules and elevate the
viscosity of the drink. This research indicates that
enhancing the beverage's viscosity by optimizing the gum
ratio and reducing the particle size might improve its
stability. The physical stability of the Dendrobium
officinal pulpy drink containing 0.4% Xanthan gum and
3% pulp was the highest after sterilization.

ACKNOWLEDGEMENTS

National first-class Discipline program of food science and
Technology (JUSFTR20180204) and 13th 5-year national
key research and development program project: research
on core technologies of green processing of tea food and
product creation supported this work.

REFERENCES

[1] Xing, L. et al.,(2021) Molecular structure features and lactic
acid fermentation behaviors of water-and alkali-soluble
polysaccharides from Dendrobium officinale. Journal of
Food Science and Technology,. 58: p. 532-540.

[2] Ng, TB, et al. (2012), Review of research on Dendrobium, a
prized folk medicine. Applied microbiology and
biotechnology. 93: p. 1795-1803.

[3] Cakova, V., F. Bonte, and A. Lobstein (2017). Dendrobium:
sources of active ingredients to treat age-related pathologies.
Aging and disease,. 8(6): p. 827.

[4] Lam, Y., et al.[2015], Evaluation of chemical constituents
and important mechanism of pharmacological biology in
Dendrobium plants. Evidence-Based Complementary and
Alternative Medicine.

[5] Dong, Y.-J., et al., Modulating effects of a functional food
containing D. officinale on immune response and gut
microbiota in mice treated with cyclophosphamide. Journal
of Functional Foods, 2022. 94: p. 105102.

[6] Zhang, Z., Sensory Evaluation of different drinks
formulated from D. officinale flowers using fuzzy logic.
Journal of Food Measurement and Characterization, 2021.
15(4): p. 3060-3068.

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.orq/10.22161/ijeab.85.3

International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023

[7] Lin, T., et al, Application of time of flight mass
spectrometry in the identification of Dendrobium
devonianum Paxt and D. officinale Kimura et Migo grown
in Longling area of Yunnan, China. Separations, 2022. 9(5):
p. 108.

[8] Liang, J., et al., Effect of high-pressure processing on the
polysaccharides content and antioxidant activity of fresh D.
officinale juice. Journal of Food Biochemistry, 2018. 42(5):
p. €12609.

[9] Li, D.-D. et al, AfsHxd /R o BRI H AR 22 fR 1P,
P B AERIE S (BEDCRR), 2022. 17(5): p. 972.

[10] Ni, Y., et al., Evaluation of physical stability of high
pressure  homogenization treatment cloudy ginkgo
beverages. Lwt, 2019. 111: p. 31-38.

[11] Liu, S., et al., Impact of pH, freeze-thaw and thermal
sterilization on physicochemical stability of walnut beverage
emulsion. Food chemistry, 2016. 196: p. 475-485.

[12] He, L., et al., comparison of different extraction methods for
polysaccharides from D. officinale Stem. Carbohydrate
Polymers, 2018. 198: p. 101-108.

[13] Song, X., et al., Effect of high-pressure homogenization on
particle size and film properties of soy protein isolate.
Industrial Crops and Products, 2013. 43: p. 538-544.

[14] Akkarachaneeyakorn, S. and S. Tinrat, Effects of types and
amounts of stabilizers on physical and sensory
characteristics of cloudy ready-to-drink mulberry fruit juice.
Food science & nutrition, 2015. 3(3): p. 213-220.

[15] Sallaram, S., et al., Cloud stability and quality
characteristics of muskmelon ready to serve beverage
formulations as influenced by hydrocolloids. Journal of
Food Processing and Preservation, 2014. 38(4): p. 1779-
1786.

[16] Liang, C., et al., Effect of hydrocolloids on pulp sediment,
white sediment, turbidity and viscosity of reconstituted
carrot juice. Food hydrocolloids, 2006. 20(8): p. 1190-1197.

[17] Zhu, H., et al., Rheological behaviors of ethanol-fractional
polysaccharides from D. officinale in aqueous solution:
Effects of concentration, temperature, pH, and metal ions.
Food Hydrocolloids, 2023. 137: p. 108311.

[18] Genovese, D.B. and J.E. Lozano, The effect of
hydrocolloids on the stability and viscosity of cloudy apple
juices. Food Hydrocolloids, 2001. 15(1): p. 1-7.

[19] Gossinger, M., et al., Effect of xanthan gum on typicity and
flavour intensity of cloudy apple juice. Journal of Food
Processing and Preservation, 2018. 42(10): p. e13737.

[20] Villota, R. and J. Hawkes, Kinetics of nutrients and
organoleptic changes in foods during processing. Physical
and chemical properties of food/edited by Martin R. Okos,
1986.

[21] Van Loey, A., et al., Thermal and pressure— temperature
degradation of chlorophyll in broccoli (Brassica oleracea L.
italica) juice: A kinetic study. Journal of Agricultural and
Food Chemistry, 1998. 46(12): p. 5289-5294.

[22] Chen, D., et al., Comparing the effects of high hydrostatic
pressure and ultrahigh temperature on quality and shelf life
of cloudy ginger juice. Food and Bioprocess Technology,
2016. 9: p. 1779-1793.

20


https://dx.doi.org/10.22161/ijeab.85.3

International Journal of Environment, Agriculture and Biotechnology ’T
Vol-8, Issue-5; Sep-Oct, 2023 = =
Peer-Reviewed International Journal

Journal Home Page Available: https://ijeab.com/

Journal DOI: 10.22161/ijeab

Assessment of Ecological Environment in Zhanjiang Based

on RSEI and PCA

Xiaoyuan Cheng !, Ruei-Yuan Wang 2, Haolong Liu’, Yun-Shang Wang*

12348chool of Sciences, Guangdong University of Petrochem Technology (GDUPT), Maoming 525000, China

3Aba Tibetan and Qiang Autonomous Prefecture fire and rescue detachment

“Graduate Institute, Fu Jen Catholic University, Taiwan

*Corresponding author

Received:11 Jul 2023; Received in revised form: 20 Aug 2023; Accepted: 05 Sep 2023; Available online: 14 Sep 2023

©2023 The Author(s). Published by Infogain Publication. This is an open access article under the CC BY license

(https://creativecommons.org/licenses/by/4.0/).

Abstract— This study uses Landsat-8 remote sensing images as the data source and selects four indicators
that directly reflect the quality of the ecological environment, such as greenness (NDVI), wetness (WET),
dryness (NDBSI), and heat (LST). Meanwhile, we use principal component analysis (PCA) to construct a
remote sensing ecological index (RSEI) model for exploring the changes in the ecological environment
quality of Zhanjiang from 2013 to 2021. The results indicate that RSEI can better reflect the ecological
environment of the region. The study area is mainly affected by dryness, followed by greenness and
humidity, with heat having the smallest impact. The average RSEI values in Zhanjiang City in 2013 and
2021 were 0.5339 and 0.5576, respectively, indicating a slight improvement in overall ecological
environment quality. Among them, NVDI showed an increasing trend, NDBSI and WET decreased, but LST
increased.

Keywords— Remote Sensing Ecological Index (RSEI); Principal Components Analysis (PCA);
Ecological Environment Quality; Normalized Difference Vegetation Index (NDVI), Normalized

Difference Bare Soil Index (NDBSI), Land Surface Temperature (LST)

I INTRODUCTION

The quality of the ecological environment is a
comprehensive characteristic of the elements, structure,
and function exhibited by an ecosystem (Kong et al., 2019;
Li et al., 2018). Which reflect the degree of superiority or
inferiority of the ecological environment and speculate on
the impact of human activities on the environment. The
research on monitoring and evaluation of ecological
environment quality is receiving increasing attention, and

there are many methods and models for ecological quality
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evaluation, including Analytic Hierarchy Process (AHP)
(Li et al., 2006), Ecological Environment Status Index (EI)
(Yao et al., 2012), "Pressure State Response" PSR model
(Wang et al., 2017), and the use of the InVEST model (Lu
et al., 2018) and landscape pattern index (Liu et al., 2011)
for ecological environment quality evaluation and analysis.

The factors adopted by the above model indicators are
related to vegetation and human activities. There are
differences in the suitability of human activity indicators in

different regions, which has limitations for some areas
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where it is difficult to obtain human activity indicators.
The Remote Sensing Ecological Index (RSEI) (Xu, 2013;
Gao and Wang, 2023), which includes factors such as
greenness, humidity, dryness, heat, etc., provides a more
objective and comprehensive evaluation of the ecological
environment of a region than traditional ecological quality
index calculations. Moreover, this index is also applicable
to soil erosion (Xu, 2013; Zhang et al., 2015) and urban
areas (Yang et al., 2019).

In addition, some studies have added principal
component analysis (PCA) to the RSEI model to evaluate
and classify ecological indices. The method is a
mathematical dimensionality reduction method that can
convert multiple indicators into a few principal
components, which are linear combinations of original
variables and have no interrelationships with each other.
They can reflect most of the information in the original
data (Han et al., 2012), which is reasonable and feasible
for evaluation. It has been applied in many practical fields
and has the ability to classify and visualize a large amount
of data.

In recent years, the regional economy in Zhanjiang
has developed rapidly, with the industrial scale and total
economic output continuously increasing (Liu et al., 2021;
Yang and Li, 2022). Along with the advancement of
urbanization and the expansion of urban land use, green
development and ecological civilization construction are
also important aspects of sustainable social and economic
development. The use of RSEI science to monitor and
evaluate the impact of human activities on cities has
important theoretical and practical significance for
protecting and promoting harmony between humans and
nature and promoting sustainable social development.
Thus, this study is based on the combination of RSEI and
PCA to conduct a multi-indicator, large-scale, and
multi-temporal  ecological environment assessment.
Analyze the changes in the ecological environment in the
region from 2013 to 2021 and explore the key factors
affecting urban environmental changes. The aim is to serve
the ecological environment of Zhanjiang City and promote
sustainable ecological development. Therefore, the main

objectives of this paper include the following:

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.orq/10.22161/ijeab.85.4

International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023

(1) By combining remote sensing technology with the
current ecological environment situation in Zhanjiang,
suitable ecological environment quality evaluation
indicators are selected based on natural conditions,
economic development, and other aspects. A suitable RSEI
ecological environment quality evaluation system is
selected, and relevant data and materials are searched
based on the system.

(2) Utilize the ENVI software to extract information
on greenness, humidity, dryness, and heat indicators
required for experiments in remote sensing images.

(3) Assign the weight values of evaluation indicators
through PCA, select the principal components with more
information based on the results of PCA, and extract the
RSEI index. Use ArcGIS software to comprehensively
analyze the quality of the ecological environment.

(4) Based on the results of the comprehensive
evaluation of the ecological environment quality in
Zhanjiang, propose countermeasures and suggestions for

the problems faced by the city's ecological environment.

1. STUDY AREA AND DATA SOURCES
2.1 Study Area

Zhanjiang City is located in the southernmost part of
the Chinese Mainland, southwest of Guangdong Province,
between 109 °©40 ' -110°58 "Eand 20° 13 ' -21 ° 57 'N
(Figure 1). Belonging to the tropical northern monsoon
climate, it is year-round regulated by the marine climate,
with no severe cold in winter and no scorching heat in
summer. Subtropical crops and marine resources are
abundant. The land of Zhanjiang is mostly composed of
peninsulas and islands, with a terrain roughly high on the
central axis, low on the east and west sides, high in the
north and south, and low in the middle, with gentle
undulations and mostly plains and plateaus. In the total
land area of the city, plains account for 66%, hills account
for 30.6%, and mountainous areas account for 3.4%. As of
2022, the permanent population of Zhanjiang City is
7.0354 million, with an urban permanent population of
3.3284 million. The proportion of the total population
(urbanization rate) is 47.31%, and the total GPD ranks

ninth in Guangdong Province. Zhanjiang mainly relies on
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the natural advantages of the port and plays a pivotal role hinterland.
in the economic development and foreign trade of its
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Fig.1 Map of Zhanjiang, Guangdong

2.2 Data Sources
The basic data used in this study is mainly Landsat-8
OLI remote sensing data

https://www.gscloud.cn/ )

(sourced from
This includes two remote
sensing images in 2013 and 2021, with the months
concentrated in December, resulting in better image

quality and data cloud coverage of less than 1% (Table 1).
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Vector data used in the research area (sourced from
https://www.webmap.cn/) is mainly used for clipping and
the production of remote sensing images. Terrain layer
(from https://www.gscloud.cn/): the downloaded data is
30m DEM, which is used for the terrain’s overview of the

study area.
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Table 1 Information of Remote Sensing Images

Satellite Track Number Resolution Cloud cover Imaging date
Landsat OLI 124/045 0.01 2013/12/29
30m
124/046 0.09 2013/12/29
124/046 0.08 2021/12/3
124/045 0.03 2021/12/3
1. METHOD clipped based on the vector data of the study area. Then,

The process of obtaining the remote sensing
ecological index (RSEI) is shown in Figure 2. The
technical route can be roughly divided into the following
steps: remote sensing image preprocessing, RSEI index
extraction, evaluation system construction and analysis,
and production of thematic maps. Firstly, the selected
images for the experiment were subjected to radiometric

correction and mosaicism, and the study area images were

use relevant formulas to calculate four ecological
indicators for each image, synthesize their images, and
perform principal component transformation on the newly
synthesized images; Next, calculate the numerical values
based on the obtained ecological environment evaluation
indicators, and conduct evaluation and analysis based on
relevant data from the research area; Finally, create

relevant thematic maps.

Radlance from Landsat8 (band 10)

Landsat8-OLl 30m surface reflectance images

A 4

Data pre-processing (Radiometric

| calibration, Mosaic, Clip)

LST I l NDVI l | WET I INF)F'S.II

MNDWI

I Mask extraction |

v

l Normalization I

v

I PCA analysis I

[ If NDVI>0 and WET >0 ] l If NDVI=0 and WET=0 I

PC1 1 PC

T
v

I Reclassification I

'

[ 30m-RSEl maps in 201

2021, respectively

Fig.2 The Schema Flowchart of This Study

3.1 The Single Indicator of RSEI Model
(1) Greenness Index (NDVI): The Normalized
Difference Vegetation Index (NDVI) is the most widely

used vegetation index, which can accurately reflect
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vegetation greenness, regional land cover classification,
and its changes (Song et al., 2011). Thus, NDVI is used to

represent the greenness indicator:
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NDVI = (pniR — Pred) — (PNIR

+ Prea) €Y)
In equation (1), py;r is in the near-infrared band;

Prea 18 the red band.

(2) Humidity Index (WET): Based on remote
sensing data inversion, humidity is commonly used to
reflect changes in soil moisture. If soil moisture is too low,
it can cause plants to absorb less water, resulting in a
decrease in plant moisture content. Thus, studying the
humidity of the ecological environment is particularly
important. The tassel-hat transformation is an empirical
forward transformation of images based on the spatial
information structure of soil, vegetation, etc. in multiple
spectra (Zhou et al., 2006). One component is humidity,
and the wavelength range of Landsat OLI data in the red
band is 0.63-0.68 pum. The humidity indicators are
represented as follows:

WET,,

= 0.1511p; + 0.19732p, + 0.32833p; + 0.34074p,
—0.71175p5

— 0.45596p4 (2)

Equation (2) WETy; represents the humidity

component of Landsat OLI remote sensing images,

p1 — Pe represents the spectral reflectance of the

blue, green, red, near-infrared, shortwave infrared 1,

and shortwave infrared 2 bands, respectively.

(3) Dryness Index (NDBSI): With the acceleration
of urbanization, land use types have shifted from
agricultural land and forest land to impermeable
construction land, while exposed soil and impermeable
surfaces such as construction land will increase the degree
of dryness. Thus, the study synthesized the soil index (SI)
and intelligent building index (IBI) to obtain the dryness
index (NDBSI) to reflect the changes in dryness:

SI .= [(ps + p3) = (P4 + P)]/[(Ps + p3) + (P4

+p1)] (3)
IBI
={2ps + p4) — [(Pa/Ps + p3) + P2/ (P2
+ ps)13/{2ps/(Ps + pa) + [(Pa/pPa + P3) + P2/ (P2
+ps)1} 4
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NDBSI
= (SI
+ IBI)/2 (5)
In equations (3), (4), and (5), SI, IBI, and

NDBSI represent soil index, building index, and

dryness index, respectively, p; — ps represents the

spectral reflectance of blue, green, red, near-infrared,
and shortwave infrared bands.

(4) Heat Index (LST): The transformation of land
cover leads to changes in thermal radiation and urban heat
island effects, which affect ecological environment
changes. For example, studying land surface temperature
(LST) as one of the indicators to quantitatively evaluate
urban land use and land use types (Yue et al., 2006). Thus,
as an indicator of heat, LST has strong reliability. The
variation of LST is inverted using atmospheric correction,
and the specific formula is as follows:

L, = [eB(LST) + (1 — &)L L]t + L

U (6)
B(LST) = [L, — LT —t(1—-¢)L
l]/te @)
LST = K,2/In(K, /B(LST)
+1) (8)

In equations (6), (7), and (8), L, is the brightness
value of thermal infrared radiation, & is the surface
emissivity, LST is the true surface temperature, and B
(LST) is the blackbody thermal radiance, t for
transmittance, L and L] represent the upward and
downward radiance of the atmosphere, respectively. K; =
774.84 W /(m? - um - sr), K, = 1321.08K.

3.2 Principal Components Analysis (PCA)

Let F1 be the PCA formed by the first linear
combination of the original variable,
Fi=anXi+ayXo+...+ap X,  According to mathematical
knowledge, the amount of information extracted by each
principal component can be measured by its variance. The
larger the variance Var (F1), the more information F1
contains. It is often the first principal component (F1) that
contains the largest amount of information, so F1 is
selected as X1, X2,... in XP, the linear combination with
the largest variance is called F1 as the first principal

component (Xu and Deng, 2022).
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3.2.1 Mathematical model of PCA method

From a geometric perspective, PCA is the process of
rotating and transforming the original coordinates to obtain
intersecting coordinate axes. The direction where all data
points are scattered is the direction of the coordinate axes,
and this new set of coordinate axes is arranged based on

the size of the obtained eigenvalues. For n samples, X1,

X2, ..., the dataset X of Xp variables has a data matrix of:
[xll ves xlp
xnl ses xnp
= [xl,xZ,...,xp] (9)

wherein: x; = (Xqj, X2i, .-, X)) T, 1=1,2,...,p
PCA is the transformation of the original P observation
variables X1, X2, Xp, forming P new variables

(comprehensive variables), Namely:
F1 = anxp + alzxp + -+ alpxp
F2 = alep + azzxp + -+ aszp
F3 = a31Xp + a32xp + -+ a3pxp

E, = apix, + apaxp + o0+ appxp
(10)

In equations (9) and (10), x; is an n-dimensional
vector, F; is also an n-dimensional vector. The above
model needs to meet the following conditions:

F;, F; Uncorrelated (i#,1,j=1,2,3,...,p)

The variance of F; is greater than F,. The variance
of F, is greater than Fj;, and so on.

Simultaneously satisfying the above three conditions,
the transformed new random variables are independent of
each other, and the variance gradually decreases, and F;
is the first principal component, F, is the second principal
component, and so on. Represent the above model in

matrix form as: F=AX

F1 X1
x
F=IF2‘ x=|" A=
Fp xP
a;; v Qgp &
[ : : l= a2 (1
p1  * Qpp c'L',',

Where, in equation (11), A is the main component
coefficient matrix.

PCA can obtain multiple principal components, but
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their variance is decreasing. Therefore, in practical
operations, it is generally determined based on the size of
the contribution rate. The contribution rate reflects the
amount of information in each principal component, and
the first principal component accounts for the majority of
the information in the principal component. The

contribution rate calculation formula is:

By = ’11/2:):1/11
(12)

In equation (12), F; is the number of main
components with a contribution rate of p, A is the
characteristic values of the main components.

3.2.1 MRSEI model

MRSETI is the weighted value of the principal
components in RSEI, which is:

MRSEI=w, PC1 + w, + PC2 + w3PC3
(13)

The MRSEI index is a weighted sum calculation that
adds the second and third principal components without
ecological significance to the first principal component
with clear ecological significance. When the characteristic
value of PC1 accounts for a high proportion (contribution
rate>80%), although the results of MRSEI are lower than
those of RSEI, the difference is very small, so using
MRSEI will only increase the computational workload and
is completely unnecessary. When the characteristic value
of PC1, i.e. contribution rate, is less than 80%, MRSEI
will significantly reduce the value of RSEI, so it cannot be
used (Xu and Deng, 2022). Therefore, in practical
operation, PC1 is used as the initial value of RSEI.

3.3 Comprehensive Index Construction of RSEI
Model

The RSEI model, composed of greenness, humidity,
dryness, and heat, can be used to qualitatively and
quantitatively evaluate the quality of the ecological
environment, and the weight of the indicators can be
determined through the principal components. This model
is easily affected by water bodies, so when there is a large
amount of water in the study area, such as reservoirs and
lakes, the water body should be masked. The water body
index model used here is WNDWI (Xu, 2005) to reflect
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the ecological status of the study area. In order to unify
each single indicator, it is necessary to normalize the
individual indicators (Equation 14), then perform principal
component analysis and retain the first component with the
highest variance, namely the initial value of RSEI
(equation 15).

According to the research results of RSEI
(normalized initial value RSEI) (equation 16), it is divided
into five levels using the equal interval method: Poor
(0-0.2), Inferior (0.2—0.4), Moderate (0.4—0.6), Good (0.6—
0.8), and Excellent (0.8—1) to analyze the changes in
ecological environment quality in Zhanjiang.

NI; = (I; = Iin) / (hnax = Imin) (14)

In equation (14) NI; is the normalized value for the
i-th year: taking NDVI as an example I; is the i-th year
NDVI, I, is the minimum value of NDVI, [,,,, is the
maximum NDVI value in the i-th year.

RSEl, = 1 — {PC1[f(NDVI,WET,VDBSI,LST)]} (15)
RSEI = (RSEly — RSEly min)/(RSEl) max —

RSElg_min) (16)

International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023

In equations (15) and (16), RSEI, is the initial value
of the RSEI; PC1 is the first principal component obtained
by principal component transformation of NDVI, WET,
NDBSI, and LST; RSEly max ~ RSElg min are the
maximum and minimum values of the initial RSEI values,
respectively. The range of RSEI is between [0-1]. The
larger the RSEIL, the better the local ecological
environment quality. Conversely, the worse the local

environmental quality.

V. ANALYSIS AND RESULTS

The results of the four principal component analyses
in Zhanjiang in 2013 and 2021 are shown in Table 2,
which shows that the proportion of PCI1 is very large,
indicating that most of the characteristic values of the four
indicators have been concentrated. In PC1, NDVI which
represents greenness, and WET, which represents humidity,
exhibit positive values, indicating their positive impact on
ecology. If it is negative, the "1-PC1" operation (equation
10) needs to be performed. If it is positive, this operation is

not required.

Table 2 Principal component analysis of each index

Year Index PC1 PC2 PC3 PC4
2013 NDVI 0.65 0.47 -0.58 -0.14
WET 0.08 0.04 -0.1 0.99
NDBSI -0.72 -0.64 0.28 -0.01
LST -0.25 0.61 0.75 0.03
Eigenvalue 0.1556 0.0559 0.0292 0.0013
Contribution rate 64.3 23.11 12.05 0.54
1%
2021 NDVI -0.63 0.01 0.74 0.24
WET -0.27 -0.06 0.08 -0.96
NDBSI 0.70 0.23 0.65 -0.16
LST 0.18 -0.97 0.16 0.02
Eigenvalue 0.1616 0.0381 0.0091 0.003
Contribution rate 76.29 18.01 4.3 1.4
1%

4.1 RSEI Graded Evaluation
Analysis shows that the RSEI in 2013 and 2021 were
0.5339 and 0.5576, respectively (Table 3), showing a slight

upward trend, indicating an improvement in the ecological
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environment of the study area.

Further, analyzing the changes in environmental
quality and spatial pattern in Zhanjiang from 2013 to 2021
(Figure 3), the annual RSEI was divided into five levels:
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Poor (0-0.2), Inferior (0.2—0.4), Moderate (0.4—0.6), Good
(0.6-0.8), and Excellent (0.8-1). Table 4 shows the
ecological grade area and proportion of Zhanjiang in
different periods. In 2013, the total area of areas with
excellent and good ecological environments in Zhanjiang
was about 43.48%, distributed in the eastern part of
Xuwen County, the southwestern part of Leizhou City, and
the northern part of Lianjiang City; the total area of areas
with poor and inferior is about 24.89%, distributed in
urban areas such as the eastern part of Leizhou and Chikan
District, as well as towns around the city; and the area with

a moderate ecological grade is about 41.63%, with a

International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023

relatively scattered distribution. The Suixi area has a
relatively large range with a moderate ecological grade,
indicating that the ecological quality and environment in
Zhanjiang are relatively stable and good. By 2021, the
RSEI level difference in Zhanjiang had increased by
3.79%, while the ecological environment quality level had
increased to 14.18% and 28.07%, respectively. In areas
such as Suixi and Lianjiang, the RSEI level has shifted
from medium to excellent, indicating that Zhanjiang's
ecology practices the concept of "environmental
protection". Ecological issues have been taken seriously,

and environmental protection work has been implemented.

Table 3 Changes of Mean Values of Four Indicators and RSEI

Year Item NDVI WET NDBSI LST RSEI

2013 M 0.5837 0.5904 0.5428 0.4913 0.5339
can

2021 0.6152 0.3804 0.4512 0.5410 0.5576

Legend

2013
level

B o
B o204
[Jesos
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I ¢ s

80 km
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Fig.3 Changes of RSEI in Zhanjiang from 2013 to 2021
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Table 4 Area and proportion of ecological grade in different periods of Zhanjiang

International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023

2013 4 2021 4
RSEI grade ) 5
Area/km Rate/% Area /kim Rate/%
Poor 858.19 6.71 1342.51 10.50
Inferior 2325.09 18.18 2139.22 16.73
Moderate 532434 41.63 3903.88 30.52
Good 2858.78 22.35 3590.63 28.07
Excellent 1423.64 11.13 1813.79 14.18
Total 12790.03 100.00 12790.03 100.00

4.2 Characteristics of Ecological Environment

Changes

In Figure 4, the legends 1, 2, 3, 4, and 5, respectively,
represent a significant change in RSEI level, with an
obvious decrease, slight decrease, no change, slight
improve, and significant improve. The statistical results of
RSEI ecological level changes in Zhanjiang from 2013 to
2021 are shown in Table 5. Through ArcGIS and Excel
statistical analysis, the area where the ecological level of

Zhanjiang remains unchanged is 5769.85 km?, accounting

for approximately 42.77%. Mainly distributed in river and
lake areas, the quality of the ecological environment in this
area is relatively stable. About 26.29% of them have
slightly or obvious decreased ecological levels, distributed
in the eastern part of Xuwen County and Donghai Island.
The proportion of slightly improved and significantly
improved areas is about 30.94%, with the most
significantly improvement being in the western part of
Suixi County, indicating a gradual improvement in the

environmental quality of the region.

N

Fig.4 Change of RSEI in Zhanjiang between 2013 and 2021
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Table 5 Area and Percentage Change of RSEI in Zhanjiang

Class RSEI level transfer area/km? Change rate /%
Obvious decrease 250.19 1.85
Slight decrease 3296.78 24.44
No change 5769.85 42.77
Slight improve 3787.62 28.08
Significant improve 385.89 2.86
Total 13490.33 100.00

V. CONCLUSIONS

(1) Among the green index, humidity index, dryness
index, and heat index, the dryness index has the highest
contribution rate to RSEI, indicating that land use methods
are closely related to the urban ecological environment.
The increase in building land area caused by urban
planning and layout will have a negative impact on the
urban environment, while greening projects such as
afforestation and the construction of landscape economic
belts will improve the ecological environment of the area.
Therefore, people should enhance their awareness of this
aspect, effectively adapt to local conditions, and plan
reasonably. The government should not only focus on
urban economic development but also vigorously promote
ecological environment construction, increase urban green
area, and optimize urban and rural land use structures.

(2) Between 2013 and 2021, the RSEI value of
Zhanjiang increased from 0.5339 to 0.5576, an increase of
2.37%, indicating that the ecological quality of Zhanjiang
is developing towards a positive trend. According to the
RSEI index grading table, the ecological environment
quality of Zhanjiang is mostly in the "medium" and "good"
stages, with a decrease in the proportion of "poor" and
"Inferior", and an increase in the proportion of "excellent"
and "good". This indicates that people's awareness of
ecological protection has been continuously strengthened
in recent years, and in recent years, Zhanjiang has
vigorously developed the tourism industry, promoting the
protection of tourism resources, including natural
resources, which has to some extent protected the local
ecological environment.

(3) The areas where the ecological environment level

of Zhanjiang has decreased are mainly on Donghai Island
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and around towns. The towns may have been affected by
comprehensive poverty alleviation policies in recent years,
increased investment in infrastructure by the government,
expansion of construction land, and the construction of
hardened roads in villages, resulting in a certain degree of
ecological damage along the way. Donghai Island may be
due to the ecological environment decline caused by the
large industrial group Baosteel. Thus, the expansion of
urban land use, the increase in bare soil area, and
environmental pollution will all be the main tasks of
governance in Zhanjiang in the future. Therefore, in future
development, Zhanjiang should focus on rational planning
of land resources, increasing vegetation coverage in the
urban area, reducing industrial pollution, encouraging
green consumption among citizens, and promoting green

living.
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Abstract— This study on air pollution in Bamako carried out in 2019, aims to characterize the different
sources of emissions, model the health impact of ambient air quality for the different scenarios, the proposal
of an action plan to limit emissions, and the simulation of the evolution of emissions and ambient air quality
by 2015 and 2020 with and without an action plan. The results of the two air quality measurement campaigns
show concentration levels lower or substantially equal between those of July 2019 and those of the 2009
data. The PM10 concentration recorded indicates a significant excess area compared to the values
concentration guides set by the WHO. Analysis of the evaluation of emissions and their health impact by
2015 and 2020 shows that pollution by volatile organic compounds and dust will become unacceptable if
nothing is done. The number of cancers linked to benzene will increase to 686 cases and the increase in

mortality due to dust to an average figure of 38.7%.

Keywords— Pollution, modeling, health impacts, Bamako, Mali.

Résumé— Cette étude sur la pollution de [’air a Bamako réalisée en 2019, a pour objectif, la caractérisation
des différentes sources d’émissions, |a modélisation de ['impact sanitaire de la qualité de I’air ambiant pour
les différents scenarios, la proposition d’un plan d’actions pour limiter les émissions, et la simulation de
l’évolution des émissions et de la qualité de [’air ambiant a I’horizon 2015 et 2020 avec et sans plan
d’actions. Les résultats des deux campagnes de mesures de la qualité de [’air montrent des niveaux de
concentration inférieurs ou sensiblement égaux entre ceux de Juillet 2019 & ceux des données de 2009. La
concentration en PM10 relevée indique une zone de dépassement importante par rapport aux valeurs guides
de concentrations fixées par I'OMS. L’ analyse de [’évaluation des émissions et de leur impact sanitaire aux
horizons 2015 et 2020 montre que la pollution par les composés organiques volatils et les poussiéres
deviendra inacceptable si rien n’est fait. Le nombre de cancers liés au benzéne passera a 686 cas et

["augmentation de la mortalité due aux poussieres a un chiffre moyen de 38,7%.

Mots clés— Pollution, modélisation, impacts sanitaires, Bamako, Mali.
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l. INTRODUCTION

La principale source de pollution atmosphérique
domestique est la combustion a ’intérieur des logements de
combustibles fossiles, de bois et d’autres combustibles a
base de biomasse pour cuisiner, chauffer et éclairer les
habitations. Dans de nombreux pays, la production
d’énergie est I'une des principales sources de pollution
400 000 déces prématurés. Pres de la moitié des décés dus
a la pollution de D’air imputable aux transports sont
imputables aux émissions de diesel, tandis que les
personnes vivant a proximité des principales artéres de la
circulation ont 12% plus de risques de souffrir de démence.
La réduction des émissions des véhicules est une
intervention importante pour améliorer la qualité de I'air, en
particulier dans les zones urbaines. Les politiques et les
normes qui exigent 1’utilisation de carburants plus propres
et de normes avancées en matic¢re d’émission des véhicules
peuvent réduire les émissions de ces véhicules de 90% ou
plus.

L’agriculture consiste en deux sources principales de
pollution atmosphérique : le bétail, qui produit du méthane
et de ’ammoniac, et la combustion des déchets agricoles.
Les émissions de méthane contribuent a 1’ozone
troposphérique, qui provoque I’asthme et d’autres maladies
respiratoires. Le méthane est également un gaz plus
puissant que le dioxyde de carbone pour le réchauffement
de la planéte. Son impact est 34 fois plus important sur une
période de 100 ans. Environ 24% de tous les gaz a effet de
serre émis dans le monde proviennent de 1’agriculture, de
la foresterie et des autres utilisations des terres.

La combustion des déchets & ciel ouvert ainsi que les
déchets organiques dans les décharges rejettent dans
I’atmosphére des dioxines, des furannes, du méthane et du
carbone noir nocifs. A I’échelle mondiale, environ 40% des
déchets sont brilés a ciel ouvert. Le probléme est
particulierement grave dans les régions en urbanisation et
les pays en développement. La combustion a ciel ouvert de
déchets agricoles et / ou municipaux est pratiquée dans 166
pays sur 193. L’amélioration de la collecte, de la séparation
et de I’élimination des déchets solides réduit la quantité de
déchets brdlés ou enfouis. La séparation des déchets
organiques et leur transformation en compost ou en
bioénergie améliorent la fertilité du sol et constituent une
source d’énergie alternative. Réduire environ un tiers de
tous les aliments perdus ou gaspillés conduit a améliorer la
qualité de I’air.

L’ensemble de la pollution atmosphérique ne provient pas
de l’activité humaine. Les éruptions volcaniques, les
tempétes de poussiére et autres processus naturels posent
également probleme. Les tempétes de sable et de poussiere
sont particulierement préoccupantes. De fines particules de
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atmosphérique. Les centrales électriques au charbon y
contribuent largement, tandis que les générateurs diesel sont
une préoccupation croissante dans les zones hors réseau.
Sur le plan mondial, le secteur des transports génére prés
d’un quart des émissions de dioxyde de carbone liées a
I’énergie, et cette proportion augmente. Les émissions
générées par les transports sont associées a pres de

poussiére peuvent parcourir des milliers de kilométres a la
suite de ces tempétes, qui peuvent également véhiculer des
agents pathogenes et des substances nocives, provoquant
des problémes respiratoires aigus et chroniques. La
pollution atmosphérique tue 5,5 millions de personnes par
an dans le monde (dont 2,6 millons de déces indirects) selon
des chiffres 2016 de la Banque mondiale: elle est devenue
le quatrieme facteur de décés prématuré sur Terre. Maladies
cardiovasculaires, cancers des poumons, maladies
pulmonaires chroniques, infections respiratoires... La
pollution de l'air est coupable d'un déces sur dix dans le
monde, six fois plus que le paludisme. La cause est
I'Homme et son activité, par les industries, le trafic routier,
les incinérateurs de déchets, le chauffage individuel et les
centrales électriqgues aux combustibles fossiles. La
pollution dans les villes provoque souvent un brouillard de
polluants ou smog, souvent révélateurs de la densité de
micro-particules et de I'impact du CO2 et autres polluants
sur I'environnement.

A Bamako, une prise de conscience des pouvoirs publics
sur la pollution de 1’air est apparue a la suite de quelques
mesures de concentration en poussiéres réalisées en
décembre 2008. La croissance rapide de la population et du
trafic automobile de I’agglomération entraine une
croissance significative de cette pollution. Cette étude passe
par un état des lieux de la pollution atmosphérique avec des
mesures de qualité de I’air ambiant en un certain nombre de
point, puis 1’étude comprend un calcul des émissions réalisé
a partir d’un modele spécifique, enfin des propositions
d’actions sont faites dans le but de diminuer les émissions
et I’impact de ces actions est évalué par le biais d’un
modéele sanitaire adapté. Les hypothéses du plan d’actions
ont été testées sous la forme de scénarios. Les principales
actions envisagées porteront sur le parc automobile et les
transports, la qualité des carburants et enfin I’aménagement
urbain.

1. OBJECTIF GENERAL

Caractériser de la qualité de I'air ambiant de Bamako et
son impacte sur la santé.

Objectifs spécifiques

*  Analyser lasituation actuelle, de la qualité de I’air
ambiant et les caractéristiques des émissions.
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*  Simuler I’évolution des émissions et de la qualité
de I’air ambiant a 1’horizon 2015 et 2020 avec et
sans le plan d’actions

- Modéliser I'impact sanitaire de la qualité de 1’air
ambiant pour les différents scénarios

I11. MATERIEL ET METHODE
3.1. Matériel
Les mesures réalisées :

- Par tubes passifs pour SO2, NO2 et BTX
(marque Passam);
Les appareils de mesures utilisés étaient les suivants :

o
» % .
q L)
¥ g §
\ el Y (g
/ » Al ) M
‘_i L 2 1 “

Photos: 1.Thermo Andersen ADR-1200S,

Milieu d’étude et contexte sanitaire de la ville de
Bamako

Les données sanitaires de la ville ont été extraites des
annuaires sanitaires réalises par les hdpitaux et centres de
santé de la ville. Pour chaque commune, il existe un

District de Bamako
Echelle 1/120 000

Nb d'admissions liées & des
pathologies respiratoires et
rapporté au Nb d'habitants

[ 12-3adm/100 hab a I 8 - 9 adm/100 hab

2. Capteurs passifs,
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- Thermo Andersen ADR-1200S pour les
particules :

PM10 en temps réel,
Précision de +/- 5% par rapport a méthode standard
(gravimétrique);
- DragerPac lll E:
Mesure de CO en temps réel,
Enregistrement de 8000 valeurs,

Homologation Demko 02 ATEX 0135331 - EExia IIC
T4.

3. Drager Pac

inventaire du nombre d’admissions et de décés annuels
selon la pathologie et I’age du patient. Dans le contexte de
cette étude, les pathologies liées au systeme respiratoire
(toux et infections respiratoires aiglies) ont été regroupées
sous un méme chapeau «pathologies respiratoires ».

Nb d’admissions rapporté au
Nb d'habitants

Fig.1: Admissions a [’hopital liées a des pathologies respiratoires et admissions totales rapportées au nombre d’habitants
par commune.
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3.2. Méthode.
Outil numérique pour la modélisation atmosphérique

Dans le cadre de cette étude, le modéle ADMS est
particulierement bien adapté pour répondre aux enjeux de la
pollution de I’air a I’échelle de la ville de Bamako. ADMS est
capable de prendre en compte : La surélévation des panaches
liée aux parametres d’émissions des sources canalisées; Une
historique représentative des conditions météorologiques
caractérisées par les parametres pouvant avoir une influence
sur la dispersion des panaches : vitesses et direction du vent,
températures, de la nébulosité et des précipitations; Les
conditions de vents calmes; L’occupation des sols pouvant
selon le type de sol modifier la dispersion des panaches; La
prise en compte de la recirculation de la pollution dans les
rues dites canyon.

Paramétrisation générale du modele

La Paramétrisation générale de la modélisation intégre les
caractéristiques suivantes :

Une zone d’étude de 730 km2 qui contient la totalité du
district de Bamako; Un maillage régulier de cette zone de
260 m x 260 m; Une hauteur de rugosité de 1 m, typique
d’une zone urbaine; Les conditions météorologiques de
2018. Dans un souci d’optimisation des temps de calcul, les
données ont été moyennées sur un pas de temps tri-horaire;
Activation du module ADMS « vents calmes » qui tient
compte de la composante de dispersion radiale
caractéristique de ces vents calmes;

L’hypothése majorante que les NOx sont convertis
intégralement en NO,. En sortie, des concentrations
moyennes annuelles (moyenne de concentrations horaires).
A noter que I’ensemble des cartographies présentées dans
cette thése sont des concentrations moyennes annuelles. Les
centrales thermiques sont assimilées a des sources
ponctuelles sur la base des informations fournies lors des
enquétes auprés des personnels concernés

Validation du modele avec les résultats des mesures

Le modéle numérique a été calibré en utilisant les données
d’observation réalisées lors de la campagne de mesure
réalisée au mois de juillet 2019. Pour rappel, cette
campagne a été 1’occasion de caractériser les niveaux de
pollution observés et définis comme le fond urbain dans la
ville de Bamako.

(AVA RESULTATS

Caractéristiques  des
industrielles

sources aé roportuaires et

Les dépdts sont assimilés a des sources volumiques. En
considérant la hauteur H du volume comme la hauteur des
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tanks. Les émissions CPU, GSE, et Taxiing de la plateforme
aéroportuaire sont également assimilées a des sources
volumiques. Les émissions par le cycle LTO n’ont pas été
intégrées a la modélisation. La hauteur (principalement >
500 m) de ce type de rejet ne leur permet pas d’influencer
de facon significative les sorties du modele.

Les émissions sont recalculées en g/m2/s ou g/m3/s selon
le type de la source et sur la base des budgets estimés lors
de I’inventaire d’émissions.

Emissions par le trafic routier

La dispersion des émissions par le trafic routier a été
modélisée via la suite ’ADMS, ADMS Roads, qui prend en
compte I’effet canyon. Le réseau routier modélisé comprend
les axes sondés pendant la campagne de sondage (axes
structurants et secondaires) et le restant du réseau
secondaire. Les axes tertiaires n’ont pas été pris en compte.
Sur les axes sondés, ont été renseignés les vitesses
moyennes, le nombre de véhicule, et la typologie des
trongons. Sur la base des données du réseau secondaire
sondé, ont ensuite été calculées et utilisés dans le modéle,
un nombre moyen de véhicules et une vitesse de circulation
moyenne.

Emissions de la combustion résidentielle et de

P’incinération des déchets

Les émissions de la combustion résidentielle et de
I’incinération des déchets ont été traitées de fagon analogue,
en les considérants comme de type surfacique. Le processus
de spatialisation présenté ici est tiré de la méthode
développée par le (LCSQA, 2012). La zone d’étude a
initialement été découpée en un maillage régulier de 260 m
X 260 m. Pour chacune des cellules, le nombre d’habitant a
été calculé en tenant compte de la population totale dans
chaque commune du district et du taux d’occupation des
batiments spécifique a chacune des cellules du maillage. Le
processus de croisement des données de batiments et de
population est présenté sur la figure suivante. Les émissions
résidentielles et d’incinération des déchets ont été
rapportées par habitant (spécifiées en partie). Ainsi, la
spatialisation des émissions de ces deux secteurs sur le
maillage régulier de 260 m x 260 m a été réalisée a partir du
produit des émissions unitaires avec le nombre d’habitants
résidents dans chaque cellule.

Le modele de dispersion a été configuré pour reproduire au
mieux les conditions de la campagne de mesures. Plus
précisément :

Les conditions météorologiques observées durant cette
période ont été appliquées;

Les points de prélevement ont été modélisés a 1,5 m au-
dessus du sol.
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A noter que les émissions n’ont, quant a elles, pas été
modulées sur la période de la campagne par manque de
données consolidées et homogénes sur I’ensemble des
sources caractérisées. Ces émissions sont des estimations
annuelles prises en compte dans la modélisation. Par
conséquent, la modélisation proposée ici n’est pas en
mesure de reproduire la contribution d’une source locale
ayant lieu durant la campagne de prélévement.

Les résultats des comparaisons modéle / mesures sont
présentés sous forme d’histogrammes dans la figure 27 pour
chaque polluant. A titre indicatif, des barres d’incertitudes
de 30% pour les mesures de CO, de benzene et de NO2, 50%
pour les poussiéres fines (PM10) et 25% pour le SO, ont été
reportées conformément aux objectifs de qualité prévus
dans la directive européenne CE/50/2008. Selon la méme
directive, une incertitude tolérée de 50% est acceptée pour
les résultats obtenus avec le modéle de dispersion.

Cette comparaison polluant par polluant peut étre résumee
comme sulit :

Pour les poussiéres (PM10) : les niveaux modélisés sont du
méme ordre de grandeur que les valeurs mesurées dans les
gammes d’incertitudes établies. Les tendances sur les
niveaux entre les deux points de mesures sont bien
respectées avec modélisation.

Pour le SOy, le NO. et le benzéne : les concentrations
modélisées sont relativement proches des mesures. De
fagon analogue, les tendances sont globalement respectées
entre les points de mesures ;

Pour le CO : On observe une large sous-estimation du
modele par rapport aux mesures d’un facteur 10. Ceci peut
s’expliquer par une sous-estimation des émissions
caractérisées dans cette étude notamment en raison des
facteurs d’émission appliqués. Ces derniers sont
généralement utilisés dans un contexte européen et peuvent
par conséquent étre peu représentatifs des émissions de ce
polluant au niveau de la ville de Bamako. Par conséquent,
un facteur de correction a été appliqué sur I’ensemble du
domaine aux concentrations modélisées de CO dans cette
étude. Ce facteur correctif, une fois appliqué permet
d’obtenir des niveaux de concentrations des polluants
proches de ceux observés (écart de 10% en moyenne).

L’analyse comparative mode¢le / mesures montre que, pour
I’ensemble des polluants, a I’exception du CO, les niveaux
modélisés sont représentatifs des valeurs mesurées durant la
campagne, et ceci dans la gamme d’incertitude tolérée.
Concernant le CO, un facteur correctif a été appliqué afin de
reproduire la signature des concentrations mesurées. Un
point de vigilance sur ce polluant sera maintenu, dans cette
étude, notamment pour comprendre 1’origine de ces écarts,

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.85.5

International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023

avec une attention particuliére sur les sources d’émissions et
les facteurs d’émission sectoriels employés.

Cartographie de la pollution atmosphérique

Les cartographies de la pollution atmosphérique ont été
construites en intégrant les standards internationaux pour
chacun des polluants investigués. Ainsi, les valeurs guide de
1’OMS ont été utilisées par défaut pour établir ce diagnostic.
Dans le cadre de cette recherche, seules les concentrations
moyennes annuelles ont été évaluées a partir des standards
applicables.

Enfin, ’OMS ne renseigne pas de valeur annuelle pour le
monoxyde de carbone. La valeur reglementaire disponible
aux Etats-Unis et en Europe a été utilisée dans le cadre de
cette étude. Le tableau suivant compile I’ensemble des
valeurs applicables remontées depuis les trois organismes
références dans le domaine (OMS, US-EPA et EU). Les
valeurs en gras correspondent aux valeurs retenues pour
évaluer I’impact des émissions atmosphériques sur la qualité
de I’air de la ville de Bamako.

Les résultats sont comparés aux valeurs de concentration de
référence. Les cartographies de concentration des émissions
sont presentées dans les figures suivantes :

La Figure 2 permet d’apprécier la répartition spatiale des
panaches de pollution pour voir les zones d’émissions les plus
impactantes. La Figure 29 permet d’évaluer les zones de la
ville dont les niveaux de pollution présentes un impact
sanitaire significatif. Dans ce cas de figure, les niveaux de
pollution ont été mis en regard des valeurs réglementaires
applicables discutées dans le paragraphe précédent. L’analyse
de ces cartographies montre : Pour le NO;, I’influence
principale sur les niveaux de pollution calculés est d’origine
routiere. La valeur guide est dépassée uniquement au niveau
des axes structurants dans la ville. Les valeurs tendent a
diminuer rapidement avec 1’éloignement des routes pour

retomber sur des niveaux de I’ordre de quelques ug/m3 au
maximum.

Concernant les COV et plus particuliérement le
benzene, les niveaux de pollution dépassent la valeur
réglementaire sur une large partie de la ville de Bamako. Ces
zones sont principalement localisées a proximité du réseau
routier structurant de la ville et des lieux de fortes densités de
population (notamment la partie sud-ouest de la ville). Ces
tendances traduisent I’impact important des véhicules
fonctionnant a 1’essence, en particulier les véhicules 2-roues
largement représentées dans le parc roulant de la ville. En
paralléle, la contribution du secteur résidentiel, en particulier
la combustion de cuisson a également une influence notable
sur les niveaux de pollution en benzéne.

Au niveau des concentrations de SO : globalement les
valeurs réglementaires sont respectées sur grande majorité
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du domaine. Les zones de dépassement sont localisées aux
niveaux des axes routiers les plus fréquentés. Les centrales
thermiques ont également une influence significative mais
localisée sur une petite partie de la ville au niveau de la zone
nord-est.

Pour les poussiéres (PM10) et le CO : les niveaux de
pollutions de ces deux traceurs montrent des signatures sur
leurs impacts analogues, c’est-a-dire majoritairement
influencés par le secteur résidentiel (combustion de bois).
Au regard des valeurs réglementaires, des niveaux
alarmants ont été calculés pour les PM10 sur la quasi-
totalité de la ville. Cet impact significatif est un peu moins
marqué sur les cartes de pollution du CO. La valeur
reglementaire utilisée pour ce polluant est une valeur
applicable sur une journée (valeurs maximale journaliere
des wvaleurs moyennes sur 8h glissantes), or les
concentrations modélisées sont exprimées en valeur
moyennes annuelles. Par conséquent, il est probable que
I’impact sur une journée soit sous-estimé par les moyennes
annuelles représentées sur cette cartographie. Nous attirons
I’attention ici, que les cartes de concentrations du CO sont
présentées dans ce rapport a titre indicatif. En conclusion,
ces cartographies de la qualité de I’air sur la ville de
Bamako indiquent des niveaux sanitaires potentiellement
alarmants pour deux polluants : les poussieres (PM10) et le
benzéne. Ces niveaux importants s’expliquent par les
émissions résultantes du secteur résidentiel (combustion de
bois) et du secteur routier. L’influence forte de ces deux
secteurs révele également des niveaux importants de

5 115 230 340 454
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monoxyde de carbone (CO). Ce polluant est présenté a titre
indicatif dans ce document, une analyse plus fine sur ce
dernier sera présentée dans le cadre de [I’atelier de
restitution. Il faut noter, finalement, 1’influence du secteur
industriel, marqué par des niveaux importants localisé sous
les vents des installations pour le dioxyde de soufre (SO,).

Impacts Sanitaires de la pollution atmosphérique.

Selon (Dockery et al., 1993), plusieurs études ont mis en
évidence I’impact de la mauvaise qualité¢ de 1’air sur la
santé, en particulier sur le systéme respiratoire. Les
particules fines entre autres sont susceptibles de pénétrer au
plus profond du systtme pulmonaire et causant des
inflammations. La pollution de I’air contribue ainsi au
développement de pathologies tels que 1’asthme, les cancers
du poumon, les infections aiglies, et dans les cas les plus
graves conduire au déces des patients.

Diagnostic sur les populations exposées — indicateur IPP

L’indice de Pollution — Population (IPP) représente
I’exposition potentielle des personnes a la pollution
atmosphérique. Plus précisément, il s’agit de croiser les
concentrations des polluants (le NO; et les PM10 qui sont
les indicateurs les plus pertinents de la pollution urbaine)
avec les populations exposées. A 1’échelle d’une maille, on
effectue le calcul suivant :

IPP =Cix Pi
Ou Ci est la concentration du polluant considéré,

Pi est la population présente sur la maille considérée.

IPP PM10

5 1350 2700 4050 5400

Fig.2 Indicateur IPP pour deux traceurs de la pollution en milieu urbain (2019)

Les cartographies des indices IPP PM10 et NO; sont
présentées dans la figure ci-dessus (figure 2). Cette
représentation spatiale permet de mettre en avant les zones
les plus particulierement touchées par la pollution
atmosphérique. Les communes Il, 1V, et V en particulier
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sont les plus exposées a la pollution. L’indice IPP, en ce cas,
ne refléte pas la réalité géographique des admissions a
I’hépital. Notamment, le nombre

d’admissions pour la commune V rapporté au nombre
d’habitants y est plus faible malgré une exposition, selon
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I’indice IPP, plus importante. Une premiere explication est
dans I’approche méme de ’interprétation des admissions, ou
il est implicitement fait I’hypotheése que les habitants ne
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Fig.6 : Répartition cumulée du niveau d’exposition du SO2 dans la population de la ville de Bamako (2019)

V. CONCLUSION

La revue documentaire des concentrations dans plusieurs
grandes villes Africaines a montré que les concentrations
relevées dans le district de Bamako se situent au niveau de
la médiane pour 1’ensemble des polluants concernés. Fort
de I’ensemble de ces éléments, un principe de plan de
surveillance est proposé qui inclut une proposition techno-
financiere adaptée aux enjeux de la ville de Bamako. Le
plan de surveillance doit pouvoir ainsi permettre de cibler
au mieux les secteurs responsables et les zones a protéger
afin de mettre en place les actions de mitigation et de
protection les plus pertinentes. A long terme, aboutir a
I’amélioration de la qualité de l’air et a la réduction de
I’impact sanitaire sur les populations.

VI. DISCUSSION

La modélisation effectuée et les cartes de concentrations
obtenues indiquent des zones de dépassement des valeurs
retenues comme valeurs limites pour les PM10 (sur la quasi-
totalité du territoire au nord de 1’aéroport), pour le SO2 (a
proximité immédiate des centrales thermiques), pour le CO
(sur certaines axes routiers des communes I, 1V, V)

Les concentrations en PM10 & Bamako en 2019 ont atteint
69ug/mialors qu’elles étaient de 503.6 pg/m3en 2010 et 331
ug/mé sur site de fond entre décembre 2009 et janvier 2010
(BURGEAP, 2010). A Dakar a la méme période les
concentrations en PM10 étaient de 155 pg/m? (Doumbia et
al., 2013). En Afrique du sud elles sont de 72.4 pug/m? pour
la ville de Secunda et de 42 pug/m? pour la ville de Witbank
(Kuik et al., 2015). Au Kenya a Nairobi 25 pg/m?® (Gaita et
al., 2014), au Caire en Egypte 48 pg/m® (Boman et al., 2013)
et 86 pg/m® a Ouagadougou au Burkina Fasso (Boman et
al., 2009).

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.85.5

REFERENCES

[1] BURGEAP (2010), Etude de la qualité de 1’air a Bamako -
Banque Mondiale.

[2] BURGEAP (2019), Etude de la qualité de I’air & Bamako —
DUE.

[3] Boman etal. (2013). On the elemental composition of PM2.5
in central Cairo, Egypt, X-Ray Spectrometry, 42,276-28.

[4] Dockery etal., (1993). An Association between Air Pollution
and Mortality in Six U.S. Cities. New England journal of
Medicine.

[5] Doumbia et al. (2013). Physico-chemical characterization of
urban atmospheric pollution in West Africa and health
impact study. These de doctorat. Université de Toulouse

[6] Gaita et al. (2014). Source apportionment and season al
variation of PM2s in a Sub-Saharan African city: Nairobi,
Kenya, Atmos. Chem. Phys., 14,9977-9991.

[71 Kuik et al. (2015). The anthropogenic contribution to
atmospheric black carbon concentrations in southern Africa:
a WRF-Chem modeling study, Atmos. Chem. Phys.,
15,8809-8830

[8] Maiga Y. (2018). Les déchets d'équipements électroniques et
informatiques au Mali : Quantification et Valorisation 252
P, Thése de Doctorat, USTTB, Mali

[9]1 Maiga Y. (2022). La pollution de [’air et les impacts
sanitaires sur la population : cas de la ville de Bamako 222
P, Thése de Doctorat, IPU, Mali

[10] Word Bank. Ciba Found Symp, 206, 122-134.
www.globalscientificjournal.com

39


https://dx.doi.org/10.22161/ijeab.85.5

P "‘“\\ International Journal of Environment, Agriculture and Biotechnology
Ey
N Vol-8, Issue-5; Sep-Oct, 2023
Peer-Reviewed International Journal

eps

Journal Home Page Available: https://ijeab.com/

Journal DOI: 10.22161/ijeab

Assessment of the Nutritional Content and Hedonic Test on
Pameling Avocado from Three Different Altitudes

Paramyta Nila Permanasari, Anna Satyana Karyawati”, Akbar Saitama, Karuniawan Puji

Wicaksono

Department of Agronomy, Faculty of Agriculture, Brawijaya University. JI. Veteran, Malang 65145 Jawa Timur, Indonesia

(*anna.fp@ub.ac.id)

Received: 30 Jul 2023; Received in revised form: 02 Sep 2023; Accepted: 10 Sep 2023; Available online: 19 Sep 2023
©2023 The Author(s). Published by Infogain Publication. This is an open access article under the CC BY license

(https://creativecommons.org/licenses/by/4.0/).

Abstract— Malang Regency has superior avocado commodity which is so-called Pameling. Superiorities of
the fruit are indicated by the large size of the fruit and quality of the fruit flesh which is liked by the
consumers. Today, the development of Pameling avocado has expanded from the lowlands to the highlands
in diverse regions. In order to obtain optimal harvest yields, both quantity and quality, the research affirmed
the quality of Pameling avocado, which is grown at the lowlands and the highlands. The research was
conducted by testing quality (nutritional content) and organoleptic. Results of the research showed that the
avocados grown at the highlands were more preferred by the panelists based on the organoleptic test from
the assessment aspects of appearance, texture, aroma, and taste. The lowlands produced preference of the
color flesh which is mostly preferred by the panelists. Results of the nutritional test (quality) on fruits grown
at the lowlands showed the highest level of sugar and protein. The middle plains are superior in fat content.
Moreover, the highlands produce fruits with the highest coarse fibers. However, the differences in cultivation

methods on three different altitudes will be the subject of further studies that need to be considered.

Keywords— altitude, nutritional content, fruit nutrition, organoleptic

I INTRODUCTION

Avocado (Persea americana Mill.) is known as fruit that
having soft texture as butter. Avocados originally came
from Meso America and eventually spread to around the
world including Indonesia. Avocado is mostly consumed as
a source of healthy fats along with various processing, for
instance, as dessert such as es campur (mixed ice) from
Indonesia, as sauce such as in Mexican foods or protein
companions such as in sushi from Japan. Malang Regency
has superior avocado commodity which is so-called
Pameling. Superiorities of the fruit are indicated by the large
size of the fruit and quality of the pulp (mesocarp) which is
liked by the consumers. Today, the development of
Pameling avocado has expanded from the lowlands to the
highlands in diverse regions. In order to obtain optimal
harvests, both quantity and quality, the research affirmed
the quality of Pameling avocado, which is grown at the
lowlands and the highlands. It is expected that results of the
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study will be able to provide information about altitude
categories which can produce the best quality of Pameling
avocado. So that the grading process of the avocados will
be conformed to the processing goal post-harvest in
accordance with the area characteristics where the avocados
grown particularly the altitude.

1. MATERIAL AND METHODS
2.1 Material

Fresh Pameling avocados were collected from several
regions in Malang Regency with variation in altitudes. Each
avocado represented the highlands, middle plains, lowlands,
and the avocado that derived from the parent trees. The
harvests of avocado were stored at room temperature (26-
28°C) in the Laboratory of Plant Physiology, Faculty of
Agriculture, Brawijaya University.
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2.2 Fruit Nutritional Variable

The nutritional variables of Pameling avocado are protein,
fat, carbohydrate, coarse fiber, and total sugar. The
nutritional content test was conducted at the Central
Laboratory of Biology in Brawijaya University and Food
Laboratory in University of Muhammadiyah Malang.

2.3 Organoleptic Test

Pameling avocados were evaluated in accordance with the
hedonic organoleptic test with testing parameters for
appearance, texture, aroma, taste, and color. The hedonic
test criteria are scores 1-7, whereas 1 represents the opinion
of really like and 7 represents really dislike. The hedonic
test was conducted toward 30 panelists with the ages range
18-24 years old. The test was conducted at the Laboratory

International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023

of Plant Physiology, Faculty of Agriculture, Brawijaya
University.

1. RESULTS

3.1. Fruit morphological characteristics

Based on results of the observation on morphological
characters of the Pameling avocado with the guidance of
UPQV (2005) the seed shape in the elongated part (lateral)
from 3 plains belong to the group 4, the elliptic.

Based on results of the observation on morphological
characters of the Pameling avocado with the guidance of
UPOV (2005) diameter of the base part of the peduncle
from 3 plains belong to the group 5, the medium.

3.2. Fruit Nutrition

12
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716 7.28
6.27
6 541 547
4,55
4 3.44
2
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8.8 8.86
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5'375.08
3.78 I

Protein Total fat

Carbohydrate Sugar

® Highlands ® Middle plains

Coarse fiber

Lowlands ™ Parent trees

Fig.1. Nutritional Content of the Pameling Avocado that Derived from Three Different Altitudes

The nutritional test on avocado used proximate analysis that
include protein, fat, carbohydrate, coarse fiber, and total
sugar. Figure 1 shows the results of nutritional content in
Pameling avocado. Results of the research showed that
avocados grown in the lowlands have the highest content of
protein and sugar. The middle plains are superior in fat
content. Moreover, the highlands have the highest content
of coarse fibers.

3.3. Result of the Hedonic Test
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The hedonic test was conducted to find out preference of the
consumers on parameters of appearance, texture, aroma,
taste, and color. Results of the hedonic test are presented in
Figure 2. Avocados from the highlands were more preferred
by the panelists in accordance with the organoleptic test
from the assessment aspects of appearance, texture, aroma,
and taste of the fruits. Meanwhile, avocados from the
lowlands were more preferred by the panelists based on the
color of the pulp (mesocarp).
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Fig.2. Preference Values of the Consumers toward Quality of the Pameling Avocado from Three Regions with Different
Altitudes

V. DISCUSSION

The highest contents of protein and sugar were found in
avocados grown at the middle plains, but they have the
lowest content of fat and coarse fibers compared to other
avocados. Moreover, the carbohydrate content was 1.8 g
lower than in avocados grown at the lowlands.

According to the health attribute, the consumers give higher
assessment on the higher fat than lower calories (Ballen et
al., 2022). Based on the analysis results, the highest fat
contained in fruits which derived from the parent tree at the
middle plains. According to NHANES analysis (Dreher and
Davenport, 2013) the average consumption is a half of the
avocado (68 g), which provide high nutritional and
phytochemical foods, such as: fibers (4.6 g), total sugar (0.2
), high-acid monounsaturated fats (6.7 g) and 114 kcal or
1.7 kcal/g, which help to promote a healthy blood lipid
profile and to increase bioavailability of fat soluble vitamins
and phytochemicals of the avocado or other fruits and
vegetables, naturally low in fat, consumed with avocados.

In relation to the quality attribute of the avocado. The
consumers are affected by quality of the fruits, both external
and internal. The external qualities include weight
(commercial size), shape (oval or piriformis), color of the
rind (green or black), rind texture (smooth or rough), no
blemish (for example, sunburn); and the internal factors
include taste, pulp (flesh) texture, pulp color, and seed size.

Avocados grown at the highlands have lower scores, and it
indicates that the avocados are preferred by the consumers.
However, avocados grown at the lowlands are only superior
in color parameters.

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.85.6

On data analysis using ANOVA and SPSS, it showed that F
values for appearance, texture, aroma, taste, and color were
17.3,75,7.8, 3.5, and 4.8, respectively. These values were
compared with F table values with df panelist 108 and df
sample 3. F table value was 1.7. Based on the value, it
showed that F values for appearance, texture, aroma, taste,
and color were higher than F table. F table value is F value
when o 5%. When F count values were higher than F table,
it means that the error is below 5% so that HO is rejected,
H1 is accepted. H1 in ANOVA test is data of the sample is
significantly different. It means, there is a significant
difference between the appearance sensory attributes.

The consumers’ choices depend on quality character of the
products and consumers’ preferences. Such consumers’
preferences are varying in accordance with subjectivity of
the consumers. Moreover, the quality character can be
classified into intrinsic and extrinsic. The intrinsic quality
refers to the attribute of the product appearances, such as
color, shape, and size, while the experience attributes are
taste, aroma, and ripeness. The extrinsic quality refers to
food safety, sustainable production process and where the
avocado comes from. Information on extrinsic quality will
build the consumer trust over the related producer.
Knowledge about the origin of the product is a potential
factor to change evaluation and perception of the consumers
toward the product. However, the consumers assumed that
local products are synonymous with high quality, even
though it could change in relation to products that being
considered and the geographical context (Migliore et al.,
2017). Avocado tends to thicken its epidermis rind to reduce
water loss in warm climate with low humidity such as at the
lowlands (Henao-Rojas et al., 2019).
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Based on results of the organoleptic test, avocados grown at
the highlands are preferred by the panelists in relation to the
attributes of appearance, texture, aroma, taste, and color. It
conformed to the literature about the avocado consumption,
in which the ripeness level of the fruit consumed can affect
the quality of eating, especially through the firmness of the
pulp and “soft” texture. The consumers tasted the avocados
that fall into “hard” category are significantly less likely to
purchase compared to the fruits that fall into the “medium”
and “soft” categories. (Migliore et al., 2017)

Taste is considered as an important element of quality that
has positive and significant influence on intention of the
consumers to purchase. Taste is twice as important as the
price when it determines the consumers desire to purchase
the fruit. It is expected that taste is an attribute of important
experience quality which has significant influence on
possibility of repeated purchase (Ballen et al., 2022).

Pameling avocado from Malang has become a major player
in developing high-value products, given the superiority of
the brand identity that is made or grown in Malang. Also,
there is a changing trend for food consumers to show great
interest in knowing the origin of their foods, with a
preference for locally grown foods.

V. CONCLUSION

Avocados grown at the highlands were more preferred by
the consumers based on the organoleptic test. Based on
results of the research, it could not be concluded which
altitudes could produce the best quality avocados. This is
due to differences in the implementation of the SOP for
farmers in the three areas with different altitudes.
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Abstract— Blitar Regency has a wholesale market managed by the Wlingi Market Association, but some
horticultural products from the farmers are still absorbed by the wholesale market outside Blitar Regency
and reabsorbed by the retailers from Blitar Regency. Objectives of the research were to obtain information
about the superior products, supply chain, and the inhibiting factors on the development of the horticultural
products. Method of the research used descriptive analysis on each member of the links. Location of the
research is the wholesale market in Blitar Regency, Wlingi. Variables of the research include types, volumes,
and circulation of the horticultural products. Results of the research showed 3 major horticultural
commodities that include chili, red pepper, and watermelon. The potential agricultural products in Blitar
Regency have inefficient and complex supply chain because they involve many actors from farmers to
consumers. The inhibiting factors are as follow: 1. The farmers do not have a collective system for marketing
their crops so that information about the products as well as the prices are not integrated, 2. The supply
chain patterns are inefficient and complex, so that the prices are costly, and 3. Inadequate location of the
wholesale market. It is expected that the approach of supply chain on horticultural commodities in Blitar
Regency will provide an overview of potential commodity supply availability as a consideration for supply

chain management.

Keywords— wholesale market, supply chain

l. INTRODUCTION

Subsector of horticulture has a strategic position in
the development of agricultural sector. Contribution of the
horticultural subsector on the development of the
agricultural sector tends to increase year by year marked by
an increase in several macro indicators such as gross
domestic product (GDP), export volume, employment
absorption, and farmer exchange rate (FER) (Central
Bureau of Statistics, 2014). The economic development of
a region can be measured through the economic growth,
which is at the same time an indicator that provides an
overview of the extent to which regional economic activity
in a certain period has resulted in increased income for the
community as indicated by an increase of income per capita
(Saragih, 2015). Basically, the regional economic growth is
affected by the comparative advantage of a region, regional
specialization, as well as the economic potential owned by
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the region (Wulandari, 2010). Therefore, utilization and
development of the whole economic potentials become the
major priority that must be explored and developed in
carrying out the sustainable regional economic
development (Syahab, 2013).

Superior commodity is a commodity which
contributes income to the related region (Setiawan, 2010).
Some criteria that can describe the superiority of a
commodity in a region is because the commodity has been
well known by local community, managed, and widely
developed by local community (Asriani, 2003), as well as
make significant contribution to the economy of the local
community, and compete with other commodities.
Competitiveness of the commodity was known in
accordance with indicator of the community income from
the business (Agus and Budiyanto, 2005). The commodity
has a conformity based on agroecological aspect,
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particularly that relates to location of the development. The
agroecological condition can be identified using
productivity indicator that describes the production
efficiencies. The commodity has potential and market-
oriented both domestic and export as well as support from
the government policies, especially market support and the
availability of the supporting factors such as: institutions,
technology, capital, means and infrastructures, as well as
human resources (Widayanto, 2000; Juarsyah, 2015).

At present, a wholesale market in Blitar Regency is
managed by WIingi market association. There are 120
sellers who have been registered in the association and 80
merchants have not registered. The merchants in the market
take the agricultural yields from the farmer groups that are
scattered in Blitar Regency as well as from outside the Blitar
Regency for resale in large quantities (wholesale) to the
market sellers or greengrocers. The horticultural
commodities potential can be developed in varying ways
besides knowing the potential horticultural products.
Obijectives of the study were to get information about the
superior horticultural products in Blitar Regency and to
analyze the supporting and the inhibiting factors that affect
the potential development of the superior horticultural
products in Blitar Regency.

1. MATERIALS AND METHODS

Location of the research is the wholesale market in
Blitar Regency that lies on Jalan Bromo Babadan, Wlingi.
The market conditions are considered unrepresentative
because it is an impromptu market that locates at the Wlingi
terminal and operates from 04.00 p.m. to 04.00 a.m. Such

COLLECTIVE TRADER

conditions have triggered the development of the sub
terminal agribusiness and location for the horticultural
commodity development is in the Animal Market area of
Blitar Regency. An area of 13 hectares in the eastern part of
the area is potential to be developed to become a
horticultural product development of Blitar Regency.
Methods of the research were data collection and direct
observation that involved the market sellers, market
association, association of farmer groups in the potential
area for horticultural commodities, and the related agencies.

1. RESULTS

Analysis on the horticultural products in Blitar
Regency was conducted on the horticultural commaodities
with the highest productivity. Central Bureau of Statistics in
Blitar Regency (2021) reported that among 8 superior
horticultural commodities in Blitar, the commodities of
chilies, red peppers, and watermelons, have the highest
productivities compared to 5 other commaodities (onions,
potatoes, cabbages, tomatoes, and honeydews). Results of
the analysis on the potential horticultural products on 3
major commodities are described below.

1. Chili (Capsicum frutescens)

There are three mechanisms in SCM (Supply Chain
Management) of chili commodity in Blitar Regency.
Analysis on mechanism of the supply chain flow was
conducted to describe the product flow pattern, information
flow, and financial flow that relate to the agricultural
commodities. Those three mechanisms are depicted in the
form of SCM structure for chili commodity in Blitar
Regency below.

OQUTSIDE THE
PROVINCE

RETAIL MARKET
OUTSIDE THE CITY

N

RETAIL
MARKET IN
BLITAR
REGENCY

CONSUMER

Note:

RETAIL MARKET

WITHIN THE
PROVINCE

OUTSIDE THE CITY

> : Product flow
- > : Information flow
: Cash flow

Fig.1. Supply Chain Management for Chili Commodity in Blitar Regency

2. Red Pepper (Capsicum annuum L.)

Blitar Regency is a producer of red pepper in
Indonesia, especially in East Java. The supply chain
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analysis was applied to find out the mechanism of flows,
distribution channels, and activities of the supply chain
members on red pepper. As in the chili commodity, these
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three mechanisms of the supply chain flows are illustrated
in SCM structure for red pepper in Blitar Regency in Figure

2.
_— —_— RETAIL FOR
WHOLESALER | &£——>| AGROINDUSTRY €<———> PROCESSED RED
Qo PEPPER PRODUCTS
] l
CONSUMER
v
COLLECTIVE S EE—
TRADER €—>| RETAILER &—>| CONSUMER
( .................... < ....................
Note:
: Product flow
P » : Information flow
e : Cash flow
Fig.2. Supply Chain Management for Red Pepper Commodity in Blitar Regency
3. Watermelon (Citrullus lanatus) watermelon in Blitar Regency to find out the mechanism of
Watermelon is one of fruits produced by the farmers flows, distribution channels, and activities of the supply
in Blitar Regency, East Java of Indonesia. Therefore, it is chain members on watermelon. SCM structure for the
important to perform an analysis of supply chain on watermelon commodity in Blitar Regency is presented in
Figure 3.
COLLECTIVE
TRADER
A RETAILER 62_93 CONSUMER

WHOLESALER
Note:
- : Product flow
< > : Information flow
................. » : Cash flow

Fig.3. SCM for watermelon commodity in Blitar Regency
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V. DISCUSSIONS

Horticultural products are the basic needs in people’s
lives in Blitar Regency. The harvest area for chili in Blitar
Regency reached 11,024 ha in 2019 and 10,745 ha in 2020
(Central Bureau of Statistics in Blitar Regency, 2021). The
chili productions in Blitar Regency were very large that
reached 1,503,782 quintals in 2019 and 1,881,377 quintals
in 2020. The land area and the production value of the chili
have made Blitar Regency to be the largest supplier of chili
in East Java Province. Therefore, it is important to carry out
a supply chain analysis on chili in Blitar Regency.

It is expected that the supply chain approach of chili
commaodity in Blitar Regency will be able to describe the
availability of chili supply as consideration of the supply
chain management for the consumers and the processing
industries (Kurniawan, 2014). The supply chain analysis
was carried out to determine the flow mechanism,
distribution channel, and activities of the supply chain
members on chilies. Based on Figure 1, the flow patterns in
SCM of chili commodity in Blitar Regency are classified
into 3 types, namely product flow, information flow, and
financial flow. The product flow describes how the chilies
are distributed from the first link (chain), the farmers, to the
collective trader or the wholesalers, and subsequently
distributed to the next link, and finally to the last link, the
consumers. The information flow is existed when an
information exchange has taken place between the farmers
and the collective traders, the farmers and the wholesalers,
as well as the information exchange in other links (chains)
in accordance with the Figure 1. The exchange of
information can be in the form of availability and supply
demand, as well as information that relates to the price of
red pepper. The financial flow is not only a transaction of
red pepper, but also an example of a case in which the
wholesalers and the collective traders could become the
capital suppliers (stakeholders) for the red pepper farmers
in Blitar Regency.

The links (chains) in Figure 1 are the chili farmers, the
collective traders, the wholesalers, retailers, and the
consumers. These five links (chains) are described below:

1). The chili farmers: the chili farmers play as the main
producers in the supply chain of chili commodity in Blitar
Regency.

2). Collective trader: in distributing the chili in Blitar
Regency, the collective traders play as the first marketing
intermediary.

3). Wholesaler: Wholesaler is a marketing agency that
distributes the chili in bulk. The role of the wholesaler is as
the collector of the production yields from the farmer as the
producer in the scattered production areas and distribute the
capital needed by the producers.
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4). Retailer: Retailer is a marketing agency that deals
directly with the consumers. Retailers become important
connectors as because of them the consumers could enjoy
the chili. The quantities taken by the retailers ranged 150-
350 kg. It is due to the retailers only control the surrounding
markets. Moreover, the retailers avoid to take high risks of
losing if what they purchased were rotten or were not sold
out.

5). Consumer: Consumer is an individual or groups who
consume or utilize the chili for their own or group needs.
Consumer is the last link of the supply chain. In this link,
the products end up to be consumed as raw materials. The
entire financing processes come from the consumer
payments for the products ofchili purchased. So that the
information about the needs and desires of the consumers is
a directional determinant of the chili farming process.

Furthermore, the harvest area for red pepper in Blitar
Regency reached 1,387 ha in 2019 and 1038 ha in 2020
(Central Bureau of Statistics in Blitar Regency, 2021). The
red pepper productions in Blitar Regency were very large
that reached 177,549 quintals in 2019 and 114, 923 quintals
in 2020. Red pepper is a potential vegetable commodity that
has high economic value and potential to be developed. Red
pepper has important position in the dietary menu. Even
though it is needed in small quantity, but it is consumed
everyday by almost all of the Indonesian peoples. Red
pepper is the superior vegetable commodity in the national
and regional levels. Superior commodity is a commodity
that is deserved to be cultivated to provide profits for the
farmers, biophysically, socially, and economically. A
commodity is worth developed if the commodity is
cultivated in accordance with its agroecology, provide a
business opportunity, as well as applicable and acceptable
by the local community that could absorb workforces and
economically profitable (Susanto and Sirappa, 2007).

Based on the Figure 2, the flow patterns in SCM of red
pepper commodity in Blitar Regency are divided into 3
types, namely product, information, and financial flows.
The product flow describes the distribution of red pepper
from the first link (chain), the farmers to the collective
traders or the wholesalers, and then distributed to the next
link, and ended up to the last link (last chain), the
consumers. The information flow occurred as a result of
information exchange between the farmers and the
collective traders, the farmers and the wholesalers, as well
as information exchange in the other links (chains) in
accordance with the figure above. The exchange of
information can be in the form of availability and supply
demand, as well as information that relates to the price of
red pepper. The financial flow is not only a transaction of
red pepper, but also an example of a case in which the
wholesalers and the collective traders could become the
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capital suppliers (stakeholders) for the red pepper farmers
in Blitar Regency.

The links (chains) in Figure 2 are the farmers of red
pepper, the collective traders, the wholesalers, agroindustry,
the retailers, and the consumers. These six links (chains) are
described below:

1). Farmer: The farmers of red pepper play as the main
producers in the supply chain of red pepper commodity in
Blitar Regency.

2). Collective trader: in distributing the red pepper in Blitar
Regency, the collective traders play as the first marketing
intermediary.

3). Wholesaler: Wholesaler is a marketing agency that
distributes red peppers in bulk. The role of the wholesaler is
as the collector of the production yields from the farmer as
the producer in the scattered production areas and distribute
the capital needed by the producers.

4). Retailer: Retailer is a marketing agency that deals
directly with the consumers. Retailers become important
connectors as because of them the consumers could enjoy
the red pepper. The quantities taken by the retailers are only
300 kg. It is due to the retailers only control the surrounding
markets. Moreover, the retailers avoid to take high risks of
losing if what they purchased were rotten or were not sold
out.

5). Agroindustry: Agroindustry is an activity that utilizes
crops as raw materials, designs, and provides tools and
services for the activity.

6). Consumer: Consumer is an individual or groups who
consume or utilize the red pepper for their own or group
needs. Consumer is the last link of the supply chain. In this
link, the products end up to be consumed as raw materials.
It must be remembered that the entire financing processes
come from the consumer payments for the products of red
pepper purchased. So that the information about the needs
and desires of the consumers is a directional determinant of
the red pepper farming process.

Furthermore, the harvest area of watermelon in Blitar
Regency reached 151 ha in 2019 and 55 ha in 2020 (Central
Bureau of Statistics in Blitar Regency, 2021). The
watermelon productions in Blitar Regency reached 48,960
quintals in 2019 and 24,375 quintals in 2020. Empirically,
an information was obtained that the marketing systems of
horticultural commodities in the various SCM- Supply
Chain Management have not been efficient as indicated by
long marketing channels, the market structure tended to be
oligopsonistic, uneven distribution of remuneration for the
marketing functions, and price fluctuations in he short-term.

Based on the Figure 3, the flow patterns in SCM for
the watermelon commodity in Blitar Regency can be
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divided into 3 types, namely the product, information, and
financial flows. The product flow describes how the
watermelons are distributed from the first link, the farmer to
the collective trader or the wholesaler, and then distributed
to the subsequent link up to the last link, the consumer. The
information flow occurs when there is an exchange of
information between the farmer and the collective trader,
the farmer and the wholesaler, as well as the information
exchange in other links that conform to the Figure above.
The information exchange can be in the form of availability
and supply demand as well as information that relates to the
watermelon price. The financial flow can be in the form of
buying and selling transaction of watermelon.

The links in Figure 3 are the watermelon farmers,
collective traders, wholesalers, retailers, and consumers.
These five links are defined as follow:

1). Watermelon Farmer: Watermelon farmer is the link who
plays as the major producer in the watermelon commodity
supply chain in Blitar Regency.

2). Collective Trader: in distributing the watermelon in
Blitar Regency, the collective trader plays as the first
marketing intermediary to local wholesaler and the retailer.

3). Wholesaler: Wholesaler is a marketing agency that
distributes watermelons in bulk. The role of the wholesaler
is as the collector of the production yields from the farmer
as the producer in the scattered production areas.

4). Retailer: Retailer is a marketing agency that deals
directly with the consumers. Retailers are an important link
due to the consumers can enjoy the watermelons because of
them. The quantity taken by the retailer is just around 150
kg. It is due to the retailers only control the market in their
vicinities. Moreover, the retailers do not want to experience
high risk of loss if the fruits they buy were rotten or unsold.

5). Consumer: Consumer is individual or group who
consume or utilize watermelon for his/her own or group
needs. Consumer becomes the last chain in the supply chain.
In this chain, the product ends up for consumption as a raw
material. It must be remembered that the entire financing
process comes from consumer payments for the watermelon
that has been purchased.

Based on results of the research on the supply
chain management for 3 horticultural commodities in Blitar
Regency, there were differences in the number of links in
each commodity. The commodity which has many links is
the red pepper. The application of Supply Chain
Management (SCM) concept in the company will give
indirect benefits, such as customer satisfaction, increase
income, decrease the cost, the increase asset utilization,
increase in profits, and enlarge the company (Jebarus,
2001). SCM does not only have indirect benefits, but also
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has direct benefits such as physically converting raw
materials into finished products and delivering them to the
final consumers, identifying the products with
characteristics as what the consumers want (Sucahyowati,
2011). Number of the supply chain links also affects the
physical costs, for instance, material costs, storage cost,
production cost, transportation costs, and etc.

V. CONCLUSION

Results of the research showed that 3 major
horticultural commodities are chili, red pepper, and
watermelon. The potential agricultural products in Blitar
Regency have inefficient and complex supply chain due to
involving many actors from farmers to the consumers. The
inhibiting factors are as follow: 1. The farmers do not have
collective system in marketing their harvests, so that
information on products and prices was not integrated, 2.
Ineffecient and complex supply chain pattern so that the
price is costly, and 3. Inadequate wholesale market
locations. It is expected that the approach of supply chain
on horticultural commodities in Blitar Regency will provide
an overview of potential commodity supply availability as a
consideration for supply chain management.
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Abstract— This study explores the profound narrative layers within Chinua Achebe's seminal work, Things
Fall Apart, shedding light on the intricate dynamics of pre- and post-colonial Igbo society. Through a
meticulous examination of the vibrant setting of Umuofia, the analysis uncovers the rich cultural tapestry
depicted in the novel and its subsequent transformation under colonial influence. The paper seeks to foster
a nuanced understanding of African history, urging readers to acknowledge the complex interplay of
traditions and values that define the African heritage, thus challenging single narratives and reshaping
public perception of a historically vibrant and multifaceted continent.

Keywords— Chinua Achebe, Colonial influence, Pre-colonial Igbo society, Things Fall Apart, Umuofia

I INTRODUCTION

Things Fall Apart, authored by the venerable Nigerian
writer, Chinua Achebe, stands as a pillar in the landscape of
post-colonial African literature. First published in 1958, the
novel delineates the life of Okonkwo, a revered leader and
wrestling champion in the Umuofia clan, a Nigerian ethnic
group. In meticulously crafting the narrative, Achebe
revives the vibrant tapestry of the Igbo culture,
unadulterated and untouched by European influence, before
maneuvering into a vivid portrayal of the abrasive
alterations brought about by colonialism.

In the pursuit to capture the authentic essence of pre-
colonial Africa, Achebe veers away from the stereotypical
representation of African culture often perceived through a
Western lens. This discerning approach not only resurrects
a fragment of history but also endeavors to reshape public
perception, fostering a richer, multifaceted understanding of
a civilization on the cusp of an epochal shift. Through the
lens of Things Fall Apart, readers traverse the delicate
boundary between a vibrant past and a turbulent, colonially
molded present, offering profound insights into the societal
and cultural upheavals that marked the transitional phase of
the African continent.

As we delve deeper into the intricacies woven into the
narrative of Things Fall Apart, this paper aims to analyze
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how Achebe utilizes the setting to enhance the thematic
depth, fostering a vivid tableau of pre- and post-colonial
African societies. The paper endeavors to explore how the
detailed portrayal of the Igbo society prior to colonial
intervention helps in reshaping public perception,
promoting a nuanced view of a culture rich in traditions,
values, and complexities.

1I. HISTORICAL BACKGROUND

When we fully comprehend the nuances of Things Fall
Apart, we can understand that the timeline of the novel
spans across a critical period in Nigerian history, straddling
the boundary between the pre-colonial era, characterized by
rich, indigenous cultures and traditions, and the onset of
colonialism, marked by the arrival of European settlers.

The Igbo society, as depicted in the early parts of the novel,
is one that thrives on communal values, complex social
hierarchies, and deep-rooted traditions. It is a society where
titles are earned through personal achievements and where
ancestral spirits hold significant sway over the living. Yet,
this intricately structured society undergoes a tumultuous
transformation with the arrival of British colonizers in the
latter part of the nineteenth century, a period that saw the
carving and division of Africa among European powers.
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In Things Fall Apart, Achebe masterfully illustrates this
paradigm shift, where the collision of two distinctly
different worlds gives rise to a period of unrest and
transformation. Through the experiences of Okonkwo and
his community, the readers witness firsthand the systematic
dismantling of a rich cultural tapestry by forces wielding a
foreign, arguably oppressive, set of ideals and beliefs. The
setting of the Umuofia village thus becomes a microcosm
of the larger societal upheavals that engulfed numerous
African societies during this transformative age.

In this paper, we venture further into the depths of this
setting, dissecting its elements to unearth the potent
narrative strategies employed by Achebe to convey the
seismic shifts that characterized post-colonial Africa.

I11. SHAPING PUBLIC PERCEPTION

In the rich literary tapestry of Things Fall Apart, Achebe
sets forth a calculated endeavor to reshape the public
perception of pre- and post-colonial African societies,
especially emphasizing the Igbo community. The novel
serves not merely as a window into the lives and traditions
of the Igbo people, but as a tool of introspection, urging
readers to navigate the complex layers of history that
envelop the continent.

Before the advent of colonial forces, the Igbo society was a
dynamic entity, operating on the principles of communal
living, a keen sense of justice, and an intricate system of
religious beliefs and practices. Achebe paints a vivid picture
of a society rich in cultural traditions and rituals, a society
where every individual, every deity, and even the natural
elements held a distinctive place and significance. This
vibrant depiction counters earlier representations that often-
rendered African societies as simplistic or primitive in
Western literature. Achebe, through his narrative,
essentially reverses the gaze, offering a deeper, more
nuanced perception that celebrates the complexities of
African cultures.

As the narrative transitions into the colonial era, Achebe
captures the jarring shift that comes with the imposition of
European ideologies and the resulting fracturing of Igbo
society. The character of Okonkwo stands as a
representation of the traditional values being threatened by
the encroaching colonial influence. His staunch adherence
to the old ways and his eventual tragic downfall embodies
the profound societal disruption that came with colonialism.

The novel highlights the abrasive alterations brought about
by colonialism: the introduction of a new religion, the
imposition of a foreign government, and the undermining of
the traditional Igbo justice system. These shifts are not
merely changes but are depicted as a form of cultural
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erosion, where the very fabric of society is being pulled at
its seams. This critical portrayal fosters a revised
understanding that encourages readers to view the colonial
period not as a time of ‘civilizing’ a ‘savage’ land but as a
time of significant loss and transformation for African
societies.

Moreover, Things Fall Apart amplifies voices that have
often been silenced in the historical narrative - the voices of
the colonized, who bear the brunt of these transformations.
Through the lens of the novel, the audience is urged to
perceive history not as a one-sided tale but as a complex
narrative woven from multiple perspectives, each bearing
its truths and realities.

In unearthing the intricate dynamics of the Igbo society
before the colonial encounter, Achebe gifts readers with a
richer, more nuanced historical perspective. It serves as a
testament to the resilience and depth of African cultures,
urging a shift in public perception to acknowledge the
vibrant tapestry that is African history, marked not by
simplicity but by a complex interplay of traditions, values,
and an enduring spirit of community and harmony.

IV. LITERARY ANALYSIS: SETTING

At the epicenter of Things Fall Apart lies the vibrant and
intricately portrayed setting, Umuofia, which transcends
beyond a mere backdrop to embody the life, customs, and
traditions of the Igbo society. This section delves deep into
the textual landscapes crafted by Achebe, highlighting how
the setting functions as a potent narrative tool that enhances
the thematic depth and facilitates a vivid portrayal of a
society grappling with transformative forces.

In the early segments of the novel, Umuofia emerges as a
living entity, resonating with the rhythms of nature and the
pulsating energies of its inhabitants. This portrayal
transcends stereotypical narratives about African societies,
illustrating instead a society steeped in traditions, rituals,
and an organized socio-political structure. The lush forests,
the vibrant festivals, and the marketplace bustling with
activity—all paint a vibrant tableau of a society that thrives
in harmony with nature and its deeply rooted customs.
Through detailed descriptions, Achebe fosters an intimate
connection between the readers and the setting, immersing
them into a world where the natural and the supernatural
coalesce in everyday life.

As the novel progresses, the setting undergoes a
metamorphosis parallel to the societal transformations
catalyzed by the advent of colonial forces. The once vibrant
festivals lose their luster, and the sacred spaces of the Igbo
people, like the Oracle of the Hills and Caves, are
overshadowed by the imposing
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structures of colonial establishments. Achebe intricately
captures this shift in the societal fabric, leveraging the
setting to underline the pervasive impact of colonization,
which seeps into every nook and cranny of Umuofia,
altering the very essence of the community.

Furthermore, the setting serves as a silent witness to the
cultural clash that unfolds within its boundaries, echoing the
tensions, apprehensions, and resistance that mark this
historical period. The infiltration of Christian doctrines, the
establishment of government structures alien to the Igbo
society, and the introduction of a foreign language—each of
these elements contributes to the evolving setting, marking
the gradual transition from the familiar to the unfamiliar,
from harmony to discord.

Through a meticulous portrayal of setting, Achebe
facilitates a profound engagement with the narrative,
enabling readers to visualize and empathize with the
changing realities of the Igbo people. The setting in Things
Fall Apart stands as a testament to a community's vibrant
past, its turbulent present, and an uncertain future, offering
a rich canvas upon which the complexities of cultural
interaction, adaptation, and resistance are vividly portrayed.

In conclusion, the setting in Things Fall Apart is not merely
a passive backdrop but a dynamic entity, mirroring the
cultural, social, and political upheavals that characterize the
post-colonial period. It serves as a canvas where the vibrant
hues of a rich cultural heritage meet the somber tones of
change, crafting a compelling narrative that resonates with
historical depth and contemporary relevance.

V. CONCLUSION

In Things Fall Apart, Chinua Achebe embarks on a nuanced
literary expedition that resurrects the vibrant and rich
tapestry of pre-colonial Igbo society, while simultaneously
laying bare the disruptive forces ushered in by colonialism.
Through the life and trials of Okonkwo, readers traverse a
historical journey, witnessing the meticulous dismantling of
a culture deeply entrenched in tradition, community values,
and harmony with nature.

Achebe’s portrayal of the setting, Umuofia, serves not
merely as a canvas to illustrate the narrative but as an
essential character that evolves, embodying the
transformations and frictions of a society in flux. The novel
stands as a testament to the resilient spirit of the African
continent, showcasing a complex, multifaceted, and vibrant
past that refuses to be overshadowed by the encroachments
of colonial rule.

As we close this analytical journey, it becomes evident that
Things Fall Apart plays a pivotal role in reshaping public
perception, fostering a more inclusive and nuanced
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understanding of African history and culture. It beckons
readers to look beyond the single narrative often
propagated, urging them to embrace a diverse, rich, and
complex tapestry that forms the African historical
landscape.
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Abstract— Background and objectives: In recent times, the Ghanaian media space has news of the
proliferation of fake eggs in the market especially in the capital, Accra. The Food and Drugs Authority (FDA)
of Ghana, the agency responsible for regulating wholesomeness of food has refuted this assertion after
thorough investigations. The issue could affect the contribution of poultry to the economy. The aim of the
study therefore is to determine the authenticity of eggs sold in the Ablekuma central sub-metro in the Greater
Accra region of Ghana. The results shall contribute to the baseline data on eggs, and to restore consumer
confidence in eggs sold in Ghana. Methods: The spectral bands of the shells, albumen and yolk of the egg
samples were determined using FTIR analysis, and knowledge about fake eggs through survey. Results: The
spectra of the shells, albumin and yolk of the samples corresponded to the standard spectra of authentic egg.
The survey revealed lack of knowledge about fake eggs. Conclusion: In spite of the lack of knowledge about
fake eggs, the eggs were authentic. This confirms the assertion of FDA of Ghana.

Keywords— Albumin, Fourier Transform infrared (FTIR), poultry, fake eggs, yolk,

l. INTRODUCTION

Eggs are great source of easily digestible proteins. It is
essential nutrient for healthy nutrition (FAO/UN, 2006) *.
With the advent of more sophisticated and improved
poultry management techniques, egg production has risen
quickly globally in recent years (FAO 2010) 2. For instance
in Ghana between 2004 and 2012, there was an increase of
about 15,000 tons (FAOSTAT 2013) 3. Ghana has a low
per capita consumption rate of 12 eggs annually, which is
far lower than the global average ( Kirtchevsky, S. &
Kritchevsky, D, 2000) #. Eggs, however, is linked to higher
serum cholesterol levels and cardiovascular illnesses
(CVvDs) (Song, W.O & Kerver, J.M 2000) 5. This
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perception has reduced consumption despite yearly output
increases (FAOSTAT 2013, Yilma, K. T, et al., 2022) 3¢,

Another perception that could further reduce
consumption is the proliferation of fake eggs in the market.
The Food and Drugs Authority (FDA), of Ghana has
however refuted this and emphatically stated that there are
no such eggs sold on the market (GNA/FDA, 2019) 7. In
Bangladesh, such news was also condemned, and emphatic
that no fake eggs on the market
(https://www.thepoultrysite.com/news/2017/08/suspected

-fake-eggs-sent-for-examination-govt-says-eqgs-not-fake)
8

Fake eggs are real, but used to encourage chickens to lay
their eggs in a particular place. They can also be used under
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broody chickens to encourage them to sit and incubate
other eggs or even to raise day old chicks_(ozfarmer.com
https://www.ozfarmer.com » ceramic-china-fake-brooder)
%, they are not meant for consumption, because they contain
no nutritional values compared to the real eggs ( Dibyajyoti
Saha S.M., et al., 2013) °. The aim of the study therefore
is to determine the authenticity of eggs sold in the
Ablekuma Central Sub-Metro in the capital of Ghana,
Accra. The findings shall contribute to the existing data in
informing policy making about poultry.

1. MATERIAL AND METHODS
2.1 Sampling Location

The sampling site has the coordinates at latitude
5933°01.5’N and longitude 0°15°04.7°W and
5.55042622508, -0.251316335998 (www.shukura.com
retrieved on 17/08/2023). It is part of Ablekuma Central in
the capital Accra.

2.2 Sample Collection

Eggs from domestic fowls were from vendors in Shukura
market in Accra. Shukura is chosen, because of the vast
number of communities it serves, coupled with its
economic importance to the sub- metro (Ghana Statistical
Service, 2021). Two hundred crates of eggs of equal
quantities of brown and white shells were collected in six
months.

2.3. Sample Preparation and Analysis

Eggshells dried at 150° C for 6 hours, was pulverized. The
powder sprayed, into a drying chamber at 150°C was
collected for the analysis.

A drop of the yoke and the albumin, separately put on the
surface of a highly polished KBr plate is scanned to
generate the spectrum using the FTIR (Bruker Alpha-P
ATR FTIR : standard operating procedure) ** .

International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023

2.4. Survey

Questionnaire, administered to vendors and customers to
solicit information. The questionnaire is structured into
demographic status of vendors, data about eggs, capacity
to test eggs, and complaints. Eighty volunteers were
involved. The data obtained were analysed using SPSS
version 16.

1. RESULTS
This section describes the various results obtained.
3.1. Questionnaire
The questionnaire is shown in Table 1.

Table 1: Template of the Questionnaire

Number | Parameter
Demographic status

1. Age: (< 18yrs, 18 —50years)

2. Educational background (literate/illiterate)
Data about bird and eggs

3. Source of eggs (local/imported)

5. Cost of eggs: (affordable/expensive)
knowledge to test fake eggs

6. Any knowledge about authenticity of the eggs
Knowledge about fake eggs
Any education about fake eggs
Complaint from customers

7. Complaints about authenticity of eggs
(none/often)

Table 2: Responses (%) from Questionnaire

Parameter Age Education Eggs Knowledge to | Knowledge Complaint
test about fake
authenticity eggs
of eggs
18-50 literate source cost per crate | no yes none
responses 90 60 100 (poultry) 80 100 10 100
(expensive)

Source: Bartels/ Hussein/ Gadzekpo, statistical analysis, 2023

GC denotes Ghana cedis, the currency of Ghana.
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Table 3: Possible Functional Groups in the Samples.

Peak (cm™) Possible functional group
712-876 C-H bending vibration

1426 Carbonate groups of stretching
1645 Carbonyl group stretching
1799 C=0 stretching

2516 Hydrogen group stretching
2875-2926 C-H bending vibration

3419 Hydroxyl group stretching

Figures 1-4 depict the spectra of the brown shell, white shell, the yolk and the albumin of the samples.
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Iv. DISCUSSION
4.1. Response from Survey

The survey instrument is shown in Table 1. As shown in
Table 2, most (60%) of the vendors are literate suggesting
the ability to acquire information and communicate if
education about fake eggs is available. Concerning the
supply, the eggs were sourced from local poultry farmers,
indicating the inability of the farmers to produce fake eggs.
Majority of the respondents (80%) found the eggs
expensive at the current cost of 45 — 55 GC (4.1-5.0 USD)
per crate; such could compel them to patronize fake eggs if
available. The vendors (100%) had no knowledge about
testing the authenticity of the eggs, because such
information is not available to them through any of the
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media outlets including television, radio, information vans,
and billboards. Few (10%) had knowledge about fake eggs,
which came through rumors. About complaints, none
received about authenticity of the eggs sold out; this could
confirm the integrity of the eggs.

4.2. Peaks and Possible Functional groups

Figures 1-4 depict the spectra of the brown shell, white
shell, the yolk and the albumin of the samples respectively.
The various peaks are shown in Table 3. The functional
groups in the samples thus include C-H at 712-876 and
2875-2926 cm, carbonyl C=0 at 1645 and 1799 cm?,
carbonate C=0 at 1426 cm™, and H at 2516 cm whilst OH
at 3419 cm™.
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4.2.1. The eggshells

The brown shell showed peaks at 872.1 and 712.13 cm™.
Such indicate the presence of carbonate and C-H functional
groups, whilst 1795.53 and 1641.49 cm™ correspond to
carbonyl functional group as shown in Fig. 1 and Table 3
(Yilma, K. T etal., 2022, Brudnicki, P. A. P et al., 2022)12,
Similar results for white shell is shown in Fig. 2 and Table
3 with peaks at 871.28 and 711.56cm™. This implies the
shells are identical (Brudnicki, P. A. P et al., 2022) *2; the
difference could be the length of time it stays in the uterus,
and the speed at which calcium deposits as the shell forms®3,
As shown in Figs. 1, 2, and Table 3, the intense peak
observed around 1398.88 is due to the matrix's carbonate
mineral content; this confirms the eggshell is entirely
CaCOs. Moreover, there is no peak around 1200 cm?
indicating the presence of SO4 (Plaster of Paris, CaSO4), or
CaCly, which form shell of fake eggs (Brudnicki, P. A. P et
al., 2022) 2, The structure for the eggshells is authentic.

4.2.2. The yoke and albumin

As shown in Fig.3, the peaks at 1744.99 and 1615.39cm™!
which indicate C= O functional group for homogenized
yoke of the eggs were identical (Brudnicki, P. A. P et al.,
2022) 2, However, concerning albumin, the distinctive
peaks at 1636.72 cm™ and 1545.03 cm™ in Fig. 4 correspond
to C=0 stretching (due to the amide | band) and C-N stretch
(with N-H bending mode due to the amide Il band), and O-
H stretch at 3285 cm™. This structure indicates the presence
of protein (Tizo, M. S., et al., 2018a) 3. The structure is —
NHCHRCONHCHRCONHCHRCO or the amino acid
moiety, n (NH2CHRCOOH) (Brudnicki, P. A. P et al.,
2022) 12,

V. CONCLUSION

The study investigated the speculation that the Ghanaian
market is flooded with fake eggs, which created anxiety
among the populace in view of its health hazards. This news
is denied by the Food and Drugs Authority of Ghana, the
body responsible for the authentication and approval of
foods and drugs for consumption. The study thus aimed at
providing an empirical evidence about the issue, and delved
into some of the possible reasons for patronizing fake eggs.

1.The study revealed that there are no fake eggs on the
Ghanaian market. The spectra obtained are consistent with
that of authentic domestic birds’ eggs. The eggs on sale are
therefore good for consumption.

2.Among the possible reasons for patronizing fake eggs if
available were high cost of eggs, lack of information and
knowledge of testing fake eggs.
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RECOMMENDATION

Though the samples were not fake, there is the need for the
relevant agencies to be vigilant in avoiding the sale of fake
eggs for consumption. This could be educating the public
and the stakeholders in the poultry industry about fake eggs.
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Abstract— This study aimed to investigate the influence of maize cluster development interventions on the
performance of actors in Tanzania. Specifically, the study aimed at identifying types of interventions
employed by actors of maize clusters, the influence of intervention on the performance of actors, and the
challenges facing actors of maize clusters in the study area. Descriptive, linear regression and word clouds
analysis were used to analyze the findings. Results show the common types of interventions employed by
actors of maize clusters are; proper seed spacing, capacity building, control of aflatoxin, and marketing.
Linear regression results show, that technological support, networking, and marketing were reported as
interventions of high influences on actors of maize clusters with p-values of (0.01, 0.02, and 0.02)
respectively. However, the key challenges reported to face actors of maize clusters in the study area
were: lack of funds to buy agricultural inputs, limited access to financial resources, lack of transparency
among cluster leaders, shortage of market, lack of coordination among respective research institutions and
poor communication among actors. Regardless of different interventions to support actors of the maize
cluster still challenges exist and some of them are among of the employed interventions. Thus, different
transformative participatory strategies are required to be vested among actors of maize clusters in
Morogoro regions and other areas of the country for proper performance of maize cluster actors and

economic development of the country.

Keywords— Actors, Maize cluster, Intervention, Morogoro, Performance

I.  INTRODUCTION

Cluster development interventions have been widely
recognized for their role in stimulating economic
development (Rwekaza, et al., 2020; Mwamila, 2014). The
approach has been potential to transform government
economies in developed and developing countries such as
Europe, Asia, Latin America, and partly Africa (Rwekaza
and Anania 2020; Rawat et al., 2017). In the process of
promoting socio-economic development, countries tend to
opt for different development approaches and employ
various interventions to achieve goals. Among the
initiatives being taken includes the adoption of cluster
development initiatives (Adam et al., 2017; Stadenberg,

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.orq/10.22161/ijeab.85.10

2016; Mwamila, 2014). The cluster comprises
geographically concentrated firms, companies, and service
providers that are interconnected in a particular field
(URT, 2011; Ketel et al., 2013). Over the years, the cluster
development approach has grown swiftly and has the
potential to guide economic development policy in many
countries Francis et al., (2020). The focal part of the
cluster approach is the conception that policy action can
change the collective behaviour of groups of firms hence
encouraging the rise of self-sustaining structures of
innovation and commercial regeneration (Stadenberg,
2016).
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Through cluster development interventions, micro, small,
and medium enterprises (MSMESs) have played a leading
role in promoting equitable regional development and
economic growth (UNIDO, 2017). Such enterprises have
managed to employ at least 45 percent of the workforce in
half of the high-income economies worldwide (Rawat et
al., 2017; Kobersy, et al., 2015; Lai et al., 2014). In India,
the cluster development approach has enabled the MSMESs
to contribute beyond doubt to the Indian economy by
generating employment opportunities, promoting exports
and innovations, and by developing entrepreneurial skills
(Elvir et al., 2017; Das et al., 2007). As a result, the
MSME sector has emerged as a highly energetic and
dynamic sector of the Indian economy and enabled the
country to achieve industrial growth and development
(Vasu and Jayachandra, 2014). Several countries in Asia,
have utilized the cluster development approach as an
engine for economic development these include China,
India, Singapore, Malaysia Myanmar, and Sir-Lanka.
These countries have established Special Economic Zones
(SEZs) and supported them with the necessary
infrastructures to build capacities of micro, small, and
medium enterprises (MSMESs) to produce high-quality
products and manage the competition (Vasu et., 2014).

Africa has great opportunities to invest in enterprises
based on economic zones although clusters have not fully
been integrated into the country’s economic development
(African  Union Commission, 2015). The Africa
Development Agenda 2063 focuses on building
confidence that Africa can attain the capacity to utilize its
full potential to promote development, culture, and peace
accompanied by the creation of flourishing, inclusive, and
prosperous societies. Based on cluster promotion, these
ideas can be practicable. The promotion of micro, small,
and medium enterprises (MSMES) in Africa is expected to
increase intra-African trade growth which is expected to be
about 50% by 2045 (Maziku, 2019). The efforts are also
expected to increase Africa’s share of global trade
(Doronina et al., 2016; AUC, 2015; Lei and Huang, 2014;
Aquere et al., 2013). Efforts such as establishing the Pan-
African Competitive Forum (PACF), Cluster Initiatives
(Cls), and the Innovation Systems and Clusters
Programme in East Africa (ISCP-EA) among others
indicate the intention of African countries to promote the
cluster development approach for its economic
development (Mwamila, 2014).

In East Africa, the cluster organizations were introduced
following the Regional Conference on Innovation
Systems and Innovative Clusters in Africa which was
held, in Jinja and hosted by the Faculty of Technology of
Makerere University (Mwamila, 2006). Cluster initiatives
were focused on basic industries like agriculture, food
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and basic manufacturing, while few of them are capital —
intensive aimed at first tracking social-economic
development in the region with an idea that through
clusters even a small firm can gain the necessary critical
mass to the service world market (Francis et al., 2020).
Although the establishment of cluster initiative
development, as a strategy to boost the basic industries
like agriculture, food, and basic manufacturing aimed at
tracking social-economic development in the region, their
performance still raises questions (Roghgang and
Lageman, 2016). Conflicting objectives and coordination
between members may often result in inferior
performance of the cluster (Adam et al., 2017). Also,
active regional policies are debated to be an important
factor in enabling sustainable clusters which will ensure
the social economic development of the region (Francis et
al., 2020).

In Tanzania, cluster organizations were formed following
the first conference on Innovation Systems and
Innovative Clusters in Africa held in Tanzania in 2004
and organized by the College of Engineering and
Technology (CoET) of the University of Dar es
Salaam (Diyamett & Komba, 2008). The establishment of
the cluster was an initiative ofa long-term National
Development Vision 2025 which is aiming at
transforming Tanzania to develop towards good
governance, high-quality livelihoods, peace, stability, and
unity. Commission for Science and
Technology (COSTECH) is among of stakeholders
supporting the initiative through various interventions like
doing research, innovation, and capacity
building (Stadenberg, 2016). Basically, cluster initiatives
aimed at standardization of farms to increase production
per unit area through modifying farming techniques
(Msuya, 2006).

Despite the importance of cluster initiatives development
to individuals, regions, and countries, still there are some
farmers not engaging in cluster groups. However this
paper aimed at investigating the influence of maize cluster
development interventions on the performance of actors
in Tanzania taking Morogoro region as a Case study.

Il. METHODOLOGY
2.1 Study Area

The study area was conducted in three Districts: Kilosa,
Gairo, and Morogoro town in Morogoro Region. The
coordinates of the Morogoro region range at the Latitude —
6.82102 and Longitude of 37.66122. The region is boarded
to the north by the Tanga Region, to the east by the
Coastal region and Lindi regions, to the south by Ruvuma
Region, and to the west by Iringa and Dodoma regions.
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The study area had been purposely selected with the fact
that these areas have received many project interventions
based on improving maize cluster development initiatives
compared to other places in the Region (Kimario, 2017).

2.2 Research Design

This study used descriptive research design because it
enables the researcher to provide more insight into cluster
development initiatives (Akhtar, 2016).

2.3 Research Approach

This study used a mixed approach where both qualitative
and quantitative data were collected and analyzed
(Creswell 2014). This is due to the nature of the study
which requires both qualitative and quantitative data to
gain a broad thought on the influence of maize cluster
development interventions on the performance of actors
in the study area.

2.4 Population Study

The study population was drawn from small-scale maize
farmers, processors and exporters working in maize
clusters in the Morogoro region. The study targeted the
small-scale maize farmers, small-scale maize processors,
and maize exporters in clusters in the study area. The total
number of populations for the study was 988 small scale
maize farmers.

2.5 Sample Size of the Study

The sample size for this study was determined by using
Yamane (1967) as it provides an effective method of
determining sample size. Hence, the following formula
was applied.
_ N
" 1+ Ne?
N

=T N0.02)?

B 988
"= 1+ 988(0.0004)

n =708

n

Where;

n = required sample size
N = the population size
e = Marginal of error
Source: Yamane (1967)

The sample distribution for respondents by using the
formula of Krejcie and Morgan (1970) is shown below.
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Table 2.1 Sample Distribution Table for the Population

Location Description  Cluster Members
Population Sample
Size

Kilosa Farmers 250 152
District

Processors 80 66

Exporters 50 44
Gairo Farmers 240 148
District

Processors 85 70

Exporters 60 52
Morogoro Processors 113 90
Town

Exporters 110 86

Total 988 708

Source: Chaokromthong, and Sintao, (2021)
2.6 Unit of analysis

The study adopted linear regression analysis. This
technique attempted to investigate the strength of the
relationship (dependent variable) and independent
variables namely types and level of interventions used.

Y =0+ p1X1+ foXo + f3X3 + €
Where by

Y= Performance of actors

Po = Constant factor

X1 = Technology usage

X2= Participation

Xs= Training

I11. RESULTS AND DISCUSSION
3.1 Demographic Characteristics of Respondents
3.1.1  Sexof the respondents.

The findings as summarized in Table 3.1 show that the
majority (59%) of respondents were male while (41%)
were female. Therefore, study findings imply that there are
more males than females who participate on the
employed maize cluster interventions inthe study area.
Findings are supported by COSTECH report of (2016) and
Rwekaza, (2020), where both coined that gender
imbalances have become an issue in cluster development
where men are commonly reported to predominately
occupy both sunflower and rice clusters in Tanzania.
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Table 3.1: Sex of the Respondents

Status Frequency Percentage
Male 428 59%

Female 280 41%
Total 708 100%

Source: Survey data (2022)
3.1.2 Education Level of the respondents

Findings as shown in Table 3.2 show that 33% of the
respondents had primary education followed by 25% of
the respondents who had secondary education, while 21%
of them had Basic Technician certificate level of education
and 16% attained diploma level of education and only 5%
had Bachelor degree of education. Results imply that the
majority of respondents who engage in maize clusters have
low level of education which cannot help them adopt high
and advanced technologies to run their business. Findings
comply with the study by Kalumanga et al., (2023) who
reported that most smallholder farmers who engage in self-
help groups do lack enough education which can help
them to transform their business portfolios. Lacking
enough education it makes difficult for farmers to adopt
advanced technology systems which can improve the
performance of agriculture sectors.

Table 3.2: Educational Level of Respondents

International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023

engage on clusters are at the work force age, that means
they can easier work successfully and improve clusters
most sustainably if all important requirements like
agricultural inputs, markets etc. are improved. Results are
supported by Obua (2020) who argued that age determines
the work-ability of a certain institution.

Table 3.3: Characteristics of Respondents by Age.

Respondent’s age Frequency Percentage
18-25 43 6%
26-33 217 31%
34-41 219 31%
Above 42 229 32%
Total 708 100%

Respondents education level Frequency Percentage

Primary education 236 33%
Secondary education 175 25%
Basic Technician Certificate 146 21%
Diploma 113 16%
Bachelor's degree and above 38 5%
Total 708 100%

Sources: Survey data (2022)
3.1.3 Age of respondents

Findings summarized in Table 3.3 indicate that the
majority (62%) of the respondents were aged from 26-41
years. This implies that majority of respondents who

Sources: Survey data (2022)

3.2 Types of Interventions Employed on Maize Cluster
in Morogoro Region

Results as shown in Table 3.4 revealed that 74% of the
respondents mentioned control of aflatoxin as one of the
common interventions conducted on maize cluster
performance, and 80% of the respondents mentioned
capacity building as another common intervention
employed on maize cluster performance in the study area.
Moreover, 87% of the respondents mentioned proper seed
spacing as a common intervention practiced to enable
cluster performance while 81% of the respondents also
mentioned marketing as the common intervention
conducted on maize cluster performance in the study area.
This implies that proper seed spacing and marketing are
the most frequent interventions adopted in enhancing the
performance of actors in maize clusters. Findings
correspond to those posed by Francis et al., (2020) who
conducted his research on clusters development initiatives
in sunflower and rice and find that proper seed spacing,
networking, and marketing are among of the key
interventions for cluster development initiatives.

Table 3.4: Common Types of Interventions Conducted on Maize Cluster Performance

Variables 1 2 3 4

F % F % F % F %
Control of aflatoxin 262 37 262 37 113 16 71 10
Capacity building 276 39 290 41 92 13 50
Proper seed spacing 276 39 340 48 35 5 57
Marketing 248 35 326 46 85 12 50

Key: 1 Means Most frequent, 2 means Frequent, 3 means rarely, 4 means Not at all

Sources: Survey data (2022)
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3.3:  Linear Regression Analysis to Analyze the
Influence of Intervention on Performance of Maize
Clusters

Regression analysis results as shown in Table 3.5
highlighted several interventions used to support the
performance of maize clusters in the study area. However,
findings show that technology support, networking, and
marketing are statistically significant to the performance of
maize clusters in the study area with P-values of (0.001,
0.002, and 0.002 respectively. Findings correspond to
those argued by Ketels and Memedovic (2008) who
emphasize three approaches to be used by cluster
organizations. The first one focuses on creating a platform
for interaction between the actors, the second emphasizes
the importance of collaboration between Public and
Private Institutions and the third emphasizes the
importance of research institutions. These three aspects if
well interlinked will help the performance of clusters as
they both recognize the role of networking, marketing, and
technology transfer. Similar findings by Rothagang et al.,
(2016), and Kumari (2020) asserted that in order for
clusters to develop, they need productivity increase which
is forced by availability of improved market linkages,
networking and financial linkages.

In connection to the importance of technology, other
scholars including Kapange, (2010); Sanyanga et al., (
2012), and Porter et al., (2019) both have shown that
technology especially the advancement of information and
communication technology (ICT) has the potential to
connect actors in networks through the facilitation of
communication and the exchange of information. They
further argued that the development of ICTs brings farmers
close to market actors and gives them the potential to
bargain as well as use the information to make informed
choices about marketing. Likewise, a study by Asenso-
Okyere and Mekonnen (2012), found that ICTs enabled
farmers to have strong interactions with market actors in
many African countries including Ethiopia, Kenya,
Malawi, Mozambique, Uganda, and Nigeria.

International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023

However, findings also show statistical significance with
proper seed spacing and capacity-building interventions on
the performance of maize clusters among actors in the
study area. This implies that the common interventions to
be employed for the performance of maize clusters in the
study area requires seed spacing and capacity building
among farmers which is provided through training.
Nevertheless, findings correspond to those by Okeke et al.
(2019); and Panetto et al., (2020) who propounded that
training gives participants real-life skills in using clusters
as powerful tools to promote local industry and enhance
business growth and local prosperity. Findings resemble
that of Ahmad et al. (2007) who also connote that
agricultural training has benefited villagers in managing
village associations and utilizing efficiently available
natural resources for their organization's success. In the
same vein, Ndombi and Kisimbii (2017) observed that
training is an important component in transferring
agricultural best practices including seed spacing and it
gives alternatives to utilize effective technology for
increasing yields.

..Networking and training enhance innovation which
creates improvements in cluster performance. They went
further and concluded that networking helps to build
professional relationships, opens doors to new
opportunities, and facilitates the exchange of ideas and
best practices. It also aids in career development, personal
growth, and business success...

Results from regression also show a positive correlation
between the control of aflatoxin as an intervention and the
performance of clusters in the study area. This implies that
farmers have been well equipped with training on how to
control aflatoxin which has contributed to producing
quality maize products that increase sales and improve the
market for processors and exporters selling quality maize
products. The study is in line with Savic et al. (2020) who
claimed that the use of biological control was useful in
controlling aflatoxin levels in maize fields in Serbia and
showed a reduction of aflatoxin biosynthesis in maize
clusters.

Table 3.5: Results of the Regression Analysis on the Employed Interventions for Maize Clusters Performance

Model Unstandardized

Coefficients

B Std. Error
(Constant) 6.412  .366
Marketing 113 .066
Capacity Building/Training 113 .068
Control of Aflatoxin 199 .069
Networking 291 .076
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Standardized T Sig.
Coefficients

Beta

.789 17.500 .000
.065 1.706 .002
.062 1.660 .040
119 2.877 .044
.236 3.65 .002
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Proper Seed Spacing 376 .062
Technology support .298 .067
a. Dependent Variable; Performance of actors

Significant = P-value < 0.05

International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023

241 2.043 .031
167 1.97 .001

Sources: Survey data (2022)

3.4: Challenges Facing Maize Cluster Performance in
Morogoro Region

Findings, as shown in Table 3.6 indicate that major
challenges facing Cluster performance in the Morogoro
region include: lack of funds to purchase agricultural
inputs such as improved seeds fertilizers, etc, limited
access to financial resources eg. loans, and subsidies, lack
of stable market, lack of transparency among leaders of
clusters, absence of relevant researches on clusters, and
poor weather conditions which results inadequate rainfall.
Other challenges limiting the performance of clusters
include; limited participation in cluster decision-making
and lack of agriculture impact evaluation reports. Also,
lack of funds has been a major challenge for maize cluster
development for a couple of years despite government
interventions. There are several items to be purchased
when dealing with maize clusters such as fertilizers which
cost around TZS 60-75 per 50kg bag and this cannot be
afforded by the majority of farmers who have low income
and who also still use traditional methods of farming. In
addition to that, there is no regular visitation made by
researchers or farm extension officers this has caused
production process being complicated and poor to some
farmers as they lack knowledge on how to deal with
challenges which face them immediate. However, during
Focus Group Discussion at Kilosa Districts, participants
reported that.

There is a challenge concerning variations in the prices of
seeds at local markets which has affected their
performance. The prices of certified seeds ranged from
(2000-2500 Tanzania Shillings per kg), and fertilizers
(Tshs 52,000-63,000 per bag of 50 kgs). This price is very
high because most of us don’t have enough capital to
purchase.

Findings are in line with the view of the government report
(URT 2009b) which reported that farmers had limited
access to agricultural credit due to not being creditworthy.
Furthermore, commercial banks which are the biggest
lenders were reluctant to approve investments in the
agriculture sector owing to high risk. Similarly, the
findings are consistent with those of Neef et al. (2006);
Abate et al. (2011); Klerkx, van Mierlo, and Leeuwis
(2012); and Bayissa (2015) who denoted that poor farmers
have little opportunity to interact with credit institutions
due to bureaucracies and lack of awareness on enabling
opportunities including availability of marketing,
advanced technologies etc. During key informant with
Cluster Manager at Morogoro town, said that.

The government has been allocating
inadequate budget to support clusters and
sometimes fails to release the allocated
amount instead it releases little amount
which cannot help any plans including the
construction of storage facilities.

Table 3.6: Challenges Facing Maize Cluster Performance in Morogoro Region

4=Major challenge, 3= Moderate, 2=, Low and 1= not at all

Variables

4 3 2 1
F % F % F % F %

Poor weather

262 37 262 37 113 16 71 10

Lack of timely receiving agricultural inputs such as seeds, fertilizers 276 39 290 41 92 13 50 7

Lack of transparency
Poor communication

Shortage of marketing capability

Lack of funds to buy agricultural input such as seeds, fertilizers

Gender inequalities in receiving agricultural inputs

Limited participation in cluster decision making

Limited access to financial resources eg. Loans and subsidies

276 39 340 48 35 5 57 8
248 35 326 46 85 12 50 7
255 36 241 34 127 18 85 12
368 52 312 44 21 3 7 1

7 1 14 2 255 36 432 61
248 35 227 32 205 29 28 4
340 48 205 29 106 15 57
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Lack of coordination among respective research institutions.

Absence of agriculture impact evaluation reports
Limited land for cultivation

368 52 219 31 42 6 78 11
149 21 340 48 191 27 21 3
21 3 42 6 375 53 269 38

Sources: Survey data (2022)

Further Findings were obtained by using NVivo software
version 12 where word clouds were generated to visualize
the word frequencies on the challenges facing maize
cluster performance in Morogoro Region. Results as
shown in Figure 3.1 show that the common challenges
mentioned were; lack of stable market, price, and enough
funds to support actors, and lack of agricultural inputs
including fertilizers, and seeds. Others were; lack of
enough rainfall to support maize production, poor planting
spacing, and lack of enough research on clusters especially
on how these researches have supported maize actors.

Inadequate access to markets has caused many clusters
not to perform properly because maize actors have been
reported to lack sufficient market information for their
products. The challenge is increased by limited access to
finance among actors, lack of capacity of agricultural
marketing institutions including cooperatives working with
clusters, and lack of entrepreneurial skills among actors.
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Fig.3.1 Word Clouds on the Challenges Facing Maize
Clusters in the Study Area

3.5 Conclusion and Recommendation

Cluster development interventions in Tanzania are
important in developing the micro, small and medium
enterprises (MSMEs) which foster economic development
of the country. There are several interventions which have
been deployed among Actors of maize clusters in
Morogoro region in Tanzania. These interventions have
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helped actors of maize clusters to perform with little
success as expected. Providentially, these interventions
are the ones required to uplift the development and
performance of clusters in the region because most of them
are still mentioned among the challenges facing cluster
performance in the region. However, it is still
demonstrated that regardless of the employed interventions
still the actors of maize clusters underperform. The study
recommend transformative strategies which embrace
participation approaches of both actors and implementers
for the development and positive performance of maize
clusters in the region and country at large. Moreover, the
existing interventions should be re-designed basing on
scientific researches so that they can perform efficiently
and bring the intended results.
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Abstract— A field experiment was carried out in the Western Terai of Nepal, Buddhabhumi municipality of
Kapilvastu district to screen out the best-performing cucumber variety among the five most cultivated
exotic varieties; LHC-1395, LHC-Maria, Dynasty, NS-408, and Rehmat-1080 during February to July of
2019. The package of cultivation practiced in this study replicates that of the local farmers. The
experimental setup was laid on Randomized Complete Block Design having five replications and five
treatments in an area of the 750-meter square. The crop geometry was maintained at 25 cmx15 cm and the
size of each plot was 1.4 m2. Data was collected on the morphological and yield parameters such as plant
height/vine length, number of leaves, number of branches, days to flowering and fruit development, number
of fruits, fruit weight, and fruit yield per plant. The study revealed that the performance of Dynasty was
best in terms of plant height with an average increase in height of 23.9 cm per week. LHC-1395 was
demonstrated to be the variety with the highest increase in leaf number with an average of 2.08 leaves per
week. Similarly, the highest number of branches was found to develop in NS-408 (3.2), the highest number
of fruits per plant in LHC-1395 (11.36), the highest single fruit weight in LHC-Maria (208.44 grams), and
the highest fruit yield per plant in LHC-1395 (2137.9 grams). Thus, the study concluded that LHC-1395 is
a high-yielding variety suited for the study area.

Keywords— Cucumber, field experiment, high-yielding variety, Nepal, screen out

I INTRODUCTION cool climates and as a greenhouse crop (Mallick, 2022).
Cucumber can be cultivated when the soil temperature is
60°F or higher, under extremely high temperatures, the
fruits may turn green and bitter in many varieties

(Brandenberger et al., 2021).

Cucumber (Cucumis sativus L.) is a fast-growing major
vegetable crop grown worldwide (Wehner & Guner,
2004). It is the fourth most important vegetable crop after
tomato, cabbage, and onion in Asia (Kalloo & Bergh,

2012); the second most important vegetable crop after
tomato in Western Europe (Phu, 1998); and is the fourth
most cultivated vegetable in the world after tomatoes,
brassicas and onions (Ene et al., 2016). Cucumber is a
year-round outdoor vegetable in the tropics and an
important greenhouse vegetable, in Northern Europe and
North America (Adesina & Benjamin, 2016). In
greenhouses, it is cultivated using artificial heating in the
winter season (Phu, 1998). At present, cucumber is
cultivated as a field crop in most areas of the world under

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.orq/10.22161/ijeab.85.11

Cucumber belongs to the family Cucurbitaceae (Bist et al.,
2020) purposively cultivated for its tender fruits which are
eaten raw as salad or cooked as a vegetable. It is reported
that the oil extracted from seeds is good for the brain and
body. But consuming cucumbers may lead to digestive
problems like bloating and flatulence in some people
(Garg, 2022). Cucumbers, grown to be eaten fresh (called
slices) and those intended for pickling (called picklers) are
similar. Cucumbers are mainly eaten in the unripe green
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form. The ripened yellow form normally becomes too
bitter and sour. Cucumbers usually contain 90% water.

For Nepal, cucumber (Cucumis sativus L.) is an important
summer vegetable crop commonly grown throughout the
country. Cucumber ranks fifth behind cauliflower, tomato,
cabbage, and pumpkin in terms of total cultivated area. In
the year 2012/13, the total production of cucumber in
Nepal was 127,918 tons with a productivity of 14.3 tons/ha
(Khanal & Dhakal, 2020) which reached 172,566 Mt. with
a productivity of 15.96 Mt./ha in 2018/19 (Bist et al.,
2020). During the rainy season, the crop is grown under
rain-fed conditions, and during the dry season using
irrigation facilities; as a result, the crop can be seen in
most vegetable markets in Nepal throughout the year.
Though cucumber is one of the most potent commodities
from an export point of view, the farmers are not getting
reasonable prices due to the failure of the recommended
varieties and lack of coordination among the commaodity
chain actors. Kapilvastu is one of the districts of Nepal
lying in Province No. 5, covering an area of 1,738 square
km (671 square meters). According to the census 2011, the
total population of the area is 571,936. Most of the
population of the district is dependent on agriculture.
Dharampur, belonging to Buddhabhumi Municipality is
one of the major vegetable-growing areas in the district
which indicates agriculture, especially vegetable farming
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being a basis of life for most of the people of the district.
Among varieties of crops, cucurbits have been able to
establish themselves as the most preferred summer crop by
farmers of the district. Farmers in this area import
cucumber seeds from the neighboring country like India
and follow the local cultivation practices. Thus, this
experiment is carried out to identify the most suited
varieties of cucumber in the study area by following the
package of production that the local farmers have been
adopting for many generations.

1. METHOD
2.1 Description of the experimental site

The research was carried out in Dharampur of
Buddhabhumi municipality ward no. 10 of Kapilvastu
district ranging from an altitude of 93 to 1491 meters
above sea level. The geographical coordinates are 27°41°
North and 83° 0.02° East (Buddhabhumi, Kapilvastu,
Province #5, 32809, Nepal, n.d.) and are located in the
tropical belt with the summer temperature above 27 °C and
winter temperature remains below 15 °C and average
rainfall is 1500mm. The physio-chemical condition of the
soil of the study site is sandy loam as it is located by the
riverside.
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2.2 Experimental treatments

The farmers of the study site grow cucumber imported
from neighboring countries like India. The varieties
studied here are the hybrid varieties of cucumber
preferred by the local farmers of the study site.

Table 1 Varieties of cucumber under study in
Buddhabhumi Municipality of Kapilvastu district

Notation Name of Variety g(:il;?:y of
T1 Rehmat-1080 Thailand

T2 LHC-Maria India

T3 Dynasty Korea

T4 ng"dha”"\'s' India

T5 LHC-1395 India

2.3 Design and layout of the experimental plot

The experiment was laid out in an area of 750m? with a
Randomized Complete Block Design (RCBD) with five
replications. The experimental plot was divided into five
blocks, each block consisting of five units of plots; thus,
composing a total of 25 plots. The individual net plot area
was 1.4 m? (25*15cm?) with a net experimental area of
35.16 m? Row-to-row spacing was maintained at 25cm
and the space between plants was 15 cm thus, comprising
25 plants in each plot. A furrow of 10 cm space was
maintained in between the plots for easy intercultural
operations. The crop geometry here replicates the ones
practiced by the local cucumber growers of the study site.

2.4 Field operations
2.4.1 Land preparation and fertilization

Pre-sowing irrigation and deep plowing followed by 2-3
secondary tillage using harrowing and leveling was
carried out 15 days before the planting of cucumber. All
the weed and plant residue was removed to make the field
clean. Farm Yard Manure (FYM) was well mixed into the
soil and the recommended dose of fertilizer in cucumber
i.e., NPK@20:40:30 kg/ha was used. Farmyard manure
along with the recommended a full dose of P205 and
K20, and % of the recommended N dose was used as
basal dose. The remaining 2 N was used in two split
doses of ¥4 N just after the first harvest followed by
second.

2.4.2 Seed sowing

Seeds were soaked in water for 20 hours and were sown
directly in the main field as practiced by farmers on
January 15, 2019. Seed sowing followed line sowing with
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two seeds sown on each hill at a distance of 15 cm from
one hill to another. Similarly, the line-to-line distance was
maintained at 25 cm. The sowing depth for smaller seeds
was 3 cm under moist conditions, and that for larger seeds
was 5 cm.

2.4.3 Intercultural operations
2.4.3.1 Weed Management and earthing up

Manual weeding was performed at 10, 20, and 30 days
after seed sowing. The earthing up was practiced during
the second weeding.

2.4.3.2 Irrigation and Drainage Management

Irrigation was carried out firstly after 2 days of sowing
and then, in every 2 day intervals. The irrigation was
scheduled according to the critical period of the crop i.e.
after sowing, flowering, and fruiting as per requirement.
Cucumber being susceptible to water-logging conditions
was facilitated by proper drainage systems.

2.4.4 Protection of experimental site and plants

The experimental site was protected with fencing done by
iron wire and cemented poles. Similarly, insect pests
encountered were controlled by using cattle urine and
water solution (1:3-4). Fruit fly was controlled using a
pheromone trap and thrips with the yellow sticky trap.

2.4.5 Harvesting

Harvesting time is very crucial for a crop. Earlier harvest
as well as delay in harvest may cause yield loss. Thus,
harvesting at the physiological maturity stage is very
important. Cucumber was harvested multiple times
whenever fruits attained a handful size.

2.4.6 Collection of Experimental Data

The morphological and reproductive behaviors of the
plants were recorded in every 7 days interval. 5 plants
were selected from each plot as sample plants to record
for different observations. The height of the main stem
(cm), number of primary branches per vine, number of
leaves, days to flower initiation, and days to fruit
initiation were observed; and the average was calculated.
Height was measured by using measuring tape. Yield-
related data collection included the number of fruits per
plant, average fruit weight per plant, and total yield of
fruits.

2.4.7 Statistical analysis

The data was carefully refined and then entered into an
MS Excel sheet. The data was analyzed to draw
meaningful interferences by using Minitab version 19,
and MS Excel 2016 software. Analysis for the variance
for all parameters was done by using the Minitab
statistical analysis system.
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1. RESULTS
3.1 Morphological observations
3.1.1 Germination percentage

Germination percentage was 97% in all five varieties of
cucumber. Germination of the plant was recorded by
visual analysis.

3.1.2 Plant height/Vine length

The average increase in plant height in a one-week
interval of the five varieties demonstrated significant
differences (P<0.05). The plant vines were found to
increase by 18.42 cm on average to 23.9 cm. Among the
five varieties, the tallest variety with the highest increase
in vine length in 7-day intervals was found to be Dynasty.
The average increase in the vine length of this variety was
recorded to be 23.9 cm per week. Meanwhile, the shortest
variety with the least increase in vine length in one-week
intervals was observed to be LHC-Maria. This variety
was recorded to grow an average of 18.42cm. The mean
increase in plant height of the Dynasty variety was
significantly higher than that of varieties NS-408,
Rehmat-1080, and LHC-1395 respectively (Figure 2).
The result suggests that NS-408 followed the variety
Dynasty with an average increase of plant height by 22.76
cm. Similarly, the varieties LHC-1395, LHC-Maria, and
Rehmat-1080 were insignificant concerning the increase
in plant height with an average increment of 19.17cm,
18.42cm, and 17.82cm respectively.
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Fig.2 Average increases in plant height per week in
different cucumber varieties

3.1.3 Number of leaves

The average increase in plant height in a one-week
interval of the five varieties demonstrated significant
differences (P<0.05). The plant vines were found to
increase by 18.42 cm on average to 23.9 cm. Among the
five varieties, the tallest variety with the highest increase
in vine length in 7-day intervals was found to be Dynasty.
The average increase in the vine length of this variety was
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recorded to be 23.9 cm per week. Meanwhile, the shortest
variety with the least increase in vine length in one-week
intervals was observed to be LHC-Maria. This variety
was recorded to grow an average of 18.42cm. The mean
increase in plant height of the Dynasty variety was
significantly higher than that of varieties NS-408,
Rehmat-1080, and LHC-1395 respectively (Figure 2).
The result suggests that NS-408 followed the variety
Dynasty with an average increase of plant height by 22.76
cm. Similarly, the varieties LHC-1395, LHC-Maria, and
Rehmat-1080 were insignificant concerning the increase
in plant height with an average increment of 19.17cm,
18.42cm, and 17.82cm respectively.
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Fig.3 Average increases in leaf number per plant in one-
week interval in different cucumber varieties

3.1.4 Number of branches

The increment in branch number of the varieties ranged
from 2.72 to 3.2. The statistical analysis revealed that
there was no significant difference among the varieties for
an increase in the number of branches per plant. All five
varieties of cucumber formed almost the same number of
branches in the one-week interval. However, the highest
number of branches was observed to form in NS-408 i.e.,
3.2 whereas the least number of branches was observed in
Dynasty and LHC-Maria i.e., 2.72 branches per week
(Figure 4). LHC1395 was found to develop 3 branches
per week, and Rehmat-1080 developed 2.76 on average.
This indicates that NS-408 had vigorous growth in terms
of branch number compared to other varieties.
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3.1.5 Days of Flower Initiation

The study showed no significant difference for the days to
flower initiation. All five varieties; Dynasty, LHC-1395,
LHC-Maria, NS-408, and Rehmat-1080 started flowering
at an average of 30 days after planting.

3.1.6 Days of Fruit Development

The five varieties were investigated for the days to fruit
development. No significant difference was observed
among the varieties LHC-1395, LHC-Maria, Dynasty,
NS-408, and Rehmat-1080. All of them were found to
start fruit development in an average of 30 days after
flower initiation.

3.2 Yield and yield attributes
3.2.1 Number of fruit per plant

The average number of fruits per plant of the varieties
ranged from 8.6 to 11.36. Analysis of variance (ANOVA)
revealed that there existed significant differences
(P<0.05) among the varieties for the number of fruits per
plant. The highest number of fruits was observed in LHC-
1395 with 11.36 per plant. In contrast, the least number of
fruits were developed in Dynasty with 8.6 fruits per plant
on average. The average number of fruits developed by
LHC-1395 is significantly higher than those of LHC-
Maria, NS-408, and Rehmat-1080 with fruit yield per
plant of 9.04, 9.16, and 9.36 respectively. However,
varieties Dynasty, LHC-Maria, NS-408, and Rehmat-
1080 did not show much difference among each other.
The fruit yield was somewhat equal in them as shown in
Figure 5.
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Fig.5 Average numbers of fruits per plant in different
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3.2.2 Individual fruit weight

The varieties were investigated for individual fruit
weight. The Analysis of variance revealed highly
significant differences in the individual fruit weight
among the five varieties as shown in Figure 6. The
highest weight of individual fruit was observed in LHC-
Maria with an average fruit weight of 208.44 grams. In
contrast, the lowest individual fruit weight was recorded
in Rehmat-1080 with an average fruit weight of 133.3
grams. The individual fruit weight of LHC-Maria was
significantly higher than that of Rehmat-1080, NS-408,
LHC-1395, and Dynasty. The average individual fruit
weight of Dynasty was 197.73 grams, LHC-1395 was
190.06 grams, and NS-408 was 174.87 grams. For this
trait, the results for LHC-1395 are similar to that of
(Choubey et al., 2023). The results indicated that LHC-
Maria is a potential variety for higher yield among the
five varieties under the study.

250

a
| ab be
c
: I I d
1 ' ' ' : IE

Dynasty LHC-1395 LHC-Maria NS-408 Rehmat-1080
Varieties

N
=]
=]

=
Q
=]

Single fruit weight in gram

u
=]

o

Fig.6 Average individual fruit weight of different
cucumber varieties

3.2.3 Total fruit yield per plant

The average fruit yield in the five varieties ranged from
1239.7 grams to 2137.9 grams. The statistical analysis
revealed that there was a significant difference among the
varieties for the total fruit yield per plant. Among the five
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varieties, the highest yield was recorded in LHC-1395
with 2137.9 grams per plant whereas, the least yield was
observed in Rehmat-1080 with 1239.7 grams per plant.
The LHC-1395 yielded significantly higher in comparison
to other varieties as shown in Figure 7. The yield of the
LHC-1395 was followed by LHC-Maria with an average
total yield of 1859.8 grams. This yield is more than that
of Dynasty which yielded 1674.5 grams, and NS-408
which yielded 1580.9 grams. The yield for Rehmat-1080
is unsatisfactory as compared to the 2-3 kg average fruit
weight per plant mentioned by (Rehmat 1080, n.d.). The
results suggested that LHC-1395 is a high-yielding
variety of cucumber with the highest total fruit yield per
plant among the five varieties under the study. (Choubey
et al., 2023) also mentioned LHC-1395 as a high-yielding
hybrid variety of cucumber in their study.
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Fig.7 Yield per plant of different cucumber varieties

(AVA CONCLUSION

Varietal screening is a foremost step during the
cultivation of crops in a specific area as it directly affects
the yield. The fact cannot be ignored that the farmers
favor the cultural practices that they have been practicing
for many generations. Thus, this study has been focused
on selecting the best exotic variety for the study site using
the same package of production that the local farmers
have been using. During the study, among the five
varieties selected, none were seen as equal in results in
the context of the yield. The variety LHC-1395 yielded
highest, followed by LHC-Maria, Dynasty, NS-408, and
Rehmat-1080 respectively, and thus, LHC1395 is the
best-suited variety for the area, followed by LHC-Maria.
The overall performance of LHC-1395 is good compared
to other varieties in terms of both vegetative and
reproductive attributes. This variety is found to be
competitive with other varieties in terms of the number of
leaf and branch development per week. Moreover, it
exhibits a good capacity for fruiting as the number of
fruits per plant was found highest; also, the individual
fruit weight was higher in comparison to other varieties
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i.e., NS-408, and Rehmat-1080. Thus, it can be concluded
from the investigation that LHC-1395 is a superior variety
for the study area under the local cultivation practices.
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Appendix 1: Change in different morphological and yield attributes

Varieties Average plant  Number of  Number of Number of  Average fruit Total yield
height (cm) leaves branches fruit weight (kg) (kg)
2.720+ 197.73
+ + + +
Dynasty 23.900+0.823a  2.0100+0.0306a 0.147a 8.600+ 0.208b 15 984b 1674.5 £5.72¢
19.165+0.576a 3.000+ 11.360 190.06
- -+ -+
LHC-1395 b 2.0800+0.0345a 0.173a +0.230a +3.88hc 2137.9 £6.10a
+ +
LHC-Maria 28'420_0'47% 2.0300+0.0363a (2)12(7); 9.040 £0.212b  208.44 +5.09a  1859.8 +£10.5b
NS-408 22.76+1.58¢ 1.7500 £0.0408b  3.200+0.191a 9.160 +0.221b  174.87 +4.03c  1580.9+ 8.07d
Rehmat- 17.82+1.09c 2.0100+0.0227a 2.760 9.360 £0.181b  133.30+2.26d  1239.7 +£13.8e
1080 +0.202a
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Abstract— To combat hypogalactia, breastfeeding women in rural areas use certain plants in their
cooking to induce lactation. However, the nutritional properties of these local products after cooking are
not well known. Thus, the aim of this study is to evaluate the nutritional potential of the leafy stems of two
plants such as Euphorbia hirta and Secamone afzelii used in Céte d'lvoire after cooking. The results
obtained indicate the presence of proteins (7.55+0.02% ; 8.486+0.04%), total sugars (16.77+0.13 ;
17.93+0.09), reducing sugars (0.619+0.02% ; 0.872+0.03%) and mineral elements such as calcium
(1.12+0.08% ; 1.20+0.10%), iron (0.20+0.03%; 0.32+0.02%) and magnesium (0.15+0.01%; 0.54+0.04%)
in aqueous extracts from Euphorbia hirta and Secamone afzelii plants after cooking. These results could
justify the culinary use of these food plants, which are potential sources of essential nutrients for improving
the quality and quantity of breast milk for young children, through the treatment of breastfeeding disorders
in women in general. Both plants deserve be valorized. However, further studies on the toxicity of the

Secamone afzelii plant are needed.

Keywords— Euphorbia hirta, Secamone afzelii, nutritional potential, nutrients.

l. INTRODUCTION

Since prehistoric times, man has always found natural
ways to treat himself. The pathologies for which natural
means are sought include public health diseases such as
malaria, anemia, hypogalactia and malnutrition in nursing
mothers. Among these methods, the use of plants plays a
major role. In Africa, a great deal of research has been
carried out on galactogenic plants, proving their
importance for rural populations in particular. The results
of work by Bourobou-Bourobou et al (1996) in Gabon,
Betti and Van Esche (1998) and Betti (2002) in
Cameroon, for example, demonstrate the importance of
galactogenic plants for populations in rural and urban
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areas, where breast-feeding should be the main mode of
infant nutrition. In rural areas of most developing
countries, malnutrition remains one of the major
nutritional problems for infants (Jelliffe, 1989), due to the
inadequacy of breast milk. In rural areas, indigenous
populations often use treatments based on plant extracts to
stimulate or induce milk secretion in some women who are
unable to breastfeed their offspring after childbirth. The
reasons given for this inability to breastfeed seem to be
essentially linked to a partial or total absence of milk
production in all failing mothers. And yet, as we all know,
breast milk plays a vital role not only in the physiology
(nutrition and growth) of newborn babies, but also in
protecting them against certain illnesses such as diarrhoea
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and other deficiencies that can affect them during the first
months of life. The lack of this noble foodstuff among
breastfeeding women is therefore a very serious threat to
the health of infants. One of the main causes of insufficient
milk production is severe maternal malnutrition (Butte
and Stuebe, 2020). In a bid to provide answers to this
unfortunate situation, several authors have carried out
scientific studies on African plants reputed to stimulate
lactation (Sawadogo, 1987). These have demonstrated that
extracts of some of these plants, when administered orally,
are indeed capable of inducing milk synthesis in test
animals (Sawadogo, 1987).

In Cote d'lvoire's southern zone, ethnobotanical surveys of
lactogenic plants have been carried out. As well as in
Benin, a country in the sub-region (Salifou et al., 2017).

The survey study in the aforementioned country enabled
an inventory to be made of the plants used by rural
populations to provide solutions to the breastfeeding
problems of Beninese infants but no similar work has been
carried out on the knowledge of lactogenic plants used in
the joint fight in southern Cote d'lvaire.

According to research findings, extracts of the plants
Euphorbia hirta L and Secamone afzelii administered
orally have been reputed to produce breast milk from
traditional recipes, hence the need to conduct a nutritional
analysis of Euphorbia hirta L and Secamone afzelii plants
to help assess their nutritional value, the impact of which
could influence the quality and quantity of milk produced
in women's udders during lactation.

The aim of this work is to carry out a quantitative analysis
of the macronutrients (proteins, total sugars and reducing
sugars) and micronutrients (calcium, iron and magnesium)
in the extracts obtained from the two wild plants, with a
view to assessing their nutritional potential in combating
breastfeeding disorders in nursing mothers.

1. MATERIAL AND METHODS

MATERIAL

Plant material

The plant material, identified at the Floristic National
Centre of Félix Houphouét-Boigny Université of Abidjan,
consisted of the plants Euphorbia hirta L. (Euphorbiaceae)
with number P 00575846 according to the Paris national
herbarium and Sécamone afzelii (Schult) K. Schum

(Asclepiadaceae) with specimen number 120801 (Gabon
herbarium).

METHODS

Site selection and data collection
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Two localities were chosen; Akoupé on the one hand,
because it's in the interior of Céte d'lvoire. On the other
hand, Abidjan, the economic capital and major metropolis,
is a cosmopolitan city where many cultures meet. The
preliminary surveys carried out enabled us to list the
recipes indicated by the female population of these
localities with regard to breastfeeding problems. This
choice made it possible to study the recipes of these
populations in their cultural diversity with regard to
breastfeeding problems. Thus, the choice of the two towns
enabled us to assess the place occupied by recipes in the
dietary habits of the populations of the chosen localities.

Data collection was carried out in southern Céte d'lvoire.
These data are: locality, plant species, harvest, lactogenic
plants, endogenous recipes for stimulating lactation for
milk production, plants used for recipes, whole plant part,
and harvest period.

A sample of 100 women was surveyed, 50 from the town
of Akoupé and 50 from the town of Abidjan, during the
short dry season from August to September, after the long
rainy season from April to July (SODEXAM/DMN,2008).

The plants were harvested during this period for two
reasons: firstly, the period indicated will enable us to
obtain an undoubtedly high nutrient content, and secondly,
easy access to the plants after the renewal cycle in the
main rainy season. The people surveyed (n = 100) are in
the 25-55 age bracket, the age of the working population.

Sampling

The plant species studied were harvested in the two
localities mentioned above (Abidjan and Akoupé). During
each month of the short dry season, 3 batches of plants
were harvested. Each harvested batch was split into 3
samples of identical mass. A single sample was selected
for experimentation. A sample dried in a dry place was
placed in a MEMMERT 845 type B 40 oven at 60°C, for
quantitative mineral analysis and partially purified
extraction for nutrient quality analysis. With two plants,
two months and two locations selected, the number of
samples is 24.

Preparation of plant extracts for analysis.

Selected plants were harvested, dried and stored in a dry
place until use. Extracts were prepared according to the
protocol described by Sawadogo et al in 1988.

Whole plants were ground using a ball mill. One hundred
(100) g of the powder obtained was placed in water (5 mL
per gram of plant powder). The mixture was boiled for 15
minutes. The mixture was centrifuged at 3000 rpm for 15
minutes.

Once the pellet had been removed, partial purification was
carried out using the resulting supernatant. The crude
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extract obtained after centrifugation was stirred in the
presence of the same volume of chloroform for 5 minutes.
The mixture was centrifuged under the same conditions as
before, and the supernatant aqueous phase obtained was
taken up in 2 volumes of ethanol, followed by the addition
of Nacl (0.1). The mixture was stirred and centrifuged
again. The resulting pellet was recovered and redissolved
in a small volume of water, then freeze-dried to form the
partially purified extract for nutritional analysis.

The nutrient analysis of said extract concerns nutrients
such as proteins and sugars, with the exception of lipids, as
the search for the nutrients mentioned should constitute the
nutritional contribution listed as a cofactor (Houdebine et
al., 1990) to reinforce milk stimulation does not contain
lipids. What's more, when a plant product is to be
subjected to a partially purified extraction, it is de-oiled
beforehand, since fat reduces polysaccharide-water
solubility during extraction (Boni et al., 1990). The
presence of lipids increases the molecular weight of
polysaccharides and blocks the binding of water
molecules, preventing swelling of polysaccharide grains
and diffusion of polysaccharides out of them.

Determination of protein content

Protein determination (B.l.P.E.A, 1976) was carried out
using the kjeldhal method and according to the standard
(A.O.A.C, 1975) using a TECATOR DIGESTOR /Spain
mineralizer and a FOSS TECATOR KJELTEC SYSTEM
1002 /Sweden distiller.

International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023

Determination of soluble sugar content

Determination of soluble sugar content was carried out
using the phenol-sulfuric method, with extraction,
defecation and sugar assay stages. Determination was
carried out using the Dubois et al. method (1956).

Determination of mineral content
Dry mineralization of plants

The mineralization process used is that described by Biégo
et al. (2004). The dosing method used is Spectr AA-5
flame atomic absorption spectrophotometry of the Varian
type, based on the principle that the solution to be
analyzed is drawn through a capillary into the nebulizer.

Statistical analysis

The experiments carried out enabled us to collect
quantitative data. These data concern proteins, sugars and
minerals. An analysis of variance with two classification
criteria was used to compare the mean macronutrient and
mineral contents of two plants from two harvesting sites.
A NEWMAN KEULS test at the 5% threshold was
performed to assess the significant difference between the
means of macronutrient content in aqueous extracts and
mineral content in dried plants, using Statisticat version
7.1 software. For all tables, the means * standard deviation
assigned to various alphabetical letters are significantly
different according to the NEWMAN- KEULS test at p
less than 5%. Values are means + standard deviation of 12
trials.

1. RESULTS AND DISCUSSION
Table 1: Yields of partially purified extracts from the Abidjan and Akoupé sites, by plant species.

LOCALITIES ABIDJAN AKOUPE
Dry Euphorbia Secamone Euphorbia Secamone
ant hirta hirta afzelii
Fraction
Partially purified
fraction (%) 1.81+0.09a 1.41%0.10a 1.79+0.08a 1.71#0.07a
Table 2: Content of biochemical parameters in extracts
LOCALITIES ABIDJAN
Extracts Euphorbia Secamone Euphorbia Secamone
hirta afzelii hirta afzelii
Nutrients
Total sugars 17.33+0.10a 17.93+0.09a 17.43+0.12a 16.77+0.13a
Reducing sugars 0.872+0.03a 0.861+0.01a 0.619+0.02a 0.623+0.04a
Proteins 7.74+0.06a 8.2740.07a 7.55+0.02a 8.486+0.04a
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Table 3: Mineral composition (mg/l) of plant species harvested at various sites

LOCALITIES ABIDJAN AKOUPE
Plants Euphorbia Secamone Euphorbia Secamone
Miner hirta hirta afzelii
Calcium 1.2040.10b 1.1240.08b 1.19+0.07b 1.15+0.08b
Iron 0.24+0.01a 0.2040.03a 0.32+0.02a 0.26+0.05a
Magnesium 0.35+0.02a 0.15+0.01a 0.27+0.03a 0.54+0.04a

According to the recipes, the organs used in Abidjan and
Akoupé localities are, on the whole, leafy stems, the
decoction of which is said to promote the rise of breast
milk in the udder (Adepo, 2013). The decoction
preparation method is identical for the Euphorbia hirta
and Secamone afzelii plants. Yields of extracts collected
were generally similar, irrespective of harvesting site and
plant type (Table 1).

The contents of reducing sugars, total sugars and proteins
were equal from one plant to another, whatever the
collection site (Table 2). The levels of reducing sugars,
total sugars and proteins reported for the Euphorbia hirta
plant are in line with the results of the qualitative test by
Lanheurs, (2005).

The presence of reducing sugars in the Secamone afzelii
plant is confirmed by the results of the author's qualitative
test Kemeuzé, (2010). Also, the experimental protein, iron
and magnesium contents of the Secamone afzelii plant are
lower than those of Rita et al, (2014) (Secamone afzelii;
Iron 0.01%, magnesium 12.03%, protein 3.94%). The
mean contents of minerals such as calcium, magnesium
and iron in plants harvested in the Abidjan and Akoupé
regions also show no significant differences (Table 3).
This concordance of results could be explained by the
proximity of the harvesting areas of the plants listed, as the
two regions cited are geographically in the same locality in
southern Céte d'lvoire.

The high levels of calcium in both Euphorbia hirta
(1.20%) and Secamone afzelii (1.15%) compared to
magnesium and iron would be justified by the potential use
of calcium for plant growth. In addition, the availability of
mineral elements according to soil type could justify the
variability of mineral contents in the plants studied.

Experimental mineral analysis shows conformity with the
qualitative test results of Lanheurs, 2005. However, the
experimental results for minerals in Euphorbia hirta
(calcium 1.79%, iron 0.4% and magnesium 0.485%) are
generally lower than those of Tonganga 2014 (calcium
1.04%, magnesium 2.18% and iron 4.19%). This
difference in results may be explained by the fact that
leaves are the appropriate site for several metabolic
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reactions in the synthesis of organic compounds involving
the use of a high concentration of minerals. Unlike the
mineral content of Euphorbia hirta plants, for which data
are available, there are virtually no studies on the mineral
content of the Secamone afzelii plant studied.

In general, minerals are said to be the basis for stimulating
the action of enzymes involved in the phenomenon of
lactation secretion, as minerals constitute the enzymes'
metal cofactors. Moreover, according to the experimental
study by author Ndiaye 2018, calcium phosphate was
used.

The Euphorbia hirta plant is used as a dietary supplement
and lactogen (Lanhers et al., 2005). According to the
author Tonganga 2014, the Euphorbia hirta plant would
be considered a wild plant but also a food plant due to its
moderate levels of anti-nutritional factors such as cyanide,
which is found in moderate quantities, nitrate, recorded in
trace form, and the absence of oxalate. In addition, the
Secamone afzelii plant is also considered a food
supplement (Vidal, 2003; Rita et al., 2014).

A study of the ways in which different plants are used by
different populations reveals that these plants could also be
used as alicaments. Indeed, many recipes involve
incorporating the plant parts studied into everyday dishes.

In view of all the above, the search for minerals in the
plants analysed has enabled us to verify that their use
could be justified for the treatment of breastfeeding
disorders, as they can undoubtedly constitute an important
mineral and nutritional source for the lactation stimulation
essential for breastfeeding women.

V. CONLUSION

The results obtained indicate the simultaneous presence of
minerals such as calcium, iron and magnesium and
nutrients such as reducing and total sugars in the two
plants studied. The existence of nutrients that can act in
concert with the active ingredient to improve milk
production is also noteworthy. Oral administration of the
recipes involving the plants mentioned would contribute to
the synthesis of breast milk in general, and of antibodies
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specifically, by providing some of the macronutrients and
micronutrients needed for milk secretion. In fact, these two
plants containing proteins, total sugars, reducing sugars
and mineral elements such as iron, calcium and
magnesium could improve the quantity and quality of
breast milk for the infant with the nutritional contribution
relative to the nutritional value in plants. As a result, the
health of the child and the nursing mother could be
significantly improved.
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Abstract— This study investigated the growth and yield response of okra (Abelmoschus esculentus L.
Moench) in bituminous soils of selected communities (Loda, Lofo and Legbogbo) in Irele, southern Ondo
State for two consecutive growing seasons (2020 and 2021). The Legbogbo site, which of very low bitumen,
serves as the control. The textural class is sandy loam and the soil is acidic. Some samples of soil were
collected from three dug soil profile pit at depths 0-100 cm at an interval of 10 cm and moved to the soil
laboratory for the analysis of the chemical concentrations of macro and trace elements. The highest value
of the heavy metal was recorded at Loda. More so, the least amount of the bitumen concentration was
recorded at Legboghbo site (control) and in some cases at Lofo site. Result from the study showed that there
is significant difference (P < 0.05) in the values of the heavy metals among the location at all depths. The
results from various locations also showed that the soil depth and location were significant (P < 0.05) in
their main effects on the soil heavy metals. It was observed that the heavy metal concentration of soil was
lower than the permissible limit, an indication that the concentration of heavy metals of the study areas may
not have negatively influenced the growth and yield of okra. All agronomic parameters in all locations during
the two seasons of experiment were in the way of Legbogho>Lofo>Loda. Okra had 0 kg.ha* pod yield at the
Loda site at both 2020 and 2021 growing seasons, while Legbogbo had the greatest fruit yield for both
seasons. Okra yield prediction model was developed using the stepwise regression model and it was observed
that Okra yield significantly correlated to potassium (r> = 0.95) at P < 0.05 and phosphorus (r> = 0.99) (P
< 0.01).
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I.  INTRODUCTION

Bitumen is a generic term used to cover a wide range of high
molecular weight hydrocarbons (Ojovan and Lee, 2014), it
can act as a hydrophobic water shield. Three main types of
hydrocarbons occur in bituminous materials and they are
asphaltenes, resins and oils (alphatic hydrocarbons),
(Ojovan and Lee, 2005). One of the properties of bitumen
is that, it is visco-elastic. Bitumen is primarily composed
of polycyclic aromatic hydrocarbons (New World
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encyclopedia, 2016). Examples of composition of Bitumen
in terms of minerals are nickel, vanadium, lead, chromium,
mercury etc.

Bitumen can be described as thick, sticky, tar-like form of
petroleum which cannot flow unless it is heated or diluted.
At room temperature, bitumen is looks like cold molasses
(Government of Alberta, 2008). Bitumen can be described
as any hydrocarbon deposit that possess a gas- free viscosity
above 10,000 centipoises (cp) measured to original
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reservoir condition. Bitumen is around 95% hydrogen, and
up to 5% Sulphur, 1% oxygen and 200ppm metals (Tom,
2009). Bitumen possesses some properties like, waterproof,
adhesive, durability and resistance to heavy loads which
make it an ideal material that can be used in all
environments (Muritala and Adewole, 2016). Nigeria has
about the third largest deposits of bitumen all over the
world. This bitumen deposits in Nigeria is mainly located
within the southern axis of Ondo State, Nigeria, where
inhabitants are predominantly farmers. Surface and sub-
surface intrusions of this very important economic resource
has made it almost impossible for inhabitants to freely
practice their farming operations due to low productivity
and/or poor yield.

The heavy metals that infiltrate or through seepage enters
the ecosystem may lead to varieties of accumulation in the
soil and plant thereby creating negative influence on plant
growth. The accumulated toxic heavy metals in soils and
plants brings negative influence on the activities of plants
such as photosynthesis, gaseous exchange and nutrient
absorption in the plants and these helps in determining the
reductions in plant growth, accumulated dry matter and crop
yield (Suciu et al., 2008). Bitumen deposits normally have
negative effects on water and soil used for agricultural
practices especially in areas that are covered with bitumen
deposits, and the deposits will have adverse effect on
agricultural soils in such areas. Bitumen deposits are
generally harmful to the soil due to its toxicity (Agarry and
Oghenejoboh, 2014). There is always occurrence of
environmental effects that can bring threat to any area
where there are bitumen deposits (Akinmosin et al., 2009).

Atojunere and Ogedengbe (2019) reported that lead was
found in leaf vegetables and some fruits samples collected
from some markets in Lagos, Nigeria. Heavy metal gets into
plants through adsorption which refers to binding of
materials onto the surface or absorption which implies
penetration of metals into the inner matrix where both
adsorption and absorption can also take place (Lokeshwary
and Chandrappa, 2006). Bitumen deposit in small
concentration in a soil cannot confirm the toxicity of the
heavy metals in the plants or animals but there are some
heavy metals like lead, cadmium and mercury which are
very toxic even when their concentration is low (De Vries
et al., 2007).

Elements which are of different forms and composition can
be deposited in the soil in different proportions. Akintola et
al. (2011) reported that the heavy metals in the soil are
associated with biological and chemical properties and the
influence by anthropogenic activities (Ubah et al., 2009).
The degree of pollution or contamination in the soil can be
attributed to the effect of the heavy metals embedded in
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bitumen deposit soil, the environmental impact and their
origin (Ramirez et al., 2005, Akintola et al., 2011). Large
numbers of toxic heavy metals which are dangerous and
have certain effect on man and his environment are released
into the environment through various means (Dembitsky,
2003).

Okra (Abelmoschus esculentus L. moench) or Lady’s finger
is one of the important vegetables grown throughout the
tropics and subtropics. Okra is one of those crops that is
largely produced and consumed in the study area due to its
nutritional and health benefits (Habtamu et al., 2014). Okra
when consumed is very rich in vitamins, folic acid,
carbohydrates,  phosphorus,  magnesium,  calcium,
potassium and other minerals. Despite this importance, okra
production is either rendered impossible or marginally
possible due to various reasons, which until this present
research cannot be confirmed. This research therefore was
aimed at investigating the yield response of Okra to soils of
different communities around bituminous areas of southern
Ondo State, Nigeria.

1. METHODOLOGY
1.1  Site Description

The research was conducted during the cropping seasons of
2020 and 2021 in three different communities (Loda, Lofo
and Legbogbo), all located within the bituminous areas of
Southern Ondo State, Nigeria. The site was located within
latitudes 6°16N to 6°47* N and longitudes 4° 45 E to 5° 10*
E, and at elevation of about 405 m above the mean sea level.
The climate of the study site is humid subtropical, with an
annual rainfall of about 1800 mm and the mean temperature
is 25°C (Imoukhuede et al., 2023). The economic mainstay
of the inhabitants of the three communities is farming and
fishing, but the deposits of bitumen (an important economic
resource) that was explored but not exploited has turned a
huge disadvantage to farming and fishing operations of the
people living in the area. More often, there are free surface
flow of molten bitumen on soils, which eventually flow
further to nearby streams and rivers and the impact of the
adverse environmental impact of it had brought untold
hardship on the human, plant, animals, water and soil of
communities with overlay and underlay of bitumen in Irele,
Ondo State, Nigeria (Ogedengbe and Akinbile, 2009;
Fagbote and Olanipelun, 2010; Imoukhuede et al., 2023).

2.2 Treatments and Experimental Design

The experimental site consisted of three locations. The first
experimental site was at Loda, the second site was at Lofo
and the third site, which served as the control experiment
was located at Legboghbo, a non-bituminous sail, all in Irele
local government area of Ondo State, Nigeria. Land area of
about 15 m x 15 m was cleared manually in each of the three
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selected communities for the experiment. The cleared land
were thereafter ploughed using Tractor (Marsey Fegusson)
(3.82 tons) attached with a disc plough implement. The
ploughed plots were harrowed to further pulverize the soil
and loosen all clods before the formation of ridges using
local technique that is widely adopted in the three selected
communities. Okra seeds were planted in 15 rows of local
ridges with ten stands per row (replicates) following a split
plot design and at a spacing of 0.5 m by 0.5 m to make a
total of 150 plants per experimental sites. The total number
of okra stands was 450 in the three different sites
(Legbogbo, Loda, and Lofo). This experiment was
replicated the second year (2021) to give a clear
confirmation how the severity/concentration of the
concentration of heavy metal in a bituminous soil can affect
crop yield in the study areas.

2.3 Statistical Analysis

Yield components of okra were subjected to statistical
analysis such as mean and standard deviation. Analysis of
variance (ANOVA) was conducted to determine the
difference in means of the yield parameters at the 5% and
1% level of significance. Linear and non-linear regression
analysis was used to develop yield models for okra based on
soil and crop data obtained from the field. Models
predicting the okra yield were developed using the four
important soil factor: organic matter content (OMC),
percentage nitrogen (N), moisture content (MC), and three
important crop factors: fresh pod yield (FPY), pod length
(PL) and biomass yield (BY). Minitab uses normalization to
enable data to conform more to ideal random or Gaussian
distribution.

International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023

I1l. RESULTS AND DISCUSSION

3.1 Okra Growth Parameters on function of Weeks
After Planting (WAP)

The mean of the plant height, number of leaves and stem
girth from all the treatment (locations) taken up to 10 weeks
after planting (WAP) are presented in Figures 1 - 2. Mean
okra height was highest (38.53 + 11.14)) at Legbogbo and
least (0.00 + 0.00)) in okra planted at Loda. The relationship
between the mean heights with respect to days after planting
among the locations showed that there were no rapid
increase in the mean height of the leaf during the emergence
and there was rapid increase at about 3 WAP. At 7 Weeks
After Panting and beyond, the plant height reduced sharply
in okra planted at LODA until it reached the zero level.
However, the height of the crop, number of leaves and stem
girth in Legbogbo site increased steadily till the crop
reached maturity, before it started to decline.

There was pronounced variability in the plant heights
among the locations. At 2 WAP, significant difference (P <
0.05) in the average plant heights was recorded among the
locations. There was also significant difference (P < 0.05)
in plant heights at 6 and 10 WAP. The number of leaves
increased up to 8 WAP before it started experiencing
decline in the number of count. Similar observation was
recorded in okra planted during the second season. The
decrease in the number of leaves may be due to the dropping
of the plant leaves to the ground, which characterized the
late season (Allen et al., 1998). Similar trend was observed
for the stem girth at both growing seasons. The increasing
trend for the agronomic measurement in all locations and
seasons were in the trend of LEGBOGBO > LOFO >
LODA in most cases with respect to weeks after planting
(WAP).
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Fig.1: (a) Plant height (b) Number of leaves (c) Stem girth of Okra, as influenced by bitumen content in each of the locations
(Loda, Lofo and Legbogbo) in the first year of planting.
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Fig.2: (a) Plant height (b) Number of leaves (c) Stem girth of Okra, as influenced by bitumen content in each of the locations
(Loda, Lofo and Legbogbo) in the second year of planting.

3.2 Effects of Bitumen Deposits on Growth of
Crops

The growth parameter of okra as affected by the bitumen
content in soil at the different locations (Loda, Lofo and
Legboghbo) is presented in Tables 1. The Tables showed the
average plant heights of the three crops at different location
with varying bitumen contents at 2, 6 and 10 weeks after
planting (WAP). There was pronounced variability in the
heights of the plants at the locations. At 2 WAP, significant
difference (P < 0.05) in the average plant heights was
recorded among the locations. There was also significant
difference (P < 0.05) in plant heights at 6 and 10 WAP.
Tables 4.9 and 4.10 also showed the average stem girth of
the three crops (Maize, Groundnut and Okra) grown at
different locations (Loda, Lofo and Legbogbo) at 2, 6 and
10 weeks after planting. At 2, 6 and 10 WAP, there was
significant difference (P < 0.05) in the average stem girth in
both seasons of growth. At 2, 6 and 10 WAP, there was
significant difference (P < 0.05) in number of leaves among
the locations (LODA, LOFO and LEGBOGBO) where the
crops were planted in both seasons. Highest values of plant
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height, stem girth and number of leaves was recorded in
most cases at the Legbogbo location, which is the control
site, while the lowest value was recorded at the LODA site,
which is characterized by some large amount of bitumen
contents. Despite the lowest rainfall values of 592 mm
recorded at LEGBOGBO during the first growing season,
highest values of growth parameters were measured. The
LOFO site rainfall value of 618 mm with corresponding
values of growth parameters is lower, when it is compared
with the LEGBOGBO site. LODA site was a bit lower in
rainfall value (616 mm) comparatively with the LOFO site
but had the lowest plant growth parameters. The growth
parameters obtained at the LEGBOGBO site had the highest
value which can be explained by moisture availability to
crop due to free percolation of water into soil. However,
lower values of values of growth parameters recorded at the
LOFO and LODA sites may have been caused by the
surface seal caused by bitumen deposits, and may also be
due to enhanced runoff of surface flow after rainfall, thus
affecting water availability at the tap root in the soil for
metabolism and cell division (Ndakidemi and Dakora,
2007).
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Table 1: Effects of Bitumen Deposits on Okra Growth Parameters of Crops (Season 1)

Location WAP LODA LOFO LEGBOGBO
Plant height 2 6.33b (+ 1.13) 7.43a (+ 0.84) 6.40b (+ 0.91)
6 13.50a (+ 1.59) 19.60a (+ 2.71) 20.67a (+ 3.32)
10 0.00c (+ 0.00) 26.20b (+ 5.39) 38.53a (+ 11.14)
Stem girth 2 1.09b (+ 0.16) 1.40ab (+ 0.43) 1.74a (+ 0.55)
6 2.84c (£ 0.44) 4.58b (+ 0.88) 5.56a (+ 1.58)
10 0.00c (+ 0.00) 5.39b (+ 1.16) 7.55a (+ 2.80)
Number of leaves 2 2.00b (£ 0.00) 3.07a (+ 0.26) 3.00a (x 0.00)
6 3.47b (£ 0.83) 4.40b (£ 0.82) 6.07a (+ 1.58)
10 0.00c (+ 0.00) 3.13b (+ 0.52) 6.40a (+ 2.95)

Means that do not share same letter are significantly different (p = 0.05)

3.3 Effects of Bitumen Deposits on the Yield of
Crops

The yield response of okra planted at the three sites is shown
in Table 2. Planting the crops at the different locations had
significant effect (p < 0.05) on the pods, length of pod,
weight of pod and pod breadth per plants. Okra has no fruit
yield (pod) at LODA site during the two growing seasons.
The higher values of the yield component recorded at the
LEGBOGBO site can be explained by the free inflow of
water and air into soil for plant use and uptake of nutrients.
Water that would have been available for crop use at the
LODA and LOFO sites were intercepted by bituminous
materials, thus disallowing percolation to the root zone.
This affected largely moisture uptake by plant for nutrient
translocation into shoots, which ultimately led to poor
growth and zero yield of okra at the sites.

The enhanced nutrient transportation at the LEGBOGBO
site could have resulted to the significant (P < 0.05) increase
in crop yield parameters (number of pods, length of pod,
breadth of pod, and pod weight). The above explained the
mechanism for the higher values of yield components at the

LEGBOGBO, in accordance with the findings of Abd El
Lateef et al. (2018) and Chemutai (2018). The zero (0) pod
weight reported for the vegetable crop (Okra) at the LODA
site can be explained by inability of the Okra crop to take
up soil nutrient. Macro-nutrients like Nitrogen, Phosphorus
and Potassium are essential elements and important
determinant of the growth, yield and development of
vegetables. Likewise, adequate supply of phosphorous early
in plant life is important in laying down the primordial for
plant growth (Chemutai, 2018; Chemutai et al., 2018). The
fact that the yields from the LOFO and LEGBOGBO were
generally much greater than from LODA on its own
indicates that the nutrients satisfied the growth and yield
parameters of okra. Presumably, this can be related to the
functionality of soil and contents of the organic matter and
macro nutrients (Abd EI Lateef et al., 2018). The presence
of organic matter in soils is very important in the tropical
region for sustainable yield of crops (Sangakkara, 1993).
Organic matter improves soil tilth, infiltration rate and soil
water holding capacity; contributes nutrient to the crop, and
it is an important source of raw or partially decomposed
organic matter (Bill, 2001).

Table 4.11: Effects of Bitumen Deposits on Yield of Okra

LOFO LEGBOGBO

Location LODA
Season 1
Number of pod per stand 0.00c (x 0.00)
Weight of pod (g) 0.00b (= 0.00)
Length of pod (mm) 0.00c (+ 0.00)
Pod breadth (mm) 0.00c (£ 0.00)
Season 2

Number of pod per stand 0.00b (= 0.00)
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2.27b (£ 1.44)
19.80b (+ 13.91)
41.04b (+ 16.74)
18.97b (+ 6.23)

6.07a (+ 1.53)
123.20a (+ 65.10)
76.68a (+ 11.81)
26.26a (+ 3.11)

1.00b (+ 0.83) 9.00a (+ 3.83)
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Weight of pod (Q) 0.00b (x 0.00)
Length of pod (mm) 0.00b (x 0.00)
Pod breadth (mm) 0.00c (+ 0.00)

Regression models between Soil Properties and Okra
yield

Finally, for the Okra yield prediction, the stepwise
regression model was developed as shown in equations 4.5
and 4.6 below. Equation 4.5 and 4.6 represent yield models
for seasons 1 and 2, respectively.

International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023

16.40b (+ 9.58) 104.40a (+ 40.20)
23.11b (+ 10.72) 68.59a (+ 12.54)
17.28b (+ 3.62) 28.50a (+ 5.44)

Note: * significance at 0.05, ** significance at 0.01

The result indicated that Okra yield significantly correlated
to potassium and phosphorus (P < 0.05). The r? values of
0.95 and 0.99 obtained from the model indicated that about
95.5 and 99.9 % variability in the response could be
explained by the model, which contained potassium and

Yield = 3169 - 16995 K * 2 = 955 phosphorus as the predictors. The model validation of the
) model is presented in Figure 5, which showed a strong
. _ . . relationship between the predicted yield and measured yield
é;eld = -1978.9 +246.08P =999 for Okra, with r?value equal to 0.99.
Okrayield
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Fig.5. Predicted versus Measured yield of okra (Abelmoschus esculentus, L. moench)

IV. CONCLUSION

The growth and yield response of okra planted in three
different locations around the bituminous area of Irele,
Southern Ondo State, Nigeria has been investigated in this
research. It was observed that the LEGBOGBO site (control
site) without bitumen deposit had the highest growth and
yield parameters, followed by the LOFO, which had traces
of bitumen deposits that gave rise to yield reduction of okra.
However, the LODA site that was characterized with
surface and underground layers of bitumen had the least
growth parameters and okra yield. Soil amendments and
remediation would have to be carried out to reclaim the
usefulness of LODA soils for agricultural purposes.
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Abstract— The rapid development of urbanization in China is not only reflected in the tight land area and
rapid population growth but also causes changes in the local urban climate, such as the increasingly
obvious urban heat island effect (UHIE). This study explores the impact of urban surface cover types on
the urban thermal environment. Taking Zhuhai City, Guangdong Province as an example, based on
Landsat-8 thermal infrared remote sensing (TIRS) data, the atmospheric correction method (also known as
Radiation Transfer Equation, RTE) and spilt-window inversion algorithm are used to invert the land
surface temperature (LST) of the study area and compare their accuracy. After applying ArcGIS to
normalize the data, the standard deviation method was used to classify the LST and obtain the distribution
map of surface temperature levels in the urban area. In addition, the urban heat island proportion index
was used to evaluate the UHIE in the study area, and the distribution of UHIE intensity was obtained.
Based on geographical and national data, a combination of mathematical and spatial statistics was used to
establish a correlation between the proportion of underlying surface coverage and LST in three different
types of water bodies: vegetation and impermeable water surfaces. The results of the effect of urban
underlying surface layout on the thermal environment were obtained, and the overall thermal environment
effect of the city was obtained.

Keywords— Thermal Infrared Sensor (TIRS); Land Surface Temperature (LST); Radiative Transfer
Equation (RTE); Underlying Surface; Urban Heat Island Effect (UHIE).

I.  INTRODUCTION

(Price, 1990; Yue et al., 2006), ranging from LST inversion

Land surface temperature (LST) is of great research
significance in the fields of urban thermal environment
changes, landscape pattern analysis, and ecological
characteristics’ analysis, and is an important parameter for
studying the exchange of matter and energy between land
and atmosphere. In recent years, scholars have conducted

research on LST based on remote sensing (RS) technology
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to results analysis and application. One of the hotspots is
the quantitative analysis of the relationship between urban
surface temperature changes and the underlying surface
(which is an important factor in climate formation and
refers to the Earth's surface interacting with the
atmosphere during heat, momentum, and water vapor

exchange).
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For example, Atsuko et al. (2009) pointed out after
studying the impact of land use and land cover (LULC) on
ambient temperature in Takamatsu City, Japan, that the
growth of urban impermeable underlying surface area is
one of the most important factors leading to temperature
rise. Xiao et al. (2007) further found that there is a positive
correlation between the impermeable underlying surface
and LST in Beijing. Streutker (2002) and Roth et al. (1989)
used RS data to invert LST and its spatial distribution in
several cities along the western coast of North America.
They believe that there is a clear correlation between the
thermal characteristics inside cities during the day and land
use, while the correlation between nighttime heat island
intensity and land use is relatively small. Chen et al. (2006)
and Li et al. (2008) analyzed the correlation between
NDVI (Normalized Difference Vegetation Index),
MNDWTI (Modified Normalized Difference Water Index),
NDBI (Normalized Difference Building Index), and
NDBSI (Normalized Difference Bare Soil Index) and LST,
respectively. They found a clear correlation between them,
and there were significant differences in LST among
different LULC types. The above study obtained the
correlation between underlying surface and temperature in
different types of cities.

This article takes Zhuhai City, Guangdong Province,
as an example and uses Landsat-8 thermal infrared (band)
image data as the basis to invert its LST. Combined with
the geographical and national data of the research area, a
quantitative analysis is conducted on the relationship
between surface temperature and underlying surface in
order to provide scientific reference for the evaluation of
natural resource ecological environment and urban

planning in domestic cities.

Il. STUDY AREA AND DATA SOURCE
2.1 Study Area
Zhuhai City has three administrative regions under its
jurisdiction: Xiangzhou, Doumen, and Jinwan. The

location is superior, bordering the South China Sea, with a
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distance of 36 nautical miles from Hong Kong's waterway
to the east and connected to Macau's land to the south.
After the completion of the Hong Kong-Zhuhai-Macau
Bridge, Zhuhai has become the only city on mainland
China that is connected to both Hong Kong and Macau by
land. Zhuhai is an important port city in China, with five
land transportation ports, including Gongbei, Hengqin,
Qingmao, the Hong Kong- Zhuhai-Macao Bridge, the
Zhuhai Highway, and the Zhuhai-Macao Cross-Border
Industrial Zone. There are 5 water transportation ports,
including Jiuzhou Port, Wanzai Port for ferry passenger
transportation, Zhuhai Port, Doumen Port, and Wanshan
Port. There are a total of 10 national first-class ports,
making it the second-largest port city in China after
Shenzhen. It has rich marine resources, vast sea areas, and
numerous islands.

The climate of Zhuhai is pleasant, with an obvious
alternation of winter and summer winds. The temperature
is relatively high all year, with occasional cold showers.
The annual and daily temperature differences are small,
and they belong to the transitional marine climate between
the South Asian tropics and the tropics. The city is rich in
solar energy and abundant in heat. It is the only city in
China that has been selected as one of the "Top 40
National Tourist Attractions" for its overall urban
landscape, with mountains and rivers alternating and land
islands facing each other (Figure 1 and Figure 2).

with land use status maps.

(4) The climate pattern of Guangdong Province has
been characterized by a continuous increase in temperature
since June, with a high temperature period from July to
September and a significant UHIE. Therefore, when
selecting data sources, priority should be given to image
data from June to September. However, due to the large
amount of cloud cover in the image data during this time
span, it will have a serious impact on temperature
inversion. Thus, after further evaluation, February images

were selected for inversion analysis.
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2.2 Data Source and Preprocessing

The data sources used in this study chiefly include
geographic national condition vectors and Landsat-8
satellite images.

(1) Geographic national vector data includes surface

coverage data from the 2017 Geographic National Survey
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and the 2020 Geographic National Monitoring results.

(2) Landsat-8 satellite images, including three thermal
infrared image data from February 7, 2016, February 17,
2016, and February 20, 2021.

(3) To compare the different temperature changes of

the underlying surface in Zhuhai in different years, two
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images were selected for analysis and comparison. When
selecting images from the source database, it was found
that the number of available images was relatively small.
Thus, an image mosaic method was adopted to obtain the
full image of February 2016. Among them, the 10th and
11th bands of the Landsat-8 thermal infrared sensor (TIRS)
are used to estimate brightness temperature; the
operational land imager (OLI) data is used to calculate the
NDVI, MNDWI, and NDBI. Next, the data is subjected to
FLAAS
atmospheric correction. In addition, land use types are
based on NDVI, MNDWI, and NDBI, using normalized

density segmentation methods for -classification, and

radiometric  calibration  processing  and

calibrated in conjunction

I1l. METHODOLOGY

This study selected Zhuhai City as the research area,
comprehensively utilizing various methods such as
geographic information systems (GIS), RS technology, and
spatial modeling. Based on multi-temporal Landsat image
data, a supervised classification method is used to classify
land use/cover. The RTE method and split-window
algorithm are used to invert LST in order to study the
characteristics of underlying surface changes and the
spatio-temporal changes of LST during urbanization.
Analysis of the relationship between underlying surface
changes and LST uses the quantitative method. The
specific research route is as follows (Figure 3):

(1) Analysis of the spatio-temporal dynamics of
underlying surface changes: Using land use/cover change
(LUCC) as the characteristic, the spatio-temporal
dynamics of underlying surface changes are analyzed, as
well as the characteristics of landscape pattern changes in
Zhuhai's underlying surface from the perspective of patch
types and landscape levels.

(2) Analysis of spatio-temporal characteristics of LST
changes based on RS inversion data in Zhuhai City from
2016 to 2021. And using methods such as urban heat
island proportion index analysis, normalize the retrieved
temperature for hierarchical classification, analyze the
spatial agglomeration effect of LST, and explore the
differences in the contribution of land use/cover types in
different regions and underlying surfaces to the urban

thermal environment.
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(3) Analysis of the relationship between the
underlying surface and surface temperature based on
statistical methods to clarify the characteristics of LST
changes on the underlying surface and explore the
relationship between changes in the underlying surface and
LST.
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Fig.3 the Schema Flowchart of the Study

3.1 LST Inversion
3.1.1 Radiative Transfer Equation (RTE) Method

M Basic principle:

There are three main types of LST inversion based on
RS: the RTE, the single channel algorithm, and the
split-window algorithm. Among them, retrieving LST
requires three parameters, namely: average atmospheric
temperature, atmospheric transmittance, and surface
emissivity.

The main approach is to first estimate the impact of
the atmosphere on surface thermal radiation, and then
subtract the atmospheric impact from the total amount of
thermal radiation observed by satellite sensors to obtain
the intensity of surface thermal radiation, and then convert
the intensity of thermal radiation into the corresponding
surface temperature.

M Basic steps:

1. Data Preprocessing
(1) Calculate radiation brightness temperature (T6):

After radiation correction and atmospheric correction are
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applied to the multispectral and thermal infrared bands,
calculate radiation brightness temperature (bl selects the
thermal infrared band after radiation correction).
T6=k2/In (k1/B (TS)+1)
(1
In the formula (1), B (TS) is the thermal radiation
brightness of the blackbody in TS derived from Planck's
law, and T is the transmittance of the atmosphere in the
thermal infrared band. The radiation brightness B (TS) of a
blackbody at temperature T in the thermal infrared band is
as formula (2):
B (TS) = [LA - L1- T (1-¢)L]]/(t°€)
2
A is the thermal radiation brightness of the blackbody
at TS, which is derived from Planck's law.
k2=1321.08, k1=774.89 are preset constants for
Landsat-8 band10 before transmission, and after
substitution, formula (3) is obtained.

T6=1321.08/log (774.89/b1+1)

A3)

(2) NDVI calculation such as formula (4): b3 and b4,
respectively, select the red and near-infrared bands after
atmospheric correction.

NDVI= (float (b4 b3))/(b4+b3)
4)

(3) Vegetation coverage FVC calculation: NDVIS and
NDVIV generally use the minimum edge value of the
vegetation index and the maximum vegetation index. This
article uses a 5% confidence interval, and the calculation
formula is as follows (formula 5):

FVC= (NDVI - NDVIS)/(NDVIV
NDVIS)
= (bl gt 0.506826) * 1+(bl 1t 0.156625) * 0+(bl ge
0.156625 and bl le 0.506826) *
(b1-0.156625)/(0.506826-0.156625))
)

(4) Surface emissivity (Surf) is a basic parameter of
LST that mainly depends on the geological structure of the
surface. This study uses the same surface emissivity
calculation method as TM/ETM+6. Calculate surface
emissivity using the NDVI threshold method proposed by
Sobrino (2006). In band math, the formula is converted to:

Surf=0.004 * b1+0.986

(6)
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In the formula, b1 is vegetation coverage (VFC)
2. LST Inversion
(1) Calculate variables C and D, as shown in formulas

(7) and (8):

C = 0.34 * bl
(7

D= (1-t) * (1+(1-bl) * ¢
®)

(bl represents the surface emissivity (Surf), 0.34 is
the atmospheric transmittance of the day; the atmospheric
transmittance is obtained by inputting the photography
time and central latitude and longitude through NASA's
official website.)

(2) Calculate the surface temperature in degrees
Celsius using the formulas (9), (10), and (11):
Ts=[a * (1-C-D)+(b * (1-C-D)+C+D) * T6+D *
Ta]/C (9)

(Ts is the true surface temperature; a and b are
constants; a = -67.355351, b = 0.458606.) C and D are
intermediate variables, as shown in formulas (7) and (8).
The radiant brightness temperature T6 can be obtained
using the inverse function of the Planck formula (as shown
in formula 3), where Ta is the average atmospheric
temperature (in K). In addition, there is a linear
relationship between the average atmospheric temperature
Ta and the near surface temperature TO (usually 2m) as
follows:

Ta=17.9769+0.91715 * TO (tropical average
atmosphere)

Ta=16.0110+0.92621 * TO (mid-latitude summer
average atmosphere)

Ta=19.2704+0.91118 * TO (mid-latitude winter
average atmosphere)

Among them, Ta is the average atmospheric
temperature, and TO is the local temperature at the time of
remote sensing image acquisition (TO0's temperature needs
to be converted into Kelvin temperature).

Ta=17.97669+0.91715 *
(273.15+19)=285.992 (10)
LST=Ts-273.15
(11)

In the above equation, the conversion formula
between Kelvin (K) and Celsius (°C) is: K=°C+273.15,
°C=K -273.15. Among them, K represents Kelvin, and °C
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represents Celsius. Thus, subtracting 273.15 from Kelvin
K is the value of degrees Celsius.

3.1.2  Double-Channel
Algorithm

(1) LST Inversion Algorithm

Using the dual channel nonlinear split-window

Nonlinear  Split-Window

algorithm to invert surface temperature (Chen et al., 2004)

(as shown in formula 12):

T=b0+(b1+b2?+b3A£)Ti+

T; 1-¢
52) "t (bt bs TS+

Ae\ T;—-T
bss) X 4 by (T, =T (12)

Among them, e and Ae Represent the mean and
difference of emissivity for two channels, depending on
surface classification and coverage: T; and Tjare the
observed brightness temperatures of two channels, b; (i=0,
1... 7) represents various coefficients that can be obtained
from simulated datasets of laboratory data, atmospheric
parameter data, and atmospheric radiation transfer
equations. To improve inversion accuracy, coefficient b;
depends on the water vapor content in the atmospheric
column.

(2) Atmospheric Water Vapor Content

To reduce dependence on external atmospheric
conditions, a new algorithm has been developed to
estimate water vapor from thermal infrared images
themselves. Firstly, an empirical relationship between the
atmospheric transmittance ratio Ti/T; of two split window
channels and the atmospheric water vapor content wv is
established using MODTRAN and TIGR atmospheric
profiles. Then, the transmittance ratio is estimated using
the ratio of covariance to variance between the brightness
temperatures of the two channels within a certain size
sliding window (as shown in formula 13)..

wv=a+b<ﬂ)+
Ty

¢. (T/T))? (13)

(3) Pixel Emissivity Inversion

The vegetation coverage weighting method uses
Landsat-8 visible and near-infrared data to invert NDVI
and vegetation coverage f to estimate pixel emissivity.

g =&.fteg(1—f)+4<
de>f.(1-f) (14)
f= (NDVI-NDVIs)/
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NDVI,-NDVIs)? (15)

Among them, the emissivity data of vegetation
components ¢ and the emissivity data of background
components g come from the spectral database. The <de>
represents the cavity effect parameter formed by multiple
scattering of components within a pixel, which is
determined by the red structure of the pixel canopy and
surface roughness. NDVIs and NDVIv are NDVI values
for bare soil and dense vegetation, respectively. To
maintain consistency between different images of NDVIs
and NDVIv, fixed values are taken here, namely
NDVIs=0.2 and NDViv=0.86. When the NDVI of a pixel
is greater than NDVIy, the plate coverage of the pixel is 10,
and the emissivity of the pixel is &,. When the NDVI of a
pixel is less than NDVIs, the vegetation cover of the pixel
is 0,0; Pixel reflectance is g .

3.2 Quantitative Analysis of LST Change and
Underlying Surface

This study is based on the results of surface coverage
in geographical and national conditions. Within the study
area, quantitative analysis is conducted on the relationship
between LST changes and underlying surfaces, including
the urban heat island proportion index and the analysis of
the relationship between underlying surfaces and LST
changes. Among them, the urban heat island proportion
index is a new viewpoint proposed to address the difficulty
of quantitative comparison of UHIE in different time
periods. That is, the comparison of UHIE between
different time periods cannot only consider the
temperature itself but also the different temperature levels
that make up the urban heat island, the proportion of the
area in the urban built-up area (Li, 2020), and the
contribution of temperature intensity to the formation of
the heat island effect to analyze the urban heat island
proportion index (Sun, 2020).

The analysis of urban heat island proportion index is
based on the inversion of LST, obtaining information such
as the highest temperature, lowest temperature, and
average temperature in the study area, and analyzing the
spatial distribution characteristics of LST in each study
area. And density classification technology is used to
classify, calculate, and analyze the absolute value of LST.
In addition, analysis of the relationship between

underlying surface and LST changes: analyze the LST of
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the study area in 2016 and 2021, and calculate the area and
proportion of LST at all levels; Based on geographical and
national land cover data, calculate the area and proportion
of different types of underlying surfaces within different
levels of temperature; Based on statistical results,
quantitatively analyze the relationship between LST

changes and underlying surfaces.

IVV. ANALYSIS AND RESULTS
The underlying surfaces of this study are divided into
three categories: vegetation, water bodies, and
impermeable surfaces, where impermeable surfaces refer
to surfaces covered by various impermeable building

materials, such as buildings, roads, and parking lots

International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023

composed of materials such as tiles, asphalt, cement
concrete, etc.
4.1 Vegetation Information Extraction

The most commonly used vegetation information
extraction is the normalized difference vegetation index
(NDVI), which is between -1 and 1. The vegetation index
is positive, and the larger the value, the more obvious the
vegetation features. The calculation formula is shown in

(11), and the vegetation cover map is shown in Figure 4:

NIR—-RED
NIR+RED

NDVI= (11)

where RED and NIR, respectively, select the red and

near-infrared bands after atmospheric correction.
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Fig.4 Vegetation Cover Map of Zhuhai City

4.2 Water Body Information Extraction
Mcfeeters (Vitousek, et al., 2008) proposed the
Normalized Difference Water Index, abbreviated as the

NDWTI. Its formula is as follows (12):

BGreen — BNIR
BGreen +BNIR

(12)
where BGreen represents the green light band; BNIR

NDWI=

represents the near-infrared band.
The basic principle of the model is that as the
reflection of water gradually weakens from visible light to

the mid-infrared wavelength range, it has the strongest
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absorption in the near-infrared and mid-infrared
wavelength ranges and almost no reflection. Therefore, the
NDWI composed of the contrast between the visible and
near-infrared bands can highlight the water body
information in the image (the NDWI value of the water
body is the largest). In addition, due to the generally
strongest reflectance of vegetation in the near-infrared
band, the ratio of the green light band to the near-infrared
band can be used to suppress vegetation information to the
greatest extent, thereby achieving the goal of highlighting

water information (Figure 5).
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4.3 Urban Construction Land Information Extraction
NDBI is proposed based on the pseudo-normalized
difference vegetation index proposed by Yang (Zhuang et
al.,, 2019). It can accurately reflect information about
building land. A larger value indicates a higher proportion
of building land and a higher building density. Through
visual interpretation, the NDBI threshold is continuously
suitable threshold is

construction land is extracted. After adjusting the threshold,

adjusted until a found, and

the impermeable water surface distribution is obtained.

Fig.5 Water Cover Map of Zhuhai City

The calculation formula is as follows (13):

RMIR — BNIR
BMIR +BNIR

NDBI= (13)

where RNIR and RMIR are the reflected radiation
values of the near-infrared and mid-infrared images,
corresponding to the band 5 and band 6 OLI data. The
darker the color of the NDBI image, the higher the
representative value, indicating a higher proportion of

building land and a higher density of buildings (Figure 6).
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Fig.6 Construction Land Coverage Map of Zhuhai City
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4.4 Analysis of UHI Ratio Index

The proportion of vegetation area in the urban area of
Zhuhai remained unchanged from 2016 to 2021, while the
proportion of water body area decreased slightly and the
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proportion of impermeable water surface area increased.

According to the geographical and national survey and

monitoring data statistics of Guangdong Province (Figure
7 and Table 1).

Lawn
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- Wetland
Ocean

T wave

I Forest

i ! Urban

Fig.7 Remote Sensing Images of Land Use in Zhuhai in 2016 and 2021
(Image Source: 2022 GlobeLand30 Surface Cover Data from the Ministry of Natural Resources of China)

Table 1 Proportion of Different Underlying Surface Areas in Zhuhai in 2016 and 2021

Year of 2016 Year of 2021
Study area Category Area Ratio Area Ratio
/km? (%) /km2 (%)
Water bodies 468.84 27 416.75 24
Zhuhai  City Vegetation 573.03 33 573.03 33
District
Impervious 260.47 15 382.02 22

surface

4.5 Inverted LST Situation

The surface temperature situation of Landsat-8
remote sensing image data for temperature inversion is
shown in Figure 8 and Table 2. The atmospheric correction
method, also known as the RTE method, is based on the
Planck equation to invert surface temperature. This method
is simple and clear and has higher inversion accuracy

when obtaining or simulating more accurate atmospheric
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parameters. Compared with the dual-channel nonlinear
split-window algorithm, it reduces the impact of
atmospheric water vapor content on temperature data with
a smaller standard deviation. The data is relatively stable
and the error is small, so this article uses the atmospheric
correction method for the temperature inversion of Zhuhai

City in relevant years.

95


https://dx.doi.org/10.22161/ijeab.85.14

Zhang et al. International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023

20 30 40

Fig.8 Temperature Inversion Image in 2021
[Split Window Algorithm (Left), Atmospheric Correction Method (Right)]

Table 2 Statistical Characteristics of Temperature Inversion

Study area Method Highest Minimum Average Standard
temperature deviation
Zhuhai Split-window 42.499 10.958 24.174 2.411
RTE 37.777 11.407 22.222 1.884

The surface temperature situation of the reverse performance (Figure 9, Table 3) shows that the daily highest and lowest
temperatures in the urban area of Zhuhai in 2021 were higher than those in the same month of 2016. The standard deviation

of temperature decreased, indicating a smaller dispersion of temperature distribution and gradually stabilizing.

40
km
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Fig.9 Temperature Inversion Image [2016 (Left) and 2021 (Right)]

Table 3 Statistical Characteristics of Surface Temperature in Zhuhai in 2016 and 2021

Study area year Highest Minimum Average Standard
temperature deviation
Zhuhai 2016 35.256 8.109 17.096 2.144
2021 37.777 11.407 22222 1.884

Due to the significant differences in surface
temperatures among different time periods, it is not
feasible to directly compare the surface temperatures of
each time period. Thus, normalization and density
segmentation techniques are used to classify the surface
temperatures over two time periods. By calculating the
urban heat island ratio index, the trend of surface
temperature changes in different regions and different time
periods is studied.

The specific steps are as follows: first, normalize the
inverted LST according to formula (14), and unify the
surface temperature between 0 and 1. Then, using density
segmentation technology, the normalized s LST is divided
into seven levels using an even distribution method,
including extremely high temperature (EHT), high
temperature (HT), relatively high temperature (RHT),
medium temperature (MT), relatively low temperature
(RLT), low temperature (LT), and extremely low
temperature (ELT), with corresponding level values
ranging from 7 to 1 (Pan and Han, 2011; Li and Xv, 2014).
Finally, calculate the proportion of these levels in the
built-up area and calculate the URI based on the formula
(15).

LS Taom=—— ST (1 4y

LSTmax—LSTmin

1 L
URl = —— ., wipi (15)
In the formula (14), LSTnorm is the normalized

surface temperature value; LST that has not been

normalized; and LSTmax is the maximum value of surface
temperature. LSTmin is the minimum value of surface
temperature;

In the formula (15), URI refers to the proportion of
urban heat islands; m is the number of surface temperature
levels; i is the temperature level in the urban area that is
higher than the moderate temperature zone; n is the
number of temperature levels in urban areas that are higher
than those in moderate-temperature areas; W is the
weight value, selecting the level value of the i-th level; and
P is the percentage of level i. In this study, the natural
breakpoint classification method was used to classify the
LST into 7 levels, so m is 7. Areas above moderate
temperatures represent the development range of urban
heat islands; therefore, n is 3.

Based on the above method, the calculated values and
distribution maps of Table 4 and Figure 10 were obtained.
Analysis shows that in 2016, the temperate zone in the
urban area of Zhuhai accounted for the largest proportion
of the total area (23.6%). The sub-high temperature zone
(46%) accounted for the largest proportion of the total area
in 2021, with the URI increasing from 0.307 in 2016 to
0.393. Compared with 2016, the total proportion of EHT,
HT, and RHT areas increased by 10.804%, resulting in an
increase of 0.086 in the urban heat island proportion index
of Zhuhai City. From 2016 to 2021, the surface of the
urban area showed an increase in temperature, with a small
increase in the range of EHT, HT, and RHT.

Table 4 Heat Island Ratio Index and Area Proportion of Temperature Class

Study Year

arca

Proportion of area occupied by temperature zones, Pi/(%)

Zhuhai 2016 0.111 0.175  0.233

EHT HT RHT MT RLT LT ELT URI
0.236 0.146 0.079 0.019 0.307
2021 0.189 0.2 0.46 0.396 0.07 0.004 0.001 0.393
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20 30 40

Fig. 10 Temperature Inversion Normalization Processing Images
[2016 (Left) and 2021 (Right)]

4.6 Analysis of Underlying Surface and LST Change
From the perspective of wunderlying surfaces,
compared to 2021, the proportion of underlying surfaces
and impermeable surfaces in extremely high-temperature
and high-temperature areas in Zhuhai City remained
relatively stable at over 95% in 2016. This indicates that
the high-temperature areas of the city are mainly
concentrated in buildings, highways, railways, and other
impermeable areas without vegetation or water cover.
From 2016 to 2021, the proportion of impermeable
surfaces in urban areas increased by 7%, while the
proportion of water bodies decreased by 3%, with little

change in the proportion of vegetation.

V. CONCLUSIONS

The study analysis shows that from 2016 to 2021, the
proportion of impermeable water surface in the urban area
of Zhuhai City has slightly increased, the proportion of
water body area has slightly decreased, and the vegetation
area remains unchanged. After careful comparison and
analysis of the proportion of underlying surface area, it
was found that the vegetation area on the underlying
surface of Zhuhai City remained relatively stable at 33%.
The proportion of water body area is about 30% (27% in
2016 and 24% in 2021). From this, it can be concluded
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that for small and medium-sized cities, vegetation plays a
greater role in alleviating the UHIE than water bodies.
That is, for small and medium-sized cities, in the process
of urban development, if the high proportion of vegetation
coverage in the area can be maintained, even if the
proportion of impervious surface area decreases and
human activity areas increase (15% in 2016 and 22% in
2021), it may not lead to a sharp intensification of the
urban heat island phenomenon.

In this study, only two images of February were
selected for the inversion of urban temperature. Although
the months studied do not belong to the annual high
temperature period, the patterns show that there are
changes (increases) in urban temperature between years.
However, the temperature changes throughout the year
cannot be fully demonstrated, so it is insufficient to
highlight the trend of heat island changes in the city. In the
future, we plan to make full use of geographical and
national data, refine the underlying land types, and conduct
quantitative analysis of the relationship between LST
changes and underlying surfaces in the study area during
the four seasons in order to provide a useful reference for
urban development planning.

Technically, this article wuses the traditional

atmospheric correction (RTE) method for LST inversion,
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which has room for improvement in accuracy. In the future,
we plan to optimize the inverse algorithm from the
perspectives of physical simulation and mathematical
statistical analysis and then compare the accuracy
differences with traditional calculation results. In addition,
it is not possible to verify the inversion results of surface
temperature due to the lack of synchronous meteorological
observation data on satellite transit time and surface
temperature, and the estimation of emissivity has not
addressed the issue of pixel mixing. In summary, the above
analysis elements are the focus of further experiments and
discussions in this study in order to improve the reliability

and accuracy of LST inversion.
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Abstract— The purpose of this research was to develop a micro-propagation method for the date palm
Zaghlol cv. using juvenile leaves. To produce the necessary results, different plant growth regulator
combinations were used. The leaves were grown on MS medium supplemented with PVP to prevent the
explants from browning. The results showed that adding PVP at a concentration of 1.0 g/l considerably
reduced browning. On the induction medium, callus formation occurred during the fourth week of culture;
however, callus formation (87.5%) was more prevalent on the % MS medium containing with 10.0 mg/l NAA,
1.0 mg/l BA and 2.0 mg/l 2ip. The greatest development of embryogenic callus (94.50%) occurred on a %
MS medium supplemented with 5.0 mg/l NAA and 2.0 mg/l BA. The largest fresh callus weight (3.53 g) was
produced by this treatment after four months in culture. On MS medium supplemented with 2.0 TDZ, 1.5
BA and 0.5 NAA, which was regarded as the optimum medium for increasing the number of embryos to 32.10
embryos/culture, the best results (65.67%) were obtained. Further investigation into the stimulation and
development of somatic embryogenesis involved using MS basal medium supplemented with BA at 0.5 mg/I,
kin at 0.1 mg/l and NAA at 0.05 mg/l; this treatment formed the most leaves (20.11 leaf/cluster). The cluster
of shoots grown on MS basal medium supplemented with BA at 2.0 mg/l and NAA at 0.5 mg/I had the highest
leaf number (34.25 leaf/cluster) and leaves length values after three sub-cultures (4.75 cm). The DNA-based
fingerprinting technology ISSR was used to confirm the genetic stability of this protocol. The mother tree
and tissue culture-derived shoots evaluated exhibited no differences in the ISSR banding patterns. The micro-
propagation method could be used to produce genetically stable date palm plants.

Keywords— Date palm, juvenile leaf explants, plant growth regulators, embryogenic callus induction,
somatic embryos formation and maturation and Polymorphism ISSR.

. Abbreviation: VII. TDZ: Thidiazuron

Il. MS: Murashige and Skoog medium VIIl.  Kin: Kinetin

1. PVP: Polyvinyl Pyrrolidone IX. DNA: Deoxyribonucleic acid

(AVA NAA: Naphthalene acetic acid X. ISSR: Inter simple sequence repeat
V. BA: 6-Benzyl amino purine

VI. 2ip: 6-dimethylallyl amino purine
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l. INTRODUCTION

Phoenix dactylfera L. (Family: Palmaceae) is a
dioecious monocotyledonous plant. It is regarded as the
most significant fruit tree in a number of Arab nations,
including Saudi Arabia and Iraq (Mirani, 2018). Date palm
is a resistant fruit tree that grows in a variety of climates,
but is most prevalent in hot, arid regions of the Middle East
and North Africa. The date fruit has a large number of
chemical components with nutritive and medicinal
properties (Al-Khayri and Naik, 2017). The yearly
worldwide market value of date crops (including imports
and exports) reached about 1.9 billion USD (FAOSTAT,
2013), providing a solid important basis upon which a
country may develop a successful economy.

Due to a shortage of suitable planting materials,
expansion of date palm plantation in various locations of
Egypt and replanting trees to compensate for loss due to
diseases or human causes are limited. Additionally, owing
to the extended generation time and heterozygosity of date
palm cultivars, development of Egyptian date palm
cultivars using conventional breeding programs has
encountered challenges. In recent years, significant
advancements in plant biotechnology have complemented
traditional approaches for date palm multiplication,
conservation, and genetic improvement (Bekheet, 2013).
The date palm may have a significant ecological impact on
a variety of desert and semi-arid environments (Badawy et
al., 2005).

Worldwide, an estimated 150 million date palm
trees have been developed utilizing a variety of propagation
techniques, including seed germination and offshoot
transplanting as natural and traditional means of
propagation, as well as small-scale tissue culture
technologies (Al-Khayri et al., 2015). Due to the
heterozygosis of the seed propagated date palm, it cannot be
used for commercial production of selected cultivars
(Tisserat, 1982), due to the significant differences in fruit
maturation, fruit quality, harvesting time, and production
potential between plants propagated vegetative and
seedlings (Zaid et al., 2011). Whereas true to type date
palm propagation by offshoots is a sluggish process that is
often impeded by the restricted number of offshoots that a
tree produces during its life, a poor survival rate, and the
potential of disease spread such as Bayoud and Red Palm
Weevil infection (Al-Khalifah and Askari, 2011).

The micro-propagation is a potential method for
producing vast quantities of disease-free and pest-free
plants for plant material exchange, as well as genetically
identical and high-quality planting material. Due to the
rising demand for unusual and superior quality date palm
cultivars, micro-propagation is an inescapable means of
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propagation (Al-Mayahi, 2020). The effectiveness of plant
tissue culture as a technique of plant multiplication is highly
dependent on the composition of the growing medium (Al-
Mayabhi et al., 2020).

The tissue culture method of propagation is the
most potential tool for the efficient production of high-
quality plant materials (Sane et al., 2006). Due of the
inherent limits of traditional date palm growth by offshoots
(Al-Khayri, 2011). For date palm micro-propagation,
