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Introduction
Stress is a major focus of agricultural research, due to the vast 

economic losses caused to cash crops (Miltler, 2012). The relationship 
between stress and plant yield affects economic decisions as well 
as practical development. The impact of biotic injury on crop yield 
impacts population dynamics, plant-stressor coevolution, and 
ecosystem nutrient cycling.1 Cocoa is the leading agricultural export 
of the country and Nigeria is currently the world’s fourth largest 
producer of Cocoa, after Ivory Coast, Indonesia and Ghana (FAO, 
2015), and the third largest exporter, after Ivory Coast and Ghana.2 

The crop was a major foreign exchange earner for Nigeria in the 
1950s and 1960s and in 1970 the country was the second largest 
producer in the world but following investments in the oil sector in 
the 1970s and 1980s, Nigeria’s share of world output declined. In 
2010, Cocoa production accounted for only 0.3% of agricultural GDP 
(FAO, 2015). Average cocoa beans production in Nigeria between 
2000 and 2010 was 389,272 tonnes per year (FAO, 2015) rising 
from 170,000 tonnes produced in 1999.3 Fortunately, remote sensing 
technology can provide spatial distribution information of diseases 
and pests over a large area with relatively low cost.4 The presence 
of diseases or insect feedings on plants or canopy surface causes 
changes in pigment, chemical concentrations, cell structure, nutrient, 
water uptake, and gas exchange. These changes result in differences 
in color and temperature of the canopy, and affect canopy reflectance 
characteristics, which can be detectable by remote sensing. Therefore, 
remote sensing provides a harmless, rapid, and cost-effective means 
of identifying and quantifying crop stress from differences in the 
spectral characteristics of canopy surfaces affected by biotic and 
abiotic stress agents.5

Study area characteristics

Geographic description: The study area is a cocoa plantation in 
the research farm of The Federal University of Technology, Akure 
(FUTA) It is located between latitude 7°18’26.0’’N and 7°18’28.3’’N 
and longitude 005°07’24.6’’E and 005°07’23.8’’E. It covers a total 
area of about 0.126 acre (510m2). It is divided into two portions: 
shaded and unshaded The un-shaded portion covers an area of 0.084 
acre while the shaded portion covers an area of 0.042 acre.

Biophysical characteristics

1. Rainfall: Being in the equatorial tropical hinterland, two distinct 
seasons are experienced; 

2. Dry season: characteristically wet and ranges between April to 
October and 

3. Wet season: which is characteristically dry and ranges between 
November and March.

Rainfall usually begins around March /April and reaches the 
maximum in June, decreasing from thereafter until September/October 
when it finally ebbs out. The south westerly moisture laden wind 
brings the rain while the North easterly wind brings harmatan during 
the dry season. Annual rainfall varies from 1150mm to 2550mm. 

Temperature: Study area maintains a moderately high temperature 
line throughout the year. The maximum temperature of about 34% 
(860F) is usually in March while the minimum stand at about 220c 
(71.60F) with an average daily temperature between 300C (93.20F) and 
cloudy atmosphere reduces excessive high temperature. The annual 
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Abstract

Stress is a major focus of agricultural research, due to the vast economic losses caused 
to cash crops. Plant stress affects crop quality and quantity therefore every possible 
measure must be taken to assess and address the issue of plant stress in cocoa crop 
production. Researches reveal that there has been a reduction in the level of cocoa 
production in Nigeria and this has directly or indirectly affected the economy of the 
country. Plant stress assessment in this study was carried out using integrated remote 
sensing and GIS techniques. The study was carried in the teaching and research farm 
of The Federal University of Technology, Akure. The cocoa plantation which consist 
of two portions of shaded and un shaded (the shaded portion is covered by canopies of 
other plants like plantain while the un shaded potion is opened to direct sunlight). Four 
factors were considered (temperature, soil type, soil mineral and nutrients, relative 
humidity). Soil analysis, Vegetation indices (NDVI and SAVI), spectroradiometer and 
IDW 141was used to obtain information about the plant and the soil. Cocoa plants in the 
un shaded portion of the study area are more healthier than plants in the shaded portion 
of the cocoa farm. Absorption during the spectral reflectance assessment occurred 
mostly in the VNIR (Near Infrared) 400-1200nm region of the electromagnetic 
spectrum. the maximum absorption for nitrate is at 540nm, the maximum absorption 
for phosphate is at 880nm and the maximum absorption for sulphate is at 450nm. The 
variance in soil composition and the amount of soil minerals on different part of the 
farm is majorly responsible for the difference in health status of the cocoa plants. It is 
recommended that the method used in this study can also be applied in assessing the 
health status of any other plant. Although the study area is small, this method will be 
very effective if applied to a larger study area.
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mean temperatures is about 26.650C the diurnal range is usually very 
low often times not more than 700F in July and August.

Relative humidity

In the study area, high annual rainfall makes the relative humidity 
to be high throughout the year, and it ranges between 64% and 87%. 
In the morning times, during the raining season, 80% is commonly 
observed. In times of high temperature with high temperature with 
high relative humidity, the atmosphere could be pretty uncomfortable. 
However pleasant atmosphere is generally experienced at the raining 
season when the relative humidity generally falls. The mean maximal 
at 10:00am is 77% from December to May and 88% in August. The 
annual average maximum is 83%. The extreme mean at 4:00pm is 
57.5% in January and 81.9% in July and August. The annual mean 
maximum humidity is 71.88% (Figure 1).

Figure 1 Land surface temperature map for 1996.

Materials and methods
This chapter presents the relevant data and materials used for the 

project, their source, relevance, the processing operations carried out 
and the overall methods used in order to achieve the desire aim and 
objectives. The criteria used for the analysis were fully explained in 
this chapter (Table 1).

Software used

a. Arcgis 10.5

b. ViewSpec2009

c. Microsoft word 2013

d. Microsoft excel 2013

Instrument used

a) GPS

b) Soil auger

c) Spectroradiometer

Methods used in the Study 

Clipping or image sub-setting: This refers to clipping out an area 
of interest from available data set. It is also referred to as creating a 
sub-map. This is necessary because it limits one only to the area of 
interest. It also reduces working on very large extent of data. Clipping 
in image analysis helps to streamline the study into co incides area. 

Vegetation index analysis using normalized difference vegetation 
indices (NDVI): Normalized Differential Vegetation Index (NDVI) 
for the study area was carried out using ARCGIS 10.5 edition by 
calculating the ratio between measured reflectivity in the red and 
near infrared (NIR) portions of the electromagnetic spectrum. 
The normalized difference vegetation index (NDVI) is an index of 
plant “greenness” or photosynthetic activity, and is one of the most 
commonly used vegetation indices.

Table 1 Characteristics of the data used

S/N Data Source Year Resolution Relevance

1 Administrative map OSGOF 1:130000 To extract the boundary of the LGAs that made 
up the study area

2 LANDSAT7 and LANDSAT8 USGS 199,620,032,018 30m To extract LST and NDVI of the study area.

3 Soil Map Centre for world food 
Studies. 1997 To extract the soil types within the study area

4 GPS coordinates field survey May ,2017 …………. To get the coordinate of sample

5 Relative humidity data Era interim(ecmwf.in)  To extract humidity data for study area

Extraction of land surface temperature from the images: Land 
surface temperature (LST) is the radioactive temperature of land 
derived from solar radiation. LST is a basic determinant of terrestrial 
thermal behavior, as it controls the effective radiating temperature 
of the earth’s surface. The LST for this study help to generate the 
temperature data for study area between 1996, 2013 and 2018. These 
process helps to know the temperature of the study area at these 

time. LST values were calculated using radian reflectance values of 
the three Landsat images which were transformed to radiant surface 
temperature.

Inverse distance weighted (IDW): The Inverse Distance Weighting 
interpolator assumes that each input point has a local influence that 
diminishes with distance. It weights the points closer to the processing 
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cell greater than those further away. A specified number of points, 
or all points within a specified radius can be used to determine the 
output value of each location. Use of this method assumes the variable 
being mapped decreases in influence with distance from its sampled 
location.

Soil adjusted vegetation index (SAVI): Soil Adjusted Vegetation 
Index (SAVI) is a type of vegetation index that account for the 
variation in soil type and soil properties. Empirically derived NDVI 
products have been shown to be unstable, varying with soil colour, 
soil moisture, and saturation effects from high density vegetation. 
In an attempt to improve NDVI,6 developed a vegetation index that 
accounted for the differential red and near-infrared extinction through 
the vegetation canopy. The index is a transformation technique that 
minimizes soil brightness influences from spectral vegetation indices 
involving red and near-infrared (NIR) wavelengths.

The index is given as: 

SAVI = (1+L) (NIR – RED)

(NIR+ RED = L)

Where L is a canopy background adjustment factor. An L value 
of 0.5 in reflectance space was found to minimize soil brightness 
variations and eliminate the need for additional calibration for 
different soils. The transformation was found to nearly eliminate soil-
induced variations in vegetation indices.

Results
Land surface temperature analysis

In this study, the land surface temperature of the study area for 
three different years (1996, 2013 and 2018) was generated from 
the satellite imageries. The land surface temperature map and point 
values were used to determine the changes or the difference in the 
land surface temperature of the study area over the years and how 
it has possibly affect the growth and productivity of the crops. The 
analysis shows that there is increase in the land surface temperature 
point value between 1996 and 2013 and a slight increase between 
2013 and 2018. The result shows that the LST values are the same for 
every point on the study area therefore LST might not be responsible 
for the variation in the plant health status. The Figures 2–4 below 
shows the classified images for the land surface temperature for the 
year 1996, 2013 and 2018 respectively. The table below shows the 
LST value of the soil sample points before the crops were planted 
(1996), at the very early stage of plantation(2013) and few years after 
planting the crops (2018) (Table 2). 

Normalized differential vegetation indices (NDVI)

The NDVI maps and values of the study area shows the variation in 
the plant health status for the three years of study(1996, 2013.2018). 
The plantation started in 2013 therefore all the plant sample point 
have almost the same NDVI value , the NDVI values ranges from -1 
to 1. In year 2018 the analysis shows higher NDVI values (P3, P4, P5) 
in the unshaded portion of the study area than in the shaded portion 
of the study area. Which means cocoa plants in the unshaded area are 
healthier than cocoa plants in the shaded area The result of the NVDI 
are shown in the Figures and Table below. Table 3 shows the NDVI 
value of the study area Figures 4–6 shows the map of NDVI for 1996, 
2013 and 2018 respectively.

Figure 2 Land surface temperature map for 2013.

Figure 3 Land surface temperature map for 2018.

Soil Test and analysis

Soil test was carried out on the soil samples that were taken from 
both the shaded and the un shaded portion of the study area to test for 
the amount of nitrate, phosphate, and sulphate that is present in the 
soil and to also compare this result with the FEPA and WHO standard 
of permissible amount of this minerals. result shows that none of 
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this samples exceed the permissible amount of nitrate, sulphate and 
phosphate percentage. Table 3 shows the result from the soil analysis.
Table 2 Land surface temperature distribution

Sample points 1996 2013 2018

Shaded1 21.061 28.51 29.31

Shaded2 21.061 28.51 29.31

Shaded3 21.061 28.51 29.31

Shaded4 21.061 28.51 29.31

Shaded5 21.061 28.51 29.31

Unshaded1 21.061 28.51 29.31

Unshaded2 21.061 28.79 29.31

Unshaded3 21.061 28.51 29.31

Unshaded4 21.061 28.51 29.31

Unshaded5 21.061 28.51 29.31

Table 3 NDVI values for 1996, 2013, 2018

Sample points 1996 2013 2018

Shaded 1 0.018 0.2155 0.456

Shaded 2 0.018 0.2155 0.406

Shaded 3 0.018 0.2155 0.406

Shaded 4 0.018 0.2155 0.525

Shaded 5 0.018 0.2155 0.456

Unshaded 1 0.018 0.2155 0.5024

Unshaded 2 0.017 0.213 0.4937

Unshaded 3 0.018 0.2155 0.525

Unshaded 4 0.018 0.2155 0.524

Unshaded 5 0.018 0.2155 0.524

Figure 4 NDVI 1996.

Figure 5 NDVI 2013.

Figure 6 NDVI 2018.

Soil map

In this study the soil type of the study area is also considered as 
one of the factors that might be responsible for variation in the health 
status of the plants. The soil map shows that the soil type for both 
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the shaded and he unshaded portion of the study area is the same, 
although the composition and the mineral contents area different. The 
Figure 7 below shows the soil map of the study area.

Figure 7 Soil map of the study area.

Figure 8 Reflectance curve for shaded point 1.

Figure 9 Reflectance curve for shaded point 2.

Figure 10 Reflectance curve for shaded point 3.

Figure 11 Reflectance curve for shaded point 4.

Figure 12 Reflectance curve for shaded point 5.

Spectral Reflectance

The reflectance curve shows information about the various soil 
samples based on the composition of materials in the soil samples. 
Peaks in the reflectance curve indicate reflection and points of 
recession, the curve indicate absorbance which is caused by the 
presence of minerals in the soil samples. This absorbance occurred 
mostly in the VNIR (Near Infrared) 400-1200nm region of the 
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electromagnetic spectrum. The maximum absorption for nitrate is at 
540nm, the maximum absorption for phosphate is at 880nm and the 
maximum absorption for sulphate is at 450nm Figures 8-18 below 
shows the spectral reflectance curve of the soil samples.

Figure 13 Reflectance curve for unshaded point 1.

Figure 14 Reflectance curve for un shaded point 2.

Figure 15 Reflectance curve for un shaded point 3.

Figure 16 Reflectance curve for un shaded point 4.

Figure 17 Reflectance curve for un shaded point 5.

Figure 18 Relative humidity map.

Relative humidity map

In this study the relative humidity of the study area is also 
considered as one of the factors that might be responsible for variation 
in the health status of the plants. The relative humidity map shows that 
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the relative humidity for both the shaded and he unshaded portion of 
the study area is the same, therefore it is not a factor responsible for 
the variation in the health status of the plants. The figure below shows 
the relative humidity map of the study area.

Soil Adjustment vegetation index

Soil Adjustment Vegetation Index (SAVI) is used in this study to 
assess the properties and the composition of the soil in the study area. 
Result and analysis shows that soil in the unshaded portion of the 
study area has high SAVI values than that of the shaded portion. This 
might account for the healthiness of plants in the unshaded portion 
over plants in the shaded portion because sample points (p3, p4, p5) in 
the unshaded portion and point 4 in the shaded portion (which is very 
close to the unshaded portion has the highest NDVI value. SAVI map 
of the study area is shown below in Figure 19.

Figure 19 SAVI map of the study area.
Table 4 Soil analysis results

Sample points Nitrate (%) Sulphate (%) Phosphate (%) LONG LAT

Shaded point 1 0.00146 0.0755 0.000848 5.1233 7.3074

Shaded point 2 0.009181 0.0809 0.000801 5.1233 7.3073

Shaded point 3 0.00435 0.03735 0.001112 5.1234 7.3075

Shaded point 4 0.001635 0.0795 0.000856 5.1234 7.3074

Shaded point 5 0.008621 0.047975 0.00106 5.1234 7.3074

Un Shaded point 1 0.006406 0.100025 0.001268 5.1234 7.3076

Un Shaded point 2 0.02392 0.09945 0.00106 5.1235 7.3076

Un Shaded point 3 0.007621 0.02585 0.000809 5.1235 7.3075

Un Shaded point 4 0.018035 0.08715 0.000964 5.1235 7.3075

Un Shaded point 5 0.002208 0.049275 0.001898 5.1235 7.3075

FEPA & WHO permissible mineral % 1.5 0.1 0.1   

Interpolation (IDW)

This interpolation technique was used to estimate or approximate 
the percentage of minerals for the unknown points on the study 
based on the known values from the soil analysis. The result shows 
that the unshaded portion of the study area has higher amount of 
nitrate phosphate and sulphate. This is possibly responsible for the 
healthiness of cocoa plants in the unshaded portion of the study area. 
Figures 20–22 bellows shows the maps for the interpolations.

Relationship between NDVI and the soil minerals

In the study, NDVI values and the mineral composition are directly 
proportional to each other although the soil minerals does not exceed 
FEPA and WHO standards. The higher the NDVI the higher the soil 
nutrient composition. The shaded area which has the highest NDVI 
values tends to have high value if these minerals, as shown in the map 
while the shaded area with low NDVI value has low amount of these 
minerals. The graph below Figures 23,24 showed clear relationship 
between the NDVI and the minerals (sulphate, phosphate and nitrate).

Figure 20 Map showing the spatial distribution of nitrate value of the study 
area.
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Figure 21 Map showing the spatial distribution of phosphate value of the 
study area.

Figure 22 map showing the spatial distribution of sulphate value of the study 
area.

Figure 23 Bar chart showing the relationship between NDVI and minerals 
for the shaded portion.

Figure 24 Bar chart showing the relationship between NDVI and minerals 
for the shaded portion.

Conclusion and recommendation
The study has indicated the potential use of remote sensing and GIS 

in the assessment of cocoa plant health status on a cocoa plantation 
in the research farm of FUTA. Integrated GIS techniques in this study 
has proved beyond doubt its capabilities of spatial analysis. In this 
study Land sat images were used satisfactorily to assess cocoa plant 
health. The study has shown the versatility of remote sensing data 
and GIS approach in assessing plant health using vegetation indices ( 
NDVI and SAVI) and LST values of the different portion(shaded and 
unshaded) of the cocoa plantation. The study examined the spatial 
distribution of soil minerals in relation to the NDVI of the remotely 
sensed data of the study area which shows the health status of the 
cocoa plants. This study has help to generate the relationship between 
NDVI, SAVI and the soil mineral contents, it is deduced that NDVI 
is directly proportional to the percentage and composition of the soil 
minerals.7–31The study shows that the NDVI value in the unshaded 
portion of the study area have higher value than the values in the 
shaded portion of the study area. The study shows that the land surface 
temperature, relative humidity and the soil type of the study area are 
not really a factor to consider for the variation of the health status of 
the plants because the study area is a small area therefore both portion 
of the study area has the same value of land surface temperature, 
relative humidity and soil type. This study fuses remote sensing and 
GIS techniques and soil laboratory analysis to determine the health 
status of the plants and to also approximate the health status and the 
soil composition of the unknown points on the study area

 Based on this study we can conclude that:

a. Remote sensing and GIS technique is very effective and can be 
employed in assessing plant health status or the level of stress in 
plants

b. Environmental or climatic factors such as land surface temperature, 
rainfall and relative humidity are not the factors responsible for 
the variation in the plant health status because every portion of the 
study area has the same values for these factors.

c. Cocoa pants in the un shaded portion of the study area are more 
healthier than plants in the shaded portion of the cocoa farm.

d. The variance in soil composition and the amount of soil minerals 
on different part of the farm is majorly responsible for the 
difference in health status of the cocoa plants. 
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I recommend that this particular method used in this study can also 
be applied in assessing the health status of any other plant. Although 
the study area is a small area this method will be very effective if 
applied to a bigger study area.

I also recommend that the soil composition and the soil minerals 
in the study area should be well examined and monitored in other to 
create a balance to the health status of the cocoa plants.
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