
 

An Assessment of the Impacts of Agro-

Ecological Practices towards the Improvement 

of Crop Health and Yield Capacity: A Case of 

Mopani District, Limpopo South Africa  
  

  

Tshilidzi C. Manyanya, Nthaduleni S. Nethengwe, Edmore Kori  

  
 

Abstract— Agro-ecology has emerged as a front runner in food 

security and sovereignty, with the UNFCCC and FAO advocating its 

global adoption. Agro-ecological implementation is theorised to 

increase crop health and yield by 3 – 10 % in a space of 3 – 10 years. 

This study aimed to assess the practicality and validity of these 

assumptions using mainly GIS and remote sensing. Adopting a 

mixture of Ex-post-facto and Experimental designs necessitated the 

presence of a control element. Each agro-ecological farm was thus 

assessed and compared with a conventional farm in the same 

geographical conditions. Crop health was assessed using satellite 

images analysed through ArcGIS to produce NDVI and Re-classified 

outputs whereas yield was calculated from production records. The 

shift in NDVI-crop ranges indicates changes in crop health over 

time. Crop health and yield both showed a decrease over 80% of the 

conventional farms and an increase over 80% of the organic farms.  

Keywords—Agro-ecology, Agro-ecosystem, Anthropogenic, 

sustainability  

I. INTRODUCTION  

Agriculture as a global sector contributes about 14% of the 

total annual GHG emissions [19]. Temperature and CO2 are 

the two main elements associated with anthropogenic global 

warming and greenhouse gases [16]. The temperature-CO2 

graph based on observations from the 1800s – 2000 shows a 

direct relationship between the two [9]. This relationship 

means controlling one automatically controls the other. 

However, the real world is not a vacuum and external factors 

can always alter theoretical assumptions and predictions.  

Agriculture has a natural symbiotic relationship with micro-

climates. This creates an environment where synergy and 

overlap occur in both climate change mitigation and 

adaptation strategies [3].   
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Agro-ecology has its roots in this synergy and overlap 

system, hence its advocacy for global adoption. Reference [7] 

states that agro-ecology can solve not only climate change 

issues but also food security and food sovereignty and 

ultimately improve human livelihoods.   

II. OBJECTIVES 

In light of the theoretical assumptions concerning agro-

ecology, the main objective of this study was to assess the 

effectiveness of agro-ecology. This was done through 

assessing its impacts on crop health and yield.   

III. APPROACH 

The study followed a quantitative study guided by a mix of 

Ex-post-facto and Experimental research designs. The limited 

number of agro-ecological farms made critical case sampling 

the best choice of sampling technique, leading to a sample size 

of 10 farms. Half (5) of the farms were agro-ecological and 

half (5) were conventional.   

Experimental research design requires for there to be a 

control element, which in this case was the conventional farms 

located in the same general location. The variables measured 

over the agro - ecological farm where compared to the 

variables measured over conventional farms for experimental 

control.  

The study only required Landsat 7 (TM) satellite imagery 

and yield statistics which were acquired from the United 

States Geological Survey (USGS) and Farm owners 

respectively. 

IV. DATA COLLECTION AND ANALYSIS  

A. Crop Health   

Remote Sensing and GIS were the main techniques used to 

assess the impacts of agro-ecology on crop health and yield. 

Remote sensing allows for temporal and spatial assessment of 

any changes that result from the adoption of agro-ecological 

practices. The satellite images required for this part were 
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acquired from the South African National Space Agency 

(SANSA) and the United States Geological Survey (USGS). 

Remote sensing provides high resolution spectral signatures 

for natural and cultivated land [14]. This forms the basis for 

the distinction between healthy and diseased crops caused by 

nutrient deficiency, pests and abiotic stresses [11] 

1. NDVI (Normalized Difference Vegetation Index) And 

Re-Classification 
 

NDVI is a numerical assessment method that is created 

from satellite imagery collected in the red and infra-red 

regions. NDVI categorises vegetation and displays it in a form 

of graduated colours and ranges [10]; [14]. The healthy crops 

appear red on the image while the stressed crops appear paler. 

Through NDVI the whole farm can be displayed on one output 

which then makes it possible to spot areas where the crops are 

stressed and areas of complete health.  

Theoretically, NDVI values are represented as decimals 

ranging from -1 to 1. Extreme negative values represent water 

bodies while values around zero represent bare soil. Values 

around 0.4/0.5 represent agricultural lands, while higher 

values represent very healthy cultivated lands or forests [17]. 

NDVI was used to assess patterns in the health of the crop 

spatially or temporally. NDVI was performed for each of the 

ten sampled farms for 2013, 2014 and 2015. This was 

performed in ArcGIS 10.2. ArcGIS was also used to do the 

atmospheric correction and filtering. Re-classified 

(Unsupervised) NDVI images allow for the NDVI range 

outputs to be renamed according to what they represent on the 

actual land 
  

2. NDVI Range Floating Bars and Delta function  
  

The NDVI outputs ranges of different classes with 

agricultural lands as one of the ranges. Every range has a 

minimum value and a maximum value [6]. For the purposes of 

the study, we shall refer to the NDVI range corresponding to 

cultivated lands as NDVI-crop. The shift in the minimum and 

maximum values for NDVI-crop from 2013 through 2014 up 

to 2015 is what indicates crop health patterns [15]. 

Histogram Floating bars were used to graphically present 

the shifts in the NDVI-crop ranges. Floating bars are effective 

in assessing ranges because the entire range is plotted instead 

of the average which would only be a singular number. An 

average does not indicate the minimum and maximum values 

and as such, equal averages can have different minimum and 

maximum values [10]. The floating bars were created using 

the Microsoft Excel delta function. NDVI range as the 

dependent variable and Year as the independent variable. 

Floating bars introduce a Delta function into the plot. A delta 

function is a function which depends on the minimum and 

maximum values and is calculated using (1).   
 

𝐷𝑒𝑙𝑡𝑎 = 𝑀𝑎𝑥Value-MinValue    (1) 
 

Excel plots the Delta function on top of the minimum value. 

The top value of the Delta function is the maximum value. 

This makes it possible to assess the shifts in the ranges with 

each year for each farm.   
  

V. YIELD CAPACITY 

 Yield is a complicated variable to measure as it is 

dependent on farming methods and the size of land farmed. In 

this case, the yield records acquired from the farms were 

analysed using (2) 

  𝑒𝑙    𝑡 𝑡𝑎𝑙 
                

         
  in Kg/m2                      (2) 

    

VI. RESULTS  

A. Crop Health.   

The atmospherically corrected satellite images yielded the 

NDVI and Re-classified images displayed in Fig. 1.1 for 

Kuhestan farm. This shows all the NDVI ranges for all land-

use types on the captured surface including farmed lands. 

 

Fig. 1.1: Kuhestan Organic Farmers: NDVI and Re-class for 2013. 

 

Similar outputs were produced for the year 2014 and 2015 

respectively. The most important range is the range for 

cultivated lands as it is the one that indicates changes in crop 

health over time. The NDVI ranges for 2013, 2014 and 2015 

are shown in the stacked bar graph Fig 1.2. created using 

Microsoft Excel’s Delta function.  

  

Fig. 1.2: Kuhestan farm (O5): NDVI ranges for Crops 
  

As per the comparative aspect of this research, the same 

analysis had to be done on Kuhestan Farm’s conventional 
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counterpart, which was Bosveld Citrus.  Shown in Fig. 1.3. is 

the NDVI and Re-classified output for Bosveld Citrus.  

 

Fig. 1.3: Bosveld Citrus NDVI and Re-classified for 2013 

 

The NDVI crop ranges for Bosveld Citrus are plotted on the 

Stacked bar Fig. 1.4 similarly to Kuhestan in Fig. 1.2.   

  

Fig. 1.4: Bosveld Citrus (C5): NDVI ranges for Crops 
  

The rest of the farms were similarly analysed and  

NDVI and Re-classified plots were created. Plotted in Fig 

1.5 are the NDVI crop ranges for the remaining 8 farms over 

the period (2013 – 2015).  

Similar to Fig. 1.2 and 1.3, the Delta functions of each farm 

are plotted in their own individual colour.   

The Delta function is a representative of both the minimum 

and the maximum values but it is not a mean value. The delta 

function is thus more representative than a mean because it is 

a range rather than a single value mean. Stacking the NDVI 

ranges in succession indicates any kind of patterns that would 

emerge. The direction of the plot indicates the direction of the 

relationship if one exists at all. This works similarly to a trend-

line analysis which performs an internal regression and 

outputs regression values.   

Initially, through a visual observation of the plot, a 

sinusoidal pattern can be spotted. Visual observation increases 

the chances of a Type 1 error. Thus a detailed examination of 

the output is needed. This is given by the individual gradients 

of the stacked bars for each farm. Alon Mosaic, Makosha and 

Bombyx show an overall increasing pattern, indicating a 

positive gradient. ZZ2, Bavaria, and Mabunda show an overall 

decreasing pattern, indicating a negative gradient. Fig. 1.2 and 

Fig. 1.3 show Kuhestan to be increasing and Bosveld to be 

decreasing. This means that 80% of the Agro-ecological farms 

show patterns of an increase in crop health and 80% of the 

conventional farms show patterns of a decrease in crop health.    

   

 

Fig. 1.5: NDVI (Crops) stacked Bars 

  

B. Individual Farm Yield Patterns Assessment   
 

Yield was calculated using Equation 1.2 and is shown as 

percentages of a total of 100% for each farm. Presenting the 

yield as percentages was due to some of the farmers’ 

discomfort with having the actual seasonal yield published for 

unknown reasons. This challenge was overcome by 

aggregating the seasonal yield for each of the three years to a 

perfect percentage of 100%. This was done for each of the 

farms individually. Instead of representing the yield as actual 

figures, the yield of each year presented as a percentage of the 

total yield of the entire period aggregated at 100 %. This also 

provides an advantage because it is easier to calculate the 

percentage variance of the yield from 2013 through 2014 to 

2015. The yield percentages are presented on the stacked bar 

graph in Fig. 1.4.   

Fig. 1.6 reveals that Bombyx-Mori has had an increase of 

1.9% over the period from 2013 to 2015. Despite the increase 

in yield, it is still a 0.1% decrease as compared to the yield of 

2014. Bavaria which is found in the same general location has 

had a slight decrease of 1.2%. This is also a decrease of 0.8% 

from the yield of 2014. The rest of the yield percentage 

variances over the period are presented in TABLE I. 
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Fig. 1.6: Yield Percentages. 

 

TABLE I 

YIELD PERCENTAGE VARIANCE 

Farm Name  2013 -  

2014  

2014 -  

2015  

Overall 

Percentage 

variance  

Kuhestan  0,6  1,3  1,9  

Bosveld Citrus  -3  1,3  -1,7  

Makosha Organic 

farmers  

-0,1  3  2,9  

Mabunda farmers   -1,6  -0,3  -1,9  

Alon Mosaic  -1,4  1,7  0,3  

ZZ2  0,3  1,9  2,2  

Ba-Phalaborwa 

Marula  

-3,9  1,9  -2  

Mangena Tomato 

farm  

0,9  -1,7  -0,8  

Bombyx-Mori silk 

farm  

1,9  -0,1  1,8  

Bavaria fruit estate  -0,4  -0,8  -1,2  

  

TABLE I, reveals fluctuations in yield for both 

conventional and agro-ecological farms. Based on the research 

stages that came before this section, some of these patterns are 

expected. Kuhestan, Bombyx, Alon Mosaic and Makosha 

display an expected pattern of an increase in yield over the 

period 2013 – 2015. However, despite this overall increase in 

yield, there is very little consistency over the entire period. 

Makosha has a decrease of 0.1% from 2013 – 2014, followed 

by a drastic increase of 3% from 2014 – 2015. Alon Mosaic 

also follows the same pattern of an initial decrease followed 

by an increase. The overall increase is expected due to the 

predictions and proposals by [4]. Ba-Phalaborwa is the only 

agro-ecological farm that shows an unexpected outcome, the 

overall yield has decreased by 2% following an initial 

decrease of 3.9%.   

Most of the conventional farms show a decrease in yield. 

ZZ2 is the only farm that has irregular patterns in yield. It has 

an overall increase of 2.2% following an increase of 1.9% 

after an initial increase of 0.3%. This is contrary to what 

according to the theoretical body of knowledge should occur 

on a conventional farm. Yield fluctuations are still observed in 

conventional farmers over the period despite the overall 

decrease, which is expected.   

The majority of agro-ecological farms (80%) show an 

increase in yield over the period while the majority (80%) of 

the conventional farms show a decrease in yield  

VII. DISCUSSIONS AND CONCLUSIONS   

Crop health does not only depend on the activities which 

take place on a farm such as pest control, farming methods 

and fertilisation. There is a dependence on external factors 

such as the quality of irrigation water, climatic conditions 

among others. All these internal and external factors influence 

the soil properties, which then influences crop health [1]; [7]. 

Focusing on agro-ecological farms assumes no input of 

chemical fertilisers and pesticides for all the organic farms. 

This means they cannot be used to explain the fluctuations in 

the patterns revealed by the crop health analysis.   

The stacked bar graph in Fig. 1.5 reveals unexpected 

fluctuations in the crop health of four farms over the period of 

2013 - 2015. These farms are Makosha, ZZ2, Mangena and 

Ba-Phalaborwa Marula. Mangena and Ba-Phalaborwa Marula 

are located in the same general location. Mangena is a 

conventional farm and Ba-Phalaborwa is agro-ecological.  

They both show an overall decrease in crop health over the 

period 2013 – 2015. This is contrary to observations by 

references [7] and [8]. The crop health over an agro-ecological 

farm is expected to increase. For this reason, Ba-Phalaborwa 

Marula was expected to show an increase in crop health 

overall.   

Unlike Mangena, which is also a tomato farm, ZZ2 displays 

opposite patterns in crop health. Being a conventional farm, 

the crop health is expected to decrease over the 2013 – 2015 

period; however, ZZ2 shows an increase. The two farms are 

not in the same general location; as such, the overall climatic 

conditions are not the similar. The availability of resources 

also plays a role in the overall crop health of a conventional 

farm. Mangena is a smaller corporation and a recently 

established farm whereas ZZ2 is a major conglomerate of 

farms with a vast availability of resources including a team of 

agricultural researchers. This means that ZZ2 has better 

response to potential crop health reducing temperature 

fluctuations [13].   

Irrigation is a major contributor to crop health. This goes 

beyond the availability of water but also the quality of water. 
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Water can bring toxins onto the farm acquired from an 

external source or as external inputs into the river before it 

reaches the farm [18]. These toxins are trapped in the soil and 

ultimately making their way into the crops. Bavaria fruit estate 

displays expected trends in crop health. Being a conventional 

farm, crop health is supposed to decrease as it does. NDVI and 

Re-class outputs reveal fluctuations in water, which may have 

contributed towards the decrease in crop health. Water bodies 

decreased from 6.9% to 5.8% over the 2013 – 2015 period as 

shown in Appendix 1. This poses a threat to the irrigation 

process.   

Despite Makosha displaying an expected increase in crop 

health, there are irregular fluctuations in the NDVI ranges, 

which are worth investigating. The minimum NDVI value for 

crop health in 2015 jumps to a value bigger than the maximum 

value of 2014. This is an irregularity since the ranges are 

usually expected to overlap. The NDVI and Re-classified 

outputs for both 2014 and 2015 reveal an increase in water 

supply provided by the adjacent river. In addition, 2015 

reveals an establishment of a Dam next to the farms. This 

brings up a possibility that increased water supply could have 

increased the crop health instead of farming methods [12].  

Trends in yield capacity show a similarity to those observed 

in crop health. Most of the farms (80%) which have increasing 

temperature patterns have decreasing crop health trends and an 

increasing yield pattern. These are mostly agro-ecological 

farms. As much as this observation confirms the theoretical 

expected outcomes, the degree to which agro-ecology is 

practiced raises concerns. Without total implementation of 

agro-ecology from seed acquisition to trade, many of the 

trends, which seem to confirm literature, may have been 

influenced by other non-agro-ecological factors.   

Mixing of methods steals reduces full economic 

sustainability from an agro-ecological farm.  A detailed 

analysis would include as assessment of the labour 

management system and the final destination for the crop 

harvest. This would also include an assessment of the farm’s 

contribution towards human livelihoods improvement [5]. A 

farm that produces a high yield without making contributions 

to human livelihoods and community engagement is not 

considered fully economically sustainable in agro-ecological 

terms [2] 
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