
December8-10 2020

1st
 

African Conference on 
Precision Agriculture

www.PAafrica.org    

PROCEEDINGS

PRECISION AGRICULTURE in ACTION for AFRICA



1st African Conference on Precision Agriculture | 8-10 December | 2020 

 i 

 
 
 
 
 

  



1st African Conference on Precision Agriculture | 8-10 December | 2020 

 ii 

 
 

PROCEEDINGS OF THE 
 

1st African Conference on Precision Agriculture (AfCPA) 
 

 
 

8-10 December, 2020 
 
 
 
 

PUBLISHED BY: 

African Plant Nutrition Institute 
Benguérir, Morocco 

www.apni.net 

 
 

CONFERENCE WEBSITE: 
www.paafrica.org 

 
This publication contains the full paper submissions from the AfCPA. These papers, along with 

all other accepted abstract submissions are available at the conference website. 
  



1st African Conference on Precision Agriculture | 8-10 December | 2020 

 iii 

 

1st African Conference on Precision Agriculture (AfCPA) 
 

Organized by: 
 

 

 
 

 
 

SCIENTIFIC COMMITTEE: 
Steve Phillips APNI, Morocco - Chair 

Abdelaziz Belal, NARSS, Egypt 
Martin Bosompem, UCC, Ghana 

Jeremy Cordingley, Cropnuts, Kenya 
Nicodeme Fassinou, UAC, Benin 
Sam Gameda, CIMMYT, Ethiopia 

Aboubacar Karim, Investiv, Côte d’Ivoire 
Jess Lowenberg-DeBoer, Harper Adams, UK 

Hélène Marrou, UM6P, Morocco 
 

Sponsored by: 

     



1st African Conference on Precision Agriculture | 8-10 December | 2020 

 iv 

 
 

TABLE OF CONTENTS 

 

ADOPTION OF PRECISION AGRICULTURE 
#7507 VALIDATION OF CLIMATE SMART AGRICULTURAL TECHNOLOGIES FOR IMPROVED 
CROP YIELDS IN SEMI-ARID LANDS OF KENYA 

A.O. Esilaba, D. Nyongesa, M. Okoti, A. Micheni, A. Kathuku-Gitonga, D. Mutisya, E. Njiru., D.R. Macharia, R. 
Kisilu, J. Kavoi, C. Bett, J. Wambua, M. Njunie, P. Finyange, B.M. Muli, E. Muthiani, C. Nekesa,  A. Mzingirwa, 
E. Thuranira, B. Rono, P. Gicheru, N. Mangale, J. Mutegi, and. L. Wasilwa ....................................................... 2 

#7523 VARIABILITY IN MONTHLY RAINFALL AND TEMPERATURE HAS AN INFLUENCE ON 
DAILY MILK PRODUCTION IN SAHIWAL COWS IN KENYA 

MacDonald Gichuru Githinji, Evans Deyie Ilatsia, Thomas Kainga Muasya,  Bockline Omedo Bebe .................. 8 

#7616 DEVELOPMENT OF LODGING DIRECTION DETERMINATION SYSTEM USING IMAGE 
PROCESSING 

Arai Y, Morimoto E, Nonami K, Ito T ............................................................................................................... 16 

#7666 DETERMINANTS OF THE ADOPTION OF AN INTELLIGENT MONITORING SYSTEM AND 
EFFECTS ON FARMS PERFORMANCE IN TUNISIA 

J. Ben Nasr, H. Chiboub and M. Msaddak ........................................................................................................ 22 

#7773 THE STATUS OF PRECISION AGRICULTURE AND ITS ADOPTION IN MOROCCO 
Rachid Bouabid, Hakim Boulal and Steve Phillips ............................................................................................ 27 

#7893 THE ROLES OF KEY PUBLIC SERVICES ON THE ADOPTION OF CLIMATE-SMART 
AGRICULTURAL TECHNOLOGIES IN COFFEE-BASED FARMING SYSTEM OF ETHIOPIA 

Samuel Diro and Agajie Tesfaye ...................................................................................................................... 33 

 

APPLICATIONS FOR UAVS 

#7465 CASHEW TREES DETECTION AND YIELD ANALYSIS USING UAV-BASED MAP 
Thierry Roger Bayala, Issouf Ouattara, Sadouanouan Malo and Arto Visala .................................................... 42 

#7657 AUTONOMOUS HEXACOPTER SPRAYING DRONES FOR PLANTS PROTECTION 
Abbes Kailil, Hassan Benaouda, Abdelhakim Mohsine, .................................................................................... 49 

 

  



1st African Conference on Precision Agriculture | 8-10 December | 2020 

 v 

CLIMATE SMART AGRICULTURE 

#7488 SIMULATION OF CASSAVA YIELD UNDER DIFFERENT CLIMATIC SCENARIOS IN 
KILEMBWE, SOUTH-KIVU PROVINCE EASTERN DR CONGO 

Yamungu Alongo Boniface Byamalong, Majaliwa Mwanjalolo Jackson Gilbert, Anthony Egeru, Dossa Boton 
Martin ............................................................................................................................................................. 54 

#7883 CLIMATE SMART AGRICULTURE: CHALLENGES AND OPPORTUNITIES TO PROMOTE 
THE SYSTEM IN ETHIOPIA 

Getachew Agegnehu and Tilahun Amede .......................................................................................................... 60 

#7927 CHANGES IN CLIMATIC FACTORS LEAD TO THE CHANGE IN CULTURAL WEDGING OF 
RICE IN THE IVORIAN PRE-FOREST ZONE 

Y.C. Brou, D.A. Kouassi, K.P-M. Kouakou, and E-O. Tienebo .......................................................................... 67 

 

DECISION SUPPORT SYSTEMS 

#7549 CROPSAT – OPPORTUNITIES FOR APPLICATIONS IN PRECISION AGRICULTURE IN 
AFRICA 

O. Alshihabi, I. Nouiri, M. Mechri, H. Angar, K. Piikki, J. Martinsson, and M. Söderström ............................... 74 

#7594 APPLICATION OF PRECISION AGRICULTURE TECHNOLOGIES IN GRAZING: EXAMPLE 
OF GOATS BROWSING IN FOREST RANGELANDS OF NORTHERN MOROCCO 

Y. Chebli, S. El Otmani, J.L. Hornick, J.F. Cabaraux, M. Chentouf ................................................................... 79 

#7889 APPLICATION OF INFORMATION & COMMUNICATION TECHNOLOGIES (ICTS) INTO 
PRECISION FARMING ECOSYSTEM IN ETHIOPIAN DIGITAL AGRICULTURE DEVELOPMENT 
PERSPECTIVE PLAN 

Tadesse Anberbir ............................................................................................................................................. 83 

 

ECONOMICS OF PRECISION AGRICULTURE 

#7517 TOMATO YIELD AND ECONOMIC PERFORMANCE UNDER ORGANIC AND MINERAL 
FERTILIZER APPLICATIONS IN COASTAL TOGO 

Jean M. Sogbedji and Mouhamadou Lare ......................................................................................................... 89 

 

EDUCATION AND OUTREACH INNOVATIONS 

#7480 SMARTAFRIHUB FOR SMART AGRICULTURE CAPACITY BUILDING IN AFRICA 
Charvat K, Miderho Christus, Obot A, Löytty T, Kubickova H .......................................................................... 96 

  



1st African Conference on Precision Agriculture | 8-10 December | 2020 

 vi 

MAPPING AND GEOSTATISTICS 

#7438 PREPARATION OF A PRECISION RIPPING PLAN USING MANUAL VERTICAL 
PENETROMETER MEASUREMENTS 

T. Rátonyi, P. Ragán, A. Széles, P Fejér, I. Bácskai, E Harsányi ..................................................................... 103 

#7445 A CHEAP ALTERNATIVE TO DATA MANAGEMENT AND CREATING OF YIELD MAPS OF 
SMALL-PLOT FIELD EXPERIMENTS 

P. Ragán, T. Rátonyi, A. Széles, P. Fejér, I. Bácskai, E Harsányi .................................................................... 107 

#7598 SOME ESSENTIAL NUTRIENTS, ACTIVE LIMESTONE AND PH STATUS OF NORTH AND 
CENTER TUNISIAN SOILS 

A. Hachana, I. Hemissi, I. Achour, A. Souissi, and B. Sifi................................................................................ 112 

#7654 DIGITAL MAPPING OF EXCHANGEABLE CATIONS IN SOILS OF SOUTHWESTERN 
NIGERIA 

M.K. Idowua, O.E. Awosiyana and E.A. Adesinab .......................................................................................... 115 

#7659 SOIL ORGANIC CARBONE MAPPING IN NORTH OF TUNISIA: COMPARISON BETWEEN 
DIFFERENT INTERPOLATION METHODS 

M. Barbouchi, H. Bahri, A. Souissi, H. Cheikh Mhammed and M. Annabi ....................................................... 120 

#7834 COMPARISON OF SOIL TESTING AND SCANNING METHODS FOR IN-FIELD SPATIAL 
VARIABILITY ASSESSMENT OF SOIL FERTILITY: IMPLICATIONS FOR PRECISION 
AGRICULTURE 

Rachid Bouabid, Ibtissam El Hadad, Samir Benmansour ................................................................................ 126 

#7880 SPATIAL SOIL LOSS RISK ASSESSMENT FOR PROPER INTERVENTION: A CASE OF NERI 
WATERSHED OMO-GIBE BASIN SOUTHWESTERN ETHIOPIA 

Abebe Hegano, Awdenegest Moges, and Nigatu Wonderade ........................................................................... 132 

#7891 GEO-STATISTICAL PREDICTION OF SPATIAL DISTRIBUTION OF SALT-AFFECTED SOILS 
OF MEKI-ZEWAY FARM AREAS IN ETHIOPIA: BASELINE INFORMATION FOR PRACTICAL 
IMPLEMENTATION OF PRECISION AGRICULTURE SYSTEM 

Melese Minaleshoa and Girma Kassa............................................................................................................. 138 

#8019 CARTOGRAPHIE INTERACTIVE DES EXPLOITATIONS DE NOIX DE CAJOU DES 
PRODUCTEURS DE LA COOPÉRATIVE COPRODIGO DE GOHITAFLA 

S. Kone, N. Coulibaly, D.J.M.J. Djina, K. Berté, et A. C. Kambou ................................................................... 143 

 

ON-FARM EXPERIMENTATION 

#7448 SOIL MAPPING WITH THE VERIS U3 SOIL SCANNER IN A PRECISION FARM IN HUNGARY 
E. Harsányi1, T. Rátonyi1, A. Széles2, P. Fejér2, I. Bácskai1, P. Ragán1 ............................................................ 150 

  



1st African Conference on Precision Agriculture | 8-10 December | 2020 

 vii 

POLICY SUPPORT INNOVATIONS 

#7464 JUST A MOMENT; THE NEED FOR STREAMLINING PRECISION AGRICULTURE DATA IN 
AFRICA 

Tegbaru B. Gobezie and Asim Biswas ............................................................................................................ 155 

 

PRECISION AGRICULTURE FOR FIELD AND PLANTATION CROPS 

#7410 MAXIMISATION DE L’EFFICIENCE D’UTILISATION DE L’AZOTE PAR LA TOMATE 
(SOLANUM LYCOPERSICUM L.) SUR LES FERRASOLS AU SUD DU TOGO 

Mouhamadou Lare et Jean Mianikpo Sogbedji ............................................................................................... 160 

#7505 MAPPING OF SOIL NUTRIENT VARIABILITY IN SOME PLANTATION CROPS IN 
ABEOKUTA, OGUN STATE NIGERIA 

E.C. Basil, B.A. Senjobi, R.T. Basil, A.O. Tobore ............................................................................................ 169 

#7540 EVALUATION OF ON-FARM OIL PALM YIELD PARAMETERS IN NIGER DELTA REGION OF 
NIGERIA 

D.K. Madukwe, F. Ekhator, P. Osayande, V.O. Aduramigba-Modupe, O. Solomon, M.N. Okoye and C.E. 
Ikuenobe ........................................................................................................................................................ 173 

#7545 DEVELOPMENT OF CANOPY MAPPING SYSTEM OF ASIAN PEARS (PYRUS PYRIFOLIA 
NAKA) USING TERRESTRIAL LASER SCANNING 

Jaehwan Lee, Eiji Morimoto, Kazuyoshi Nonami, Ichizen Matumura, So Sato, Mana Ikebe ............................. 178 

#7566 EFFECT OF INTERCROPPING SORGHUM WITH COWPEA AND NITROGEN APPLICATION 
ON GROWTH AND YIELD OF SORGHUM (Sorghum bicolor (L.) MOENCH)  

Peter E. Moi, Onesmus M. Kitonyo, George N. Chemining’wa and Josiah M. Kinama .................................... 183 

#7604 GRAIN YIELD OF TWO PRE-RELEASE RICE VARIETIES INCREASED MARGINALLY WITH 
HIGHER PLANT DENSITY AND NITROGEN RATE 

Wilfred Kioko, Onesmus Kitonyo, George Chemining’wa, Setegn Gebeyehu and Rosemary Murori ................. 188 

#7667 MAPPING OF MICRONUTRIENTS STATUS IN SOILS UNDER MULTIVARIETAL CITRUS 
SINENSIS PRODUCTION FOR PRECISION AGRICULTURE 

Bernard N. Okafor, Vincent Aduramigba-Modupe and Olubunmi Denton ....................................................... 192 

#7933 CARACTERISATION ARCHITECTURALE POUR LA PREDICTION DU POTENTIEL DE 
PRODUCTION DES TETES DE CLONES DE COFFEA CAENOPHORA PIERRE EX A. FROEHNER 

Kouassi Kouadio Henri, Yao N’guessan Abraham, Kouassi Roland Herve, Angama Djedoux Maxime et Legnate
 ...................................................................................................................................................................... 196 

 

  



1st African Conference on Precision Agriculture | 8-10 December | 2020 

 viii 

PRECISION AGRICULTURE FOR SMALLHOLDERS 

#7414 DIGITAL PLATFORMS FOR BOOSTING FARMER KNOWLEDGE: TWO CASE STUDIES IN 
KENYA AND UGANDA 

T. Harigaya, J. Zhu, M. Mwanje, E. Bakirdjian, and J. Abuli .......................................................................... 203 

#7422 MAPPING AFRICAN SOILS AT 30M RESOLUTION – ISDASOIL: LEVERAGING SPATIAL 
AGRONOMY IN FARM-LEVEL ADVISORY FOR SMALLHOLDERS 

M. Miller, J. Collinson, K. Shepherd, A. Dobermann and J. Crouch ................................................................ 207 

#7442 AFFORDABILITY OF MECHANISATION SERVICES FOR SMALLHOLDERS IN ZAMBIA BY 
AGRODEALER DEVELOPMENT 

S. Peets, and S. Woods ................................................................................................................................... 211 

#7515 SPATIAL VARIABILITY AND MAPPING OF SELECTED SOIL QUALITY INDICATORS FOR 
PRECISION FARMING AT A SMALLHOLDING LEVEL IN MINNA, NIGERIA 

B.A. Lawal, M.K.A Adeboye, and P.A. Tsado .................................................................................................. 216 

#7534 FARMER CHARLIE: PRECISION AGRICULTURE AT SMALLHOLDER FARMERS’ SERVICE 
B. Bonnardel, G. Cursoli, ............................................................................................................................... 221 

#7564 SCALING PRECISION AGRICULTURE IN WEST AFRICA SMALLHOLDER IRRIGATION AND 
WATER MANAGEMENT SYSTEMS 

Adebayo OlubukolaOke and Vincent Aduramigba-Modupe ............................................................................. 226 

#7639 CLOSING THE YIELD GAP IN AFRICA THROUGH SOIL ATTRIBUTE MANAGEMENT USING 
REMOTE SENSING AND PRECISION AGRICULTURE APPROACHES AT THE FIELD SCALE 

K. Khechba, A. Laamrani, A. Chehbouni, D. Dhiba, K.Misbah ....................................................................... 233 

#7646 POTENTIAL PRECISION AGRICULTURE PRACTICES FOR HIGH QUALITY AND EFFICIENT 
FRUITS AND VEGETABLES PRODUCTION IN WEST AFRICA: A MINI REVIEW 

Nicodeme V. Fassinou Hotegni, Leocade Azonhoumon, Enoch G. Achigan-Dako ............................................ 237 

 

PRECISION NUTRIENT MANAGEMENT 

#7462 MAPPING SPATIAL VARIABILITY OF SOIL NUTRIENT DEFICIENCIES IN SMALLHOLDER 
VILLAGES – A PREREQUISITE FOR IMPROVED CROP PRODUCTION IN AFRICA 

Mats Söderström, Kristin Piikki, Job Kihara, John Mutua, Johanna Wetterlind............................................... 244 

#7489 PRECISION FARMING USING SPATIAL SOIL VARIABILITY MAPS FOR IMPROVED 
BANANA NUTRIENT MANAGEMENT ON A FERRALSOL IN CENTRAL UGANDA 

Patrick Musinguzi, Hannah Kabasomi and Twaha A. Basamba ...................................................................... 249 

#7506 GESTION STRATEGIQUE DES NUTRIMENTS POUR L’AMELIORATION DU RENDEMENT ET 
DE LA PROFITABILITE ECONOMIQUE DU GOMBO (Abelmoschus esculentus L.) SUR LES SOLS 
FERRALITIQUES AU SUD TOGO 

Kossi Kotchadjo, Jean. M. Sogbedji ............................................................................................................... 263 



1st African Conference on Precision Agriculture | 8-10 December | 2020 

 ix 

#7513 PRECISION NUTRIENT MANAGEMENT FOR CASSAVA PRODUCTION 
Kodjovi S. Ezui, Meklit Tariku Meklit, Adeyemi Olojede, Mutiu Busari, Peter Deusdedit Mlay, Florence 
Olowokere, Joy Adiele, Rebecca Enesi, Ademola Adebiyi, Christine Kreye, Stefan Hauser, Frederick Baijukya, 
Thompson Ogunsanmi, Theresa Ampadu-Boakye, Shamie Zingore, Bernard Vanlauwe, Pieter Pypers ............ 273 

#7563 MAPPING AND ASSESSING FERTILITY OF AFRICAN SOILS USING HIGH-RESOLUTION 
REMOTE SENSING AND MACHINE LEARNING APPROACHES 

Mohammed Hmimou, Ahmed Laamrani, Said Khabba, Faissal Sehbaoui,  Abdelghani Chehbouni, Driss Dhiba
 ...................................................................................................................................................................... 278 

#7579 SOIL FERTILITY MAPPING OF DRY SAVANNAH ZONE OF TOGO 
Ganyo Komla, Ablede Komlan, Koudjega Kossi, Ani Sékou, Afawoubo Koffi, Anoumou Dosseh, Mensah Achité, 
Assih-Faram Essodésibè, Tchalla-Kpondi M’klwa, Bonfoh Bédibètè, Kpemoua Kossi, Lombo Yao .................. 283 

#7581 NUTRIENT MANAGEMENT TAILORED TO SMALLHOLDER AGRICULTURE ENHANCES 
PRODUCTIVITY AND SUSTAINABILITY 

Pauline Chivenge, Kazuki Saito, Michelle Anne Bunquin, Sheetal Sharma, Achim Dobermann ....................... 288 

#7599 IMPACT OF SENSOR-BASED PRECISION NITROGEN MANAGEMENT ON WHEAT YIELD 
AND NITROGEN USE EFFICIENCY 

Abdou A. Soaud. El-Metwally A. El-Metwally, Ali M. Ali and Radwa K. Sayed ............................................... 294 

#7617 A GEOSTATISTICAL APPROACH TO DEFINE A SOIL FERTILITY INDEX BASED ON THE 
MAIN SOIL MACRONUTRIENTS 

H.S. Aboelkier, A. Nasrallah, S. Shaddad, and G. Buttafuoco.......................................................................... 302 

#7619 QUANTIFICATION OF OPTIMAL FERTILIZERS DEMAND FOR WHEAT AND CORN FIELDS 
IN MOROCCO USING VERY HIGH RESOLUTION REMOTE SENSED IMAGERY AND HYBRID 
COMPUTATIONAL APPROACHES 

K. Misbah, A. Laamrani, A. Chehbouni, D. Dhiba, J.Ezzahar, K.Khechba ...................................................... 307 

#7708 ENHANCING THE USE OF APPROPRIATE FERTILIZERS FOR IMPROVING RICE AND 
MAIZE PRODUCTION IN TANZANIA 

C.J. Senkoro, K.A. Mtua, C. Komba, S.A. Kazyoba, J.D. Mbogoni and M.M. Msolla ....................................... 313 

#7785 COMPARATIVE FERTILIZATION EFFECTS ON MAIZE PRODUCTIVITY UNDER 
CONSERVATION AND CONVENTIONAL TILLAGE ON SANDY SOILS IN A SMALLHOLDER 
CROPPING SYSTEM IN ZIMBABWE 

Nyasha Kafesu, Regis Chikowo and Shamie Zingore....................................................................................... 318 

#7835 SPATIAL VARIABILITY OF SOIL AND PLANT NUTRIENT STATUS IN RELATION TO THE 
OCCURRENCE OF BITTER PIT IN APPLE ORCHARDS IN THE SAIS PLATEAU, MOROCCO 

R. Bouabid, H. Labazi and H. Bahri ............................................................................................................... 323 

 

  



1st African Conference on Precision Agriculture | 8-10 December | 2020 

 x 

PRECISION WATER MANAGEMENT 

#7475 CROP WATER REQUIREMENTS, BIOMASS AND GRAIN YIELDS ESTIMATION FOR SULLA 
(HEDYSARUM CORONARIUM L.) USING CROP WAT IN SEMI-ARID REGION OF TUNISIA 

R. Hajri, M. Rezghui, M. Mechri, and M. Ben Younes ..................................................................................... 330 

#7595 A PRECISION IRRIGATION APP FOR SMART WATER MANAGEMENT BY FARMERS: 
“IRRISMART”  

A. Abouabdillah, and R Bouabid .................................................................................................................... 335 

#7645 MONITORING IRRIGATION WATER USE AT LARGE SCALE IRRIGATED AREAS USING 
REMOTE SENSING IN WATER SCARCE ENVIRONMENT 

M.H. Kharrou, V. Simonneaux, M. Le Page, S. Er-Raki, G. Boulet, J. Ezzahar, S. Khabba, A. Chehbouni........ 338 

#7660 A REINFORCEMENT LEARNING BASED APPROACH FOR EFFICIENT IRRIGATION WATER 
MANAGEMENT 

El Hachimi Chouaib, Belaqziz Salwa, Khabba Said and Chehbouni Abdelghani ............................................. 343 

 

PROXIMAL AND REMOTE SENSING 

#7451 ESTIMATING SOIL ORGANIC MATTER FROM CELL PHONE IMAGES 
A. Biswas, H. Vasava, Y. Fu, P. Taneja, S. Lin, and P. Daggupati ................................................................... 348 

 

ROBOTICS, AUTOMATION, AND SMALL FARM MECHANIZATION 

#7493 WILLINGNESS TO PAY FOR DRONE TECHNOLOGY IN THE APPLICATION OF PESTICIDE 
FOR THE CONTROL OF FALL ARMYWORM 

S. Omega, F. Annor-Frimpong, S. Akaba, W. Ghartey, J. Ocran, and I. Asante ............................................... 353 

#7606 A REVIEW ON SENSOR BASED ROBOTIC AGRICULTURE: IMPROVING TRADITIONAL 
AGRICULTURE PRACTICES 

S.C. Karad, Prabhat Kumar and G.U Shinde .................................................................................................. 357 

#7641 LOCALLY ADAPTED MACHINERY SOLUTIONS FOR SUSTAINABLE INTENSIFICATION OF 
CROP-LIVESTOCK SYSTEMS IN TUNISIA 

Udo Rudiger, Zied Idoudi, Aymen Frija, Mourad Rekik, Monia El Ayed, Hatem Cheikh, and Anis Zaim .......... 369 

#7648 LIDAR-BASED SOYBEAN CROP SEGMENTATION FOR AUTONOMOUS NAVIGATION 
V.A.H. Higuti, A.E.B. Velasquez, M.V. Gasparino, D.V. Magalhães, R.V. Aroca, D.M.B.P. Milori, M. Becker . 376 

  



1st African Conference on Precision Agriculture | 8-10 December | 2020 

 xi 

SATELLITE IMAGERY 

#7479 THE VISION OF FUTURE EARTH OBSERVATION FOR AGRICULTURE 
Charvat K, Kubickova H, Safar V ................................................................................................................... 382 

#7531 ORCHARD YIELD ASSESSMENT IN NORTH-EAST OF MOROCCO USING SATELLITE 
IMAGERY 

A. Matese, K. Aberkani, S. Samri, M. Said, S.F. Di Gennaro and P. Toscano .................................................. 388 

#7629 MONITORING CORN (ZEA MAYS) YIELD USING SENTINEL-2 SATELLITE IMAGES FOR 
PRECISION AGRICULTURE APPLICATIONS 

A. Kayad, M. Sozzi, S. Gatto, L. Sartori, F. Pirotti and F. Marinello ............................................................... 393 

#7681 PREDICTING IN-SEASON SORGHUM YIELD POTENTIAL USING REMOTE SENSING 
APPROACH: A CASE STUDY OF KANO IN SUDAN SAVANNAH AGRO- ECOLOGICAL ZONE, 
NIGERIA 

A. Tukur, H.A. Ajeigbe, F.M. Akinseye, I.B. Mohammed, M.M. Badamasi ....................................................... 396 

 

SOFTWARE AND MOBILE APPLICATIONS 

#7368 SOCIO-DEMOGRAPHIC FACTORS CONTRIBUTING TO ADOPTION OF E-COMMERCE BY 
AGRIBUSINESS SMES IN THE UPPER EAST REGION OF GHANA 

S. Omega and S. Akaba .................................................................................................................................. 402 
 



1st African Conference on Precision Agriculture | 8-10 December | 2020 

 302 

#7617 A GEOSTATISTICAL APPROACH TO DEFINE A SOIL FERTILITY INDEX 
BASED ON THE MAIN SOIL MACRONUTRIENTS 

 
H.S. Aboelkier1, A. Nasrallah1, S. Shaddad1, and G. Buttafuoco2 

1Soil Science department, Faculty of Agriculture, Zagazig University, Egypt 
shaddadsm@gmail.com  +201016007959; 2National Research Council of Italy - Institute for 

Agricultural and Forest Systems in the Mediterranean (ISAFOM), Rende (CS), Italy 
 
 

ABSTRACT 
 

Soil fertility is greatly affected by main soil macronutrients such as nitrogen (N), 
phosphorus (P), and potassium (K). These macronutrients can be used to define a synthetic fertility 
index to support soil fertilization. The study was aimed to propose a geostatistical approach to 
define a synthetic fertility index based on factorial cokriging. It consists in quantifying and 
reducing the spatial variability of multivariate data to only a few factors, related to different spatial 
scales. Such factors summarize the variability of multivariate data and can be used to divide the 
field in areas of similar levels of the three macronutrients. Hundred 100 soil samples were collected 
according to a quite regular grid (20 m x 20 m) from a field of 3.6 ha located in Bilbies district 
(Egypt). The joint variation of N, P, and K was modelled by a linear model of coregionalization 
including a nugget effect and two spherical models at short range (42.4 m) and long range (86 m). 
The joint multivariate variability of N, P, and K in the study area was synthetized by using the first 
two factor at short and long ranges. The first factor at long range allowed more effectively to 
delineate the field into different management zones than at short range. 

 
INTRODUCTION 

 
Nutrient supply to plants is one of the main soil factors constraining crop growth and 

consequently, the yield. The addition of fertilizers has become the main practice to overcome this 
constraint, often developing a meaning of soil fertility limited to the potential nutrient supply for 
crop growth (Stockdale et al., 2013). However, fertilization, together with irrigation, is essential 
to obtain profitable crop yields. In Egypt farmers add fertilizers to soil considering that fields are 
uniform without taking spatial variability into account. Although this is simpler in application, 
some areas may receive fertilizers that do not meet their needs, while others may be in excess with 
negative environmental consequences. Site-specific fertilization may result in maximize soil 
productivity and minimize the environmental impacts by adding fertilizer where and when they 
need, and with the precise quantity. Variable rate application of nutrients allows taking into 
account the field spatial variability of nutrients in soil and meeting the requirements of crops. 
Variable rate application may result in a more effective use of inputs enhancing crop yield to ensure 
food security promoting environmental sustainability. Variable rate application is based on the 
delineation of management zones which are defined as homogeneous subfield regions that have 
similar yield-limiting factors or similar attributes affecting yield (Doerge, 1999; Khosla and 
Shaver, 2001). Management zones being used to avoid over- or under application of agricultural 
inputs in some parts of the field and then wasting of natural and financial resources (Mzuku et al., 
2005). 
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Geostatistics provides the tools to quantify the spatial variation of soil properties and to 
produce continuous maps using interpolation techniques, generally known as kriging (Chilès and 
Delfiner, 2012; Matheron, 1971). Differently from classic statistical interpolators, geostatistics 
provides a term of error (kriging variances) which can guide to the reliability of the estimate 
(Oliver, 2013). Cokriging is a multivariate generalization of kriging to deal with two or more soil 
properties which have been measured at the same sampling locations (Chilès and Delfiner, 2012). 
Geostatistics may help to solve different aspects of precision agriculture such as delineating 
management zones representing subfield regions with homogeneous characteristics within which 
a single rate of a specific crop input is appropriate (Buttafuoco et al., 2010). Generally, the 
identification of subfield areas is difficult because of the complex combination of factors which 
could influence the effectiveness of a specific input (i.e. fertilization, irrigation, pesticide) that 
affects variation in response variables, such as requested quality and quantity of crop yield. 
Factorial cokriging (FK) allows to summarize the variation of attributes or limiting factors 
affecting agricultural production (Buttafuoco et al., 2010). FK allow to quantify and reduce spatial 
variability of multivariate data to only a few factors, related to different spatial scales. Such factors, 
can be used to divide the field in areas of size manageable by farmers. 

The objective of this study is defining a synthetic fertility index to support soil fertilization. 
The index is based on three soil macronutrients such as nitrogen, phosphorus, and potassium.  

 
MATERIALS AND METHODS 

 
Study Area and Data 

The study area (3.6 ha) is located in Bilbies district, Sharkia Governorate, Egypt. The 
coordinates of its centroid are: 31° 39ʹ 24.70ʺ E, 30° 25ʹ 47.45ʺ N. The study area was cultivated 
by two different crops: sesame in the southern half field and pepper in the remaining area. Its 
climate is characterized by hot dry summers and mild winters with very low annual precipitation 
(90-125 mm). Mean air temperature is 13.0 °C in January and 29.3 °C in August (El-Marsafawy 
et al., 2019). 

 

 
Figure 1. Study area and sampling locations 

 
Topsoil samples were collected at 100 locations at the nodes of a quite regular grid (20 m x 

20 m) and analyzed for available N, P, and K. Available nitrogen (NH4-N and NO3-N) was 
extracted by KCl 2 N and the extracted nitrogen was determined with steam - distillation procedure 
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using MgO - Devarda alloy (it is an alloy of aluminum (44%–46%), copper (49%–51%) and zinc 
(4%–6%) according to Bremner and Keency methods as described by Black et al. (1965); available 
phosphorus content (P) (mg kg−1) extracted by Olsen et al. (1954); the extracted phosphorus was 
measured calorimetrically using the ascorbic acid method (Watanabe and Olsen, 1965) with UV–
vis-NIR spectrophotometer; available potassium (K) (mg kg−1) extracted using 1.0 N ammonium 
acetate at pH 7.0 and determined using flame photometer method, (Jackson, 1973). 

 
Geostatistical Methods 

Each datum z(x�) at different location x� (x is the location coordinates vector and � the 
sampling points = 1, ..., N) of the three soil nutrients was interpreted as a particular realization of 
a random variable Z(x�) and analyzed by ordinary cokriging (Wackernagel, 2003) and Factorial 
kriging analysis (FKA) (Chilès and Delfiner, 2012; Matheron, 1982).Ordinary cokriging (OCK) 
is one of the most basic geostatistical interpolation methods under the assumption of intrinsic 
stationarity for all variables. OCK requires modelling the Linear Model of Coregionalization 
(LMC) (Journel and Huijbregts, 1978), which considers all the n study variables (the three 
nutrients in this case) as the result of the same independent physical processes, acting over different 
spatial scales u. The n(n+1)/2 simple and cross variograms of the three variables are modelled by 
a linear combination of NS standardized variograms of unit sill, gu(h), each one corresponding to a 
spatial scale (u). The goodness of LMC fit was evaluated by the Mean Error (ME) and the Mean 
Squared Deviation Ratio (MSDR) (Webster and Oliver, 2007). Ordinary cokriging estimates the 
unknown soil properties values at the unsampled location as a linear combination of neighboring 
observations of all variables ordinary cokriging (Wackernagel, 2003). Factorial kriging analysis 
includes three basic steps: (1) modelling the coregionalization of the set of variables using the 
linear model of coregionalization, (2) analyzing the correlation structure between the variables, by 
applying PCA at each spatial scale, to obtain independent regionalized factors which synthesize 
the multivariate information and (3) estimating by cokriging the values of these specific factors at 
each characteristic scale and mapping them. In the geostatistical approach, even though it is not 
required the data to follow a normal distribution, variogram modelling is sensitive to strong 
departures from normality, because a few exceptionally large values may contribute to many very 
large squared differences. All data were transformed into Gaussian-shaped variables with zero 
mean and unit variance using a Gaussian anamorphosis (Wackernagel, 2003), which is a 
mathematical function that transforms a variable with a Gaussian distribution into a new variable 
with any distribution. All statistical and geostatistical analyses were performed by using the 
software package ISATIS®, release 2018.4 (www.geovariances.com). 

 
RESULTS AND DISCUSSION 

 
All the nutrient values were normalized before applying the multivariate geostatistical 

approach using the Gaussian anamorphosis and the variographic analysis allowed to compute the 
experimental simple and cross-variograms of all variables. No relevant anisotropy was observed 
in the variogram maps (not shown) and the experimental simple and cross variograms looked upper 
bounded. Then, the joint variation of the Gaussian values of N, P, and K was modelled by a LMC 
including a nugget effect and two spherical models at short range (42.4 m) and long range (86 m). 
Therefore, the LMC showed that the levels of N, P, and K occur to two different spatial scales. To 
synthesize the joint multivariate variability of N, P, and K in the study area in a restricted number 
of zones to be submitted to differential management, the first two regionalized factors at short and 
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long ranges (Fig. 2) were retained and the ones corresponding to nugget effect were omitted, 
because mostly affected by measurement error and variation at a scale smaller than the sampling 
distance.  

The most influencing soil variables on the first factor at short range were P and K, whereas 
K was the most influencing soil variable on the first factor at long range. The resultant maps, 
depicting the potential MZ are shown in Fig. 2. It is worth to mention that mapping the first factor 
at long range allowed more effectively to delineate the field into different management zones than 
at short range. In fact, the values of the first regionalized at long range would allow to split the 
field into larger and manageable zones than those for first regionalized at shorter range. 

 

 
 

Figure 2. First two regionalized factors at short (a) and long (b) ranges 
 
These results encourage the use of this approach for precise fertilization considering the 

type of cultivated crops. 
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