APPLICATION OF DRONE TECHNOLOGY TO ASSESS NITROGEN
STATUS IN OIL PALM (Elaeis guineensis Jacq.)

NURUL AZMINA BINTI HASHIM

FP 2018 12




APPLICATION OF DRONE TECHNOLOGY TO ASSESS NITROGEN STATUS

IN OIL PALM (Elaeis guineensis Jacq.)

NURUL AZMINA BINTI HASHIM

FACULTY OF AGRICULTURE

UNIVERSITI PUTRA MALAYSIA

SERDANG, SELANGOR DARUL EHSAN

2017/2018



APPLICATION OF DRONE TECHNOLOGY TO ASSESS NITROGEN STATUS

IN OIL PALM (Elaeis guineensis Jacq.)

By

NURUL AZMINA BINTI HASHIM

A project report submitted to the

Faculty of Agriculture, University Putra Malaysia,

In fulfillment of the requirements of PRT 4999 (Final Year Project)

For the award of the degree of

BACHELOR OF HORTICULTURAL SCIENCE

Faculty of Agriculture

Universiti Putra Malaysia

2017/2018



CERTIFICATION

This project entitled “Application Of Drone Technology To Assess Nitrogen Status In
Oil Palm (Elaeis guineensis Jacq.)” is prepared by Nurul Azmina binti Hashim and
submitted to the Faculty of Agriculture in fulfillment of the requirements of PRT 4999

(Final Year Project) for the award of the degree of Bachelor of Horticultural Science.

Student’s name:

Nurul Azmina binti Hashim Student’s signature

180350

Certified by:

Assoc. Prof. Dr. Siva Kumar Balasundram,

Project Supervisor

Department of Agricultural Technology

Faculty of Agriculture

Universiti Putra Malaysia Serdang, Selangor.

Date:




TABLE OF CONTENTS

CERTIFICATION..... et iiiiitiitiiiicinciaieeieesiessiasctnsssasssnsssssssseraserassssssssssssssasssnsssnssenssanssanens iii
TABLE OF CONTENTS .. cuiiiuiiiiiiiiniitniieniieeiieneinerasessssesssesssosssasssnsssnssssssssssssssasesnsesnsssnssans iv
LIST OF TABLES.......cctttuuiiiiiiiiinernnesssisiiininesssssssisssimmssssssssssssssmesssssssssssssssssssssssssssssnssssnnes vi
LIST OF PLATES....ciiittttuuunsieiiiiinersnnsssssiniimmessssssssssstimmesssssssssssssssesssssssssssssssnsnnssssssssssssnnns vii
LIST OF FIGURES. ......c.ciuiiieiieniiniiiiiiieiiieiieeiieeiionsiosctascsascsnssssssssssaserasessssssssesssssssasssnsssnssen viii
ACKNOWLEDGEMENT M. 0. . el e readttecsssencrrnenensnsssssscrssnsennosgssssssssase BhussossiPorernessssssersns X
ABSTRACT ... i iteeeerneeecsssnssnnes fonnsssessisseesanatos T Mo fustaesannssssssssseassasssssssssssens Xi
ABSTRAK: ... ke nnniitenereniiarnness R 8 O el T et eeenenestsaersssnnnnrnssssssnss Xii
CHAPTERFL..STi S, . e SO O ceere B tneesscerrsnnnnrnnsnses 1
1.0 INTRODUCTION ... cttieeutieeiieestieeestsesiteestasasseeessseessseeesseesansessssseesssessnsesssssessssesessessssesenns 1
1.1 Study objective........d... . B L O e e e e 2

CHA PTER 2, e« e e e o, s eec e et s rressssssesssnnnnrsasssas 3
2.0 LITERATURE REVIEW .....eeiecceeeeereeeeeee e ee e ee e e enen e e se e s e e s e s e sesesesnsesssesnsnsnnnsnsnnannnns 3
2.1 Ol palml . e eauutseeessaceeesssasesesssasesesssaneasans 3

2.2 Soil analyErs e N W O e e e s e e e 7

2.3 LEaf @NAIYSIS .ot e b e e et e e e e earra e e e anaaaaean 8

2.4 Precision agriculture (vegetative iNdiCeS) .....iiuciieeeciiiee e 8

2.5 DIONE...ciiiiiii e e e s 11

2.6 Application of drone in agriculture ........occcuveeiieieeicceee e 12
CHAPTER 3....ciiiiiiiiiiiiiiiiitiiiieiaiiteieetiesiiastiasctssessssesstasssasessssssssssssesstasssassssssenssanssanssnnes 16
3.0 MATERIALS AND METHODS .....coiittiiiieeiteeniee sttt esre et esiteeste e sineesabeessaaeesaveesavaeesanes 16
N B AU T 1Y | U UUPRRN 16

I B oY (1T 0 =1 1] 1SRRI 16

3.3 Mapping, GPS (Global Positioning SYStem)........ccceeeeeciiieiciiie e 17

3.4 Soil and 1€af @NAlYSIS c..uveeiieiiiee i 18

3.5 IMAEE PrOCESSING coeeeeiieiieieeieieeeieeeeeeeeeeee e e e e e e e e e e e s e e e e e e e e e eeaesaaaaaaanaenns 20



3.6 Vegetation indices and soil/leaf correlation........c.cccvevveeeeieeceieciececcreeeee e, 21

CHAPTER Q... ciiereeeniiiiiiiinerennsesioiiiiisessssssssisiimmessssssssssssmmsesssssssssssssssessssssssssssssssssssssssss 22
4.0 RESULT AND DISCUSSION ....oiiiuiiiiiiieiieenieeesteesteessieeesreesaeeesseeesseesssseessessnseessssessnns 22
4.1 Descriptive statistics and data distribution..........ccceeveciieiiiiiiei e, 22

4.2 NOIMAILY ST 1eeiiiiiieicieee e e e e e e s e e e e srraeeeeanee 25

4.3 1SOTIOPIC VATIOBIAM ..ceuiiiiieiei ettt e e e e ettt e e e e e e s btre e e e e e e s s saabebeeeeesesssnnrenaeeeesssnnnn 28

4.4 Variability Map .oooceeeee e e e s e e e s b e easeae 31
CHAPTER 5...iiiiiieeiiiiiiiiiiieresnsieiiiiinessssssisisiimmessssssssssstimsesssssssssssssssesssssssssssssssssnnsssssss 36
5.0 CONCLUSION ...ttt ettt e e et ttiee s e e e e e et aabass e s s s e e aaabaa e s s eeeeaeassanseeeaeennsbananssaaes 36
REFEREN GES e e o e e e ehteeeaaenaaansaassnnsscnasnnennnenness WM erctesessihesssesssnasen 37
APPENDICES il Sommsmmy. Smssumiusmil  eeoeeelttseasivessinebe ilTMhr o 1M serereennsnbasssseesrsnnnnrrsssses 43



TABLE

LIST OF TABLES

TITLE

Guidelines to interpret Pearson’s correlation coefficient

Correlation value (r) and coefficient of determination (r?) of

vegetation indices with significant relationship at p<0.05

Correlation value (r), leaf N and soil N

Vi

PAGE

21

33

33



PLATE

LIST OF PLATES

TITLE

Nitrogen deficiency symptom

Trimble Judo SB (a) and coordination of oil palm tree being

recorded (b)

Image of oil palm captured by drone

SPAD chlorophyll meter (a) and chlorophyll reading being

recorded (b)

Frond 17 is selected and cut using sickle

20 leaflets are cut from frond 17 to be analysed

Soil samples are taken using an auger

Vii

PAGE

17

18

18

19

19

20



FIGURE

LIST OF FIGURES

TITLE

Histogram fitted with normal probability curve for block

2010B chlorophyll

Histogram fitted with normal probability of N (leaf) content

for block 2010B

Histogram fitted with normal probability of N (soil) content

for block 2010B

Normal probability plot of chlorophyll from 65 samples of

oil palm trees

Plot graft of normal probability of nitrogen (leaf) from 76
samples of oil palm trees from block 2010B

Plot graft of normal probability of nitrogen (soil) from 76
samples of oil palm trees from block 2010B

Isotropic variogram of average chlorophyll from 65 samples
of oil palm trees from block 2010B

Isotropic variogram of N (leaf) from 76 samples of oil palm
trees from block 2010B

Isotropic variogram of N (soil) from 76 samples of oil palm

trees from block 2010B

viii

PAGE

22

23

24

25

26

27

28

29

30



10

11

Kriging graft of N (soil) from 76 samples of oil palm trees
from block B2010
2D variability map of chlorophyll from 65 samples of oil

palm trees from block B2010

31

32



ACKNOWLEDGEMENT

First and foremost, | would like to express my gratitude to Allah for giving me

strength to complete my final year project.

Next, my sincere appreciation to my supervisor Assoc. Prof. Dr. Siva Kumar
Balasundram for his patient guidance, enthusiastic encouragement and support, also
useful advices during the planning, preparation and process of this thesis. His immense
patience and generosity cannot be emphasized. | am truly thankful and proud to be

supervised by him.

I would also like to extend my gratitude to all Terra Rasa Sdn. Bhd. crews for
their invaluable cooperation during the entire process in this project. Thank you also
to my partners Nuur Annisaa binti Zainal Abidin and Ang Yuhao for their kindness in

sharing information and knowledge.

Last but not least, to my beloved family, Hashim bin Idris, Norliza binti Mohd
Nor, Mohd Nor bin Awang and Masiah bt Ali for their endless supports, priceless love,

and sacrifices rooting for me until | succeed to finish my final year project.



ABSTRACT

Drones, also known as unmanned aircraft vehicles (UAV), are pilotless aircraft that
are controlled by computers or simple remote control. Recently, drones have been used
in spraying operations over a wheat field in Xinghua, East China's Jiangsu province.
The drone can be potentially used to detect the nutrient status of plants. Elaeis
guineensis or commonly known as oil palm is the main industrial crop in Malaysia.
The health and quality of oil palm need to be monitored frequently. Generally, nitrogen
(N) status in plant plays a major role in crop productivity. The conventional assessment
of N status is usually based on leaf and soil analysis which are highly costly and
laborious. The capability of a drone is not fully explored for nutrient assessment in
cropping systems. Its use to assess N status in oil palm is a plausible option to consider
due to the large crop acreage and potential cost and time-saving. Therefore, the
objective of this project is to assess the feasibility of using drone technology to assess
N status in a young oil palm stand. This project is carried out at the commercial oil
palm plantation in Negeri Sembilan and eBee MultiSPEC 4C is deployed as the drone
equipment. For this project, 76 samples per ha are chosen and analysed for Normalized
Difference Vegetative Index (NDVI), RGB, thermal imaging. Corresponding leaf and
soil analysis are carried out. Both drone analysis and manual (leaf and soil) analysis
are compared. Based on the result, there is significant correlation between nitrogen

status in leaf and drone imagery indices over the study region.
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ABSTRAK
Dron, juga dikenali sebagai pesawat tanpa pemandu (UAV), merupakan pesawat
terbang tanpa pemandu dan kru yang dikawal melalui komputer atau alat kawalan jauh.
Ladang gandum di Xinghua, wilayah Jiangsu, timur China telah menggunakan dron
sebagai alat penyemburan. Selain itu, dron juga berpotensi mengenal pasti status
nutrien dalam tumbuhan. Elaeis guineensis atau dikenali sebagai pokok kelapa sawit,
merupakan tanaman industri yang utama di Malaysia. Oleh yang demikian, pokok
kelapa sawit memerlukan pantauan secara kerap demi pokok yang sihat dan berkualiti.
Secara amnya, status nitrogen (N) dalam tumbuhan memainkan peranan utama dalam
produktiviti tumbuhan. Kebiasaannya, penilaian konvensional untuk menentukan
status N dalam tumbuhan dilakukan melalui analisis daun dan juga tanah yang
memerlukan kos yang tinggi serta tenaga pekerja yang banyak. Dron mempunyai
kebolehan untuk mengesan status nutrien dalam tumbuhan tetapi masih belum
diterokai sepenuhnya oleh masyarakat. Pengaplikasian dron dalam mengesan
kandungan status N dalam kelapa sawit merupakan satu cara alternatif terkini yang
boleh dipertimbangkan kegunaannya bersesuaian dengan keluasan ladang yang boleh
menjimatkan kos dan masa. Oleh itu, objektif projek ini adalah untuk mengenal pasti
kebolehan teknologi dron dalam mengenal pasti kandungan status N dalam pokok
kelapa sawit. Projek ini dijalankan di sebuah ladang kelapa sawit komersial di Negeri
Sembilan dengan menggunakan eBee MultiSPEC 4C dron sebagai alat kajian. Dalam
projek ini, sebanyak 76 sampel per hektar dipilih dan dikaji untuk gambar “Normalized
Difference Vegetative Index (NDVI)”, RGB dan termal. Analisis daun dan tanah juga
dijalankan. Keputusan kandungan status N dari kedua-dua analisis, dron dan manual

(analisis daun dan tanah) dibandingkan. Berdasarkan keputusan, perkaitan antara

Xii



status nitrogen dari gambaran dron dan analisis daun dalam kawasan kajian adalah

signifikan.
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CHAPTER 1

1.0 INTRODUCTION

Oil palm (Elaeis guineensis) is a major industrial crop and also number one
commodity crop in Malaysia. Malaysia is one of the countries that produce the most
palm production and known as the world second-largest palm oil producer after

Indonesia, which consists about 4.5 million of land used for oil palm plantation.

Oil palm, however, has high nutrient demand which causes significant
problems faced by many oil palm commercial company regarding nutrient deficiency.
The primary nutrient that requires oil palm plant is nitrogen as it is the first nutrient
needed by oil palm in a growth process. However, many oil palm growers faced
problem regarding the losses of nitrogen (N) in agroecosystems which contribute to

significant environmental and economic issues.

As nitrogen is leaching into the environment, growers need to replace the
number of nitrogen losses by adding fertilizer. This step is the only solution to restore
nitrogen deficiency due to declines in the environment. Unfortunately, due to the prices
of fertilizer, it had become a significant burden to oil palm plantation management as
adding fertilizer to maintain the product’s capacity of oil palm will overall increase the
management cost. Hence, there is a need to improve and sustain oil palm production

which several methods have used over the years.

One of the methods that can increase fertilizer application in oil palm field is
by leaf and soil analysis which have been applied to determine the deficiency and
sufficiency status of nutrients for oil palm for years. However, this method is time-

consuming and cost-inefficient. Thus, remote sensing technology has been developing



and used in some oil palm's fields for a quicker and cost-efficient way to determine the
deficiency and sufficiency status of nutrients. Remote sensing imagery integrated to a
Global Positioning System (GPS) and Geographical Information System (GIS) which
could obtain the Normalized Difference Vegetation Indices (NDVI) that is used to

interpret data from the ground.

Recently, drone also known as an unmanned aerial vehicle (UAV) has been
developing with high-quality sensors that can be used in interpreting ground imagery
obtained by drone camera. Design with smaller in sizes yet compact with high
technology sensor, these drones are the easiest way to create a topographic survey of
a field compare to expensive, time-consuming and highly energy needed for traditional
methods. Flying a drone only takes few minutes and 5-10 times faster than
conventional methods for an accurate site imagery which also consist of NDVI data of
the ground. These new drone technology help in persisting as well as sustaining oil

palm production with effective total cost consuming in the field.

1.1 Study objective
The objective of this study is to assess the feasibility of using drone technology to

evaluate N status in a young oil palm stand.
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