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THE SECRETARY OF EDUCATION'S MESSAGE

The National Department of Education nas the resoorstmity on xR matters for
the school system in Papua MNew Gurez 1 = 7€ Tegarrert of Educaton that
implements government palicies and sets e garmeters o wron sxTosm phanning
implementation and evaluation Therefore | nave re Gty 0 200000= ard recommend
this industry and private sector developed worna DITARET try gmm v Te whool system
of our country.

| am very pleased to recognize and welcome the assisiance and suoon gven Dy e
commodity crops sub-sector of agriculturs for SevSl0DTg the cocna cumciuT tdlowng
on from the Coffee Industry initiative Corporation of P30u3 Mew Gurea e Loco3
Coconut Research Institute’s desire to produce s ©ooo= cumcssm for se n he
school is commendable. Admittedly. the Degariment Aoes not nave e persorrel 200
resources to develop such curriculum and provide qualty eCucaOr ‘or Te country
therefore, such an endeavor to partner with the Depariment 5 3ppracaiec

In this light of government direction 1o revert 10 the oid obsectve asec system of
education in the country, the Department of Education s m e process of acirg Te
outcome based system of education. But untl 2 formal decsion on Te oxt STERgY S
made, the OBE system from which this cocoa cumecuiu™ s deveicped wil e 3ccected
by the Department. When the OBE exit strategy 's finalizec. the toCoa umcuium anc
any other such curriculum will have to be revisted with the view o DUDESTNG 3 saconc
edition to reflect government and Departmental policies

It has been noted many times that an increasing numboer stucents wil 2ave 5T o
return to the villages. In order to be productive and purposeful m the communty. the
school leavers have to be appropriately skilled with seif-empicyment and sntregreneunal
skills. It is the government, and indeed, Departments responsibility 10 Drovide 3 orovisSion
of quality and relevant education. This is the reason the Department wal promote and
welcome the private sector to support the Department in prowcing such Quaity and
relevant education for our school leavers.

| am honored and privileged to approve and recommend this mayor COMmmOCTy o
based cocoa curriculum for use in the school system in the Country Eoucaton s a
complex process and the Industry based input to provide quality ecucaton s weicome. it
is our sincere hope that the schools and teachers will use 1t effectively 10 appropnately
skills our youth to be production and purposeful citizens of the country

DR. MICHAEL TAPO (EdD)
Secretary for Education
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THE CHIEF EXECUTIVE OFFICER OF CCI LTD MESSAGE

~acoa i¢ the second most important cash crop apart from coffee that actually loucheg
‘\,‘r‘ ,,;3{15 and soul of the rural population. While many farmers along major roads and
{W.n have other alternatives as a means of generating a cash income to support theijy

<ocal economic and person needs, many rural households livelihood is dependeq only
;v cocoa for & cash income

1t ie the CCI hope that the cocoa industry provides the scientific, managerial and
entrepreneunal skills for farmers to earn a high income while meeting the needs of the
market or consumers. Cocoa has to be farmed through an entrepreneurial approach b
tarmers Cocoa entrepreneurship means growing cocoa to make money and in the
process creating self-employment opportunities for growers. As many school leavers will
be going home to the communities, this cocoa curriculum is designed to skill the schoo|
leavers with appropriate cocoa skills to support them when they leave school. When
taught effectively by schools and teachers, it will er]gble school i‘eavers with the
enh:epreneun'al skills to make living in the communities worthwhile. It is for these

reasons, the cocoa curriculum is developed and prepared.

In partnership with the National Department of Education, a partnership the Cocoa
Coconut research Institute welcomes whole-heartedly, we hope that the coffee
curmculum provides for appropriate and relevant entrepreneurial skills_for the school
leavers to utilize to grown cocoa successfully. It is the CClI's firm conwcti_on that cocoa is
and will, for the years after gas, oil and minerals are exhausted to be an important
sustainable and renewable source of cash income for our rural population.

The schools should plan, use and evaluate students performances using the knowledge
and skills in the cocoa curriculum and develop positive attitude among the learners to be
enterprising in the communities. As the Chief Executive of the Cocoa Industry Research
and Development, it is our duty that such knowledge and skills are appropriately
packaged for use in the schools. | sincerely express the cocoa industry’ appreciation to
those who developed this curriculum and the National Department of Education, our
major partner is commended for approving it for the schools in the country.

Students are encouraged to take an active part in leaming to farm cocoa as a cash crop
when they leave school. The CCl as a responsible organization remains committed to
the empowering the cocoa farmers to grow and process cocoa of high quality to meet
market demands while enjoying a reasonable cash income to support their livelihood.

.............................

DR. EREMAS TADE (PHD)
Acting Chief Executive Officer
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TEACHING AND LEARNING

How the students learn

What | hear | forget

What | hear, see | remember a little

What | hear, see and discuss | begin to understand

What | hear, see discuss and do, | acquire knowledge and skills
(Active Leaming Credo Statement by Silberman, 1996)

In support of these are the findings that we remember:
e 20% of what we hear
o 40% of what we see
e 90% of what we see, hear say and do so or what we
discover for ourselves

A student-centred approach to learning

Different student learn in different ways. Some students learn best by
writing, others by talking and discussing, others by reading and others by
listening. Most students leamn by using a combination of these. All learn
skills through practicing and repetition. You need to use a variety of
teaching strategies to cater for the different ways your students learn.

Teaching and Learning Strategies

To assist and encourage students to leam, you perform certain tasks.
These are referred to as teaching strategies. You need to engage
students directly in leaming but there are times when you to take charge

of the learning in the class and teach particular concepts ort ideas. These
teaching strategies include:

Group work

Role Play/Drama

Skills practice

Direct assignment, research/inquiry
Class discussion/debate

Problem solving activities

Teacher-talk — Instructions, explanations, lectures or reading
aloud

Direct question and answer sessions
Audio Visual presentations
Textbooks or worksheets
Demonstrations and modelling
Guest speakers/Resources persons
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o Field trip
« Classroom displays

Using groups as a teaching and learning strategy

. . : : leam from
Using groups Is an important strategy In agricuiture 2s students

each other, not just from the teacher. Groups work encourages students 10
participate in achieving a shared goal and collaborative _iearrmg n
deciding whether to use group or not, you need to

« Your intended outcomes _

. Theextemtoumichﬂ'lemnoan%wn be achieved DY
the group

The lesson content

The time allocated for the completion of t2sks

The classroom setting

The materials and resources available

The structure of the groups based on gender, 2Dty
cultural background and student preferences

Groups work well when:

o The groups decides upon their goals, timeline and
tasks

¢ Students realise that success depends on the
achievement of the whole group and not just
individuals

« The task is broken into subtask which must be
finished to successfully complete the overall task

o The whole class is involved in the activity

« Everyone has a role to play, €.g. field trips

o Membership of small groups is changed regularty to

provide a variety of leaming experiences for all
students

Strategies for organising and managing groups:

o Mixed-ability groups — the more able leamers in the
group can help the others to master the work so that
you need not teach some parts

« Same ability groups — the teacher can leave the
groups of faster learners to get on with the work on
their own. You can give extra help to individual
learners in a slower group of leamers.
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DEVELOPING SKILLS

s
iples and procedure _
Princip 4 to develop skils 10 herltp tP:erLlﬁiaerr?t?; Skills
Students 257 hould happen asapar.? of skills needs t
development Sd o leaming 2 nd practising sto
emen?nfheea;ntext of units being tat%geh\tn'/hen:
gﬁg .'Zaming tend to be most effectl
to the unknown
ts go from the known
) §$322t§ gnderstand why it is necessary to

i ills
in mastery of specific skills . ,
gsiliﬂsn;re developed sequentially at increasing

f difficulty .
. l'st‘:ﬁieris identify the components of the skill
The whole skill and the components of the
skills are demonstrated ' .
There are frequent opportunities for practice
and immediate feedback
« Students are encouraged to record and

diagnose their performance

o The skill is used in a range of contexts

To teach skills effectively you need to include learning
activities that span the range from teacher-centred learning
to using different groups of different sizes ranging from the
whole class to small groups and use a range of teaching

strategies which use higher order skills as your student's
progress.

Blooms taxonomy (hierarchy) of theory skills

Blooms taxonomy is a way to classify skills, activiti

1S ta , activiti
(or ob;ectu\{es/outoomes) as they progress in diffic
level questions require less in the way of thinking

move up the hierarchy, the skills iti
i, y or activities requ

s, or questions
ulty. The lower
skills. As you

ire higher lavel
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Recommended levels of learning

For students in grades 9-12, teachers are recommended 1o use 22CTNg
skills at the upper level of the middle order and at iIhe high order ‘evel of
skills and activities. Teachers should teach student 10 jeam at analyss.
synthesis and evaluation levels of leaming. (see Blooms cognitve domain
levels of questioning above). These higher order skills can 22siy o€
taught in the field and field based expenence. Alternatively, student al this
level of education should be taught by through projects pased of
community based education in which higher order skills and actvies are
much more relevant and appropriate

Examples of cognitive level of learning key words

The following is @ further subdivision of Blooms taxonomy of
questions into lower, middle and higher order questons 10 assgst
teachers in preparing and to teach the cognitive gomain effectively.
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Teachers are recommended o US€ key works in the lower order
performances and SOmMe middle order key performances to prepare
and teach students. AS seen from the taxonomy of outcomes or
questions in BloomS hierarchy of questions, teachers should adapt
ing to the appropriate levels of learning for

are presented in each unit

their teaching according

their students. Some of these outcomes

of learning in this teacher’s resource book but teachers should feel
arn these skills.

free to adapt them for the class's ability to le

Major Categories (hierarchy) of practical skills

ories of the practical skills and activities are shown

The major categ
n demonstrating the

in .the diagram below. There are: imitation whe
Skl.". ma.mpulation of the skill by the students until precision,
articulation and the eventual naturalization of the skill.
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Student at grade 9-12levels of schooling 2isc neec 3 ‘=acrers
guidance to perform the practical skills with accuracy | e above

diagram shows major categones or leve's of student 'leamng
according to Krathwont, Bloom & Masia (1964) Thes s mporiant

for practical subjects like agricuiture. There are three categones.

« |Imitation - instructions through appropriate
demonstration: Teacher should prepare skiis NS
and provide demonstrations 1o the stucent on an
appropriate cocoa skills

Supervision: Following the demonsirabon of a swll.

teachers should provide opportunity for supenrnised
experience by the students of the appropnate cocoa

skill. Student can practice the skill demonstrated Dy

the teacher or the expert individually or in groups
depending on the level of resources availabie.

\ndependent practice: Independent practice is the
next step up and without this step the students will not
gain mastery or be an expert. Teachers must prepare
for and allow independent practice in the school
cocoa garden or in their own family cocoa plots or in

the communities. Practice makes perfect the skill
being demonstrated and taught.

For students in grade 9-12 level of education, teachers must ensure
that a lot of supervised experience and independent practice is

-



; ired the foundational
il have acquired t a
use the)’r:éuctiom processing and marketing. Ag ,
y most of them will leave ell,

knowledge © ut importantl !
ve matured 0 nd will most certainly need these skijig
he communities. to

school as SC owing cocoain't

make a living off g

kills for Agriculturé .
speak, read and write, view and

4 to leam how f0 sFi)(iIIS being taught and
guage skills through, for

Language S

Students nee
e cocoa
efully ol can learn oral lan

observe car
demonstrated. Students
example:
. Discussions
Oral and written reporlt-s
. Interviewing opportunities

i ents to listen and record
tltzTyfoCr;zggtr sg:eikers or teachers can, talk during
ions, tapes, radio, tglevisuon, CD.s, videos,
stories, and concepts about agriculture while students Iltsten and
record using listening resources. When stuQents come o eﬁpect a
listening experience as a regular part of their classroom rou Te,
their ability to attend t0 details in what they hear about agricultural
concepts is quite likely to improve.

Provide opportuni
information accurd
the field trips or excurs

Shift the responsibility
nt: Develop in students the skills

Introduce self and peer assessme
to evaluate their own work and that of their peers. Help the
Students’ use the performance standards, marking guides and

k is judged. Self-assessment

assessment criteria against which worl
increase the amount of feedback students get .It can supplement

teacher assessment.

Treat each task differently

Every piece of work need not be evaluated to the same d

egree. A
mark needs to be the outcome in every case; and every pigce of
student work need not contribute to the final grade. Assessment is
designed to enhance the teaching and learning experience for the

teacher learner, not just to accredit students.
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Use ohservation sheets and spotlighting

Portfolios

Reports

You might record student achievement wile closerang your
students by using osaraton sheets The most LomMmMon
observation sheets 378 indrndual student creckists 3nd
whole class grids. They can be used for 38 e oroect s that
students undertake

Spotlighting uses individual student checkists TS method
can be used to focus 0N 2 tew setected 3508075 of student
performance, such as planning for 3 prosect 5 0est 0
focus on five 10 six students 3t 2 bme pore Trpsghn e
class over time. Focused questionng you can gan 2 02e0er
awareness as o whether or not students gnoerstand The
concept being taught.

Portfolios provide evidence for judgments of student achievement
for a range of projects. In the option units students are r2guIrsC 0
presenta portfolio for assessment purposes. It contans 3 specfic
collection of student work or evidence. This collecuon of work
provides a fair, valid and informative picture of the stucents
accomplishments.

How to minimize marking times of portfolios:

« Specific the pieces of work and keep the number oW
Mark as you go — ask that oné of the preces of work
be completed at the end of week 3 and mark i then.
Do not leave the assessment of the whole portiolio
until the end of term

e Use self-assessment-the student can seff-assess
some of the work.

The portfolio does not have to be a folder or binder, it can be in the

form of an exercise book with the student marking the pages they
want to have marked as part of their portfolio.

Reports are an authentic form of assessment. They encourage
students to develop observation and recording skills, and require

organization skills in both collecting and analyzing information and
communicating information clearty.



can be oral, written or in graphic forp, o
. of reports vary according to the taskr a

mixture of .th m;,ps is a common strategy used in bi classgg

':eg,:s;r:gegcg student should be allowed a turn at reporting duﬂ'ng
0

the year.

Experiments .
involved in marking experiments ang

It is that you have a better pictyre

and, and are able to do. To he,pof

d checklists are provideq fo,

is a great deal of time
Thereisag or the end resu
underst

rmance standards an

ments.

programming units

Planning and
and programming is to help you to

in purpose P , (
lrrgr?;:"t]h% gr)esentation of the unit in an organized manner. This
will help you to know what to teach and when {0 teach it. Itis

lan with the other teachers who

mmended that you P -
strongly reco g together, you will all have better

teach the same grade. By planning 10g€!
lessons and make better use of your limited resources.

of planning

Points to consider when programming

« Which unit learning outcomes are students working

towards?
What is the purpose of this unit/topic/learning

experiences?
Which learning experiences will assist students to
develop their knowledge and understandings, skills,
and values and attitudes in the subject?
What are the indicators of student learning that you
would expect to observe?
 How can the learning experiences be sequenced?
e How do’ the !egmlng experiences in the unit relate to
student'’s existing knowledge and skills?
¢ How individual learning is needs to b :
: e catered for?
o What are the literacy demands of this uni i
experionce? f this unit/learning
e What authentic links can be m '
oifer aubjecis? ade with the content of
e How can school events and practi '
in to the program? Practice be incorporated
¢ Do the assessment methods addre
outcomes and enhance the learning'? the unit Iearning

10



e« How can the assessment € cart of the feaching and
learning program’?

e Which options and progcis 27 e Aore to make best
use of the schoal s resoures’

e How can 3 balanced program e Aeveloped”

The planning process

programming and organang each Ut
arranged n 3%e0s O neip you te2ch

nvolved n e oACOMmes

In this teacher guide, ideas for
have been provided. These have been
the unit. The steps follow the thinking processes

approach.

Steps 1 — Interpreting the unit learning outcomes

The first step is to read the unit description in the syﬂacus” and '."ei 's-f:r:,
the unit learning outcomes to determine what students wii oW and De

able to do by the end of the unit.

You need to look at the action verb. concept and contexi of each leaming
outcome. This will help you see what skills and knowledge ars emoecoeC

in the outcomes. Remember the unit learning outcomes link 10 T oroad
learning outcomes.

This teacher guide gives you a brief description of the man requrements

of each learning outcome.
Step 2 — Planning for assessment

It is necessary to study the assessment requirements of the unit eary 0
you planning to ensure that you teach the content and skills stugents need

to achieve the unit leaming outcomes.

The assessment tasks are described in the syllabus. They indicate what
specific knowledge and skills students will need to demonstrate that iney

have achieved the unit learning outcomes.

You will have to decide when to schedule the assessment tasks to allow
yourself time to teach the required content and time for students o
develop the necessary skills. You will also need time to mark the task and
provide feedback. Practical tasks may, for example, be broken into a
series of stages that are marked over several weeks as students’ progress
with making their product. It is not appropriate to leave all the assessment

until the end of the unit.

11



ormance standards and/or mapy
re marking the tasks. This ig ton
d to students in all schools jn
develop clear and detaileq
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B istency With marks t
ensure o0 owever you mus
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Step 3 - Programming 2 leaming S€q1®
tlining a sequence of
- velop a program out
This step requires y0”t t‘} gfn ;?e t on each topic. You may follow the
topics and the amount 0 ine syllabus or you may cover the

topics in the order theY 27 i or a thematic approach. If the unit
' integrated activities
invlv T?”?QJL'& for example, you may pien to tefChcﬁﬁ]mea Itlhtio?hat
mvor;gﬁatg stages during the project, rather than teaching e theory
a .
bggore the students start the project.

d to study the topics listed in the
To develop your pregre? o ties that will best provide

[ i tivi
nd to think about the learning ac .
:ﬂg::fs ivith the opportunity t0 leam the content and practice the

i i vities will take. You will have to
appropriate skills, and how long the activi
thF?rF:k gbout some major activities that last several weeks and smaller

activities that may be completed ina single lesson.

Once you have completed your unit plan you will have to consider each
topic in more detail. For example, if you have allocated two weeks for a
topic that means you have ten lessons available (five lessons per week).
You will have to develop a plan for each topic that includes in more detail
what you will cover in each lesson. Your topic plan must include a
sequence of student activities and teaching points that contribute to the
overall achievement the unit outcomes. Your topic plan should include
what you think your students will do in each lesson, but you must
remember that the individual lessons must flow logically, one from the
previous and must be adjusted according to how students are processing
through the topic. You may develop outcomes for the topic and for each
lesson, but these must be related to the unit outcomes.

The teacher guides provides a sample program for each uni
provide individual lessons plans. unit. It does not

Step 4 — Elaboration of content and activities

Once you have mapped out your program for the term

develop more detailed plans for each topic in the unit, ch‘)l:mt:srtetgsn
ire

students to be actively engaged in learning, not just co
board. Make sure you develop a range of activities tha{) gg}? a\fﬁolr:a:hle
ning

12
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Browse through the text oo
to and list chapters. pages or tems that you W
program. The text books should 3150 pronce (A
related to the topic. You M3y have to collect or GeveloD sorme resSOuUrtes

for yourself.

Once you have sorted out your 1deas and informatbon fou 20 then
develop your more detailed weekly prograr and daiy lesson 0ans
This teacher guide gives examples in each unt o some achHvEes fOu
might like to use to ensure active leaming. 1t 3iS0 GIVeS DACkgOUNG
information on some of the content.

Remember that option cocoa units should be taught ’a_mr,sc‘e e ::Ere
units in both Grade 9 and Grade 10 Agnculturs anc Grade 11 and "<
Natural Resource Management frame wor.

Essential resources/equipment for Cocoa units

All units that involve Land for cocoa garsens o

crop production nursery; soil sampies seecs
and / or seedlings: COCC2
plants; tools anc machmnery
for planting . tilling anc
harvesting coffee beans
fertilizers; weed anc pest
control products.

Specialist options Equipment and resources 10
e.g. fam driers and equipment
technology e |

Guide to planning and programming Agriculture

Individual units

In Agriculture, how you program the core units together with the option
coffee units will depend on the crop that your students grow, of the
animals they raise for their project. There will be times when the students
are very busy in the field, garden or orchard preparing the ground,
planting, weeding etc., and other times when the crop is growing where
they are not so busy outside. Collaborate with Design and Technology
teachers to construct animal or plant housings in order for you and your
students to have more time for actual growing or looking after animal
activities. There will be other times when your students will be very busy

13
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s when they ar
- als, and other times y are not
after young anin ed to look at the growth cycle or "fen usy,

ties. You Neec \ o
ti p. fruit or animals and plan your cocog Cr!é:.]le

; i he students could run tw .
. . will decide that the _ 0 Proje
It is possible that )S'Sgh as cocoa and animal project together - anq “J]ezts
simutaneoust "ll be for four terms- It is also possple that you couq
your program WIterm <chools project- such as growing such as Cocoa,
combine .:a lg{:g or vanila, with a short term class project such as growin
, 0i
coffee. 0il P atoes or cabbage

_The short term projecl: will enable Studen,
. fully undertaking and compjet;

j atisfaction of success | Dl
;os;xgﬁ;er;‘;ecttrhﬁe contributing to the long term school project. qQ

it is integrated ov
T s document, each core uni er
Qfezngg wifhsgg?igﬁ unit to allow sufficient time to complete the
project.

A project
how to plan when they are undertaking

L tudents
Itis important to teach ¢ oiects. Students can apply

individual activities such as proJ ,
class or individual ac Business Studies and design and Technology

knowledge and skills from \
to ?\gricu%ture. The process which students undertake when planning and

undertaking a project is:
Planning

Research

« What to-do for the project?- decide on what plants or
animals or type or simple farm machinery or
equipment to produce

« Special requirements of the plant or animal or type or

simple farm machinery or equipment chosen

Time needed to complete the project

Possible markets for the products

Possible risks and problems

Possible sources of help and support

Decide on the goals

e What and how much to produce?
o Timelines

14



Physical planning

¢ Select ate
o [Jetarmire ‘aciten reoder

o Determire rfrastrch re resded og “OuSING
equipment efr,

Financially planning

Start-up costs

Sources of funding

Estimates of profit

Estimates of cash flow

Determine how records woulc 5e g

Implementation

When implementing the project students

Organize the necessary ‘oois or aqucm—enrs
Obtain the requirad seeds ciarts 3~r—ais
Leamn and practice e agoroprate €3
Undertake the actvities raqurae =

O Fow Te oo or
raise the animal over e raquirac ength of Jme
Undertake the actvities reqQuirecC ' ~arest arc
market the product

Clean up the area. anc Cispose of or Use aaste
appropnately






UNIT 1: COCOA ENTREPRENEURSHIP




In terms of economic

| troduction - -~
g , gy

Cocoa is ON€ 0 the major cash ﬁfr%p. s O third ber(;g? b%i g’:lm Which is o,

portant ! 6o d coffe® which 15 8 Smaf!fle':aolhat exPortsctrg Th ol Pa
aqro nucieus €St crop 8" ch yer folowed by 0 e 300 m'"_e Valyg
exports OV billion ‘kmak ;:aa ; while cocod exp llion Kin

¢ apout 500-700 million
?n :xpon eamings for e oounty o
ion of Bougainville, the Eagt

omous ;
yton JoerS of cocoa. Until about 2006

East New Britaln are NIg" ovinces include: West Sepik, Madang
tral and Gulf. Using figures up

i ay,
e Ireland, Miine B2 the ESP about 16, 202 tons and

: tons,
10 2011, the ARB produces about 11" The ENBP producer is a far cry from over

the ENBP about 7,148 tons of cocoa. - Pod BO rer devastation in 2009

the 23,000 tons i produced befo're e LO
in production

when it started to drop
o only along thé €%

and is largely @ small holder based Crop- Like coffee where the plantation sector

t for about 85% of the
mall holder producers gccoun
h?:dﬂ::t?g; ogiizzesrgocoa . med has become central to the
p - uch, it remains an integral part

economic livelihood of the small holders and gss  LEm Y e people
of the social-economic, socio-cullV of the peopie:

stal Provinces in the country

Cocoa is grown as @ cash Cro

Learning Outcomes

At the end the unit, students can.

s a major cash crop in the economic life of the coastal

A. Explain cocoa a
rural population

B. Describe the role of cocoa as an integral part of the social, economic and
political life of the rural dweller

C. Name the Provinces and the three leading cocoa provinces growing in
PNG

D. State production capacity of wet and dry beans of a cocoa tree and per
hectare i

E. Describe the major inputs of cocoa production

F. Discuss the important management issues affecting cocoa producti
on
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e .. areeting m PNG and
G. Explain the markating and pricing regeme r o3 margeiing

how much a one hactare crcna pheft sdll coetrts fe to farmiby noome
H. If we do not farm cncna, describe the altermate scacaro’
Content

Since cocoa is a huge economic, crop, t Nas o be grown 3rd maragead © 3
sustainable manner, but mare so. it Nas i be produced o "elo sustar Te fur2l
economy. Cocoa has to be producer and managed wih ar erfregraraural sort
with growers encouraged to grow cocoa as 3 Major 2355 o0 w3 SLUoooTing
market system. The cocoa farmer should be motivated o Frow 3 Te east 3
one hectare cocoa: sustainably. through the entrepreneural aporiach Takirg
good investment in the farm and supported o establish 3 sirng Sarnerg cuturs

to sustain their living.
A. Benefit to Cocoa farmer

In the final analysis, the benefits to the farmer who chowces Cocoa 3s 3 asih U0
is most important to that he/she as a rural dweller who Coes nct "awe =guar
salary or a social welfare benefits from the government can supoor Ter
livelihood. It is recommended that cocoa farmer shouid be encouraged anc weil
trained to grow a one hectare of cocoa to sustain hisher inang Wamout oroes
such as cocoa, life in the rural communities will remain cull anc pecole Wil
migrate to the urban areas in search for a better quality of ife. Wthout cococa o
sustain and provide means for a purposeful living in a rural commun®es wil ‘eac
to urban migration of un-skilled and semi-skills labour o e own and ctes of
PNG that will lead to disastrous social problems.

a) Cocoa income per hectare

We are given the following information on cocoa,

625 tree per hectare

40% is recovery rate for wet beans to dry cocoa beans

60 pods per tree per year on an average

23 pods per kg of dry beans

26 dry bean bags in one hectare

One dry bean bag weighs about 63.5 Kg

Current year 2013 AgMark price of dry cocoa at K250 per bag
A average size family should be five including parents

-

DN RON =
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We can calculate: ihen in one hectare of 623 trees

1. If there are

60 pods X 623 tre€s

o - hectare, them
2. Ifthere aré 37, 500 pods per yliardﬁirbeans ,
" 57 500 divide by 23 pods PerS
| ns of dry cocoad beans

=1, 639.44 kg dry beans or 1.6 to

r bag. There are 26 bags per heacture and therg

3. If there are 63.5 Kg pe

K1,639.44 kg, then
1639.44 kg divide by 635 kg per bag

= 26 bags fry bean per hectare
i ba
4. Therefore at today's price (2013) by Agmark is K250 per bag
26 bags dry bean X K250

= K6, 500 per year in annual eamning

5. Fortnightly '
K6, 500 per year divided by 26 fortnights

= K250 per fortnight or K500 per month

b) Expenses
Expenses in a family owned and operated cocoa farm of one hectare

1. Wages (Labor) =K190

2. Investment (farm input) =K30

3. Savings Culture =K30
Total = K250

The benefits to the farmer are reflected in:

1. A wages for family

2. A small savings in a bank account of K30 per fortnight and a i
of K780, g nnual saving

3. A nominal investment saved till needed for farm input at K780 per year

It is recommended that the above expenditures be held or followed tg appreci
the cocoa farming/growing as an entrepreneurial Preciate

20



Issues for discussion:

1. K190 per fortnight should be adequate for a villager/family to supplement

the food crops

Only in cocoa can a family grow food crops unlike coffee and oil palm
K780 each per year for investment and savings will provide K1560
annually for school fees and other financial obligations

Family size should be encouraged to have 4-6 peaple per household.
Family planning has to be an integral part of this entrepreneurial activity.
Consider the alternative to migrating to the towns zand cities in search for

job that do not exist. HOW DO YOU SURVIVE IN THE TOWN OR CITY
WITHOUT MONEY?

» wn

B. Benefits to the school

Figures 1.1: Showing the Ten Series CPB tolerant varieties planted at George
Brown

The schools have to teach the cocoa curriculum to the students so that they will
impact positively on the life of a school leaver who has to return to the villages.

21



atined for the village must have somg
Pro

nd on to live @ meaningful life in the Vil d
a

aver wh(’! 18 d{‘.
ll(;l-
v
ge. °

kills to depe

School shape society and once skilled, the attitude remain with the oraq

the rest of their life unless they aré fortunate‘ e'nough 0 receive additionarate fo

egucation and training hibit the desired behavioyr.

enefit from the community, if it has instilled the des|
re

The school can also b | |
School leavers without @ meaningful and Purpg Set
Sef,

of skills to school leavers. .
iife in the village next door will posé enormous social problems in the Comp ul
u

that will invariably spill over to the school grounds. Nity

For a school 1@
and emplovable s

to change and to éx

rged with the moral obligation to shape PO
i

nd cash income to sustain it operations, ¢q tivgy

C()a

Not only is the school that is cha
the society but it can also eam a
production at the school can also provide:

villagers next door

1. Employment opportunities for
support its intra-curricular operation at

2 Cash income for the school t0
about K6, 500 per year

3. Help provide a community based learning skills

4. Contribute to the welfare and life of the community next to the school

C. Bene_ﬁt to Papua New Guinea
Contribute to national economy and to the national vision and mission

D. choa Farm Input
Farm inputs refers to requirements like tools, equipment, material, fertilizers

etc use at the cocoa block to boast cocoa production




Figures 1.2, 1.3, 1.4, 1.5 Showing vanous Agmark Harswars TS A0

equipment for coco3a cultrvabor

E. One hectare cocoa production (It's value in Kina)

An optimum production by one coco2 tree and n a2 neciare © iogrars of wet
~3s ‘T o8 COWT

and dry beans under the best practice condiions " 2 rural area
cash 'c oe =cenveC

by the farmer. This amount in kilograms s then converteC
by the farmer in the prevailing world market conditions. Such Wi rform e
farmer of the likely scenario # he/she was to produce 3 one ~ectars of tocca

Table 1.1: Production per tree and a hectare

e

Period of Wetbean | Drybean Wetbean  Dry bean
Production of | yield per production yield per producton
cocoa | tree per tree per year Heclare per hectare
year per year
1 per year

Early Life

Later-Life




F. Pricing of Cocod

Cocoa varies gccording 10 worl
regulated intemational

ds' cocoa products consumers. Prices a
re

ent culture in cocoaas a cash crop

G. Savings and Investm

Figures 1
6&1.7:
person .7 student
al accounts at the ESNoé ggorge Brown High Sch
aving and Loans Soc?ei;/(iNB)OPening
- Kerevat Bran
ch



Teaching Strategies

1. Introduce/Motivation

. Why do people maove to the city?

What problems do they face in the city without 2 job and regular
Income or without money?

Why can't they stay in the village and not move to the city?

How can we make life in the village?

Consider the alternative to migrating to the towns 2nd cities in
search for job that do not exist. HOW DO YOU SURVIVE IN THE
TOWN OR CITY WITHOUT MONEY?

2. Body/Content/Subject Matter

1.

o

i

o o

Show table on cocoa production figures in unit 2: cocoz history and
ask them to:

a) Identify highest producers

b) Why ENBP showed decline in production afier 20097

c) What do the ENBP people think now?

d) How can we help them and other improve and live with the

problem?

Use production figure in table 1 kin this unit anc discuss now we
can use cocoa for a good quality of life in the village
Discuss how cocoa p improve a person’s village life
Discuss how cash can positively impact the family, community and
nation
Discuss how the man uses it to get drunk and impact the family
Can we have a saving and investment culture through cocoa
production

3. Closure

1. The big questions if can cocoa positively impact the community

2. Can cocoa be a useful, productive, employable and entrepreneunial
activity in the village?

3. Provide the four (4) activities in Practical/Experiential activities for
homework to be presented and discussed in the next lesson.



PracticallExperiential Activities
ty through cocoa production on your f
Mily

1. Designan entrepreneurial activl

your tamily land
re the basi

rest farm suppliers as to what @

2. Find out from néa
communlty

needed to grow cocoa in

area as to what is the current price

3 Find out from the cocoa buyer in the

of:
a. Wet cocoa bean per kilogram
b. Dry cocoa beans per kilogram

nd work out your net income minus

4. Calculate for one hectaré (625 trees) @
le in the text)

cost of production (se€ exampié



UNIT 2: COCOA ANATOMY AND PHYSIOLOGY




duction . _
Intro coa ree itself and its various parts,

Pollination and the Agents

Fertilization
The fruit

The seed

Seedling Germination and Growth

Learning Outcomes
At the end of this unit, the students can:
A) Describe the natural growth habit of a cocoa tree
B) Label the parts of cocoa
C) Explain compatibility of cocoa

D) Describe pollination of cocoa
E) State how fertilization of cocoa takes place

F) Describe seed development

G) Identify a cocoa seed
H) Demonstrate seed germination



Content

A) Growth habit

Figure 2.1: Showing the Cocoa Tree in its natural habitat
Natural habitat

1) The natural home of a cocoa tree is lower than tree storey of South
American evergreen tropical rainforest.

2) ltis subjected to a high mean annual temperature

3) Requires high annual rainfall
4) Grows well in a fairly high relative humidity
5) Needs low sunlight intensity

6) Survives under these conditions but yield is very low

7) Occasional pods give sufficient seed to ensure the survival of the

species



B) Botany

tap root

lateral roots

Figure 2.2: Showing Hybrid Clonal cocoa tree
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Figure 2.3: Showing Hybnid cocoa tree
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a) Root System

{Tertiary roots

} Secondary roots

—

Figure 2.3: The Root System of a cocoa plant

a) The taproot of 3 seedling grows straight down into the ground for 1to2
meters or so0. The main function is to anchor the tree.

b) Atthe very early stage, lateral
surface

¢) In a mature tree most of the seconda

roots arise in a collar just below the soil

2) Stem

a) In the natural habitat, a cocog tree y
height of 8 to 10 meters, ually grows to
b) Ittends to be Smaller when grown with
- ou
habit of growth js Characteristic and unust;;s;rade. The
©) Seediings grows as an unbrancheg single ste 1
height of 1 tg 2 meter Mto g



d) The terminal hud then ceases grow Thrae o fwe
\ateral branches develop 3t Fe same evel ' form the
jorquette ‘ S

e) Further increase in nesgrt

f

-
=~

_ made oy Te Jeweiopment of
a bud from below the orauette rin werfical Frowh

This is a2 sucker known 35 3 w3'aer s5o0 o ~rucon wil
agan form a3 jorquetie 3 few ‘aat rugher

g) In unpruned trees the process may e =oeated 3 or 4
time. ’
h)

!n commercial cocoa tree s rasinciac o 3 srge
. jorguette and all water shoots removad =guUary
i) Inthe wild and unpruned cocoa T2e T SrCess S

repeated a number of imes as many Chugors Fow

j) This very quickly creates as mass of vegetative yowh
that becomes a thick

3) Branches

Two types of branches

a) Chupon
i.  Grow vertically (upwards or orthotropscaly

ii. Leaves on chupons have longer stems. 7 10 3cm
long

b) Fan branches. Up to five develop at the jorquette

i Grow laterally (sideways or plagiotropcally )
i Leaf stems on fan branches are about * 10 4 cm
long

iii. Petioles (stems) on fan branches are tnicker then
4) Leaves

a) Cocoa leaves are entire, simple, pointed and veined in a feather
like arrangement.

b) Leaf blade (lamina) of fully developed cocoa leaves are usually
about 20cm long and 10cm wide at its widest point

c) Leaves of some cultivars growing in heavy shade can be up to
50cm long.

d) The leaves have stomata on their under surface only

e) The number of leaves per unit area is influenced by light
intensity which also influences the size and thickness of leaves

f) Those that develop under shade are \arge, thicker and greener
than those in full sun
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5)

g\

h)
)]

The lenath and thickness of leaf stalks (petioles) depends on

whether‘ they are on chupons or fan branches

Chupons have longer and thinner petioles

All leaf stalks have swelling, called a pulvinus at each end which

allows the leaf to be orientated in relation to the light

In seedlings and young trees leaves are produced on the

(chupon) stem as it grows

Leaves are produced on the fan branches by a series of

“Aushes” of three to six pair of leaves which occur 4 to 5 times 5
ear

{eaf colour varies from pale green to dark purple, depending on

the variety

m) The young leaves are soft and hang down from the branch byt

gradually “harden” and take up their typical orientation

n) All leaves becomes green as they harden
o) Development of new leaves leads to a demand for nutrients

which partly met by translocation (movement) from older leaves

p) Leads to older leaves being shuddered by the tree
q) A number of older leaves that fall when flushing occur is a good

r

indicator of a healthy tree.
Leaves normally have a life of about 12 months and most

Flowers

productive in the first 4 to 5 months
Pistal
Staminodes

Figure 2.4. Showing a cocoa flower

a) Flower_s deyglop from old leaf axils on the truck and branches on wood of
a certain minimum physiological age

b) It can be as young as twelve months or less in very precocious hybrid
clones, normally 18 months to two years
for hybrid planting material in Papua New Guinea
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R

c) Leaf arils that have preducsd fcrmers o serveral @A necnme fhickened
and are then called flgwear Lusrans

d) Cocoa trees produce large numoers oA Scrwers 3 ~prar Gmes of he year

e) In Papua New Guinea, there tend 'r; e "W TaT *rmerrg Tushes while
some traas praoduce 3 few flgners 3nd rerce soas Trugrost he year

fy The small, usually pink fiowers are Dome o org seccelis Temer stalks)
and have five sepals. five petals ‘en siamens 3rcl 30 Ay -f Fya yrited
carpels

g) Petals have a narrow base but expand nto 3 g $haged Joucs 3nd end
in a broad tip

h) Ten stamens are in two whorls or Nngs

i) An outer one of five non-fertile stamirodes 3nd 3n mner ore o ‘ersie
stamens

j) A flowerbud thatis about to oper can be dentfed Ty 7S courd shage and
the clear lines between the sepals

k) The bud starts to open in the afternoon and s fully open 2 TouTs ater

[) The pollen is ripe by the time the flower s fully opem 3C S sieased 3t TS
time

m) It remains viable for about 43 hours

n) The stigma matures a fittle later than the pollen

o) This is the best day for pollination and failurs of ferizator o TS day will
cause flower to drop the following day

p) Individual trees cary large numbers of flowers with 50 or more 4eeicoING
on individual cushions

q) Only about 5% are poliinated anc only a small sroporaon of Tese Srocuce
pods, i.e.: one in every 100 to 200 flowers matures nio 3 "8 it

C) Compatibility

a) Certain trees called seff- incompatible, cannct set frut when seif-
pollinated because of genetically incompatiility

b) They need polien from other trees. usually from sef-comgatie ones i1
order to set fruit

c) Self- compatible trees can set fruit with poilen from the same Tee

d) The degree of incompatibility vanes between different popuiatons.

@) Amazon cultivars are seli-incompatibie. but are generally Cross-
compatible

f) Trinitario cultivars have a high proportion of seif-incompatbie rees
requiring pollen from self-compatble trees for successful pollinaton

g) Cross-incompatibility may be limit yleid, a nsk that shouid de avoided with
hybrids or clones cocoa by planting a mixture of the dgifferent hybnds or
clones available rather than pure stands

h) The incompatibility is in the ovule (genetc incompatbiity Detween the
gametes) rather than the pollens incapacity 10 grow down the style



D) Pollination and Agents

mean that setting of fruit will resuj

- ssaril . .
a) Poliination does not necessary atopogonidae pollinate Most

b) Very small flying midges of the family Cer

a flowers . i ;
) :/(I):r?1bers of the genus Forcipomyia are most commorin that family

d) They flourish in cool, dark and moist places and breed in rotting
vegetation, including heaps of cocoa husks.

e) Other insects that are known to polhnatg cocoa mcludg ants of the
genus Crematogaster, the dipteral Cecidomyiidae, thrips and leaf-
hoppers. o

f) These insects do not travel far, therefore, pollination is mainly betWeen
neighbouring tree

E) Fertilization

a) Cocoa fruit start to develop three days after the flower is fertilized
b) \r?’hen the ovary is no sufficiently pollinated, flowers will drop off with 24
ours
c) As the ovary swells into a cherelle and ultimately a pod, the flower st
develops into a stem sufficiently robust to hold the fruit Ak
d) The early_ §tage after fertilization is called the swollen ovary stage
€) From fertilization through to attaining full size, the fruit is cherelle It takes

up to 3 to 4 months. After this it becomes :
another 2 months to ripen a pod and takes approxmately
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F) Fruit

Figure 2.5: Showing a cocoa pod

a) After pollination the fruit develops and matures within five 1o six months.

b) Small proportion of flowers successfully pollinated. however. too many
fruits often set for the tree to cary to maturity _

¢) Cocoa has a fruit thinning mechanism. Young cherelles do not crop o the
tree

d) They stop growing, tum yellow a week later and blacken but remain on the
tree

e) This is called cherelle wilt and occurs during the first half of the period of
pod development

f) Cherelle wilting increase to a peak about 50 days after pollination. then
decrease and rises to 3 second peak at 70 days
d) The peaks of cherelles wilting occur during the period of cherelle growing

may also result in losses

i) Developing pods are called cherelles until no further wilting takes place.

Become immature pods until they reach full size, become mature and ripe
pods

J) Takes five to six months from pollination to ripenin

. ! 9. depending on the
variety and environmenta conditions and weather



long and 10 to 15cm wide. Lenqgt
m) Most quy-grov:rn podrsn (a)r;)e 15 to 30cm g gths
d widths fairly com .
n) Sagbsta;ntial variations, average pods weigh about 450 grams and Containg
about 110 grams of fresh weight beans
o) Inside the pod is filled with 5 rows of beans arranged length wa
central placental stem ¥YS aroungq

p) Around the beans is the sweet viscous substance called Mucilage

q) The fresh beans weigh at | i
Rl g east one and half times as much gg the

r) Pods usually contain 30 to 40 beans



G) Seed

Figure 2.6: The cocoa Seed

a) Each seed or bean consi

cylindrical embroyo, enclosed in the testa ) ) )

b) Cotyledons colour varies from cream or very light mauve with cricllo to
deep purple with forasteros o

c) Trinitarios (hybrid of the two) the cotyledon colour exhibits a broad range
within those extremes of colouring but tends more often to be purple

H) Seedling germination and growth

st of two convoluted cotyledons and a2 small

a) Cocoa seedis non- resting as cannot be
b) Mucilage contains g

stored for very long
germination inhibito
Speeds up germination

I and removing it with the testa



Teaching Strategies

’Molivational tool.

ts to describe the habi
Show a cocoa plant sample and as
SD:;TSS c;;g”;l’g;trgrn éample and ask to define functions of parts,
Describe briefly the compatibility of Cocoa.

Explain fertilization in Cocoa.
Describe the development of @ Cocoa pod.

| oa.
introduce unit tat of Coco@
AT ask studen K to label its botany.

B. BodleontentISubject Matter

Use notes, Give correct habitat.
Use a cocoa tree sample to state correct parts.
Using notes, describe cocod flower parts.
Use notes to define compatibility.
describe the fertilization of Cocoa.

Use sample and notes to
/visit/exposure to explain pollination of

Use notes and field trip
Cocoa.
Use notes and field trip/visit/exposure, describe and explain Cocog

7.
fruit development.

C. Closure

1. Orally ask students to:
a) Give natural habitat

b) Show botany of cocoa

2. Short test on habita
lizati t, botany, compatibility, pollinati
fertilization, fruit to seed and seed germination’ pollination and

3.
Mark (1 or 2) and evaluate student performance



Student Activities

1 Describe the natural habdat of Corna

4. Describe the functions of the root system




s in of poIIination

6. Explain the proces

..___..-—_..-——-—-—-""

incompatible and self- compatible.

7 State the difference of self-

8. Explain fertilization in a cocoa flower.

9. Write a page on fruit to seed development of cocoa.

10.Draw and label '
D a Cocoa seed showing the cotyledons, the roots and the



Practical/lExperiential Activitias

1. Teachears are encruraged o srgarize for rasource people to come
and discuss historical erpenancas

2 Teachers tq arrange and orgarnia fadd oS whool cocoa plots. the
nearby cocaa plot or 1o Hrng 10 e dassrnor “ocoa iree pans to
study the cocoa plant (examine e oot systerm eaves
arrangements. flower p3r's seed and ree formafion)







SOILsS

UNIT 3




Introduction

. . o Soll s
[ sential medium for cultivation cocoa. < ave
This covers the Vvery es t will give the students the basic knowledgg

field of study. The unit Wi
Sggiopdz);alctors of the soil and thelr importance. Thus the large area of fig)q "

study is brief given in the out comes

Learning Outcomes
End the end of this unit, the students can:
1. Physical Properties

A) Describe Soil Composition

B) Draw and label Soil profile

C) Explain Soil structure

D) Define Consistency

E) Work out Soil texture

F) Explain Moisture availability

G) Descried Root penetration

H) State Optimum soil texture for cocoa

1) Demonstrate Simple method of soil texture assessment
J) Carry out Method of soil texture assessment
K) Indicate Other soil characteristics- soil colour

2. Chemical Properties

. Explain Soil reaction (pH)

List and state function of Soil nutrients (minerals)
Describe Organic matter content

. Explain Cation Exchange Capacity (CEC)
Explain Base Saturation PBS

Define Exchangeable Bases

. Compare soil Fertility

G@MmMODO®y

3. Drainage

Compare importance of Drainage

State Soil properties affecting drainage

. Construct and explain the Soil depth
Show and describe a Slope

Assess stony ground for suitability for cocoa

moow>
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Content

A) Soil Composition

45-49.5% |

Minerals

0.5-5%

Organic matter

Figure 3.1: Soil composition of an 2verage icam 508
Five main components
1) Mineral particles: inorganic fraction derived mainty from rocks

broken by weather -
2) Organic material: dead and decaying plants, amimais anc animal

products
3) Water: the “soil solution” in which nutnent element for plants are
dissolved ) '
4) Air: which fills the space between soil particies not 7iec Dy o0
solution

5) Living organisms: ranging in size from very smal mMICTo-Organism)
to larger (macro-organisms) organism

Soils differ from one another because:

1. The components are arranged in many different ways

2. Particles in inorganic fractions differ in size, depending on the type and
intensity of weathering and made up of many different minerals

The composition of organic material differ from soil to soil

Most soils have well-defined upper most layer or “top soil” merges sharply
or gradually into other layers or horizons

=
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ace, sub soils and weatherin
ere chemical, physical or g

sentation of 2 soil profile

Figure 3.2: A diagrammatic repre

Figure 3.3: Soil Profile shown on a landslip
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C) Soil structure

Refars to the manner in which geier ary sl garticles (sand  silt clay are

arranged into group or clustars of primary garticles An important soil
physical property for cocoa productior

D) Consistency

It refers to the strength and nature of #e co

regre fgemas wthir 3 soil and the
resistance soil to mechanical disintegratic

n. deformation and rupture
Consistency also depends on clay content and masstura content of the soil
Descriptive terms is the soil maoisture condiions. wet. mosst and dry

E) Soil texture
Soil Texture affects:

1. How easily roots can grow through the soil
2. The soil's water holding and drainage gqualities
3. lts fertility and nutrient holding characterstics

F) Moisture availability

In relatively large surface area of clay particies (neavy exturac | arc
abundance of micro- pores results in siower “own ~arc water movement
through the soil profile. Good for drer climates as retamac aater o

sustain tree but a problem in wet climates. as roots w starve of oxygen
as water fill all soil pores.
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— ting the Relationship
. fication Table Representng = "=~ .
Figure 34: A w0 uassr;; of a soil and its particle sizé distribution

hetween the class na

gtothe percentage of silt, clay

T the diagram, the points correspondin ) |
oo . ted on the silt and clay lines

present in the soil under consideration aré loca
respectively. Lines are then projected inward: In the first case parallel to the

clay side of the triangle. and in the second case, parallel to the gand side. The
name of the compartment in which the two lines intersect is the class name of

the soil

1 Lighter textured s0ils higher in percentage of silt and sand desirable in
wetter climates as excess moisture can percolate down below the root

zone fair quickly
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G) Root panetration

Hard for ks s Qpom Wecssp ramiar s ot syh s i st g iy TS
”'3/ !H’(-’) ’r"' %I‘!"/,/’“‘ ’,l e ey 4 piter r’ AL ?" fw
peratiom and torf (e ehe gy

H) Fertility

1. Clay 160G e rrere lortie ram mors rupraess as ester cofior
g/r}.arrﬁ

2. Bands havs 3 weak hojd o ruprarts termms of Se weal oA Sarie
surface ares and e pore v

] Optimum soil texture for cocns

The intermediate s lertures rangre from sandy a3y A O oy Sy ¥e
desirable. SOl of loamy s preferatio tecame ~arerts ard ~omtus s o

J) Simple method of 30il texrturs assessment

1. Manipulate handfl of sod Lerweer yoax Pt are ‘orefirgee et
sufficient water 10 2 state of manmur scuress 3 AT
2. Working out 2l the lumps befors WG Te eSS Fowr




L) Carry out Method of soil texture assessment

- ——
—— LW,

POES THE ;:357_____ YES CASILY THUMB AND N

SR Baur l

FOREFINGER 7

T ONLY WITH BALL i~
w SRR SRRLRE e oo e
LOAMY SAND oY Lo,
LOAMY SAND SAN X
/ THE BALL FLATTENS
JiN—— LED /
CAN THE BALL BE ROLU
ne INTO A THICK CYLINDER 7 YES
: CAN THE THICK GYUNDER
B ROLLED INTO ATHICK THREAD?

CAN THE THREAD BE
BENT INTO A HORSESHOE
WITHOUT CRACKING 7

ED ROUND A CURVED
CAN THE THREAD BE MOULD!

| N YES g SURFACE, E.G. SIDE CF HAND ?

5 WHAT 15 THE Galaaﬁ:. YES

! FEEL OF THE SO ~—— CAN A RING AEDUT 25Cm
| ] SILKY DIAMETER BE FORMED By
{ ROUGH ANDGRITTY JOINING THE 2 ENDS OF

1 SLT LOAM THE THREAD , WITHOUT

i LOAM _— CRACKING 7

| —_— OR (RARELY)

| s |

: NO

1{ vES WHAT IS THE GENERAL "FEEL™ =
|

1

VERY GRIMTY MODERATELY
GRITTY

DOUGHY
MOULD BACK INTO ABALL SANDY ClAY SILTY
AND ATTEMPT TO POUSH A CLAY

SURFACF WITH THE THUMB

CLAY
LOAM CLAY
1 \ LOAM LoAamM
A SMOOTH SURFACEWITH

THE SURFAGE TAKES
A FEW RREGULARITIES IS FORMED

THE SURFACE
A HIGH POLISH BUT 1,;6'3%8”‘\ HIGH
A FEW GRITTY phs
CLAY LOAM PARTICLES STAND OUT LAY OR
SANDY CLAY SILTY CLAY

—_—
(THE DISTINCTION
BETWEEN THESE IS
SUBJECTIVE AND
BASED ON THE
RELATIVE DEGREE
OF STICKINESS)

Figure 3.5: Shows the Soil Texture Assessment Method
L) Soil Depth

1. Mature cocoa tree grow on deep well drained soils, have bulky tap root
penetrates a depth of 1.5 meters

2. Thin terminal roots penetrate deeper up to 3 meters in the soils
3. A high water table reduces effective soil depth
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M) Soll reaction (pH)
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Figure 3.6: Showing Soil pH Effect on Nutnent
Availability

1. The pH level has a large influence on the availability of mcst sor utents
to plants

2. Most nutrients have their highest availability to piants in ihe o ang of &
to8

3. PH value of close to 6.5 in the surface layer is ideal for cocca cutvaton
but may have to select 5.5 and 7.5. Alkaline soils with free caicum™
carbonate often cause deficiencies of micronutnents such as ron
manganese, copper and zinc. Conversely, in very acaic sois hese same
micronutrients could have a toxic effect on cocoa

N) Soil nutrients (minerals) and fertility

Soils provide physical anchor for plants and a reservor of the chemical
elements essential for plant growth. Factors such as the pH level. organic
matter content and cation exchange (CEC) of the soil affects the availability of
nutrients

Soll nutrients

1. Fifteen elements are essential for plant growth and production

AR




Pt

W R

[ the at
en are supplied by the atmqg
e, carbon. hydrogen and oxyd fic role in plant nutrient Cycle:re

eci
Twelve by the soil. Each has a SP

F) Macro-nutrients

. jvely large quantities and are
_ , re used in relativ
Six macro-nutrients @

ior elements : r
ﬁiin;féor:li?mgen, Shosphorous, Potassium, Sulphur, Calcium g

Magnesium

Nitrogen features

1.

2.

o ok

: : - ent and an essential component of
Nitrogen is the pimary sierm ial of all living cells

: i ation maten

lr‘ilrict)rt:g;snV:c::?sat?r:whaekfao:hr:adplant green. The green colour of leayeg
from chlorophyll

?ﬂ?t(rjosgt:;\n |ss (;Onn:aessentiai ingredient of chlorophyll, fth:-:) Sl.tl1bsta.nce Whigh
plant use to process radia;nt energy from the sun into chemical energy
i drates o
?h?i;?g:; ;2:—1%3»‘/13{ green of leaves aré deficient in enough Nitrogen
Nitrogen supply will affect how much and how well a cocoa trfae grows
The central role of Nitrogen in plants cells structure and PhySl0|0gy
means the element need largest amounts . N
Nitrogen found in soils in different forms e.g. nitrate, mtnte,_gmmonia
and ammonium that are of availability (to plants) and_ solgblllty
Plants absorb nitrogen in four forms, nitrate, ammonium ions, organic
compounds such as amino acids and urea. 'Every tonne of dry beans
produced, cocoa trees use about 35kg of Nitrogen

Phosphorous

1.

W

Noom

Phosphorous is the primary element used by plants for cell division in the
growth process and for energy exchanges in photosynthesis (getting the
energy) and metabolism (using the energy)

Only available to plants in inorganic forms, primarily as phosphate

When tied up in organic compounds, has to be broken down by the soil

bacteria before plants can use it

. Inorganic form of phosphate can be unavailable if the soil pH is less than 6

or more than 8

Below pH 6, phosphorous is bound to aluminium or iron
Above pH 8 bound to calcium

For every tonne of dry beans produced, cocoa trees use about 7kg of
phosphorus
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Potassium
. + A C ~ 'g
Potassium is the primary element and like nitrogen s nesded by 9 ving o2

s » - .

1. Use in the physiological processes rather nan 25 2 comsttuent of glan
structures like nitrogen .
2. Play secondary roleg in structural development of 2 glant Uf facitating e
growth of roots, flowers and fruits and stem celiuiose )
Helps the plants take up and use nitrogen maore efficently
Enhances the efficiency of use of various other nutrents pamo arty
phosphorus
Important for roles it plays in helping plants resist disez32 —
Use soil moisture efficiently by plants using potassium 0 25U 2"2 oSmofic
pressure in cells to reduce evapo- transpiration 3nG =131 ety
. For every tonne of dry beans produced, cocoa frees use 300uT 5543 of
potassium

oW

oo

~

Sulphur

1. One of three secondary major elements in most amnG 3C:CS 30C TCS
plants proteins

2. In structural function, sulphur also used by plants in physiCOooCa
processes as a constituent of various vitamins anc enzymes

3. In that capacity, sulphur used by plants to make chioropny! Sut 7ot 3
constituent of that substance

4. Sulphur is present in many organic form in the soil

5. Far more available for uptake by plants after soil organisms have
converted it to inorganic sulphate form

6. Inorganic sulphate is soluble and this susceptible to leaching n »\gnt-
textured sands and sand loamy

7. Deficiencies are best addressed with the application of gypsum
(calcium sulphate) as does not change soil pH much. but cisplace
sodium in the soil by cation exchange

8. For every tonne of dry beans produced, cocoa trees use about Tkg of
sulphur

Calcium

1. Calcium is one of three secondary major elements on important caton in

soil solution/ cation exchange complex of root zone
2, Like sulphur, it has structural and physiological roles
3. Found in cell walls of leaves and growing points of both shoots and roots
4

. In combination with magnesium, it helps plants to requlate uptake of saits
that has been dissolved in soil solution




is nutrient when is

g fof pP
Jjite aré ood form ps USE about 8kg of
sufl Olonﬂ uced: coa Ire
° dGeygciem in the eS(())f dry beans pro
nn
For eV
calcium

: ant cation in th
jum ement and import e
Magnes! 56 56000 ary ele -
of the tF complex of the root Z

nganese like potassium ig

: ran
e Zinc iron coppe 4in the chiorophyll itsels

er quantmes- hyll but not foun

king chloroP

. Zin¢ es that control growth and

i cjuding enzym
plants need zinc 10 make proteins lrctludlgg zincycontaining - ubstances. Over
' ate . :
development. Water uptake 15 refgeurtilizers y aining salcium carbonate (ime)
or

application of poultry manure . ability Of zinc. NPK fertilizer mixes and

- ortogen 2 ient concentrate of zinC
slow release of fertilizers co

iI. Copper

As in chlorophyll production, copper constituent of enzymes that play a role in

metabolic process in plants
Deficiencies are raré but do in lighter sandy soil which receive a high rainfall due
to leaching

{ll. Manganese

As well as chlorophyll production, manganese is important in the plant
metabolism of carbohydrates and nitrogen. Deficiencies are rare

IV. lron

As well as chlorophyll production, iron import in plant metabolism of carbohydrate
in releasing energy from starches and sugars through a process of oxidization

Deficiencies are corrected by applying iron chelates
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V. Molybdenum

- YBAEnum is an imgorant nutrient that enables
plats to correct "'t.'ate that they take up into arming acds which is key role in plant
synthesis of protein

VI. Boron

Used in the uptake and efficient yse of calcium. Im
cell reproduction and protein production. Has dire

portant in plant physiology,
its role in flower and fruit formation and pollen

ct effect on crop productivity in
viability

Deficiencies shown as die back of terminal twigs, deformed leaves and Sowers
dying before opening and correct with borax

Some plants need extremely small amounts of chlorine sodium and cobzi
Conjecture about the role of silicon Plays in plant nutrition. In direct contrisution.
silicon can play a significant role in re

placing phosphorus in bonds with zluminum
in soils of pH lower than 6.0

Being released from these bonds, the phosphorus is free o be taker
plants

- ey
- vy

These elements made available to plants through the breakdown of
organic matter in soils

f mmerals and
Availability of individual elements to plants in a particular soil depends on 2
number of factors:

1. The amount of nutrient present

2. The form in which it is present in the soil

3. Rate at which it is released from mineral particles or organic matter
4. Acidity or alkalinity of soil
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tent
jc matter ¢ .
i increases the calion exchap,
e

s soil structure: Helps bond minerg s\()"
s that improve overall structure o

o) Organ

High contents pm\wde

capacity (CEC)OY
particles together 1N g

coils

table crU

in the 15cm of the soil (1.75%

ntent 3.5%
ement for cocoa

verage organ i '
O nsidered 88 minimum requir

organic carbon) cons
(C:N ratios)

to nitrogen ratios
matter present and the degree of

Carbon
|s an indication of the type'of organic
numification Of mineralisation
C:N ratio of most PNG
nitrogen

soils is within @ range of 8-14:1 (8-14

The value of
parts carbon 10 one part

greater than 30:1 will ten

ws and leaf residues incré
tend to reduce it

d to starvé plants

C:N ratio
ase carbon ratio while legume

Undecomposed stra
residues high in nitrogen

Sawdust has @ 500:1 C: N ratio
(CEC) Measurements

An N=measure of the total quantity of cations 2 soil can absorb through an
f a cation with another cation on the

exchange process (interchanging O
surface a soil particle). The measurement is usually expressed in units of mill

equivalents per 100 grams of soil (meq%) or cmol/100g soil
er, depending on the type and

P) Cation Exchange Capacity

C.E.C values vary from one soil type to anoth
amount of clay and organic matter

These soil particles are negatively charged and provide the attachment sites

for the (positively charged) cations.

The more organic matter in a soil, the more attachment sites there for cations

Q.E.C value varies from 10 meq%-20meq% for clay such as kaolonite in
highly weathered soils in tropics and subtropical areas

To organic matter from 100 meg% to 200meq%

g;?:;isce rsngﬁgr Calso modifies the chemistry of volcanic soils, which further
E.C. C.E.C values generally decrease with soil depth
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For cocoa cultivation CE €, yaluas of 171 marf o sl ‘enrd o Fe
surface hofizon (0-15¢m ) and abeast & men™, 2 3 Aeef % Wrr sbsol) are
generally adequate

Figure 3.7: Diagrammatic reprasentation of 2 coficidal -ay ~rpets =il
with its sheet like structure, its innurmerable negafive charges ard 5 sear™
of absorbed cations

Q) Base Saturation PBS

A measurement expresses the proportion of e cafior sxcrarge “acac®
(C.E.C) that is saturated. or accounted for oy tre sxcrangeates —ators or
bases (i.e. calcium, magnesium, potassium ard sodium

Does not distinguish between different bases ard =er ~siatve sroporor
gives a general indication of the sail pH. major minerals ard wea™errg
regime of the soil

Generally, availability of nutrients increases with therr percertage o
saturation

A value of 35% base saturation in the surface layer (-3 zar de corscersd
adequate for cocoa cultivation
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Figure 3.8: Diagram Explaining Percentage Base Saturation

There soils are pictured with percentage base saturations of 50, 80 ang 80

respectively. The first is a clay loam, the second is the same soj| satisfactoruy
limed, the third is a sandy loam with i

0am (right) has a higher pH that the
acid clay loam (left) even though the latter contains more exchangeable
bases

R) Exchangeable Bases

The lower limits for individual b

ases have set at about the following levels for
the surface horizon for cultivati

ng cocoa

1. Calcium - not lower than 8 meq/ 100g of soil
2. Magnesiym — not lower than 2 meq/ 100g of soil
3. Potassium - nof lower than 0.2 meq/ 100g of soil

Failure to meet thege |

mits, suggest that problems of nutrition may not be
€asy 1o correct are like

ly to be encountered
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S) Drainage

Soil properties affecting drainage

1. Soil moisture shortage
2. Poor soil aeration (caused by excess soil moisture)

/
/7
{,/ IIIII /]
J71/17,
V7,72
o %a%
Tos Oroughty Tes Drovgty unum-( W Leyer Yoo Ohitiew wetwr Tabie T
ain Toa Coorgu[ femtorsd g
| W Sondy Gravel nl - Cley @B i Hordpon e HUMC Too So!
! /’/ﬂ% Sondy Clay @ @ MotedClay i3 g stone Concretions Sohd Roce
“o Send - d il R4Men Rock wT witar Trria

"

Figure 3.9: showing Bad cocoa Soils

aracteristics that determine the
cocoa- growing areas with a
different times of the year

Consideration is given to soils physical ch
soil's ability to retain moisture. It is true in
wide variation rainfall amount received at

Soil drainage qualities and related properties of moisture retention and
aeration has to be considered in relation to prevailing climatic conditions
and factors external to the soil as the topographical position which

influence these qualities
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of
Combination .
Adequate moisture retentio .
.; Good drainage found only in strongly aggregated soils ¢qy
3

. . a n\
Good aerati0“|(1 amounts of non-expanding clay Minera|g fr g

: . . 0
" moderately hig provides the ideal physical medium for CTT\ the

surface do‘_”nwards- ideal is classifi s
g al" S'Itt#i::zi:ascteristics aPPredably ideal s classifieq % “GQQU'.
a. Soilwi .
(Class I). ils in the top 40-50cm of.the profile may hq,
i’ Sang yp:f}fe”rrf:sso‘? moisture retention only in the surfagg <V
goo

: in the deep subsoil. Such spjjg i 120,
due tfo :tggr;r;frr::::ar :rr:g classified as “fairly 9ood” (Clagg yin
:?g:sawhere rainfall is moderately heavy 32: uniformly dist"ibute

¢. Soils be classed as “poor” (Class Iil) or ?nal . d
d. “Unsuitable’ (Class IV) in areas cf ma_rgf ; all.

" On the other hand, in areas of hl-gh rainfall, pr0pcrt|es of aeratiy,
are of critical importance and soils with poor dralnage! Which N
be desirably under dry conditions, would not be acceptab)q for y

cocoa planting

T) Slope

Cocoa trees may be able to establish on steeply sloping land:
1. Provided the soil is deep enough
2. Access later for weed control
3. Pruning
4. Harvesting may be difficult

5. Erosion during clearing and establishment in wet Season,
periods of intense rainfall

U) Other soil characteristics

Soil colour is

1. An important criterion in distinguishi i ifferi
o m guishing soils of differing Potential for

2. Avaluable guide in judging the draj
3. Inthe absence of
Crude measure of
4. Usefulin the cl
status js likely

nage characteristics

exhaustive Iaboratory data, soil
: , colour i
comparative nutrient staty Provides a

assification of soils into groups

{0 be similar within which Nutrient
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Figure 3.10; Showing Good Cocoa Soils

1. Show strongly developed red or dark-brown colours although, over
calcareous rocks of recent alluvia, they may  be dark brownish
grey or even black.

“Fairly good® (Class 1) Prudently classifi

vellowish-red ang yellowish brown soils

3. “Poor* (Class 111) Provisionally classified as pale yellowish brown
and pale yellow soils

4. “Unsuitable” (Clas

s IV) associateq with very sandy textures ang
Very pale colours

ed as pale red, pale
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V) Assessing stony ground for suitability for cocoa

MATURE COCOA ROOT SYSTEWS ASSOCIATED WITH TYPICAL 8011 PROFILES

~
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~
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Figure 3.11: showing Mature Cocoa Root System

The amount of

1. Quartz stones
2. Gravel of ironstone concretions an

d of weathering rock and minerals are
other criteria to be considered in a

ssessing quality of soil for cocoa
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Teaching Strategies

A. Introduction/Motivation

1. Prepare a soil profile in the cocoa plot or agriculture garden
2. Show and label soil profile with student
3. Take note of the special features of the soil profile

B. Body/Content/Subject Matter

1. Described soil textures of
a) Sand
b) Silt
c) clay
2. Explain soil compositions
3. Demonstrate soil consistency
4. Outline well-structured soils

Use notes and field trip/site visits to describe and explain

C. Closure
1. Orally ask students to:
a) Give a describe soil profile
b) Explain soil compositions

2. Short test on soil structure
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student Activities

1. Label the soil composition

L_ Organic matter' B

3. Draw and label the Soil profile

_____
—

------
—

—————
———

4. Explain the Soil structure

5. Define Soil Consistency

6. Work out Soil texture
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7. Explain Moisture availability in the Soi

8. State optimum soil texture for cocoa growing

9. Demonstrate a Simple method of soil texture assessment

10. Carry out the Method of soil texture assessment

11.List major soil nutrients (minerals)

12.Describe

13.0rganic matter content
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Student Activities

Organic matterl |
3. Draw and label the Soil profile

__.—_____.d——————‘.-.‘_—_—-——- e

—
_______
-

4. Explain the Soil structure )

5. Define Soil Consistency

6. Work out Soil texture
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7. Explain Moisture availability in the S

8. State optimum soil texture

for cocoa growng

9. Demonstrate a Simple method of soll texture assessment

10. Carry out the Method of soil texture assessment

11.List major soil nutrients (minerals)

12.Describe

13.Organic matter content
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Introduction

‘ i d u rOd |: “'
bilitation is the process of bringing a run down and unproduct;
ehabill A
block back into production e COCQG

. ver 100 years but depending on how wel| jt S log

A cocoa tn&;e Cargé':;::; ?or only 15 to 20 years. This is due t.o pogr man -
afier, may be p done badly or not at all leading to over shafjmg, disease ot
.SUCh f ;ir:tzggn If the block is not too run down rehabilitation may be 3
:ys :stoﬁng existing trees. This is typical involve one or more OPeFation
pruning, field grafting, fertilizer applicapon, control of pest and diseases, Weeg
control and shade thinning. However, if the trees are so bad, §0me degree o
replanting will be necessary to rehabilitate thg b!ock. In the unit the student wil
cover the five main areas in the block rehabilitation. These are:

Chieved

Reasons for block rehabilitation

Types of block rehabilitation

Rehabilitation by replanting new tree

Considerations in block rehabilitation

Other operations associated with block rehabilitation

Learning Outcomes

At the conclusion of the unit, the students can:

A) Reasons for block rehabilitation
B) Types of block rehabilitation

C) Rehabilitation by replanting new tree
D) Considerations in block rehabilitation

E) Other operations associated with block rehabilitation
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content

A) Reasons for block rehabilitation

4. Increase the productivity of cocoa in an existing fieid WOt ncreasing
the area occupied by the cropping new 1and
2. Less need for land

B) Types of block rehabilitation

Method one Pruning
Pruning open up canopy for sunlight and better aeraton 20¢ mprowe access for

management operations
(Refer to unit on pruning)

Method two Field Budding

If less than 10 years old, unproductive trees can be rejuvenatec
superior scion wood (preferably hybrid clones) on to them

oy grang

Tools and materials for this operation:

Pruning saw or chain saw

Budding knife (must be clean and sharp)

Secateurs (must be clean and sharp)

Some copra sacks

Budding sticks

Budding tape

Rope or raffia for tying

Paint, fungicide (copper sulphate) and insecticide (Karate)

Paint brush

CENDO AWM

Selection of cocoa blocks for field budding

Blocks should not be older than 10 years
With a uniform stand of healthy looking trees

Unsuitable for blocks more than 15 years or
Heavily infested with VSD (Vascular Streak Dieback disease), ste

canker and wood feeder insects Pantorhytes, Longicom, Termite

and Pansepta webworm
5. Neither suitable for blocks exposed to strong wind

PP CPN
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-pared for budding by notching the trunk

ture cocoa tree pre

n was induced by pruning off two of the main branches -

Figure 4.2: This chupo
the other way to induce chupons

Steps

1. lnduoe‘chupon growth by notching or
2. By cutting off one or two major fan branches with a chain saw or pruning

Saw
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3. After one to two morine .

O i
on the main trunk ¢ i

G 3elact we o
Lut (ﬂ rasgt 1Y O

i s most Agorous chupons

gr()un(j level and 40 oM Up the e ’:‘!';;y“:‘,"‘) ’,P‘,(/,rg '-{r— m*ueeri\.o

4. Three to four manths afa, G g o
They should be 8- 10 e,
is starting to turn brown

5. Older chupons can he ty idded

hest
N tre -~
darrj % Tueers are ready for budding
{ ‘5"3’ I Thiig - Tl *
Hrenad dar graen bark that

o )
G 3% dlder vl wron S used

Selection of bud wood

Figure 4.3:The bud stick before the leaves are cut oF Figured 4 The Sud shek
after the leaves have been cut off

Note the green and the brown colours on the bud stick

Always use 3-4 clones on the same block for pollinaton etweer so-
incompatible trees and to maximise resistance 1o pests and Siseases ¥ .
should never use only one clone'4. Collect the bud wood earty n the moming
and use it as soon as possible.5. Cut off the leaves from the bud wood shck
immediately, but leave about 1.0 cm of the peticle. See Figures 43 anc4.4 3

Keep the bud wood moist by wrapping it in a wet copra sack or wet newsoaper.

Bud Grafting the Chupons1.Select the two best developed chuoons ‘or
budding.2. Remove all the lower leaves of the chupon for about 30 am from its
junction with the trunk.3. Prepare the bud wood by cutting a rectanguiar patch
around the bud (about 6mm wide x 15mm long) but don t extract the dud patch
just yet.4. Bud as close to the main trunk as possible. Make two vertcal cuts
about 20 mm long using a budding knife and connect them at their top ends by a
horizontal cut so as to form an inverted “U” shape. The two vertical cuts should
be about 7-8 mm from one another.




* that 18 17-20 mm long.6. Ex
' the bud-stick using at';:l

swindow
form a windovt =

ownward 10 4 lifting 1t . t
5 peel thPE‘ holding the pptm't Ld-patch into the window" prepareq 02"6
the bud : dm tion put
cidewds @ .
the chu

Figure 4.5: Making @ horizontal cut on the chupon
Note how closé it is to6-3the main trunk
Steps
hould be obtained only from authorized

1. Bud wood S
cCl or CCEA bud wood gardens
ommendations/  information on

Follow CCl rec
potential vigour of different bud wood material of
which clones to useé for field budding

not one on the same block for

3. Always use 3-4 clones
pollination between self- incompatible trees and to

maximize resistance to pests and diseases
4. Collect the bud wood early in the morning and use it
as soon as possible
5. Cut off the leaves from the bud wood stick

immediately
Leave about 1.0 cm of the petiole

Keep the bud wood moist by wrapping it i
in
copra sack or wet newspaper PPInS 2 e

2.

No
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Bud grafting the Chupong
Steps

—_

g“""? tha »
“eCl the hagt 4., ~
2 Rﬂmr e - ey e fl.r_/,f—;' for j.fA|pq
e all the i oz iae
30 crn freen 1

f T hugen for 3bout
) s
pregarg the +

e rurk
13 mr >
around the biud (

40 not extract g O pater
Bud a5 cose i e
vertical cuts st 5
and connect therr 3 3 Oy 2 horizontal cut
SO 33 tg form 2 J shace T

Cuts shauld &

"2 T sertical
G2 about 78 e froem e arofher

e
uneas

/ Cftng 3

r2cianguiar patch
3*/14,’ =1’- P

M2 1 75 ong) but
5o

N runk 39 Ussitie Maka sag
Omm e

3 USIng 3 Qudding anife

t hewr 00 e

510 form 3 “window” Tat s
Extract the Bud-patch &
it from the bud-stick
upward motion Py C-03Ch Mo Te “window’
Prepared on the CIUDON mmedigtes,

7. Cutoff the excess nare Greated by Te o

on the chupon
hold the bottg

7 v-% P'f; "9 .—/9‘(4“- 3(“(: iﬁrg
;.‘S"‘f; 3 gantie

TN S ard
he

veried U caut

o leave 3 ongue of 3002 3~ o

M end of the Sud-cae-= S

the excess peticle above e 5~ 2.2

8. Tightly bing the Bud-patch wits 5uece NG 30e starting
below the bud-pa

tch and WOrang uoward o Srish
above the upper

Cut. Tie the tape off oy 5
end at the top under
there is sufficient over Apeing of the Sucding tage o
keep out moisture anc that the oud paes <
Ccompletely sealed

9. Remove the growing
three leaves Just be
drawn through the

y Duling e

the previous e Ma«z sure gt

tp of the chupen 23avViNG ™wo or
low 1t 50 that mossture wil ce
chupon. This will neip e bud

7~
e
B _
ti;- J— ’l“(
|\.< ,-‘M =
e -

- TN
; - «S B

O N ="

Showing bud patch remave d

DRSSO

s
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vl

=]

‘el platch pudding - Patch retained
' tain
Jding - lower flap 1€ .
parch bu ¢ putch budding Extracting the bud patch. Notg
Figure 46 showing seqm:v 0 ed on the chupon
e

Figure 4.7: The exiracted bud patch Figure 4.8: Fitting the bud patch Figure 49:
Cutting off the excess of the chupon bark tongue
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Figure 4.10: Initial wrapping with budding tape Figure 4.11: Wrapped bud-graft

Maintenance and care after bud grafting

Steps

. Remove the budding tape 12-14 days after budding

by cutting it with a budding knife on the opposite side
of the chupon from the bud patch. If the bud has
taken place it will still be green

. If the budding is successful cut the chupon about 30

cm above the budding point

_ Check two weeks later. If the bud is dormant, cut a

notch just above the bud patch to break the dormancy

. Visit once a week and remove any new growth on the

chupon to ensure the growth of only the budded clone
(graft)

. Tie the growing graft to the chupon stock using raffia

to train it to grow vertically
If both buddings on a tree are successful remove the

chupon with the least vigorous graft to allow the best

one to thrive. If two shoots grow from a bud cut the

lower
Cut back the chupon three months after budding or

' when the growing graft has fully developed (it will

have some brown bark and dark green leaves).
Ensure the cut is done at an angle 2-3 cm above the
growing graft. The chupon is cut at an angle so water
cannot sit on the cut and introduce disease

If the bud wood was taken from fan branches, cut the

. tip of the growing graft 3-4 months after budding or

when it is about 50 cm long to induce |lateral
branching
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o Start formation pruning when the grafts arg Six
months old

10.In windy areas, tie the graft to the main truck to

prevent breakage

See figure 4.13 below for a better appreciation of a finished bud grafte treg,

TE
LIS
-

Figure 4.12: Remove the budding tape by  Figure 4.13: Cut a notch ab

the break dormancy
Cutting it on the opposite side of the chupon from the grafted bud

Qve tq

If necessary the chupon should be cut after removing the budding tape

Figure 4.14: Early growth of the bud graft. Figure 4.15: The chupon cut
back 3months after budding

The lower graft branch should be cutit will have some brown bark and dark green
leaves. Ensure the cut is done at an angle
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Figure 4.16: Tie the graft with raffia rope Figure 4 17 Cufing e g of Te
growing graft

Figure 4.18: Side branches forming after the tip Figure 4 19 Root formaton on
the graft of the growing graft has been cut.
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es on the ‘old’ trunk. .Figure 4.21: Pog

tion continu I
ranch while the new graft is growin,
9.

Fiqure 4.20: Pod produc
- the new graft and b

production continues on

Note the difference in the colour of the pods.

Treating the stock tree after bud grafting

s from the existing hybrid (or Trinitario) stock tree j
o new budded hybrid clones is producing pods, S

Removal of main branche
done progressively until th

Growers can harvest pods continuously

Initial heavy pruning induce chupon emergence
Progressive pruning after budding induces flowering and pod formation,
especially on the old trunk

Steps
1. Progressively prune the remaining major fan branches at six monthly

intervals starting six months after budding
2. Stump (i.e. cut off) the main trunk 16-18 months after budding, 60-80

cm above the union point. The cut should be at an angle to shed water
Pgint freshly cut on the same day with a paint/fungicide/insecticide
mixture to protect against canker and termites. The mixture is made by
adding 30 g of copper sulphate and 30 ml of Karate (or any other
suitable insecticide) to 4 L of paint. Repeat treatment if required

3.
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rea: Stamping (Rejuvenation)

Method th

volves complete stumping of mature trees s fMaring Grer gpmieal 4arage
. sovere pest and disease attack o generate naw razmr grower ot ar
pstablish the praductivity of the trae
re-esté

The advantage is the speed of re-growtt and raiativety mucy -esumotor
pearing

Main disadvantage, the original genetic materal 5 rogroming rather Tar e
clones that likely have higher yield or disease and pest rasmtzr
characteristics

Steps

1. Cut the trunk above 20 cm above the ground Cut srouid 58 arged ©
shed water

2. Several chupon will grow out. When these are 10 g 20 o= 3! ~hoose
one healthy and vigorous chupon growing from e ~igr sde of e o
and remove the rest. This will encourage rapic zallc ssing of he wound
and the shoot will be less likely to break off Tris snoct repiaces ™e o
growth of the cocoa tree

3. Ifthe wood is infested with insects, remove 1 from e Siock
B) Rehabilitation by replanting new tree

Removal of old unproductive cocoa trees and shade trees at same time

1. Stump the trees as close to the ground with axe or chainsaw

2. Cut surfaces of stumps should be painted with a mixture of Garion anc

diesel (1 part to 80), or Kiltox and water (50:50). or Starane anc dese *

part to 80), or Glyphosate (‘Round Up’) and diesel (1 part 0 20) 1o

stumps quickly and prevent root diseases building up

Garlon and diesel mixture is most effective but very expensive

Done on same day as tree is cut down to prevent root rot

On main land coconut can be poisoned by drilling a downward sicping

hole into the coconut trunk with a brace and bit

6. Inject poison (such as Kiltox or even Gramoxone into the hole with a
syringe and plug up the hole again

7. Or chop around the tree trunk with an axe and painting a 50% solution of
Kilton and water on the axe wounds

8. Inislands region, coconuts should not be removed due to too hard to re-

establish due to beetles and Black Palm Weevils that kills most young
palms
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M

ethode of Block Rehabilitation by Replanting Trees

various approaches to replanting diseased and senile trees

Ne

| N B ) B

thod one: Complete block rehabilitation

Rest but expensive

Clearing all old cocoa trees

Replanting with new clones under

Newly established shade trees

Sudd'en exposure of soil encourages weeds growth
Increases risk of soil erosion

Loss of income during the 2-3 years

Method two: Partial block rehabilitation

Noo N

o o

Overcome cash flow problems

Risk of soil erosion

Weed infestation

First replant either the worst affected individual trees scattereq 1,

the block or Tough
All trees within a section of the block

When the new cocoa comes into production, other unproductive ol
trees can be replaced d
Carried out over a number of years till all unproductive trees are
replaced with high yielding hybrids or hybrid clones

Method three: Under planting

1.

3.

4.

Existing old cocoa trees are pruned back to create about 50% shade
2. New clones or hybrid seedlings are planted

Old trees are gradually removed as new trees are established and come

into production

Advantage is the ongoing production from old trees

C) Considerations in block rehabilitation

1l

Problems with pests and diseases
a. With partial replanting and under planting is diseases and
insects can be passed onto the new cocoa
b. When majority of cocoa trees are senile, diseased (VSD) or

infested with Pantorhytes, all old trees should be removed and
block completely replanted

c. North Solomons is an exception where these problems are not
present
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9. Over ghading

3 Younq seedlings plarted grder o ‘rees wtt "e37)
canagpy laads to, the greswth of prrire rees ECG el
and spindly from toe ek shade

b If black pod s present seadiicg Shapt wil se sasses o0
to younq frees

3. Soll erosion
a If soil I3y hara by remaz! of =i cores Tees 30 a

shade, there wil be ioss o orgare —afer ¥4
nufrients

b. Exposure of topsod and 3 darger of emsor
eSQeCia"‘/ in sandy loam so

g) Other operations associated with block rshabilitation

1. Selection of materials for replanting from CCI PNG

2. Remarking
3. Reassessment of shade

4. Planting new shade

N3




tional tool
rehabilitation

2. Bodleontent!Subject Matter

es of block rehabilitation
e and explain

Demonstrate typ
sure, describ

Use notes and field trip/visit/expo

3. Closure
Orally ask students to:

Give reasons for rehabilitation
Show types of rehabilitation

84



Student Activities

Rind weeding base of plants

weedind petween rows

removing chupons

infiling / replanting
g U e Base of o s

Al black pods removed -

/"’—"\—
ne low hanging branches

Pru
Harvesting uP to date

Weeds/grass used as mulch

Structural pruning (remove diseased
pranches)

Less lateral branches interlocking

Shade planted and control

L
Block mulched -

Pruning with right tools I——

Disease pods removed

Sufficient sunlight in the block

Chupon regeneration

Block generally neat and tidy




2. Give the Reasons for block nahabililation

J—
e — —
_—’_—'—’_—,'f_— ——\

3 Describe the Types of block rehabilitation

4. Demonstrate Rehabilitation by replanting new tree

k

=——

ab
tl
n
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UNIT 5; PLANTING MATERIAL
BREEDlNG




is the breeder’s job to ensure that ¢
ar

X process and it
roduce cocoa in high numbers (h;
S (hi.gh

Breeding Is @ comple t
must have the correct cocod tree to P ‘
in the preferred quality by the market or consumgrs. They are other y'elq)
: st or disease tolerant or resistance, taste typg preferfed

» PO

ctenstics such as pé
color. adoptability to climate factors amongst others a breeder shoulq Pl d
the focus will be on ”nderstanding the & fo
asic

when breeding c0C03. In this unit,
principles of cocod breeding

Introduction

and
chara

Learning Outcomes
At the end of the unit, the students can:

Define and explain breeding
" Describe sexual or asexual (vegetative) reproduction
_ State features of Trinitaior, Criolo and Forestario

Describe the difference and the relationship between Trinitaior, ¢y |

B

C

D.
Forestario

E. Describe budded cocoa

g Explain hybrid cocoa and how breeders achieve hybrid cocoa

H

A

. Discuss how clone is obtained
Demonstrate breeders’ role by selecting the appropriate pods sjze
with

high yielding and resistance clones.
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Figure 5.1: Showing the features of crollo cocca

Pool husk- soft, red in color and produces an average of 20-30 numper of seeCs
per pod of cocoa. Other special features include:

SoswN

White “ivory or very pale purple

Ferment quickly

Produce fine flavored cocoa

Nowadays, cultivated only on small scale

Difficult to establish, low yielding, sensitive to environment stress
Susceptible to insect pest and diseases



Figures 5.2 & 5.3: Showing features of Foresterio cocoa

The Foresterio cocoa produces:

1. Bulk cocoa, accounting for about 80% of the world cocoa production

2. Pod husk- hard, green, average number of seeds per pod- 30 or more
3. Beans=small, flat

4. Colour of cotyledon pale to deep purple
5. High yielding
Two knows Foresteros cocoa varieties are:

1. Upper Amazonian Foresteros
2. Lower Amazonian Foresteros (Ametomada)
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nitarlo
prid petween Criollo and Ferestaric,

Tr

pod husk, mostly hard /arw’ar,le i erer

Number of seeds per pad- 50 ar more
otyledon. variable in color

White peans rarely ocour

os LN -

Figure 5.4 lllustration of the cross between Foresteras and WAoo ©
produce Trinitario.

coa genotypes have been assigned to cne of these groucs on Te sass of
Cco ~ative, pod and seed characteristics butany ntermedite fypes a2 "o
Kﬁgwn and the significance of classification is declining

gelection of Characteristics

4. Early high yielding capabilities is the main thing aimed ‘or wher seecirg
romising varieties of cocoa

2. Either for distribution fo the growers or breecing purocse

3. Some of the significant charactenstics are usually comomed wh J00C

management

Therefore, the grower aim would inciude

1. Regain and desirable shape and size of plant

2. Resistance to pest and diseases like VSD. biack poc anc shantormy®es
attack

3. Pods per tree

4. Good pod, beans size

Quality of beans

1- Governed by the like and dislike of the manufacturers anc
2- Generally they look for the bean size greater than 1 g in wesgnt. Nign fat
low shell content
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nes/hybrids

Clo
Hybrid exual union between
' or type Of cocod pmduced from § e
| an ndividual Of | -
parents that are genetlcally not ident
Difference tween HYBRID and a CL
duction is involved in that the

| repro
exua Par s (female and male). The ma)q

\ enes from the hat provide characteristics such as high
anddfema|e ;;)::gmty resistance, color or taste of
vielding. €3 / '
cocoa. €lC ally meaning they are produ
. Clones ed a.sexu \ ced frg
5£eialt?ve material that is @ ybrid. Vegetatt:::gsms:t?ii;:a;rt\?je Setedﬁngs

e ; root st
ced from parts © ock.

i _ All individual produced through gexual propagation

nbe considered hybrids, but in

In general terms y tibility) Ca

except) in case 0 self-compat!

ﬁ)lant breeding the term is restricted to Crosses bgtween two very unlike
s. strains of varieties that produce a

parents of tWo different species, strains O Y& 0 o
progeny with @ pro eristic like h!gh y!eld!ng_

It is mainly VIGOUR of somé kind such as high yielding that breeders are
looking for which means to make the seedling (or tree) produce better ang
be sustained over a period of time.

en
pesl tolerance or

ra

_(a)

Seed selection and treatment

t be obtained from a certified source.

Hybrid seeds for planting mus
2 Authorized distribution nurseries are all supplied by CCl as it operates the

only authorized seed garden in PNG.
3. There the pollination is all controlled by totally closed hand pollination

techniques. (Therefore no room for accidental cross-pollination)

4. Batches of seeds prepared for authorized distribution nurseries are mi
s0as to contain the full range of SG2B category. Hybrids in the correcl:)t(ed
ratios recommended by CCRI. SG2B category hybrids are preferabl
because they produce vigorously growing seedlings. >

—_

Self-compatible means that th

. ey ca i '

o atonts ncompattilly y cannot set fruit when self- pollinated because of
They need pollen from

by other trees, usually from self-compatible ones in order to

Seff-incompatible: Tre
: Trees ca it wi
cross-pollination n set fruit with pollen from the same trees are used in
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3

Coc02 hyhrid% produced by LAES mare
- ) 8 rremnan -
QY E o - a
the Trinitano "/p”’ of ccna Theme pare e e: atmeer ‘re Amazonians and
inly for VS . 72 e st saed oy
celected Mainiy 1o IS DIessNancs and fai gamopmn . 00 T2E03IS
) ey

) ‘ rre ar,}’
This is summarized in table 4 1

clones

A group of plants derived through asexual grogan

. e ‘ Wy t e -
with characteristics preferred by breeders ar: :; o ' »m ore orginal clant
characteristics of the parent cocoa are '-'a:r‘a‘,:_,' 7 Sarmers = %us case the

E

1. Because there is no sexual process inughed «
of the clone are genetically the same Med n e muSigication membe

2. They have the same inherit possibilities ang wi -
identical environment and managemert g Bsp0rd srmiary 'c

Advantage

ired paren it
The desired parental characteristics are maintained for exampe oest 3nc

diseases resistance, high yielding and flavour among sther =has —_
- - f a‘,'ﬂ’g" . 3(2

intained. Uniform respond i i
maif pond is obtained from the members Fver certcal
environment and management

pisadvantage

1. Pest and diseases out break will affect the whole popuiaton of plants n
the same area .

2. Undesirable characteristics is passed on

3. Planting material cannot be stored for a long time nor can De 2asily

transported
4. May have serious incompatibility problems if the ongnal olant s sef-
incompatible

5. Planting material can become scarce at imes
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cclBL, CCEga  CCLp
- cea | oM | ’
CLONE ' £ |
: |
i
PLANT CHARACTERISTICS | | Semi- Semi. |
_ gemi Erec! | emi-
Growth Habit €™ | Erect Erect
Erect Erect | S RN
oo 439 44.2 4.2
Trunk 428 42. |
Circumference
szﬂ\////L___—————_\
"POD AND BEAN CHARACW ¥
53 (158 |O 201
Pod Lenoth ///__,___—__\\
- —— 76 8.4 8.1
Pod wnm/// : R
e L L e
“Wet Bean (%) ( 28.2 %62 |30 25.9 26.8
2) ’//’_%//
“Average  dry 12 12 l‘1.5 1.2 1.04
bean weight ~/,_,___l_———————
“Butter  Fat 567 55.7 59 56.3 56.4
Content (%) |
L M_’#/?
YIELD
D
“Pod Value (3)  25.3 236 18 20 25
S S
Vield Potential 3700kg/ha 1800kg/ha  3500kg/ha 3700kg/ha | 2500kg/ha
(4) i
,/__———(————L_’___
'PEST AND DISEASE
B — E—
Black Pod(5) MR HR R MR R
"Vascular Streak MR HR 'R R
Dieback(6) l
e i | LArI/.‘
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[)rd
/I"/' "

ADSI(7)

, 272
1(){(.'
r i3 5o 24
pod Hardness - 47 133
(8) :
COMpATIBILIT Self- Seaif ’
y ; Cnmpahb! Cr)mwjb‘ (‘/"— prr 3
e e i L Compamey -
| 2 AImpatibl
N OF THE BIG
4. DESCRIPTIO CLONES. (¢
BIG serieq
. . )
The CCI-B variety consists of five big stz . .
2 (K4), CCHB3(214-8), CCLBANKE) s o, e, o5 5 o e -
g1, CCI-B4 and CCI-B5 have mediym SIZE pods wh :;-Fs Tivee omes _::, -,
and CCI-B2 has smaller pods. All five cignes herve e L83 nas iy -y
the highest with 59% fat content. Shej| Contents ‘;{f/: 3 Drtert w e
or all fiye ~ e

Arag 3ra

< Praraih
do”es’ar%‘-_l_';—p f =5 vy

less than 20%. The pod values for the fie

26.8(CCI-B5).All five clones are seff-comr
) L2lble Meanire % .
pollinating. g ety

-
S -

=Y @ e a8




s OF HYEED SORER
Table 5.2 sgcoND SER 2 5e0n POD B
cr S3
CLONE CCla cs"r v \ v
¢ - \
PLANT CHARACTERISTICS
Growth Habit Sem Erect
Erec |
Trunk 349 34.5
y"\;mi-er?n('e \:
om’ (1)
POD AND BEAN CHARACT_EE!SIGL
W1 g—
podWigth 80 ‘;18.1 .
Pod Apex Form T Acute Mammilate Acute
Bod Weight () 490 615 655
Wet Bean (%) (251 | 288 28.8
2) |
aversge Oy 13 4 14
bean weight
Butter Fal 555 "”l‘:’s_a—fg’/ 56.4
Content (%)
'YIELD
Pod Value (3)

Black Pod (5)
Vascular Streak R ”
Dieback (6)

LS

Cr"4 cr
' / l > 5
S
Semi- Semi.
Erect Erect
e
7.8 76 .
Acute Obtuse
'—____———————\\
505 405
334|249
1.2 1.0
57.0 55.0
25
2500kg/ha




/,/‘//)n ! 7 %
sl (7 1 —__
aore’ AD , . e 11
’ 47 -
p/)(, Har(lﬂ‘?qq —
®) )
COMPAT'B'UT Salf Sl
Compatibl .. - e
Y =iig - ’/""w o
e - /ij _;rr )
,  DESCRIPTION OF THE SMALL ¢\ .
AL sariag)

The CCl- -S variety consist of fiye gma" sz

CC|-51(15‘4 7) CClI- 82(1642) - S i7. 2- .Arl:'i -"f'r-sr e 3ra -*W -
5(13-3-2). Average pod weights for the Small cioy MBI g o
~ 6559(CCI-83). The clones CCI82 ang rryan . - % ™% €5~y o

g
AA-53 5

three have medlum and small pods Al fiye If:-. WG S wie e
55% and above with CCI-54 being the Nighest wes. < ?’ﬁ DI orterty
five clones in general are less than 209, > Pl cortarts or me

Pod ”
from 17pOdS (CC' S4) — 259003 (CCl- mp; for e Tore

meaning that they can be seff-pollinated . > “»"-A‘.:‘,r-w,:,




Figure 5.5: Small clones cocoa pods
m small clones which will give the value of be
ans

Figure showing €0C03 pods fro
per pod per tree during harvest

d their tree size and the categories, which is fyt

Urther

Their Cocoa clones named an
summarized in table 7.2.2
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Figure 5.6:BigClones Cocoa Pods

Figureshowingooooanodsfrmbigdoru-tuﬂ”umim
per pod per tree during harvest.



as cummnrimd in table 7.2.2

ased po|y-clonal hybrids

VSD resistangg
scale*
Susceptible

CCI rele

: Moderate

Ta103 313 Big

" | Resistant T~

" Moderately Resistan
Tat0s 7322 | Big

| —__—\
01 w31 | smal Resistant Moderately Resistan

Resistant Moderatelym

TA 303 34-13/2 Small

Moderately Resistant | Resistant T

TA304 63773 Small

TA305 7314/ Small Moderately Susceptible Resistant

The table above is showing the two CCl final released hybrid clones. A

comparative level of field infection with pod rot relatively to K82 (Resistant) and

KA2-101 (Susceptible). This means that the clone will show this characteristics

when mature and in production.

As 2 breeder, one will select the resistant variety when compared with
susceptible varieties. From the table TA 101 16-2/3is a recommended clone as
it is resistant to both cocoa diseases and produces big pods. In the small size
pods cocoa, if your cocod plot is high in VSD infestation, you have to prefer TA
305 73-14/1 but if you plot is high in phytophofora infestation, you should select
TA 301 17-3/1 or TA 303 3413/2.
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rah‘@ t) A (;an’)()‘/ q"“'

"‘ f;, a -
113 of LLEI s
Size
me
glone N2 (1)
16;/2:'.3 Big
ot
e T 3631 | Big
TA :
103 371311 | Big
TA :
104 73-2/12 | Big
TA -
17-311 | Small 18.4 4 — Ml
1 P ) -
1A 30 .
34-13/2 | Small 141 22 —
7A 303 - -
75304 63-7/3 | Small 133 72 — _
7A305 73-14/1 | Small 1386 70 : —
N £y
The above table shows results five factors of size " 3¢ e e
yield. TA 103 is preferred as it has higher yieid nex for g sor m -
pods, TA 305 is the preferred type becayse # PTOGUCRS hrer pese ren

The table 7.2.2: is showing some of the following featras of De ciores e
reasons for preferring large canopy are as follows:

Size of tree according to canopy

From the Penducle to the distjl end

The diameter of the pod in the centre

Is the average number of

O WN >

Is the yield across all site
compared to K82 (100%)

Pods required to procuce 1 kg of an,
sfromthesrartofprocucsor?cn

S2ars

anc

the high yielding clone.

Orders for seed should be directed
Locked. Bag 1846, Rabaul 611,
938 9131Fax: 983 91 15

to: Chief Executive Officer CCl-22G
East New Britain Province Phone 3383708
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important information

4 V8D free areas quch as New ireland, BO sgainville, Manus, Ball & Wi

|slands the i8! of Milne Bay MU thaveaquarantme certifi s
d ICate

with each ghipment 0 seed.
ver be sent 0 these VSD free areas
is a breach of pNG Quarantin Laws. + 88 thay
- eeds, ask for seeds that have been treated
g bha aQain
oaked in metalaxy! fungicide at the rate of 10 gr st
n

one litre of water for 10 minutes.
be shipped 10 oIl areas of the country.
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ACHING STRATEGIES
E

ductlonlMotlvation

chef should ask students thoyqp,

Intr0
t %hmulgmrq o

why is it that each child in the fary. Werars

r fﬁ .
2 Why i8 that, a twin in a famity are WAL 1) o "%:Ia‘:,r:}-)»

reac N8 ke

Relate 0 cocoa or plants. .

~ Why are cocoa seedlings from
features7

~ Why is thatin plants like flowers 5,
used, they produce flowers and 1

the s $ame Darents o arcrs
9 5m e //a" ,
vers with s ~ GArgs ars

Now we shall study this unit in details s st rervienn s 1 2o
rt,;.{productlon in science class. .. :

Body/Content/Subject Matter
Teacher can give this as homework prior to Class for students 1 ratar - .
and get their meaning sler © scerca

1. Define sexual reproduction and asex,z| EOMELSon o e
reproduction X metate

2. Do research into and describe meiosis anc 055 s

3. Explain pollination, self-pollination. hybrd, vigor compasaie, an
uniformity? anc

4. Explain cocoa breeding and what featires » Bresders ook for - meene

5. Discuss why in cocoa breeding we cione o Sraec

6

ang marcoe® ~eema s

. Name breeds that are recommended for cocoz ane wm -

Closure/Conclusion

1. Relate sexual reproduction in Human anc anim

2. Discuss the differences in variations in sex.
human example in motivational questions

3. Discuss variability and uniformity in the context of sraader s
cocoa trees.




Fertilization

student Activities itions 10 the following terms
ble by parchind the defint™
complete the ta y*
pefinitions
Terms ;
Hyord | —
Clones ] S ‘
— - _JJ, — -
Hybrid Clones \ ///,__\_\
R —
\
|

Pollination ///——\
e | -

-

VSD -
v

low

Match the definitions below with the terms listed be

"Definitions ]

‘Terms /_/ﬁ‘//,,
S oSk sof, red n color and produces an average of

3 20-30 number of seeds per pod of cocoa.

|
I
Bulk cocoa

[ e

ollo and Foresterio

| | Hybrid between Cri
‘ petween flowers of the same tree

Natural pollination

S
The pollens and flowers come from another tree

T

Answers

Open pollination, Cross pollination, Criollo, Trinitario, Foresterios,
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deﬂt AcﬂV"'et
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A Daqr,rlhn the faz,
res ¢ *3 e
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B. Describa tha f‘m ireq of F’fw»
....................... ~eros

C. Explam the dlagram bn;.—
and compatnbumy) onscer &

e

Explain this table and recommeng Which of the vareses o
Clone Name: Size of Pods Phytophthors NS VSD remsmeamce wues |
scale
TA101  162/3 Big | Reos —— .
TA102 363/ Big Resisans —_— ]
TA103  37-13/1 Big m- —
TA104  732/2 Big Moderaes Resmeane | po
TA301  17-3/1 Small Resisant —
TA303  34-13/2 Small Resran: —
TASM  637/3 | ol Moderaeh Revea T —
TANS B/t | smal Moderweh Scscecive | Reoee ]
|
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Introduction

. sery practi

Nurseny management requires 8 number of important nursery | ;ﬂﬂlcﬁs- Bev,m,sp

nursen is a place 0 look after small and young plants from seed germinatior, to

\hekclaop they are ready for replanting 10 the field each management praciicg
o ts.

has to be discussed and understood well by studer

Learning Outcomes
At the end of the unit, the students can:

A Name the management practices in ataursery
. g e
B List the types of nursery to be built in '
C Describe water, shade, fertilizer, Weeﬂc.j.. pesrts g r<;|sease control
' i in the nu

requirements for cocoa seedlings In '
D. Discuss control measures and the major management requirements of

fertilizer, weed, pest & diseases opcurrencg in the nursery
E. Describe other management requirements in a cocoa nursery

Content

General nursery management of seedlings grown from seed:

1. Watering to keep soil in the seedling bag moist all times
2 Each seedlings should receive about 100mls of water at each watering, so

every hectare's worth of seedlings (about 1000 seedlings) will need 100
litre of water for each watering

Use watering can of bucket and empty tin fish can (425 g) with holes
punched in the bottom with a hammer and

a nail from inside so water flows properly. Such tin-fish ‘watering can’
holds enough water for two seedlings
Seedlings should emerge about 6-8 days after sowing

Seedlings to be used as root stock for juvenile budding should be ready
after two weeks in the nursery

At that stage the hypocotyls will have lifted the now open cotyledons at 10
cm above the soil and

The first true leaves will appear on the rapidly growing stem and
Till this stage seedlings will require watering every day

Beyond 15 days (seedling fully emerged), watering only every second day
provided the soil stays moist

10.A germination rate of 90% is considered normal
11.Management and regulation of shade is important for young cocoa
seedlings and involves use of correct type of shade cloth

12.Quick growing living shade species such as Gliricidia need regular pruning
to keep shade at the right level

o &

oo
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shac® had
o as shade, correct sn
giricid® e oty f gaim oy o P08
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water Requirements
The puddings should be well watereg - praferati; o, e
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Growing the stock tree may deplete soil nutrents r e o0, —
s 3 Te s

to an application of fartii - X
may respond well erbliser. Aer e o i
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Weed Control

Weede growing in the polvbag compete with the developing bud for Sunlighy
water and nutrition They can also harbor diseases and attract leaf eating i,
cuch ae grev weevils, which damage young cocoa leaves. Therefore weed;

. n
should be done regularly Weed control can be done by hand or with Chemic\

- i al
spray but remember that careless use of herbicides (chemical sprays) cap, kil
hoth weeds and crop seedlings Therefore:

Never use a spray tank that has been used Fo spray herbicides tqo

spray insecticide or fungicide. Herbicide resudugs can kill seed|in i

2 Don't spray on windy days as the spray may drift onto and kill the
cocoa seedlings. .

Chemical weed control is best done before seedlings are in the

nursery. Use a broad spectrum

[29)

Contact herbicide such as Gramoxone or 8 systemic herbicide such as Fusjlgqg
or Round-up for weed control prior to the emergence of the seedlings. Contro|
weeds by hand weeding when seedlings are in the nursery. The nursery areg
should also be weed free to minimise the chances of introducing any pests anqg
diseases. Use mechanical, or with extreme care chemical measures for weeq
control around the nursery perimeter.

Disease Control

The nursery needs to be monitored for disease outbreaks on a daily basis, so
that any problem can be treated early and quickly. Treating a problem early is
usually cheaper and more effective, particularly as young trees in the nursery are
at the most vulnerable stage of their life. Treat any significant disease problems
using the control measures outlined in Chapter 9 and PNG CCRI

information Bulletins 1-12.

Seedling Blight: Seedling blight is one of the major disease problems that occur
in nurseries. It is caused by the fungus Phytophthora palmivora and can Kill or
seriously set back seedlings. A Phytophthorainfection will affect the seedling from
the top down. The fungal spores infect the young leaf flush and green stems,
causing dark brown spots that spread rapidly to Kill the growing

point. The disease is often a problem during the wet season. It can be controlled
by applying & spray mixture of 50 g of metalaxyl 0.5% WP (Ridomilplus 72 or
Laxyl Copper) mixed with 10 litres of water all over the plant with a knapsack
sprayer that has not been used for applying herbicides. Seedlings grown from
seeds treated prior to sowing by soaking in metalaxyl fungicide may need to
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oc0a by chewing off the h‘all -hardenaq -
|oal stéMm They also S(lvmetnnes feed o ang

e smal 'ghot-holes . Damage by Grey
ceedlings There are many different kinds o
| , |a < of PNG. and they feed on many different hogt
Grey Weevils I differen p S b Apple. Avocado, Bananas, Broom stie
plants Other host plants INCE icum., carrot,Celery, Choko, Citrus.
plant

Dahlia, pesmodium, Europeanpotat,
: offee, Cocoa. Celeny: i "
e Cméjn%dia Guava, Hibiscus: Holl)’ho;k. lea bean, Macadamig,
French bean.te ra'_ 'Mulbe“'y- Onion. Orchid, Pass|onfrwt, Pawpaw, Pepper,
':a‘zekm;iubar'b Russian comfrey, Strawberry, sunflower, Soya bean, Silyg,
umpkin, '

beet. Strawbery. Thistles, Tea. Wing bean

Chemical Control

: led by insecticides Up to six spray rounds a
t(?:vr(e:/ w\zees\ynli ;2\:\\/: :an:a:ebzo:;‘:;s Sar;, to control @ severe infestatio'n. Both
cocoa and Glincidia. present, must be treated. It may only be possible to spray
Giricidia trees if they have 1ot grow? too high. Repetitive treatments are requireq
o kill adults emerging from the ground over a period of three months.

Sometimes it may also be necessary to blanket spray insecticides on weeds in a
block recently planted with young cocoa seedlings.

Pyrethroid insecticides such as the following can be used:

1. Karate (L-Cyhalothrin)
2. Decis (Decamethrin).
3. Fastac (Alpha-cypermethnn)

To prepare 10 litres of spray, mix together: 28ml of one of the three pyrethroid
insecticides listed above (“Decis’, “Karate” or “Fastac”), 2ml of surfactant, 50ml of
sticker and 10 litres of water. The same quantities and reagents are used when
mixing up any of the three insecticides. These three insecticides have good
residual activity (spray stays on plant longer). Insecticides should be applied with
a knapsack pressure sprayer using a nozzle with a flow rate of about 230m! per

minute. Spray the tree evenly but not to “run off' as this is a waste of chemical.
Each seedling should be sprayed for up to 15 seconds.
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the tap root of a young seediing, the pia s -
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Y. although some 23S ~3,

species of Root Chafer that attack
found in a different part of the coy
one kind.

= “rrs rar

The main species we know about are a5 follows:

Dermolepidauniforme.
Dermolepidameeki,
Dermolepidaundatum
Dermolepidanoxium,
Dermolepidanigrum

il o

Cultural Control

Old food gardens should be removed and especially ™
to feed on such as taro. This has to be
All Chafer larvae, pupae or adults fo

C3€ TT0% afiCt ot
done some months defore o

unNa In the area shouc e eI
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Chemical Contro! .
he larvae using an ea '
from ! 9 Sily appliag

phos’. It can be applied inside the poly 1,
 applied inside the hole before planting th:

4 control for along time. The application e

- This insecticide gives 800 |
seed!in This | e) granules for one plant. Mix it in the

n Blu
e 2 grams of Chlorpyrephos (Suscon BIUE) V%
soll n the poly bag before sowing Of sprinkle it inside the hole before planting e

seedling in the field.
Mealy Bugs

Damage

Mealybug adults and nymphs feed on cocod shoots, pods, and flower cushiong;
Severe damage (o the shoots of young seedlings ¢an deform or kill them. On
' duce yields.

mature cocog. damage to pods or flowers can ré

Chemical control

Mealybugs need to be controlled only if they are present on cocoa seedling
shoots in large numbers. They can be controlled by spraying with Malathion and
White Ol in the following mixture:

1+ 30ml Malathion 50, (0.15%)
2. 100ml| White oil,

2. 2ml Surfactant,

4. 50ml Sticker,

5. 10L Water

Apply the mixture with a knapsack pressure sprayer using a nozzle with a flow
rate of 230ml per minute. Spot spray only those seedlings that are infested with

the pest. Apply the chemical evenly, but not to “run off", as this is a waste of
chemical.
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Nursery Records
2.
getting up and running a nursery is an Mooriant P of agiasc 2 &

: M + 2 Wrs

a significant expense. Costs of nurser, CONSINUCHON 3re cpmrgions ey
properly recorded so that the biock can g - - "ol 306 e g o
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1. Costs of materialg (keep raceipts and any pae 00w e
build the nursery. This shoyid NCiuCe e ot o wae _ ';_
construction materials from the shep 1o e Wrsery 5 ’

2. Costs and an inventory of the BQUICMENt used & =

- >y

S Ay
such as waterng ¢

chemicals, poly bags, seeds

of consumaties s -
» 3NC energy costs of -
irrigation system and # Collected off site 3oy

4. The dates of each actvity'managemert O0RMABON Such 23 wree
seeds are planted into planting bags

5. A monthly stock takes of Seedlings in he ~ursen,
6. How many seeds are ordered and deii
7. The number of seedlings

verec ‘or sach Jartrg
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Teaching gtrategies

otivatlon

introduction™
it on nursery establishment y;
Ith {

unit
 connect O link the sub-un! :
4 Teacherto¢ ' manage ot Using the link on & nurse have
K after the infant that is prematur Set
e!

sub-uniton nurs 89 o0
the nursen in ospital 10 . i
. nagement skills needed to raise the pre

maIUre

discuss wha

infant.
the requirement of nursery

Get student into groups to discuss

management and repo back to class for a summary.

put student into equa groups with @ gender equal numb
Appoint a lea r to chair the discussion ers

oint @ recorder

Conduct the discussion
Group recorder to represent the summary of discussions

ro

a0 oW

BodleontentISubject Matter

oups and supervise the group discussion

1 Teacher to set up the gr
2. Upon completion of group activity the teacher should coordinate th
e

summary on the board

3. Teacher to ensure the content in the sub-unit are covered in the
Summa
y

ClosureIConclusion

1. Teacher should gi i
eact give time t0 students to copy the
2. Dismiss the class when the notes have begr}: copisel:immary note
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Introduction

: New Guinea is hybrj
Most of the cocod currently beind grown In Papud Ybrid mager:

or
f eds. The new hybrid clones are produced liy Et’“';e’ juvenilg
seeds. 1he ;
oot onventional bud grafting, us"d buds fror S8 e;, ° C|0ne.sk Thes
budding of © g shoots, Jsually called bud wood or bud sticks, from

s are taken from you -
o o specifically for the purpose In @ small block of cocoa known ag 4
trees grown sp intenance of @ bud wood garden jg

ood qarden. Th ish nd ma
Q “The establis ment @ .
basica he sam ny other block of cocoa, but attention needs to bg .
basically the same as for any

o some matters, to ensure thet the bud wood ga;def:lg‘r:;lsb‘tz;(b]ichves. The §
major difference between a bud wood garden an i:j . i meansothcocoa IS th
the “crop’ is sticks of bud wood, not beans from po di.ﬁerences e d?t the byg
wood garden has to be managed differenth_(. These S cton 4.4 1 ISCusseq ip
the section on cocoa bud wood garden maintenance (Section 4.4.1 on the ney

page).
Learning Outcomes
At the end of the unit, the students can:

A. Plan a bud wood garder;
B. Plant the Bud wood garaen
C. Describe management requirements of a bud wood garden

Content
Planning the Bud Wood Garden

1. Timing of operations

The timetable for planting a bud wood garden is the same as it is for any block of
cocoa. Temporary and possibly also permanent shade must be planted, the
planting points for the cocoa must be lined and the planting holes dug just prior to
planting. All these matters are covered in other parts of the manual. The budded
seedlings that will be planted in the garden will be in the nursery for two weeks

longer than seedlings if the juvenile budding technique is used, or for three
months longer if conventional budding is used.

2. The size of the bud wood garden
The size that the bud wood garden needs to be will depend on how much bud
wood it will have to supply each year. Harvesting of bud wood can start in the
third year after planting. At this age, about 20 sticks of bud wood, each
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3. Planting the Bud Wood Garden

The budded seedlings fqr the bud wood garden car % ares - sras, =
same way that other hybrid cIopes are planted. Refer 15 Section

6. All the clones, Big, Intermediate and Small czn e Slantad 2t
x 2 m; that is, 4 metres between rows and 2 metrag DEWESN Darts wene e
This is because the regular pruning to maintain the PrOGUCHON of young shoces
and harvesting of bud sticks effectively reduces te nherent “&arancas ~ o
size and competition. One additional and extremely important pors

is the crucial importance of being able to cormectly identify avery e dart. o
that plants from different clones are not mixed wp duNng Danting % s wore
labelling every plant with the hybrid clone varisty and ciore numBder 33 soon as ¢
has been budded, with a label that will last unti %2 e dants ~a
planted in the bud wood garden. A plan of the buc woOd Garden shouc Se
drawn, showing the position of each clone. One COPy Of the Dan wil e kect o
the person responsible for running the bud wood garcen anc copes wil asc e
sent to the provincial, regional and national headquarters of CCEA
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4. Maintaining the Bud Wood Garde

of the bud wood garden can be conS|dered unc(ljefr a "".Umber .
Matnteﬂang(:ainﬂ(}e shade control, weed control, prunm.g, at: ertilizer, T
s N ) H i .
heahdmg es for each of these operalnons are descnbedfm 0 er‘sectmns of thig
te:n:‘:lu T.hic section contains additional points that refer specifically to p,q Wog
m s S€C
garden.

Drainage

Adequate drainage is essential for healthy growth of tr;e 'treeds in tlhe bud wogg
qarden and drains that were dug when the block was being deve oped Must be
Fnaintained. Any additional drains that become necessary in low-lying areas
should be dug as soon as the need for them becomes apparent. Refer to Section
8.6 on page 8.6-10f this manual.

Shade Control

Shade control can be a major €xpense, but it is essential that shade is
maintained at a suitable level for the age of the cocoa.trees. SO t.hat they develg
well. Over-shading will result in the trees having ?n etlolated., spindly growth
habit, with inadequate ramification. Refer to Section §.50f this manual for
information about the appropriate timing for the pruning of permanent shade and
the removal of temporary shade.

Weed Control

Weeds compete with the cocoa trees for nutrients and water and even for light,
resulting in weaker growth. Research has shown that good weed control during
immaturity results in higher yield when the cocoa trees start producing pods.
Although the trees in the bud wood garden are being grown for bud sticks rather
than pods, the same principle, of enabling them to grow strongly when young
without competition from weeds, still applies. Refer to Section 8.1of this manual.

Pruning Trees in the Bud Wood Garden

The pruning methods for clones in the bud wood garden are different to the ones
used for trees in normal block that are being grown to produce pods. This is
because the bud wood garden trees must be maintained in a state of vegetative

growth, to supply bud sticks continuously, whereas normal trees must have
mature wood that produces flowers.
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and [mmature Pruning
on

5 in the bud wood garden rj.,mq thes fires o
, "66 . . . 2 TSt o) (8574 .,
punind . and immature pruning, s the same g o =" " %4 Yoty
. ’ ) M g &
o forma gection 8.4.20f this manual for infrpmma, 2 Pk of
th 5 Refer to HIAN 2058 e
. e o
Gocoalure pruning -
imm
im cuning and harvesting bud wood
reP
mat!

r -
Vartrg Se- .
o -
r 3 Te

HaNeStmhat pud sticks will always be available raq e, iore
yrees 5 tld be used for cocoa trees producing pods | e 4.
::;Uthe trees should be pruned quite severely gz, o ey
,er year. This will ensure that the trees are g1y 5 prod /,—»’-,., -
n be harvested for bud wood. The type of PrUnIng ragures ’jfy; Wty
1 ~eed four men to prune one hectare in one day, or 25 ’—a""’?('l;ﬁ‘
will ? ‘. The sort of pruning that is needed to maintain prodcsgn -+ .
hi‘(’): wi" severely reduce the ability of the tree to progice Dode I 3.-;:.% ,;-
xaﬁef in a bud wood garden, wher.e the primary product is sug woor # e raeg
in the pud wood garden are producing as many pods as frees "earDy Siocs o
normal €0C02; it means that they are not being pruned severss 8n0uGh anc e
severity of pruning needs to be mcrgased. Some trees in the bug wone e
will still produce a few pods, even with the severe pruning. This does not mamar
Production of small numbers of pods does notreduce procuction of new shooss
tor bud wood. So the few pods that are produced by trees n tne 5 wooe
garden can be allowed to mature and be harvested to provide 2 smat ama =
supplementary income.

Wers o re,
s T :
‘23 Per

2 Frag

that C2

o@ e

Fertilizer

Depending on the natural fertility of the soil, the cocoa trees n e duc wood
garden may need fertiliser when harvesting of bud sticks starts. or from when
they are planted. The growing tree immobilises nutrients in tseff ang n conras:
to a normal cocoa block in which all pruned branches are left 1o secompese »
the block, bud sticks are regularly removed from the bud wood garden Uness
specific nutrient deficiencies are apparent, either a compound fertiser such as
12:12:17:2 or a mixture of straights (urea or sulphate of ammonia. npe super
phosphate, muriate of potash and kieserite) should be applied. When the rees
are three years old, NPK (Mg) 12:12:17:2, or its equivalent in a combdnaton of
straight fertilisers, can be applied at 80 grammes per tree every three mons. *
the bud wood garden is in an area where fertiliser is applied dunng e mmatre




e should be applied. Refer to Section, g 7

penod. the immature schedul
bout fertilisers and cocoa nutrition. O thjg

manual for more information a
Other aspects of maintenance

Pest and disease control measures should also be applied in the byq Woo
oarden as needed. Refer to the relevant sections of this manual for funh
er

information about pest and disease control.
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1680 in '
A In duction/Motlvaﬁon
" 1. Teacher 6 introduce the agic of wz
2. Why have 2 bud wood qarder | wrs prier
~ Discuss N qeneticreeding temms e v
garden ? Sevares of 30 wored

B. godleontentISubject Matter
_plana Bud wood garden
* Explain the need for 3 bud wood g
3. Describe the establishment 'ecl:-ri’g o
T 300 wrr 2 .

C. ClosureIConclusion
a. Orally ask students to:
i. Orally report on
b. Write 2 paragraph as 2 homewor on
wood garden on the gooe siar f e e
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Student Activities
[ ing phrases and complete th
Students are to explain the following P e table i, -

Wood Garden Management
Phra ' - Defintions
se

e

“Timing of operations
“Size of Bud wood Garden —
Planting the Bud wood Garden

Drainage

Shade Control

Weed Control

Pruning Trees

Formation and Immature Pruning

Mature Pruning and Harvesting Bud
wood

Fertilizer

"Other Aspects of Maintenance

Activities

This should done as Practical Assessment where a list of Activities and Criteria is
drawn up and assessed by the teacher

1. Plan a bud wood garden

2. Construction of a bud wood garden

126




UN
IT
8
:CO
NT
ROLLIN
G
INSE
cT
PEST
S

127




G) Introduction

More than 300 kinds of insects feed on cocoa in PNG. Ten regularly cq
USQ

of damage to cocoa. Not all insects are pests. Insect pests are usually g a oy
nlrou
&d

by application of insecticides. Routine applications of broad- spectrym,
insecticides should not be carried out because:

1. Are expensive
2 Not healthy to human and beneficial insects
3. Contaminated local environment
4 Contaminated cocoa with levels of chemicals residues that make ¢
saleable hem un.
5. Can create resistance to the chemical in the target species of inse
6. Reduce population of useful predator species, e.g. crazy ants COnt(;(t)S"-
lng

Pantorhytes

Hand operated pneumnatic knapsack sprayers should be used on young treg
Motorized knapsack mist blowers for plantations and extension lances on >
knapsack sprayers for small blocks

All spraying should be done in fine weather when rain is not expected for seve
hours. The following outcomes would have been achieved at the end of the unirta |

by discussing briefly the following of the insect pests:

Economic importance
Controls measures
Chemical controls
Cultural/ physical controls

Learning Outcomes

End the end of this unit, the students can:
A. State the Insect pests in order of economic importance to PNG cocoa

industry
Discuss the life cycle of the insect
Describe and demonstrate the damages control techniques

Carry out chemical control techniques when using chemicals
Demonstrate the importance of Safety when handling chemicals

moow
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Manipulate

relationship

PESTS & DISEASES
Ppr/VSD/Pink disease/CPB

Figure 8.1: Host-Insect-Environment Triangle

enhance realization of maximum potential

To

Disrupt Pest & Disease cycle at weakest link

Environment discriminately favourable for cocoa.

Build plant health through removal of stress factors

Enable cocoa trees both in time & space to withstand pest & Ssease
pressure

el i v .

Table 8.1: Insect pests in order of economic importance

Group | Insect Pest Type of Damage

{ Cocoa pod borer TLarva feeds on the Prrv—
(Conopomorphacramerella)
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()

Defoliating Caterpillars Larva eal both young and Maturg |q
Iy,

(Lepidoptera
Gemetndael imacodidae,
Noctuidae

;
Longicoms (Coleoptera: Larvae bore into wood of trunk gpq -

\
Cerambycidae) w Fan
| e,

I
|

e L .
Minds (Hemiptera: Miridae) | Adults and nymphs suck sap from Pods

ang

|

[ .
Pantorhytes (Coleoptera: Larvae bore into wood of trunk anq main prs-
Curculionidae) | "aNchg,
\

Grey Weevils (Coleoptera: Adults chew bark of young cocoa shogtg \

Curculionidae)

I B

Larvae bore in branches of larger tregg
Pansepta. (Lepidoptera: ‘
Xylorictidae) ‘

Adults and nymphs chew wood inside the t;
Termites (Isoptera: Kaiotermitidae) | ge

Amblypelta (Hemiptera: Coreidae) | Adults and nymphs suck sap from pods

— 1
Chafers (Coleoptera: ' Larvae chew roots of young trees
Melolonthinae)

[Larvae bore into terminal branches
Oxymagis (Coleoptera: \
Cerambycidae) |

Larvae bore into husk of pods
Husk Borers;  Cryptophlebia

(Lepidoptera: Tortricidae)
Olethreutes (Lepidoptera:
Olethreutidae)

Adults eat leaves
Rhyparida (Coleoptera: |
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PG
al) : 5
(o ANV W8 T8, il of v i aeet =

idopter? Coa9idae) W Srareken
idopte
/p“lera e {3 Mare %an %1 weree w
- a5 = ’ F o ae T 3
p”gneo‘“’ pe WA P s v S208 e 3
s
5
The Most Serious €0C0a pest Now present in Pigus New Suimes
1.
08 pod porer (Conopamarphacramersii;
co
gecond important group is made up of caterpiliars whics s o
2. —
5) Pantorhytes weevils
b) Longicoms Beetles, the grubs (ariae 5ore r %2 wrr o
c) Mirids suck sap from pods and shoots
3, Third group 1 made up of -

a) Grey Weevils, which chew the bark of yourg smoes
b) Pansepta moths, the grubs tors into srancres
c) Termites which eat wood nsice e rees

4. Fourth group is made up of

a) Rhyparid beetles which eat leaves some =™ arae v s wors
into pods

b) Larvae of Zeuzera moths which Soreza ric e =a= =« »
branches

c) Root chafers which chew roots

d) Oxymagis beetles which bore into drancres

e) Amblypelta pod suckers

f) Mealy bugs which feed on shoots pocs an: “owes

5. Fifth group is made up of more than 300 pests of lesser moorta ce

Control techniques

Inter-related- factors is called the Host Insect £ e = ame o ¢
91). The host is the cocoa tree For damage 1 aceur e et - .
Présent on a susceptible tree in an environment at s s e e

techniques aims to break one or more of s s

‘



ntrol of insects
ces the trees’ susceptibility to attack. Whgy,
strong enough not to be SeinUS;ye

be
moving of host plants and tree spg(;
es

gementl culture ¢O
control redu
d and healthy will
ts. Also involves re

Mana

Management/ culture

trees are well manage
affected by insects pes
the insects like
Biological control of insects
Certain fungi kill somé insect pest. Fungal disease only kills a'smalf portion of g,
insect population and only where the target species behaves in a congregative

manner
pislongipes) is most effective and easily

trol, especially Pantorhytes weevils ang
g and egg lying of adult insects, |t

se the worker ants run around quickly when disturbeq.

It is usually seen outside their nest collecting food. Males are smaller, darker ang
thinner than the workers. Have lond wings. Queens are much bigger than the
workers. Usually stay inside the nest and lay eggs- At the beginning of the wet
season, some ants emerge from their cocoons as males or queens. Males die
soon after mating. Live on the ground, beneath or inside anything that will give
them shelter. Also feed on honeydew, sweet liquid extracted by homopteran
insects (sap sucking bugs). Main hompterans that give honeydew to crazy ants
are Mealy Bugs (Planococcuspaciﬁcus), Scales (Coccusviridus), Membracids
The anrs protect homopterans

(Maurya spp.). and Aphids (T oxopteraaurantl).
from some of their enemies

zy ants (Anoplole
trol. Good con

Pest control with cra
d interfere with feedin

managed biological con
mirids. Feed on eggs an
is called crazy ants becau

How to introduce crazy ants to a block
Should not be done during very wet or dry times of the year

Steps:
ant bamboo so that the node seals one end and the

1. Cut sections of gi

other end is open
Ants will use these tubes as nests
e tube to increase the surface area

Place large dry cocoa leaves insid

inside the nest and cuts down the amount of light getting into the tube
4. Place tubes on the ground where there are many crazy ants. Put them
one meter apart on a slope making sure the open ends are facing down
e nest in each

wards
Ants will soon move into the tubes. Will usually build on
banana leaf over the opén 0

5.
tube. Collect and tie a piece of plastic nag or
the tube to stop ants escaping
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ith banana leavag 1, ,
he tube wi 310 kaag 1, \
6. Coveeréocoa block oM tog

and rarry the t
%?he pest place to put the crazy antg jq ;- 3N oper, .

Ubeg

7. e Hnny ang well draineg
c ; :
Pla\t the crazy ants where the insect Pests 3re MO8ty e .
g, PU plock or whereabouts on the block. pay, e g ]2 08 ity
the nt downwards to stop rainwater getting in 7! enas of Ubeg
0;1 er types of ants sqch as Pheidole. Iridiomirme, .
9. Ot hylla are enemies and will driye the crazy o - 2 F25ter 3rc
Oecopny! ; . , J 3rtg gy 4 .
fore crazy ants are mtrpduced With poison gn bait er
5\?hen ants have built their nets, do not Cut grass iy -
10 File mulch of off cuts to sloy gry L LT
the ne;ts- 9rass growth 5, P %t i
rne , o
f?akes time to increase crazy ant Numbers tq Control Bore e .
11'mirid5' During this phase, spot SPraying of trees being attacr s T
be done. Unlikely too many crazy wijl pe killed 7Y 5% oo

Herbicides and fungicides will not kij| Crazy ants
e
some disadvantage of crazy ants

1. May not stay in the block long. When they gointg 2 e ares mew -
. will increase until they have eaten most of insects ang "oreysen e

move on. )

2. Mealy bugs which give the crazy
shoots of young cocoa seedlings

3. coconut pest such as Tirathaba, Amblypelta can be a probiem
because ants drive away Kurukum ant (Cecophy 3SMEr300ina ) that
on these pest

4. blocks very close to the house, Crazy ants can be a nuisance

ants honeydew. may becom

A A

Chemical control techniques

Chemical concentration

The strength (concentration
didistoa may vary

of active ingredient or a.i.) of chem

~ 3 aA A
w0 o




Spraying

Figure 8.2 Demonstrating spot spraying. (Note that all safety requirements arg
not met).
as with pest. Do not spray regularly but

Always ‘spot’ spray in the are

regularly checked for pests.
rate and conversion factors for insecticide spray nozzles

Table 8.2: Flow
v
Nozzle  Flow rate:ml | Application rate AmOLfnt of . No. of
~ perminute | litres/ha (625 chemical in 10 litre mature
{‘ trees) tank cocoa trees
| R=recommended | covered by a
rate 10 litre tank
~ SA-04- 800 375 Rx0.3 17
392
" 02-13 270 | 125 Rx0.9 50
" 0223 430 | 200 Rx0.6 34
X2 140 | 65 R x1.7 95
TX4 230 110 Recommended 56
} rate
| ;
TX8 | 4607 | 210 Rx0.5 28
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5. GUMmMAry OTINGECACIS treatmeng, for in
; ) Sar

ple =

” Dests o

pests

Catﬁfpi”&fs 28 m| Deciq o Vafan,

.
VL e
Or 40g Ortheng 75 Ne ey

?hrjef & “r J‘*}a‘? bt :f‘ -~
- Witar

/_,_,-——’——‘”—-'._’_* | AD g PO

) ,2,/- ~ Rhyparids 28 ml Decis or Karata 3 59, Iy

Ml stickar « « 9

Ve .
~ W3ar

Or Septene 5 =~ . -

-

50'"'3“"""”10L'~atef YT St .

Or 40g Orthene 75 wp . 5.,y

Sticker « 19

—3 | Grey Weevils 28 mi Decis or Karate 7 5, EC+ Zmisran

50 ml Smka - ‘-’; L w3ter
Sprinkied drp srme

4 Mealy Bugs 30 mi Malathion 50 EC + 70 = &

é‘?j}l-:
m'WﬁaCEM*E“im.-:_

i

";:3"":)','-1
e

[(yh

e

5 Termites 28 ml Decis or Karate 25% £C + 2 = s gy .
10 L water

Or25mlL0fsban+2mt5ur‘acar-.- "0 L water

6 Longicoms & 30 ml Nuvan 50 EC + 250 = wrte ~ « < -

- v 3

Coffee Stem Borer RidomilPlus + 700 m water

Or as above but replace Nuvan 30 5C we  acora
50

Both mixture for channel painting




ygor 30 EC + 2 ml surfactant +

Swﬁh 70 ml R( \r
sticker + 10 L water Om

7 | Panseptd Web

Worm
Rogor 30 EC + 2 ml surfactant + 50

Spray: 210 ml
ml sticker + 10 L water

& Pentorhyles | 30miNuvan 50 EC + 250 ml white oil + 15 g Rigg,
' " Plus + 700 ml water for channel painting larvag y

o8 mi Decis or Karate 2.5% EC + 2 ml surfactant +
50 ml sticker + 10 L water for spraying adults

" Mirids | EC + 2 ml surfactant + 50 |~
sticker + 10 L water

45 ml Decis of Cymbush 2.5% EC + 2 ml surfactant
L + 50 mi sticker +10 L water

28 miKarate 25%

(ol‘

' 45 ml Unden 50 WP +2 ml surfactant + 50 ml sticker
+10 L water

I S B
28 ml Karate 2.5% EC + 2 ml surfactant + 50 ml

10 Amblypelta
' sticker + 10 L water

45 m Decis or Cymbush 2.5% EC + 2 ml surfactant
'+ 50 ml sticker + 10 L water
I
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Insecticide Applicatiog ¢
ranie 8.4 %mm@%mm%
a tree 2 3
e of COCO 1 4 \5’
Aq (yeafs) |
ime pertree |15 % .
Spfay ! ) =
( seconds
Figure 8.3: Mist Blower
Mist blowers
These are made for a flow rate of 230 mli/minute
Surfactants
i i ' he area ™at a a—oum
Reduces the surface tension of the mixture to increase ia _i ;,“,’-’_ e
of mixture can cover. That makes a tank load of modure go Lrmer ang i Tanas
the operation cheaper
Stickers
. Race ! as
Increase the adhesiveness of the mixture so that t ftaxs on ‘:J \. ﬁ: R
been Sprayed onto. Sticker is necessary because of frequent
Safety
A0 10 LN MSeCatCes
Allsafety Precautions that apply to herbicides alse age', =
137
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~Ause mosl insecl

icides are more toxi
c toxic to hy, an
m thay

A few more precautmns be

herbicides
: e always wear a facemask

ling the mixtur . Tubbgy
‘“";"S\ifgu‘ boogg
ol o washed regularly

—_

anagement recommendations

present in papua New Guinea

Serious €
merella) Life cycle
Conopomorphacra
1. Cocoad pod borer (
7N - T —
TGRS o T PO 9/ :
gy (NS )
- AR T d
’.‘ :1f ‘;“\ N
| "\ RO ‘. o
g 1138 A vnrelia (Smcll) soxmEL Earwste (19°2) pgure. 4,14 Adult CPB :

An adult Moth Cocod pod Borer (Drawn) and An adult Moth Cocoa Pod Borer

(Life)
Figure 8.4: An adult Moth Cocoa Pod Borer

Morphotypes of Pod Borers
1. Fromthe 3 morphotypes, the Morphotype 1 is highly likely to be the

aggressive type that is attacking cocoa.
i based on its feeding habitat.

2. However, it may express itself in two forms
The form in the forest is feeding on an unknown fruit tree while the formiin
the cocoa farming area feeds on cocoa pods even though they are

morphologically identical.
3. |f that is the case it is highl
sometime feeding on some 0

y likely that they have been around for
ther unknown host plants

Ecology of CPB

1 CPB hibernate in shady conditions.
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Jult moth flies around at pinp, |
. The 2 and also on lateral branﬁheq =y 9998 -
0 ds‘:1 dult is a weak flier about the V28 of
. Thg rasts in dark cool placas during the 1; Bensite,
The adult can only fly for some 21 mefmlmm i
I )

mode of Transmitting the Pagt

CPB is transmitted through planting m v

 seed!inds "R et e
movement of people can also trangpeq the gt

The adult can sit on man clothes anq | 0 b :,7 % 30 -
roperly. the 99 pupate on any leaye, 5y =" ramerce. |

The other host plants for'CPB are rambutan 15, ;fi??

" Movement of' t‘hese’plantfng materials will i, Fansme T -,

Natural conditions like strong winds c5, 55 r3rggy Te e

" one location to another. o Pe 3
Possibility t?at c}he local type had mutateq

" adapted to feed on cocoa pods and t

chaﬁges in weather pattems and the enwonrr»ema?&m " Jorw

. Changes in the environment such ag Continuing 4o “ondiors

transformation in climatic conditions tha¢ hove Jtancpac;-,-,-, »d

disadvantaged its predators. 3Voursc P -,

-
10 Secome
IS MUSt haye i X

T —

Lol AdutcPB ooy
f!"/' -
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Larvae (2 weeks)

Figure 8.5: Showing CPB adult moth and infested cocgg Pods

The adult lives for 3-7 days. .
2. It laid eggs on pod surface and the eggs remained on pog surfa
days before hatching into larvae ‘

An adult female moth lays 6- 8 eggs per night.

_ For its life span, can lay around 200 eggs

—

Ce for 2~7

& o

Symptoms of infestation

Below are six symptoms that would indicate that CPB is present in the coco
block.

1) Uneven yellowing or premature ripening of cocoa pods.

2) Presence of exit holes of larvae on pod husks.

3) Characteristics CPB tunnels within pods

4) Clumping and Cemented cocoa begns

5) Pupae on pods and on debris/leaf litter on the ground.

6) Adult moth resting on underside of horizontal branches of cocog,

Symptoms of CPB

Plate 8.6: Symptoms of CPB
infested Pod showing uneven
ripening

Plate 8.7: Placenta of cocoa
pod heavily infested by CPB
larvae and beans are
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ic IMP?
EGOﬂ . of coco? in PNG economy
tat!
ocoa i 8" exportable Cash crop that is ranye,
| PNdGco tfee, in terms of its contribution 1 the N, 28 W 10 o ot

] N :'”ﬂ,‘., - B ; ’

2 duct (GDP) | export eami e

pr tch an annua exp arnings of between K ys  yor

2. Mt fe " ributes to employment, directly and indiracs, )= WTH) ey

3 tco ores ence of CRB threatens the industry, and trares.,. «

4, Thie olders in the industry must play their roles 1, ~ -’/"e Imers we
stad ion in the presence of CPB. NI 76 reranes
pro egalive perspectives of CPB must be transformes -+

4 'y ?H’lﬂ;

g, The nes s by way of adoption of improved farming

‘ egle . p "
g;aé gopulation, and increase cocoa yield Pracioes o rdus

orer (CPB) is the most serious pest of cocoa o -

coco? ptf:: :Jast 10 years. It was found in the ENBP in '20;‘;" M:m;e.-e,_ v
in i Gazzelle area. CPB has almost singlef " wf of 4

a industry in the ENBP. F.or example, prior to CPB i hf:: N;
5 largest producer of cocoa in PNG. Production figures Vo ’;;mqs
th " arrival the ENBP was producing between 15, 000 ho“zam_ i o fo
put after the CPB incursion into ENBP in 2009 production dropped sgn f;:'_
o0 tons per yar. COmparae, 1 52 ot s,
increased cocoa produgtlop to over 16, 000 in 2008 to be the second ar;s
producer behind Bougainville which leads by producing about 17. 000 toms _
e ersfore mplies that CPB i the singe most moorant scorr =
ffort must be made to reduce its impact on the = e

pests andalle
le that rely on cocoa for a cash income.

coastal rural peop
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Controls measureg

Plate 8.8: Spray Infested Trees Plate 8.9: Burying infesteq
Pod hyg
ks

Five rules to contain CPB

Clear weeds and Reduction of Shade
Cocoa pruning

Weekly harvesting

Pod husk burial

Target spot spraying

SRS
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0: COCOA WEEVILS (Pantorhytes batesi) Figure 8 11 T Naew

:ure 8.1
Figu® adult and feeding damage on a cocoa pod)

Life cycle(

Figure 8.12: Pantorhytes plutusadult, larval channel (cut open’ ancassocase
bark canker
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d Economic importance

pDamage an
and straight away chews into the
Wood of {

~hes from €Qas
el under the bark

Larva hafc : h
the main branches making @ tunn e "Unk

Or
hoots and sometimes on pod husk

The adult feeds ON the young s -
branches may be ring- barked and i
e, Whep,

Damage affect the canopy.

attacked near the jorquette _
Laroer numbers can kill most trees In the area

One reason for cocoa business CO
and 1970s

llapsed in some parts of P.N.G th
y

Pantorhytes szentvanyi is found in Oro Province Pantorhytes pjyty,

New Britain and New ireland Province Pantorhytes batesi is found S

Province Pantorhytes proximus is found in Central ProvincePanto N Moroh,
Central and Milne Bay Provinces Pantorh ;;’eysl‘es

stanleyanus is found in |
pseudocarbonanus is found in the Sepik and Madang Provinces

is found in

Controls Measures

1 Mannual/ Hand picking of adults can be done

2. Cultural control
Not a big problem in cocoa inter-planted with coconut as Kuruky
M ant t,
at

lives in coconut palm attacks Pantorhytes adult and eats thejr eg
gs

3. Removal of altemative plant hosts
4. Biological control Cray ants and other ants

5. Chemical control.
Note: For all the boxes below: the chemical is stated and how muych t
0

mix, what to add before spraying

15% a.i. Dichlorvos

L 30ml “Nuvan” 50 EC

i. 250 ml white oil

i 15g metalaxyl (a fungicide also known as
Ridomil)

iv. 700m| water
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i, 2ml surfactant

iii 50 ml sticker

V. 10 L water

octicides used at specific stages of its jifq -
ns

ortant points

Cultural Alternative Host and Biological Contrry «
5) FO' af all insect Pests IS e

gimilar d cheaper to prevent Pantorhytes f
S er an es rom artare,
b) much gacocoa blocks than to control them when they .

oy
nave r‘*araf

Figure 8.13: Gleneaaluensisadult Figure 8.14: Truns Longcom
(Gleneaaluensls) Life cycle
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Gleneaslensisis found on the Islands Region of PNG.

Glenealefebueri is found on the P.N.G mainland and Irian Jayg

Longicom damagesymptoms on a cocoa tree trunk

Figure 8.15: Gleneaaluensis Longicorn larva channelexposed to show th
Damage and Economic importance

After the larvae hatch out of the eggs, they bore into the tree and ma

while feeling on the young wood under the bark ke tunnels

A single larva can cause considerable damage to a tree by totally o

barking ring barking the trunk or a main branch Partially fing

Weakened branches may break.

Channels are a major entry points for the bark canker fungus which cause
widespread crop loss and tree deaths
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Gonf ; atrols
ohe .c. ichlolr\,os
| 5% al {30 ml Nuvan 50 EC

ii. 260 ml white oil

iii. 15 g metalaxyl (Ridomil)

iv, 700 ml water

.

. and larval channels wi

Al ;f:intﬁ ;n:;enﬁfbers are reduced f;sa:?c;f;;j’* ;:::?*‘ overy s
Ciltuf all ph sical controls

. of shade trees and cocoa to maintain low shad
oe emig - s

rpry .
Proscee ?n cidences of longicoms

or pod suckers

a. Pseudodoniellatypica adult
b. Helopeltisclavifer

Figure 8.16: Helopeltisclaviferadult Figure 8.17: Life cycie of Mnc
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Figure 8.18: Severe mired damage on cocoa pods

Damage and Economic Importance

a) Can cause extensive crop losses in all areas of Papua New
b) Feed the sap of cocoa pods/ chelles and shoots/stems. Cap
losses of up to 80%
c) When damage is more than one-fifth of a cherelle, it dies
d) Damaged pods may die or become deformed and young becq
from severe tip “dieback” Me stuntey

Cau3e Crﬂp

Controls measures
Biological Control

Use of Dense crazy ant (Anoplolepislongipes), population to drive out bot ki
of mirid kinds

Chemical controls

8 g a.i/ha lambda cyhalothrin 12 g a.i./ha decamethrin 25

a.i./na propoxur (Unden) Og
— “ n _*T\\
"45 ml “Decis/ Cymbush 2.5% EC ggv%PU"de" 28 ml “Karate" 2535
2 ml surfactant 2 ml surfactant
' 2 ml surfactant
i 50m! sticker 50 ml sticker

50 ml sticker

10 L water 10'L water
‘ 10 L water
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. \ife cycle of caterpillar Figure 8 20 i
e 81" ’ 0 Coestr vy

Figure 8.21: Bagworms and damage Figure 8.2 Leaf rofler Sarage
pamage and Economic Importance
Most caterpillars are important pests of cocoa through Papua New Gurea
They eat soft, flush leaves and shoots or sometimes hardened leaves

severe defoliation by caterpillars slows/retards growth or maformaton » sea=
on young trees and causes yield decline on mature trees

Ifthere is pest outbreak, it is isolated and short- lived, not be necessa~
economical to apply control measures
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Controls measures
Chemical controls

Acephate (0.3%) 350g a.i./ha 0.6%
a.i./ha

= 5 75 mi®
40 g “Orthene 75 ml “Sg .
g Plene™ g5

2 ml surfactant 2mi Surfactang
50 mi sticker 50 ml sticker
10 L water 10 L water
0.007% Pyrethroid at 8g a.i./ha 0.3% Piri
3% Pirim:
330 g a.i/ha ° '"m'ph°S-methyi at
28 ml “Decis"/ “Karate” 2.5% EC 60 ml “Acteljic®
2 ml surfactant 2 ml surfactant
50 ml sticker 50 ml sticker
10 L water 10 L water
]

Cultural control

QOutbreaks are associated with some types of shade trees,
Leucaenaleucocephale is often associated with severe caterpillar problems in th
=

country
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Figure 8.23: A grey weevil adult  Figure 8.24: Life cycle of Grey Weew

pamage and Economic Importance

Important pest of young cocoa in Papua New Guinea

Adult chew on growing stems, petioles and leaves of cocoa and Gincicia shace

Damage stunts or even kills cocoa seedlings and Gliricidia shade trees

~d
0

Does most damage in dry weather on blocks that have poor soils and 1s
weeds and not much shade

Cultural control

Increase shade, weeding and mulching
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Biological

The use of crazy ants
Controls measures
Chemical controls

0.007% a.i. Pyrethroid Carbofuran (1o,
o)

r

| 28 ml Decis/ Karate/Cymbush 2 5% Eg
2 ml surfactant
50 ml sticker

10 L water

10 gm “Furadan” 10% granules at 6 months after plant
nting
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» 8.25: pansepta adult moth Figure 8.26: Life Cycle of Panserta
Figure ==

Figure 8.27: Pansepta damagesymptoms Figure8.28: Cocoa branch spitogen
show Panseptaandchanneland webs on a cocoabranch
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Economical Importance

pamage and

sark of main branches of young cocoa g
n

d tern,].

hes O d on the wood whi
branches ¢ fma coa to fee ich tum to n
_ it will die back from the tip to the 'OCatigrow Poon) ;il
around jorquette region or main b Mage
f the main pod bearing branches, or even tre ranch
tip dieback, spoiling the canopy. D amage(ie death
s. Main branches and sometimes truck of(;ocoa
OUng

rees. nng@ barking
es ¢

On youngd t
cause the loss O
can cause severe
produced fewer pod

killed

trees

Biological control

Cray ant (Anoplo|epislongipes) population living in the cocoa will
contro|

webworms

Cultural Control

Have enough Shade and never leave young cocoa trees without sh
Shade

Controls measures

Chemical controls

Dimethoate (0.2%) Dimeth
ethoate (0
6%)

-
7 -
0 ml “Rogor” 30 EC 210 ml “Rogor 30 EG

Or 50 ml “Rogor” 40 EC?
Or 150 ml “Rogor” 40 £C?

2 ml surfactant
2 ml surfactant

50 ml sticker 50 ml st
ml sticker

' 10 L water 10 L
water

bs

I
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e

Figure 8.31: Cocoa tree trunk cut open to show Giant Temite damage

Atermite colony consists of one re

productive queen, a male. sggs. nympns. and
many soldiers.
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pamage and economic importance

es feed on IVind wood inside the truck and main brancheg
s .
e

Termit .
or economic pest

trees Itis @ min 00"%

Cultural control
prune and remove dead wood. Coconut most suitable shade

Controls measures

Chemical controls

Decamethrin (0.007%) L.C
(0.007%) Yhalothrin

e
28 ml Decis 2.5% EC

28 ml Karate 5 59
M/

|
|
2 mi surfactant 1
E 2 ml surfactant

10 L water
10 L water

Cypermethrin (0.007%) Chlorpyrephos(0.5%

25 ml Lorsban 50

-
28 ml Cymbush 2.5% EC
% EC

2 ml surfactant 2 ml surfactant

10 ml water L
| 10 ml water

-
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of gconomical Pest

G(OUP
ofn tip porer

o

ngic

8.32: Oxymagisadult

Figure Figure 833 i

Fi . :
anﬂi gg‘é Iéonglcorn Tip Borer Figure 8.35: Symptoms and exit hoe
~90: Locoa branch cut open to show Oxymagistarva and channel
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Damage and Economical Importance

Larvae bore into the thin outer branches of cocoa treeg to f
sap wood. It is a minor pest €ed on the bi
h an

Cultural Control

Prune off infected branches to a point 30cm below the lowes
be burned to kil larvae, pupae and emerged adults resting | Uexist
Combined with other management practices nsi

Ole
de -P

4.2: Rhyparid beetle or shot hole beetle

Figure 8.37: Rhyparidadult Figure8.38: Life cycle of Rhyparid
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39: Rhyparld “shot hole” damage 0N yourg coosa
7 eaves

™ f-eating b
|eaf-eating beetle pest of

oSt O cocoa. Aduts
is tl"l";I ”;u h leaves: Repeated feeding damage produces 2 chew smal e
holelza where 162 aves can be covered with holes. Exc fm%’ ot o
thew grthh and reduce yield mostly on young cocoa less maneed;‘g damage car
slo o per in cocoa, causing considerable damage to flush ree years Jar,
Iaergwor d uring periods of prolonged dry weather, which leaves Found o
b t. Onyoung up to about three years old, heavy and‘w S larval
defohatloﬂ can slow growth and reduce yield. Both young and repeatec

ithstan nd some de foliation before yield is affected. nature rses can
ntrol

A number of Trinitario cocoa clones show some resistance

cultural Co

caves of these clones probably have a taste that Rhyparids co
not ke

L
giological Control

ol by Cray ants (Anoplolepislongipes)

It is contr
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Chemical controls
0.6% Carbaryl al @50 g a.i/ha
380 gai’ha

40 g *Orthene 75 1

2 mi surfactant

50 ml sticker
e

0.007% Pyrethroid at 8 g a.i./ha
methyl at 330 g a.i/ha

e
28 ml “Decis” or “Karate” 2.5 % EC
2 ml surfactant

50 ml sticker

4.3: Husk borer

Fusariumsolani, Fusariumdecemcellulare, Gliocladiumroseum

Figure 8.40: Cocoa pod showing damage caused.
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onomic mportance

-

inside the cocoa pods 1o feed on g ., 4
'y, ‘-f»f/u f e - -
'8«

s fungal diseases 0 invade the g

004 ard erg
%Ofthef'f()p f")plrnq A Tea e e

3 Wt 4 "f

e
Tnf"damage a5 1 high % 50

i
50
45€ cur only when the fungal dises
’ mic Ioss 0c 348 312 pregary

0
E(,or‘ ol

ogc?! contf |
glo ( Anop|olepisfongipes) is used

HeAT ar

oY an!

ontroté 5 measures
ica Icontrols

em!
o halo thrin (0. 007%) 8 g a.ilha Deftamethvir <

Lambd?1293|lha dformadrr
0.
jrbush” 25% EC

08 i
28 mi 'Karage'z; PR —

2 mi surfactant

ml surfactant

|
}

i 10 L water
50 ml sticker | .
50 mi sticker 10 L water

Propoxur (0.2%) 250 g a.i./ha

45 ml “Unden” 50 WP
2 ml surfactant
50 ml sticker

10 L waters
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4.4: Root chafer pests

FR
. F} W= 'ﬁ&

Aduh

Figure 8.41: Life cycle of Root Chafer Figure 8.42: Cocoa seedling roots
damaged by larvae

Damage and Economic Importance

It is an important pest of young cocoa plants in Papua New Guinea. Larvae feeq
on roots of cocoa tree of any size. When the grub chews and ring bark the
taproot of a young seedling, the plant dies. Enough root chafers present, can kil
every seedling in a newly planted cocoa block. It is often bad when cocoa is
planted on or near the site of an old food garden.
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Figure 8.43: Coffee stem borer aduft Figurs 3 44

Coffee stem porer larva and channel

Figure8.45: Life cycle of Coffee Stem Borer
pamage and Economic Importance
itis a serious pest of cocoa in Papua New Guinea. Larvae cause damage &y
boring into the trunk and main branches of young cocoa trees 1o feec on e
wood. Damage branches may grow poorly, die back from the tip, or breax

If bores into the truck of a seedling that is less than one year oid. stoopng o™
growing properly the part of the tree above the damage, may die. Causes
extensive damage on cocoa trees
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Controls measures

Recommended control

Through prune damaged branch off about 30cm below the lowest
' 0

bumn it to kill the grubs and pupae B
Ng
the tree should be stumped (cut off) about 9 .
M aboyg the

Utlet hole

If tree is damaged.
ground

Chemical controls

1.5% a.i. Dichlorvos

D ——
30 ml “Nuvan 50"
2 ml surfactant

1 L water

4.6: Mealy Bug Pests of Cocoa

Figure 8.46: Mealy bugs feeding on apod Figure 8.47: Mealy bu :
seedling y bugs feeding on 5

The mealy bug, Planococcuspacificus (Hemiptera: Pseudococcidae), is a minor

pest of cocoa in Papua New Guinea. Adults and nymphs feed
pods, and flower cushions, ymp on cocoa shoots,
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Figure 8.48: Life cyeig o Mezty 5

mic Importance

g and Econo

d nymphs feed on co
cof est. AdU'tS an N
od or die, pods and flower cushions bacome

am
med o stunt

doa ot of damage on cocoa seediings in the nursery. Wren -
It ca?,ers can attack young pods, pods become def e Vz |
nurymweather the numbers can increase significantly “and"'ed o ey

Controls measures

Chemical controls

Malathion (0.1 5%)

730 ml Malathion 50 |
100 ml white oil
2 ml surfactant
50 ml sticker

10 L water
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4.7: Thrips

5\
Figure 8.49: Thrips damage to cocoa

Damage and Economic Importance

It is a minor pest in Papua New Guinea. Activities mainly during dry w
enough shade and growing in poor-nutrient deficient soils with high we

e O

competition. Adults and nymphs suck from the Leaves of young cocog seeq

Severe prolong damage causes the leaves to tumn yellow and fal| off can g|
growth or kill a young seedling. Tree over 9 to 12 months old rarely suffers ow

economic damage

Controls measures

Shade levels, soil fertility and weed control. Wet weather reduces pest NUmbe
rs

Chemical controls

Acephate (0.3%) Malathion (0.15%)
40 g Orthene 75 \ 30 ml Malathion 50
2 ml surfactant l 2 ml surfactant
50 ml sticker | 50 ml sticker
+
10 L water { 10 L water
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(0'007%) ambda-cyhalothrin (0.007%,
007%)

, amrln
» - 08 ml Karate

ol 0
m o 2 mi surfactant
gl st

50 ml stic
| stioke” o
B 10 L water

v
i EC nomical 87°P

Vertebfate pes

amage from cats, flying foxes and parrots ca




TEACHING STRATEGIES

1.

L% I % T

Do &

Inn'oducﬂonrMo!ivation

Do vou know some economic and some common pest
S in

What do you know happened to the cocoa industw in the ENG

i ?
Do you know wan insect caused the traumatic drop NBp'?

Production in the ENBP?

Which Province is NOW the largest Cocoa Producer?

Which Province is the Second Largest Cocoa Prodyc

Name the most serious threat to the cocoa indUStry inelgNG
?

2. BodleontentlSubject Matter

Bwon =

Teacher to introduce the idea of an economic pest

Definite the term pest!

Study five most important pest of cocoa in PNG

Students to be grouped and each study a pest .

present to the class (Use pictures of pgst, ?ts daasn?aprQJF-th an

control measures, and discuss its economic signiﬂcage' life cye ,

cocoa industry in PNG) Nnce to the

Get students in groups to conduct economic survey and gng
alysis

3. Closure

Student presentations using available media and discuss

presentations
Use the presentation charts, tables and illustration for display in th
e

class.
Award marks to best groups and display
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Gﬂvltles

wd”n' o Insect pests |
5 ) gtate five Ins€C pests in order of acrype,
A LN

r orre
0 ar s

e

-
P

-~ ipe and demon
b) Descr strate the Control tacr -
achninies

pemonstrate and get students '
techniques to camry out cremics o

Demonstrate the importan
_ ce of
orotective procedures of Safety by usirg acoroonas
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e) Draw the life ©

vcle of the Cocoa Pod Borer p
part est ang I
QQCh

A The main insect pest and specific management
men
dat;

" Control T
Marks

//,_J/
g) Practical - Insect Collection Activity
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UNIT 9: DISEASE Comrpg,




Introduction

Disease i1s one of main reasons for losses in cocoa Production
widespread cocoa diseases in PNG are Black Pod ang Stem C S Serig
diseases are caused by the fungus Phytophthora. Vascular Stranker' Us
(VSD) is caused by another fungus O“CObaSidiumtheobrOmae eik D ebag
diseases that regularly destroy up to 40% of cocoa crop. To pge her
diseases, growers need to able to recognize disease the diSeaS:ble onty
organism. the symptoms, understand the life cycle and how the d,CaUSa| ol
organisms can be best controlled and managed. This an areg Whlseases
will appreciate the importance of controlling diseases for better yiere' 5
production eld jp Coc

Learning Outcomes
At the end of the unit, the students can:

A. ldentify the disease

B. Describe the lifecycle

C. Explain the usefulness of the Pathogen — Host- Environme t

D. Describe the four methods used to prevent disease develon' !
controlling them if they do get established Pin

E. List and describe the most important diseases of cocoa in p
caused by fungus/fungi.

F. Demonstrate the control measures of the disease

Nteractiq
n
9 and/oy

NG are
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-

nt Interaction Usefyl rrodel anse,

"J.'fja

agement

— DESTS & DISEASES

Ppr/VSD/Pink disease/CPB

9.1: Pathogen-Host-Environment Disease Trange

Figure




Important Points

Disrupt Pest & Disease cycle at weakest link

Environment discriminately favourable for cocog

Build plant health through removal of stress factérs

Enable cocoa trees both in time & space to W“hstand

pressure to enhance realization of maximum Potentia| est g d'sﬁas
8

AW

For disease to occur, all three components must be Present
host organism to feed on and it needs an environment th .
Pathogens often depend on the environment to provide
organism such as an insect or some factor such as win

ho
at suitg its "fg:

& Vector (angy, Cle.
dor rainfall) 1o er

their host Ca to
Factors interacting between host, pathogen and environm
how serious a disease is: snt determine
1. Population of the pathogen inhabiting a single host
2. Aggressiveness of the pathogen-the pathogen’s ability ¢
host sick © Make 5 healt,
3. Host susceptibility-ability of host to resist or tolerate the Y
pathogen Presence of the

4. Suitability of the environment for the pathogen
5. Suitability of the environment for the host
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W

Figure g.4: Cocoa plants not producing to maximum potenta:

crop loss at different Stage:

e 1: Flower stage

Stag

1. 50 ++ flowers procucec
per cushion, onfy 3% are
2% develop 10 DOCS
2. Lossesarecue 0
- failed pollination
- Natural eliminaton
- Weather changes
- Pests & diseases

Figure 9.5: Flower stage-
From flower formation,



Stage 2: Cherelle

Figure 9.6: Cherelle
Stage 3: Immature pod stage

_— =

10 % of losses
' OcCcurre
Suitable stage for Plg'
- Naturg| elimination, °% g
- Pests ang diseases

Figure 9.7: Immature pod stage: very
young pods 9-16 weeks old. Immature

Stage 4: Mature Pod

19% reaches maturity

- Most losses due to
Pests & diseases
CPB 80 -90%

Ppr 1.2%

* On 16.48 % of the
initial flowering
reaches ripening

——

Figures 9.8 &9.9: Pods between 17 t0 26 weeks old- mature beans
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se devel
4to prevem disea eloping andiar O hie B

us®
o o9
f p modﬁ
aQ”'atory I
1. R enforceable by 1aw) (o prevent materst cortam e ..,

Measurea thogen begin transported from one area Fat eess .
with au?ar disease to another area which does ot ler R
ic

d approach to control disease involving

. ing into contact with and rfacsn- -
ing pathogen coming ! : 3G rlecing corcs
2) F’re\relf)1t nga aging the block s the emvronment 5 urtays v

for the pathogen

. tinq the pathogen
radicating b
FE?edUCing susceptibility of cocoa by selecting rasistart -z .

ial
mater! block so needs of the block of trees ars =ors ., =a

agind '
mg:aging the block so environment favours micro-crzansm
° antagonistic to pathogen

5, Biologica!

sceptibility of the cocoa plant to the pathogen

educing su ! N
R ducing other micro-organism that are enemes of "e

b) Directly intro

pathogen :
¢) Use different genotypes pest that are less suscepttie 1o e camoges

4. Chemical

a) Seek to remove pathogen from the ‘disease tiangie
b) Are toxic to the pathogen

Itis useful to have an understanding of epidemiology (process of how 3 osease
spreads through a population of host organism) to decide which conta me™.
to use for each particular disease

Most Important diseases of cocoa in PNG are caused by fungusfung:
Fungl thrive in dark and damp conditions

Im
po§:]rt§?nt to keep inoculum levels (the source of new infectons as ‘0w s
6.
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Can be achieved by:

1. Ensuring correct cocoa density by using the appropr,
Managing shade density to achieve a maximum of 7'53(}3 Spacin
penetration by regular pruning of cocoa and shg de t Yo- % SQ
Ongoing control of weeds rees Uhlighl
Regular attention to sanitation practices such as
and pruning of disease branches

ra

& w

hooking dlsease
d Pogg
Specific Diseases of Cocoa in PNG

Seedling and Budding Blight Diseases

Introduction

The main disease risk young cocoa trees face in the nurse

budding blight caused by Phytophthora Vs seedling ang

The same pathogen causes black pod, canker, chupon b
Cherella Wilt. Seedling blight can cause very serious lossg
season when environmental conditions suit this disease

ght ang Probap
es, particularly in ::0;“&
e

How seedling Blight Spreads. The fungal spores (seeds) are 5

contaminated soil to fill sowing bags Plasheg Up from

Risk of infection depends on the source of soil used to fill bg
rainfall

9% and the ameyp; of
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palmivora) |
"ghf ( Phyfophfhafa ) in a nursery
B
g

dllr'

56

50 dling Blight - dark brown spots spread quickly
10:

diing , ,
5ee highly susceptible to the pathogen as its fissues ars 3o 3

oS p|an;5a oy medium for fungal hyphae (fungus roots) to grow ntg e

" ovide an o Sffects the young leaves and green stems of cocca seedlings ‘sae

gs25° O ually, brown spofs appear on the diseased gars of fe sescie
: he growing point. Finally, dry wilting 2ppears 2n¢ =e _,_;_

10.
ﬁgurzuickly spread o

controlling seedling blight

Using fungicides for preventative control
" Metalaxyl fungicide

idomil Plus 72 or 'Laxy Copper 1% - low and moderate arsas > 2

for high risk areas

9. Using fungicides for treatment control
As above

current control recommendation for blight seed soaking

a. Seed soaking
To make 1% metalaxyl solution:

i, Add 2 L water to container

i, Add 409 of metalaxyl powder to 2 'tre water
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il mix well well with a stirring stjck
Iv. Soak for five minutes then sow

_ Foliar spraying of seedli_ngsl |
b -A 0.5% metalaxyl solution is made by adding 50 am of
10 litre of water for 1500 seedlings m etalaxyl |
0

fine spray during the 2™ to 4" |eaf stages and Protectg
weeks where by the lower leaves should hardeneq off or 314 )

-plants showing symptoms be removed and burnt

Warning: Safety considerations when handling fungicides
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Dleli'ack (VSD)

on
duct' qused by caused by Oncobasidiuminey,,,,.

nd grows back into older tisgyea
rth a &m % hemen g

15 hyPN2°
nutnent and moisture supply vessais g 1 1,
Ig "'

Figure 9.11: V3D Infected seediing

of fungus that grow out onto the bark of diseased stems 22 —

How
white patches 0
fruiting bodies

j produces fungal ‘seeds’ called basidiospores. They are very sma

Fruifing podies and spore production only occur in wet and humic congtoms
guch as wet season

Spores carried from one plant to another by wind
Ultra violet light of the sun kills the spore, so only stay viable at nig~

ySD disease symptoms
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VSD - Fruiting bodies and rough bark

Figure 9.14: VSD - Split stems

The top one infected with VSD showing brown steaks and a healthy stem below

182
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n of nurseries and the use of ooy .
’ " o

catio -

. aw plantings in arezs .
(}o\é ysé 0 itting of new P 9 A e C R
A ppp’ na oment of Shade'to AN 0 5#2s g
80 ot MO planting densities ‘
pgemem and sanitan pruning
a

gure 9.15: Sanitary pruning of young trees affected 5y /30

Fi

tthe plant down !

he middle to see how far down the drowr sreas »
1.5p!
down-
odling off at an angle (so any rainwater wil nn of e =t i sas
the end of the brown streak and at least20 cm adove he gouns
h a solution of red or green copper to prevent entry of rot =

5, Cutthe €
30 cm belov_v
and paint wit

3, After some shoots have grown out to about 10 - 20 cm chocse e e so
oln the high side of the cut. Cut off the other shoots with a clean sha e

4 This will make sure the new shoot grows quickly over the cut

5, In a few months the join will be healed..6. If a shoot on the ‘ow sce = ™ =
s chosen, the cut will not heal quickly and
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Current control recommendations for VSD:
Warning:

Pruning out too much wood is not recommended. Thig will f,
trees Unther

Slress the
Main aim is to help the tree grow well so are more tolerant to dj
ISea

Control strategies: control of shade levels, cocoa plantin

canopy pruning will also reduce risks of other disease, SuChensilies
Pod Rot and Pink Disease as Phytomhor
a

Pink disease of cocoa
Introduction
The fungus Corticiumsalmoni color causes Pink disease

Can be very serious for cocoa tree in the field between the ages of 1
and 5 years 9 Months

How pink disease spreads

Apart from cocoa, occurs on a wide range of other trees suc
citrus, jackfruit, avocado, leucaena

h as rubber, Coffeg
Like disease first transferred to cocoa from some of these hosts

Pink disease symptoms

Practical activity

Controlling pink diseases
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Figure 9.18: Final stage of Pink disease -damage and deatr of

2. Chemical control

currently there is no chemical strongly recommended for controing re
disease in cocoa trees. Current control recommendatons for pink dsease

Small holders

Farmers musts prune branch off 30 cm beyond where the fungus can de seer
growing. Cut branches should be burnt

Large branches, jorquette and stem-apply the fungic:dal paint Mac.orax
(10%) over the affected area and 30 cm beyond its visidie 8dges
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Large areas/ plantations

Preventative spravs should be applied all over each tree gy
dunng the wet season ery 4 4 8

Weeks

One of the following 2% copper-based fungicides sprgay,
Can

. b
a) 2% cuprous oxide (‘Copper Sandoz') ¢ USQQ:
b) 2% copper oxychloride (it is important
grade material) 1 only Use high
c) Ready-activated Bordeaux mixture such gg

d) Freshly made ‘Bordeaux mixture'. 1 g r

acy
kg coppey o1

1.6 kg quicklime (or 2.4 kg slaked lime ul 2y,

as the following recipe: ). 200 litreg Oif’aatel

Steps: ater
1. First dissolve the copper sulphate in 50 litres of water

2. Mix the line in with the other 150 litres of water
3. This will produce a suspension that is then straj

sieve ned thrC)l.lgh A fing
4. Add the copper sulphate solution to the lime mixty

vigorously. This mixture should be used as soon are. Stirrin

S Possih|e

Phytophthora pod rot disease

Phythophthora fungus is the main cause of Black Pod Disease of

throughout the world Cocog

There are several species of Phytophthra. Most serious diseage of

PNG with losses ranging from 15-40% or higher if rainfall is high Cocoa i

Infection:

First appears as a brown spot on the pod. It continues to extend over the
whole pod within a week. Pods can be infected at all stages of the
development
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Figure 9.19: Phytophthora Pod Rot

pod Rot Ssymptoms

oP i conditions that suit the fungus, pods can 5
ph he We {'rddgsrer;opment although n;ocus%es ;nfay be parial rfacta z
Undefage of the! setting- Phytophthora infection Chereq[gs e
anY."f:,naI ﬂowf?raﬂ Cherelles wilt only qunng the fe'w days tiakes for o
0d ysiolo9C Stely turn black. With physiological wilt. thers is 2 gerery
fior gnes to Gorglﬁ’ow band in front of the brown margin befors the
cher wing O ° ° 1\ necrotic, while with the Figure 10.19 Compari - 'e':*‘ls
ellome generd y, infection, there 1S no yellowing. Sometimes s cawit oo
pec0 |ogi-funga pottom can be due to another fungus C v

0 ‘ '
phys! nd bla‘::pﬂgi(s on immature podsence is shown in Figurs 10.13 - =s

a - -
orrow) SY s aborted due to physiological wilt and the botiom —w 32
ot are cherele with Black Pod.
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How Spore spreads

Spores can be from any part of an infected tree, i.e. podg stem
cushion or young leaves and shoots. Cankers f

Ow

er
Soil is the initial and main source of Phytophthora inoculum

ZOOSPORES SPO
-&& ndirect
Q
_& ~
encystment 00
OOO

RANGIUM

Fermmination homotholr.c
ﬂ
§O — 1
heterothalhc |
CHLAMYDOSPORE a2’ 1

MYCELIUM

Figure 8.20: C.i. Phytophthora life cycle: at cellular level
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Figure 9.22: Phytophthora causing chupon biight

1The use of resistant planting material: Using resistant planting matena s an
important component in the overall strategy for controlling Black Pod. Some
warieties of cocoa have some resistance to black pod. Since the reiease of
heSG2 hybrid in the 1990s all the budding that come from CCRI are relatvedy
reslstant, as are the parent trees used to produce hybrid seeds. However, he
sarlier SG1 hybrid cocoa has little resistance to Black Pod. It was procuced fom
nine crosses between Tinitario (male) and Amazonian (female) parents selectad
malnly for resistance to VSD. SG2 material was selected from 16 crosses
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the same VSD resistant popy ti
Parents were selected from : esis| ation g
n::nts. but selection emphasised tht_e ;:omblnAatlon of YSD resistar:;: SQ 1
parent) and Phytophthora pod rot resistance ( Mazonian parent), (T””“ang
Controlling phytophthora pod rot

As management strategies for controlling other fungal diseagq
S

Cultural control

Use of resistant planting material

Shade management

Appropriate planting densities

Canopy management and pruning warning. Avoid Severe pryp;

flush, flowing or early pod development as it may reduce yjg, q anlg dLIring
5. Sanitation ot

FNERENE

Chemical control

Used only as a last resort

Knapsack sprayers

Pressure Sprayers are more cost effective than motorize

d knapsack mist
as lower rate of chemicals used and spray directed mo

b|0Wers
ré accurately at po
cherelles

ds anq
Current control recommendation for Ppr
Fungicide: Two kinds recommended for the control of Black Pod:

1. 0.3% metalacyl (Ridomil plus 72 or Laxly Copper
Mix 30 grams of metalaxyl fungicide and 5ml*

of sticker in 10 L Water

(Treating bark cankers with a paint of metala

xyl mixed at a rate of 200g in 10
litres of water helps control Black Pod too).

2.' 2% cuprous oxide. (
' Mix 200 g of cuprou

| I

‘Copper Nordox’ or Copper Sandoz')
s oxide fungicide and 5mI* of sticker in 10 L of water

Warning:

Fungicides are poisonous so care must be taken. Wear rubber gloves, a dust
mask and an eye

-shield. If mixture gets on your skin, wash it off immediately with
soap and water
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ray
0P ths
ef wetter mon
Use 4 usually recommended as it has a low volume aggicatior w0 T4
Noﬂlest 5 spray angle of 80 degrees. For more acute angle. T/ rrzz0e 4o
av
ﬂoﬂlegrees can be used

g0 de Table 9.1: spraying time for different tree a0es

1 Spraying time per ree /secn-rs

'\ 15 I

| 25 -

130 -

140 S

50

60 o

Volume application rate depends on how many trees per ~ectars anc age
trees, i.e. how long to be sprayed

Other control measures

Introduce crazy ants to drive tent-building ants away
Bark canker
Is an infectious fungal disease of cocoa trees causac by Phyioorora ca ™o

(also causes black pod). Can infect and kill cocoa trees of any age manvy rees
over 10 years,
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Bark canker symptoms

Figure 9.23: A bark canker from Phytopthora infection Figure9.24; The
same canker after scraping

How trees get bark canker

1. Mechanical damage

2. Infected chupons

3. Black pods

4. Insect damage

5. Apparently undamaged bark

Control measures

1. Control by improved management
2. Chemical contro|

3. Resistance- planting material- some SG2 hybrid clones do have
reasonable resistance
Root rot disease

Caused by different types of fungi

It can attack many types of treeg includin iricidi
. g Leucaena and Gliricidia-
Most Important root diseases in PNG s

i " are White Root
Rigidoporuslignosys fungus and Brg Rot caused by the
fungus

" Root Rot causeq by the Phellinusnoxius

192

shade trees.

/ i i affected root coftar
i 9.25: Brown Root Rot (Phellmusno;aus_) showing an t ook
Ellg::z 9.26: Root Rot disease - leave§ onan !nfec(eq tree. Figure 8.3.21 White
Root Rot (Rigodoporuslignosus) showing fruiting bodies

Brown Root Rot: The roots are covered with a hard, brittle crust of soil heid oy
dried fluid that seeps

i i ing fruiting bodies
Figure 9.27: White Root Rot, (Rigodoporuslignosus) showing

How root rot disease spread

iting bodies of the fungus. As the
. ts released by fruiting

rried in air curren slowly down the stump
Spores aredcaon freshly cut surface of a host tr:tla(;cgkr:“:fer :’g\e fgure 928
spores Ianfs ding on the wood. For replanted
into roots, fee!

below for a replanted block
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Bark canker symptoms

Figure 9.23: A bark canker from Phytopthora infection Fi
same canker after scraping

How trees get bark canker

Mechanical damage
Infected chupons

Black pods

Insect damage

Apparently undamaged bark

RN

Control measures

1. Control by improved management
2. Chemical control

3. Resistance- planting material- some SG2 hybrid clones do have
reasonable resistance

Root rot disease
Caused by different types of fungi

It can attack many types of trees including Leucaena and Gliricidia- shade trees.
Most important root diseases in PNG are White Root Rot caused by the

Rigidoporuslignosus fungus and Brown Root Rot caused by the Phellinusnoxius
fungus
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Figure 9.25: Brown Root Rot (Phellinusnoxius) showing an affected root cokar
Figure 9.26: Root Rot disease - leaves on an infected tree. Figure 8.3 21

Root Rot (Rigodoporuslignosus) showi i

Brown Root Rot: The roots are covered with a hard, britie crust of soi heid by
dried fluid that seeps

Figure 9.27: White Root Rot, (Rigodoporuslignosus) showing fruting bodes
How root rot disease spread

Spores are carried in air currents released by fruiting bodies of the fungus As the
spores lands on freshly cut surface of a host tree, grows slowly down the stump
into roots, feeding on the wood. For replanted blocks refer to the figure 9 28
below for a replanted block

193




-— mne.ar T T AdRe o
ines T wrde r e el

Ty =2
L‘:_\_;-‘:'_a - Spore=

9.28: Spread of Root Rot Disease in a replanted cocoa blgck

Figure

Disease control

Disease tree is dug out straight away- Get out all main roots plus any old stump,

nearby and be burnt

Painting the cut surfaces with one of the following mixtures:

« Mix one part of Garlon with 60 parts of diesel fuel. Add three parts of req
copper (‘Sandoz’) or green COpper (‘Cuprox’ or other brand) to 100 parts

of the Garlon/ diesel fuel mixture
= Mix red or green copper with diesel fuel or old engine oil. Add three parts

of copper to 100 parts of diesel fuel or engine oil

Waming: Care must be taken. Wear rubber gloves, a dust mask and an eye-
shield. If mixture gets on your skin, wash it off immediately with soap and water

Thread blight disease

Is a disease often seen in older, poorly managed cocoa with too much shade.
There are two types thread blight disease attack cocoa in PNG:

1. White Thread Blight caused by fungus Mrasmiusscandens
2. Horse Hair Blight caused by fungus Marasmiusequicrinus
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U nread but indicates the block is not well management especially
- nanageme"

Figure 9.29: White Thread Blight (Marasmiusscandens) Figure 230 Horse ~ar
Blight (Marasmiusequicrinus)

Symptoms

A typical symptom of both pests is the thread like structures growing over
infected tree plants.

White Thread Blight is characterized by white mycelia (thread-like structures of
the fungus) spreading over leaves, petioles and branches as shown n

Figure10.30. It leads to the death of the leaves which remain hanging from the
branches by the threads

Horse Hair Blight forms a black tangle of threads through the cocoa canopy. but
does not kill the leave

How thread blight spreads

Found in blocks with thick, un-pruned canopies where cocoa branches interiock
and the trees are heavily over-shaded
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Control
levels to reduce humidity

g and reduction of shade
ear rubber gloves, a dust mask ang
n, wash it off immediately with soap :n eye.
nd w
ater

Regular prunin
 be taken. W

Wwaming: Care mus
ts on your ski

shield. If mixture ge
ease not present in Papua New Guinea

Serious cocod dis

Frusong oody of

fhe WaCHes
Bolvea.

Photo H Evans © :mm

Figure 9.33: Cocoa witches room
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coom disease (Cnmpelllspermaosa )

c mes f rom Amazon basin and spread to many South American Centra
0 v RS arira

Ameﬂcan an

Monmopmhora pod rot (Moniliophthoraroreri)

d West Indies countries

-

gometimes known as ‘Moniliaroreri’ or Monilia Pod Rot or Frost Ses D
Wl _4?, ..--/- _,_-.

ccurs in the north western regi :
0 region of South America and soutre 227 f .

-
s o -

America

regular dark brown spots develop on the pods whcn 2.2
the whole surface a3’y o oy

197

\§




Teaching strategies

A) IntroductionlMotivation

a) Do you know some economic and some common
in PNG? diseage,
p) Name the mos

PNG?
c) Bring to the class samples of some disease foung
on t

cocoa tree from the school and examine them with ;
S “dent
S

t serious threat of disease to cocoa i
'ndUSt ;
)

B) BodyIContentISubject Matter

Teacher to introduce the idea of an economic dj
PNG cocoa industry Mic diseaseg of
Discuss, what do you know about the term dis
Discuss cocoa disease as a parasite! casel
Study five most important diseases of cocoa i
co
S'tudents to be grouped and each study a S?gI:ifPNG
d!sease asa groject and present to the class (U]Cant
pictures of major disease, its damage, life cycle se
measures, and discuss its economic significan - control
cocoa industry in PNG) Ce to the
f Get students in groups to conduct ec i
. onom
cocoa disease and analysis their impact orl\ctr?é;J %Z\(Jotf
Stry

a.

eoooT

C) Closure

a. Student presentations using available media and discuss

presentations
b. Use the presentation charts, tables and illustration for display in th
n the

class.
c. Award marks to best groups and display
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cﬂ\ﬂﬂes

t
5wd°" 1. State fiv
PNG

o cocoa diseases in order of economic importance in

». Describe and demonstrate the environmentaly frendly
control technigues

—

aimp—————

e ———

3. Demonstrate and get students 1 carmy out chemeca SorTd
techniques (i.e. Correct mixing. spraying anc sa‘e%y
procedures

4. Demonstrate the importance of Safety Dy using aporoorass
protective clothes and procedurss

5. Discuss one of the major diseases of cocoa anc prowvioe
illustrations and graphics to show therr signficance i ™e
cocoa industry in PNG
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Major Diseases\

6. The main insect pest and specific mang
: e
recommendation 9ment

| Control

i

‘Marks

—

7. Practical - Do a disease collection Activity
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Introduction

The main aim of cocoa block management is to maximize

1. Early growth to obtain high early yields
2. Sustained peak yields with good management and good soi| conditig
ns

The agronomy of cocoa is more complex than of some other crops |
palm. There is very strong interaction between nutrition and othe, like o)
agronomic factors. Example, the use of nutrients by cocoa treeg
decreases with increasing overhead shade. Nutrition should not pe
limiting factor for achieving high yield. Fertilizer use is important for a
maximizing yields in many cocoa growing areas in Papua New Guineg

Environments that are suitable for cocoa growing in Papua New Guinea has
been categorized into 29 agro- ecological zones (AEZ) based on:

1.
2
3
4.
5
6

Land form

. Soil drainage
. Slope gradient

Inundation (flooding)

. Water retention
. Annual rainfall (see Hanson, et al 1998).

Classifications are on a national scale and are not sensitive enough to identity
small pockets of land in which cocoa may grow well. This unit covers practices
where students can realized the importance of soil management
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arﬂ"‘g Outcomes
Le

the completion of the unit, the students can-
At
A, State what is involved in Soil management
g. List and describe Types of erasion
c' Explain causes of erosion

D. Describe 80il conservation methods
E. List types of fertilizers and their uses

content

Soil management
1. Land under undisturbed forest or grass is protected from e moac:
rainfall

2. Good structure of the topsoil and the prasance of leaf imer glow most
rainfall. To infiltrate (soak into) the sail 50 that #hers e run off

Soil Erosion

Clearing and cultivating land expose the soil to battenng effect of rancroes
which break down soil aggregates and seal soil surface. The movemans ~
rainwater into the soil is reduced and run of increased )eacing 1o erosion

Types of erosion

/_(’C:\:J_'v
\_g-/
I

AN
l|.|'|.l

Figure 10.1: Types of Erosion
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Starts with the movement of water over the soil surface

E:an end with creation of deep gullies or collapse of river banks
Different types represent successive stages in a process rather than
separate events

W N =

Types of Erosion

1. Sheet Erosion or Splash Erosion

e implies the uniform removal of soil particles by the even
thﬁi:r:;g:&?%vate: Much erosion, the r'esult of the run off that is not mo\;’sw of
fast enough to transport soil particles. Th.IS has the ability to transport s that
comes from turbulence produced by the impact of large raindrops. This effe o
raindrops and importance in breaking down soil aggregates into smaller Particleg
some refer to as splash erosion '

2. Rill or Shoe String Erosion

As sheet/ splash erosion proceeds, small channels appear. Run off Concentrate
in these channels giving rise to rill or shoe string erosion

Gully Erosion

If the amount and speed of water is large enough to deepen and widen these
channels which leads to what is known as Gully erosion. Gullies also develop
from naturally occurring channels or from the channels caused by ploughing up
and down the slope, wheel nuts, cattle tracks or footpaths.

3. Head Erosion

When water begins to deepen a gully, a small water fall forms at its upper end
this leads to water flowing with increased speed causing head erosion. It results
in the gully gradually eating its way up to the top of the slope. The deepening of
the bed of the gully may lead to undercutting and curving in of banks. The
material that falls is quickly washed away, leaving vertical banks to be undercut
by the next floods. Flow of water over small depressions at the top of the banks
may lead to further head erosion and development of branches of gully. Once
started, gullies can become greatly enlarged very quickly

4. Stream bank erosion

Stream erosion is undermining and collapsing of banks due to river flow. It can
also result from surface run-off over edges of banks. When the land is cultivated
right up to the edge of rivers or streams stream erosion occurs. Agriculture
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are reqUifed to leave a strip of vegelation undisturted £ )|
ts

meters wide
0je¢ rivers/ streams o prevent stream erogue forpr

P ch side of the

6aC

7;);'"”;
caus® of erosion

rtant factors affecting soil erosion caused by water zrs %6 2oy
Ir.np(-)bution and intensity of rainfall. The higher the ntensay of raréss #.4 ~crs
drfr:ff'a" per minute, the greater volume (amount) of unc water ser urt sme o
::;her the SP‘?ed of run-off. Expen'rnent in Africa, protecting the bars soil we= sao
jayers of fly wire redu?ed §0|I erosion more than dense permanent grass
infrequent storms of high intensity can cause 2 higher proporsion o soi sr-cer
Erosion is usually worst in regions that have atemating wet 2n¢ =~ se2ecr+
than more evenly distributed rainfall where soil 5 usuzty ~os
First rain after a period of dry weather is likefy 1o cause much smsrr e =z

- -

factor is the frequency of high intensity storms: 1t ziso depenss ~

1. The slope and nature of land surace
2. The vegetation cover

3. The type and fertiity of the soil

4. The land use and farming practice

Prevention and control
Methods of prevention and control

Effective control of erosion requires use and treatment of vanous oes o anc
over the whole catchment area

The three major components are:

1. Suitable land use: Each type of land shouid only De used ‘or 2 ournose
for which it is suited without undue nsk of  erosion

2. Appropriate soil: Conserving methods of husbandry must de used on
each type of land. E.g. when ploughing is done plant along contours
and use cover crops when feasible

3. Where necessary, use suitable mechanical consenaton measures
such as silt pits or narrow-based ndge terraces
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1. Physical survey and classification of land

This is done with the objective of preparing an overall land-use plan in Which
conservation is the major component. Soll

The mapping of three land characteristics needed for soil Conservatiop,
purposes:

a) Soil Slope
b) Degree of erosion.
¢) Existing vegetation or land use can be mapped, necessary where

considerable erosion has already occurred and control require
reorganization and re-planning of land use

d) Establish and map land —capability classes, based on information
obtained in the survey and knowledge of local climate and a

> O 1 griculture.
Land —capability class will indicate suitability of an area for certain types
of crop and type of agronomic and mechanical conservation measyreg
needed

Further advice can be obtained from the Land Utilization Branch of the
Department of Agriculture and Livestock if needed.

2. Mechanical measures for soil conservation

Consist mostly of earth banks with channels above them, constructed at Suitable
intervals across the slope. These earth works break up the slope, catch the ryn-

off before it move with too much speed and divert water down safe grades to
suitable discharge points

1) Hillside ditch: The simplest form of conservation work
2) Narrow-based ridge terrace or contour ridge: A ridge of earth built along

a contour or slight grade (slope) with a channel on the lower side. Suitable for
fairly deep soils on moderate slopes of 10% to 20%

3) Broad-based terrace ridge: A much larger, but relatively lower ridge and a
shallow channel above it. Used mostly on arable land with moderate slope
and deep soils

4) Bench terrace: Oldest, consists of a series of steps cut into slope on the
contour with forward edges never cultivated. Used on very steep slopes and
water conservation and irrigation on less steeply sloping land

5) Modified bench terraces: Used in contour cultivation of tree crops on relatively
steep slope
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ench terraces. Known as platforms, §hon lengths of modiﬁed
idud! P&~ be prepared along contour lines before planting and
) [gnch terrac;’; m continuous terrace. Not usually very effective
oined UP t.c:‘s’ giversion ditches: May be needed in addition to terraces to
55t0fm ra; rerraced area from run-off from higher land. Relatively wide and
channels, with excavated earth placed on the lower side to make a
a"?;\:mal embankment. Both channel and bank are best protected by grass
subs
%’Jﬁétsz must be provided so that water discharged will not cause erosion
where
%lfr?er mechanical measures:

Logs can be placed atan angle across the slope to prevent water from
running straight downhill

b) A series of logs, placed so that water runs from the end of one a short
distance down to the next

c) Dig holes in the ground to act as silt raps at intervals to slow water fiow.
Can be lined with old metal drums to prevent sides collapsing

3. Agronomic measures for soil conservation

Mature cocoa is as good as undisturbed rainforest in protecting soil from heavy
rain and run-off

Reasons for prevention and control:

a) Loss topsoil and the decline in fertility accompanying erosion reduce crop
yields

b) Can also reduce the productivity of flatter land below the land that the
eroded soil came from, as the result of floods depositing large amount of
coarse sand or gravel

c) Water supplies can get worse as the result of soil erosion

d) Floodwater from streams resulting from run-off can damage water
supplies, roads, bridges, hydroelectric power installations and other
property over large areas.

Cocoa nutrient requirements
Reasons for applying fertilizer:

1. The amount of shade is important that a relationship exist between shade
and nutrient requirements.

2. The more shade, the lower the metabolic rate of the tree and thus the
lower the rate at which the tree will draw nutrients from the soil

3. The need to apply fertilizer will vary according to shade levels ‘

4. In heavier shade a cocoa tree needs less fertilizer and vice vérsa
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S. The standard of management (pest and disease, weed ¢

- W ontrol, shaq
control) also affects the response to applied fertilizer e
6. Fertilizers are a complement to good management, not a substimtef
or it

Cocoa is grown in PNG on a wide variety of soils of widely varying
suitability

General guide to cocoa soil requirements
1. Soil depth of at 1.5m so cocoa can develop a good root system ang ob
sufficient water and nutrients during the dry season tain

Soil texture is able to hold adequate moisture and be free draining,
Suitability of soils varies with climate and hence heavier soils arg

desirable where there is a strong dry season
Optimum soil pH is about 6.5, but a range from 4.5 to 7.5 can be tolerateq
by cocoa
Minimum soil nutrient levels should be:

1) Nitrogen > 0.2%

2) Phosphorus > 10 ppm

3) Base exchange capacity = 12.0 m.e/100 g soil

4) Calcium = 8.0 m.e/100 g soil

5) Magnesium = 2.0 m.e/100 g soi

6) Potassium = 0.24 m.e/100g soil

2.

Possibility of Nutrient Deficiencies

Nitrogen

1. In high light conditions
2. Induced by an interaction between nitrogen and phosphorous
3. Water logging

Phosphorous

1. Rarely a limiting factor

2. Level in leaves of adult cocoa trees gives a good indication of soil
phosphorous levels

Potassium

1. Natural deficiency in parts of New Ireland, New Britain and where soils

are derived from coralline material
2. Affected by soil pH

3. Low levels usually shown in leaves
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qut rlents like:

o’ '

) Su\pth

2. |Zr‘<r3‘: are detected by foliar symptoms or leaf analysis
3.

iderations:
imp°

4. \norganic fertilizers are quite expensive and cost of appiyng + < ~o-

. Soil suitability should be assessed through scil surveys sc
and chemical analysis to determine nutrients status of

- p——
> »
-

-

e 50

3. Fertilizer input should be based on soil analysis crop yeids shace
regime and age of cocoa tree

sampling for nutrient analysis
sSoil sampling

Soil sampiing patterns

| | =
| L7 A
,’ \ ,/ N l 1 .) I | =~
N . —
/ N/ \ i Iﬁ I -
/ v \ - |
1. Zigzag pattern 2 Oret
- ~ | ~ i ~
- ' Rl P e
- ~ | <
e ! Q\ l < | <~

3. Transect patterm

Source Peveril of ai T39S

Figure 10.2: Soil samphng pattems
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In well-managed plantations and small-holders blocks, it takes 6 Monthg aft
field plating. When no serious nutritional deficiencies, excesses or imba| o

an
second sample should be taken 3 years later and then every third yeg, o a

Sites where nutritional problems are identified, frequent sampling ang Sought
advice from an expert soil chemist is necessary.

Leaf Tissue Sampling

Sampling pattern for plant sample collection

777 \
Field m———
Y / /7 Y/

o e — . — . — — — — — —— —

Source: Reuter & Roblnsun. 193

Figure 10.3: Sampling pattern for plant sample collection

Leaf samples may be taken from trees that are 5 years old and older

Foliar analysis is most useful where there are unexplained growth or productivity
problems

Accuracy of leaf analysis depends on following standard method of collecting

samples as chemical content of leaves changes with ages and with degree of
exposure to sunlight

PNG Analytical Laboratories Ltd require the following procedures

1. Leaf sample must be representative of an area uniform in tree age,
variety, cultural treatments soil type and appearance
2. A single composite sample should not represent an area greater than 2 ha

3. Samples should be taken from suspected problem area and nearest good
area for comparison
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’t n . Samp\eS "')h()U'd be ’.Bkeq f"}m both Cr
4.

steps*
10 take samples,
gelect the third leaf on a branch where a new flush s 300Ut ' emerge
" Leaves will be completely hardened, exposed rather har non-vgorus
under canopy

3, Branches selected and petioles should be remove
4. Atleast 40 trees should be sampled to grie 40 ‘0 20 22/

-

\
(v

Types of fertilizer

50g/mature tree/application
10gi/seedling/application

Figure 10.4: Urea fertilizer and apphcabon
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Figure 10.5: NPK fertilizer and application

1. Nitrogen

2. Potassium

3. Trace Element Deficiencies
Timing of fertilizer application

Depends on weather patterns and the types of nutrients/fertilizers applied in the
Nursery

Only foliar feeds can be used to stimulate nursery growth

Young cocoa in the field is aided by well shaded establishment and properly
reduced
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- | 3 months

Period after field plantmg (months )

Recommended Fertilizer Application per tree for ez in the first 12
m onthS after field planting with very good or good management

8 month

| L
50g NPKMg \l S0gNPKMg  50g NPKMg 50 NSwig
150g rock PB | 15g urea or 15gurez 155 urez or
+15gureaD | 30g AS 30g AS

or 30g AS \ ’

|

30gtriple PB | + 15gUreaor 30gtrple ? =~ =« 755 L-az =

+ 15g Urea or \ 30g AS 15g Urea or 30g AS

30g AS | 30g AS

\ 0g DAPB | 30g DAP 30g DAP 30Gg DA

Ammoniu NPK Muriate Urea Ammoniurm NP MyUrars =3 Ao .- [Fy—
OR: m OR: -=
15:15:15 | Of sulphats 15.15:°3 or ST ane ¥ >coasr
sulphate potash octasn
60 60 \ \30 80 ES 200 x| &= I T 208
80 80 \ l 40 80 30 o = S -
100 100 \ \ 50 100 100 &0 0 — —
\ 120 \ ‘eo 120 120 & 120 s T
160 \160 \ 80 180 &0 1 R e T ee -
| I N S S | I L 8 - e ———
200 \ 200 \ ‘L 100 ' 200 200 100 20 2C
240 \ 240 \ \ 120 240 240 - T 120 a0 B 2 o
X 120 240 240 120 a0 2@
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squares (grams per tree)

Table 10.3: Nutrient removal (kg nutrient per ha) for each tone of dry bean yielg

Nitrogen | Phosphorus | Potassium TW Calciy
Husks 10 0.5 46 4 l
' Beans 21 4.2 11 1 e
W 4 2.0 8 = —
in trees
W 35 6.7 65 5 E
I\—;

Bearing trees (25 months and older)
of how much of the vario

bearing trees Placemen

Ringweed 1-1.5 m from the tree
base for fertilizer application

Figure 10.6: Placement of fertilizer
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At this stage, the table is showing estimateg
us nutrients are removed in a cocoa crop of mature
t of fertilizers
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ilizer Recommendations by Tree Age
fert
ard

Table 10.4: Fertilizer placement by age

| Distance from base of tres




Teaching Strategies

A) Introduction/Motivation
Pose questions like:

. What do you know about soils?

Does Soils get lost and what does that mean?
What are the causes of soil loss

How can we prevent soil loss?

. How does your farmer controls soil loss

ORwWN

B) Body/Content/Subject Matter
1. Show pictures and explain types of erosion
2. Use notes and field trip/visit to describe and explain erosion types
3. Use notes to summaries control measures of erosion

C) Closure/Conclusion
Orally ask students to:
1. Name each types of erosion
2. Describe how erosion occur
3. Discuss erosion control measures
Written questions and exchange papers to mark
1. Name each types of erosion

2. Describe how erosion occur
3. Discuss erosion control measures
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gtate what in i

Activities

nvolved in Soil management
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—

/
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List and describe Types of erosion

Explain Causes of erosion-

Describe s

oil conservation methods

List types

of fertilizers and their uses

Prevention and control

 Marks
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Students Research Activities

Key to deficiency symptom in cocoa by Symptoms

Symptoms
S
A Plants markedly chiorotic |

 Deficiency in What minera;

B. Chlorotic mottling between veins

C. Leaves chloritic

D. New leaves deformed

E. Absence of chloro

Sis, necrosis or leaf
deformities

Key to deficiency symptoms in cocoa by nutrients

Grouped generally on the whole tree,

More prominent on older leaves
More prominent on young leaves

' Nutrient deficiency Symptoms

Nitrogen

Sulphur

Phosphorus

Boron toxicity
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Symptoms more pronounced 0N Maturs leaves
Golassium

Caloum

lrorl tOX'City

Symptoms more Pronounced on young leaves

Nutrient deficiency -

Iron

Boron -

Zinc -

Magnesium »

Manganese toxicity

Zinc toxicity -
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UNIT 11: PROCESSING




Introduction

Cocoa beans of commerce are seeds. Seeds must undergo Mmany Chapges
before of any value as an export commodity. The reason‘ for'th.e coc'oa s
Popularity as fooq substance in many parts of the world lies in !ts unique |
chocolate flavour. The flavour developed only by means of Curing (fermentanon
&nd drying) ang Manufacturing (roasting)

Itis importance stud
Quality of Production

Learning Outcomes
At the eng of the unit, the student can:

A) Discuss Proper pod breakin
ake correct Weighting

B)T
C) Describe Fermentation process
D) Demonstrate proper Drying ang show

1. Turning
2. Testing
3. Sorting
4, Bagging
5. Storage

o))




of'wnt

4
reak"“g the po¢
, e straight after a pile of cocoa |
18 on scted 1S hooked. Delays e 1
disease exp “ L A% e
can prought to own fermentry or
t peans to li
gell @5 we censed cocoa board dealer
1y
MRV
VSt
Tus) :;3; ¢
m: - =
T =%
v Y
RS
Figure 11.1: Breaking pods and removal of cocoa Deans

Some important rules

Do not use knife as cuts beans

1
2. Avoid rain as it washes mucilage for good fermenting. Remave D2ans
from pod and placenta

3. Putinaplasticora bag

4. Remove hard, black, germinated or flat beans

5. Leave husk in the block as it attract midges to help polinate cocoa
6. Taken straight to the fermentry, not delayed

Weighing

It useful to weigh wet beans pefore putting nto the fermenting box. This will
.|3 the conversion rate from wet beans to dry beans of 40%: and a range of 35%
?NZEP/ This depends on how fresh the beans are and when put into the box

0 0.
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Dealers has a lim! ed adjus nt of 2%and calculatedo g wettodry
conversion and t the pric to pay
Fennentation
The process 1S considered nth main parts of seeds
1. Seed coat testa with SY unding pulp
2. The co ledon foc n the ni edin manufacture OfChocolate
The mucilaginous pulp spongy material containing juices chemical composition
is:
a. Water 84.5%
b. pentosan 2.7%
c. Sucrosé 0.7%
d. Gluoose/fructose 10.0%
e. Protein 0.6%
f Acids 0.7%
g. Inorganicsa 0.8%




iats fOr proper fermentation to break down the pulp mat
enzi 3"“"’/1": g8

ossible for manufacturers to produce chocolate from
e { peen fermented or have been badly fermented -.» ’fffa baans, which

s must always take care when processing 4. This means fermentary
ing that i food c0coa 2s dealing witr

when P2 ducing poor COc2, will not sell their beans and Papuz New C
cocod will get 2 bad name with the chocolate manufactures ':rt:-a asipeien
essenﬁa‘ for proper fermentation erefore £

operators need

4. Aweather proof building

2. Approved fermentary boxes

FERMENTING BOX FOR COCOA

ng boxes

Figure 11 3: Cocoa put into ferment

d in pairs/ compartments separated DY removable partiion. Fill one
nt leaving ON€ empty for next day when tuming. t1S made of 13¢™

inch) planks. \tis raised above 15cm

Constructe

g 3-5mm wide and easier to clean The compartment 1© be

The slots aretob
at least 9o0mm wide, 900mm deep and 1200mm long as appro

cocoa poa

M8



3. Shovel

For turning and made from aluminium or stainless steel/ plastic and or W

0od,
Steel shovel is not good and can contaminate beans to go black

The edge to be blunt and rounded as when sharp can cut or bruise beang ang
provides a point of disease entry

4. Small, sharp knife

To keep cutting a few beans and checking the progress of the fermenting
and drying

S. Patience
Be patient and not rush work as this may cause low quality work

6. Dealer will require a good quality set of scales with hook

Important Points:

The wet beans go into fermenting b_oxes
Only fresh wet beans from sound, ripe pods
Should be put in the fermenting boxes

Wet beans must go into fermenting boxes within 24 hours after breaking
the pods

$, G0N =
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urning the beans

The fermenting beans must be turned once every day

TURNING Coena

1

Figure11.4: Tuming cocoa beans in the fermenting oxes

Turning is very important

1. Ensures even heating of beans
2. Air enters the ferment

3. Lumps get broken up

4. Mould will not form on the beans

If not tuned regularly, the beans will be mouldy and bad-smeling and w net
ferment properly
Length of ferment

» Cocoa beans should be fermented for five to seven full days

m




What happens in ferment?
rtain changes to cocoa beans

Chemical reactions take place that cause Cé

Operators can judge their ferments by observing three main physical changes

that occur:

1. Colour
2. Temperature
3. Smell

Cleaning up after each ferment

CHECKING IF BEANS ARE PROPERLY FERMENTED

1. Over-fermented beans are nearly black on the outside and brown-black

inside.

Under-fermented beans are sometimes deep purple inside. Sometimes
the inside is white and “cheesy’.
Beans that are slightly under-fermented are a light purple colour inside.
Beans that did not ferment at all are slaty (a grey colour inside).

Beans that are PROPERLY FERMENTED are brown on the outside
and either a Choco-late-brown (Forastero) or light brown (Criollo)
colour on the inside. They have brown liquid inside, and they are
brown on the inside of the skin. These beans are ready for drying.

N

h AW
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BEANS DRIED AND CUT OPEN

Figure 11.5: Beans dried and cut open

Drying

After fermenting, cocoa beans must be dried on special cocoa aners

COMBINED SOLID FUEL >
HOT AIR AND SUN DRIER !

SLIDING ROOF '-'»'" .‘4“‘:)-' ; .

= . ~a

_\
r
x
E
z

Figure 11.6:A Combined Solid Fuel Hot Air and Sun Drier
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Steps in drying
' . sipe heat until the skins are just dry
L B g kin S should be eft for 12 hours

2 As soon as the skin aré just dry,
y only. Use sun or kiln
3. After the rest, beans sh
pipes for no more than Allow beans to  rest

overnight 4 not more
4 Have the beans dry in three to four QBYS and no
5. Over fermented beans should be dried in no more than two days

ould be
6-8 hours each day.

Turning cocoa while drying
dried evenly. Beans stuck

o that they aré
e must be removed

Beans need to be tumed regularly s
|acenta or rop!

together be separated. Rubbish as p
TURNING THE COCOA

LS o 7 TR

Figure 11.7: Tuming Cocoa Beans while Drying

Common mistakes in cocoa drying

1. Not letting the cocoa beans have resting times
2. Running drier at too high temperature for too long
3. Allow cocoa to be spoiled by smells from smoke or diesel fumes

4. Uneven drying because of cold spots on the drying bed

Overcome by:

1. Make sure drying beds are cleaned we
fermented beans on

Il inside and outside, before putting
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ko sure all kiln and flue (chimney) pipes are segled ard Te7% a8 70

o gmoke [eaks

Tosﬁng the dried beans

ig crush some dried beans petween ouf fingers and e
roperly, the inside of the beans break into pieces O/

' The in of the peans does not break 0 much
 Another way is after@ resting time. Pick up 3 handful of conles 12375 5
squeeze them, when fhere is cracking noise, means are dry

gortind the dried beans
pefore bagging, beans aré allowed to cool

Remove flat beans, shrivelled beans, black beans mouldy oeans. 572 58ans
double beans, insect damage beans, bits of broken bean. slacentas of 1008
gtones and other rubbish

AR}




THESE THINGS SHOULD BE REMOVED

W &
Y

5. BEAN WITH MOULD S
4 TWO BEANS

6. BEAN WITH
STUCK TOGETHER PLACENTA ATTACHED

2 BLACK BEAN 3. BEAN WTH INSECT
A ~__

Many more small bits of b
roken bean fall throu i i
kept together and later sold as nibs. Oh the drying beds. Al the bits of of broken bean are

The good Cocoa beans, with no rubbish, are now ready to be bagged.

Figure 11.8: Things to be removed when drying and bagging

Bagging

1.

Dry cocoa beans must be put in new, clean sacks

2. Filled and weighed to 63.5 kilograms. Sack 1 kilogram and cocoa beans
62.5 kilograms. (i.e. 16 bags are needed for one tonne of dried bean)

3. After filling and weighing the up opening must be stitched with a bagging
needle and twine, starting with a knot inside the lipofthe  bag

4. Each bag marked on one side with the words “PNG COCOA BEANS” over
fermentry name and registration number

5. Bags of dried cocoa beans put in s storage shed

Storage

1. Essential to ensure the processed cocoa stays good

2. Sheds must be weather proof and free from damp, insect and animal pest,
as weevils and rats, away from smoke and other smell

3. Must be clean all times

4.

Cocoa must not be stored for more than three weeks before taken to the
exporter
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ategies

ing Str
- UMotIvatlonal tool

I
1 |ntroduce un

Describe processing
bject Matter
IContentlsu
2. gody

) List steps and explain correct methods of cocoz processg
a

p) Use notes and field trip/visitiexposure, descrive 2nd exg 2

3 Closure

Orally ask students to:

Give correct steps

%» Show correct fermentation method




Student Activities

Explain the process of Cocoa Pod breaking

—_—

Describe Weighing

_—

_

—_—

Describe the Process of Fermentation

Why is fermentation is important

Why must the cocoa bean be turned when drying

Describe the process of Drying
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pctivity

ary of cocoa harvesting/ processing
gum™

Daily turning of cocoa in fermenting box

ver tight and well placed in fermenting |
boX

Right cover material changed daily

vacant fermenting box washed and
changed

Make fire during the day when cocoa is
on the drier

Regularly turn cocoa on drier

Remove rubbish and nibs from drier
cocoa

F{ight packing bagging and storage

Femove placenta from wet/dry bean

Clean inside and outside the building

\We'lghing using scales of dry and wet

Remove beans fire ashes from inside
drum

Wet and or dry beans not contact with
water

E.‘,ocoa beans have no bruises

E\culaﬁon of prices per KGWT

\ Wet beans free from foreign matters

Immediately transportation to fermenting |
\ box '

/q







UALITY, QUARANTINE AND MARKETING

UNIT 12:Q
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Introduction

At the farmer's end of line in cocoa production, the farmer has to sell his/her
Cocoa. The cocoa beans mu

- st be marketable after it has gone through growing,
harvesting and process before the farmers gets the reward after which the cocog
leaves our shores for overseas market.

To improve Quality of cocoa beans, the conditions and restrictions introduced in

the Cocoa Act and Regulation must be complied by all involved in the industry.
This is to set quality s

tandards and when implemented will ensure exported
co‘coa beans meet the chocolate manufacturers’ requirements and improve the
Pnce paid to growers. Price manufacturers pay will depend partly on world
market prices and partly on our cocoa quality

At tht_a end of the unit, the student should appreciate the process as in cocoa
growing areas the crop plays a very vital role in their house hold.

Outcomes

At the end of the unit, the students can:

Explain flavour in cocoa production

Describe purity in cocoa production

Explain consistency in cocoa production

State what is Yield of edible material of cocoa

Who is responsible for these factors in cocoa production

List activities involved in marketing and quality control in cocoa production
Describe briefly quality management system in cocoa production

GMmMoom>»

Content

Cocoa must taste good and should be of good quality to attract a good price. The
issue of quality is dictated by the consumers and so the market conditions
determine the criteria in which cocoa has to be produced. Producers have to
comply with market requirements or they will lose the market to other producers
who are prepared to meet market conditions.

The four factors

1 Flavour
It is not good if the cocoa tastes:

a) Mouldy flavour is caused by mould inside the beans
b) Smoky flavour is caused by smoke on the beans
c) Too bitter flavour caused by poor fermentation
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d) éﬂdiclﬂavgur I8 caused by poor fermentatic,
e) Chemical flavour is caused by ysin raer..
passed what we call taint tes%fsus'ng PG00 Whch e nc
f) Copra flavour is caused by
near copra
g) Can be also contaminated
beans absorb other flavoyr

Using cocoa drier for Copra or storing
9

by other products stored nean, Y 25
]

Figure 12.1: Cocoa flavour chain

2. Purity

Purity means cocoa must be clean. The cocoa is not clean, if:

a) Some pesticides are safe and Food and Agriculture Organization (FAQ)
recommends that only these should be used near cocoa. These change
from time to time. CCl and NARI will have the latest information on this
recommendations

b) High levels of bacteria on cocoa beans increase the risk of contamination

c) All rubbish (foreign particles) should be taken out of the cocoa before it is
bagged
d) Insects, rats, and other pests should be kept away from stored cocoa
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COCORA
PURITY
1
(;s REDUCED BYﬁ)

HARMFUL OREIGN
BACTERIA MATTER

Figure 12.2: Cocoa purity chain

3. Consistency

Consistency means the quality of the cocoa from one producer must be the same
all the time. It must not change:

a) Manufacturers who buy cocoa aim to make chocolate of consistent quality

b) Preferto buy cocoa from a fermentry which they can rely on to supply
beans of consistent quality

. cocoa
CONSISTENCY

]
TS INSURED BY>
CONSTANT AND REGULAR CHECKS

. FROM HARVEST TO STORAGE

‘aﬁﬁfglié?haﬁh.

HARVEST PROCESSING' DRYING |s'ronAGE

Figure 12.3: Cocoa consistency chain
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4, Yield of edible material

yield of odible material means how much of the cocoa beans in a bag are useful
for making chocolate or cocoa powder.

This depends on many things such as:

a) Each bean should weigh at least 1 gram. Smaller beans have too shell.
Not enough fat. Beans should be about the same size, so that it is e2sy to
clean and roast them in machines

b) Aflator shrivelled bean does not contain much nib- that is the useful part
of the bean
|f a bean is damaged by insect, it is useless and should be discarded

d) Manufacturers like a moisture content of 6-7%, if above 8%, the beans
could go mouldy or can breed bacteria

e) Shell on beans should be loose, but strong enough not to break during
normal handling. If the shell breaks, the nib is lost. The shell should nct
have dry pulp stuck to it

f) Any rubbish (such as placenta) reduces the amount of useful materal in 2
bag of beans

BEAN SIZE "GDIE?SS o
AND UMFORHI

THE SHELLS
MOIS‘[URE IKSECT CAMAGED
CONT ERT B s

UMBER OF FLA' AMOUNT OF
AND SHRIVELLED FOREIGN MATTER
BEANS

ERESENT

Figure 12.4: Yield of edible material chain

Who is responsible for cocoa quality marketing and quality control?

Many people share the responsibility for PNG's cocoa quality. They include:

The researchers

The growers

The processors

The wet bean dealers
The exporters

The National Department of Agriculture and livestock (DAL)

oo wh
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The Provincial Departments of p
The PNG Cocoa Board

The Cocoa Quality Improvement Project

rimary Industry (DP)

‘oL

Summary of the quality assurance

process that PNG cocoa is put through
in preparation for export

Cocoa to Exporter's Sheds
Checks:

- Weight of each bag- 63.5 kg

Qs are clean, undamaged, insect-free
. Bags have correct marks

. Bags are properly sewn

BN

A. Each bag of cocoa

. ) ling cocoa beans usin C. Carrying out the "cut” test
should weigh 63.5kg 5 Sampiing °

& -

eets PNG
D. Sniffing a ground up sample E. Checking the “:m.e':;s(:f 2 S{alr:;:d:?ﬁ: I'::;\gs are sealed
of beans to detect foul odours Ztaogrmzl;foreign matenals (e.g. with a metal tag and marked with

a red trianqular stamp

Figure 12.5: The quality testing process
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r

g screenmg

53‘“""“ flow sampler
collect qample of several bags flow sampler)

1
odour tfs: 00 beans): count of beans that are “slaty “mouldy “insect-

gl 51 rgerminated +double *broken “flat (Slaty beans: not more
a1 ; by count. Flat, double, broken of germinzied beans: not more
t\;‘af; 50;0 by count. Intemal mould or insect infestation: not more fan
t.

4 gﬁebc{?g? ?or)eign matter; not more thaoﬂ 1% by tle*;h*-

Check moisture content: between 5.5% and 7.5"/-,
56 Chack average weigh of beans not more than 1000 per3
7 Wite out quality assessor's report

3

pproach NAQIA for Export Assessment

N AQIA Assessment

4. collect samples and do same t_est as QA

9. accept export quality cocoa- triangular red stamp affixec Just DS o
of bag, bag sealed with metal tag _ ’

3. reject non-export quality: green stripe painted 2cross MoLT &

4. non-export quality to be stored away from export quality

5. temporary rejection of cocoa that can be upgraded: bags not mam=C

6. write out Export Assessment Report

7. NAQIA may override QA report: Exporter can 2ppea’s comm

8. Producers may appeal to committee against QA AssessmeT

9. Appeals Committee’s decision may be argued b NAQIA

—~—
w4
-

Note

1. 16 bags of cocoa = 1 tonne

2. 100 cocoa beans cut for grading
3. Overweight: more than 63.5kg
4. Fumigation of cocoa: 24 hours

Marketing and Quality Control
The exporter and export standards

Bags of processed cocoa beans are taken to a Cocoa Board approvec 27= += S
cocoa exported. ltis the

Exporters job to:

1. Make contact with people in other countries who buy cocea beans
2. Finds out how much they need ’

3. What they are prepared to pay

4. l;ses this to set th_e D.|.S. (Delivered-in-store) price he she can off
uys cocoa to satisfy the needs of his buyers

er, (nen
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The cocoa must be of

export quality. Must meet export standards, Pa u
Guinea standard. To pua New

meet PNG Export Standard, the cocoa should be:

Properly fermented and dried
Be free of foreign odours

Contain less than 19 by count of slaty beans or less than 5% by count
double, broken or Q

\ erminated beans and Less than 5% by count of
INSect-damaged beans or less than 1% by weight of foreign matter
Be evenly dried

Have g moisture content of 5.5% to 7.5% by weight
Have not more than 1000 cocoa beans per kilogram

WA

of flat,
mouldy or

N o a

All cocoa must be |

Nspected before being sold to an exporter. These should be
inspected twice

1. By the exporter's own Coc

assessors,

Agriculture Quarantine Officers from DAL Agriculture Protection Division or be
Inspected by agricultural quarantine officers

oa Quality Assessors Inspection by cocoa quality

2. Making sure the quality standards for exported cocoa are met and maintained
Permanent rejection

1. Is when cocoa does not meet PNG Export Standard, and beans be unsound

they will be marked with a green stripe along the top of the bag. Must sell as
“Non-Export Standard”

2. Faults that cannot be fixed are insects in cocoa, smoky beans, salty beans,
bad-smelling beans, mold

y beans and under-fermented/over-fermented beans
3. Such fermentries will have the registration cancelled if this happens more than
two months

Temporary rejection

1. This is when cocoa does not meet PNG Export Standard, and beans are
sound will not be marked

2. Upon advice, the processor can take the bag back and bring the beans up to
standard

3. Faults that can be fixed are overweight/underweight bags, under-dried, too
much rubbish in the bags, wrong sewing of bags and wrong marking of bags

4. Faults are written down, and a Cocoa Board inspector advises processor how

to correct faults. If continue to produce non-export quality cocoa may lose
license
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Acco pta nce

ans meet PNG Export Standard, is marked with s red triangular stamp and
when ith @ metal tag with the name “PNG" on it. The AQO then issues an

gea:,:ctlon cartificate in quadruplicate.

ins

1 Original and one copy to seller
" one copy to cocoa board )
3. When beans are sold, the seller surrenders the original 2nd
4', One copy to the exporter

Fumigatlon

4. Before the cocoa can be shipped overseas, it must be fumigated
insects.

2. Done at exporter's shed for overseas export

3. Shipmentis covered with a tarpaulin

4. Cocoa is fumigated by means of Methyl Bromide sprayed uncer i 12
and left under tarpaulin for 24 hours

5. Fumigation service company issue Fumigation Certfica
AQO that fumigation is done

6. AQO issue a Phytosanitary Certificate in quadru plicate

7. One copy attached to export statistics form for the Bureau of Customs. wmich
later goes to Cocoa board

.
0 K

-~ -
.

(\\)

te and confirm Dy

Quality management system

The operation of the quality management system involves:

1. DPI Extension Officers
2. Cocoa Board Inspectors
3. Exporters’ assessors and
4. DAL Quarantine Officers
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| sSYeEry |

N THE FAmrMEr HARVESTS s ]

COoOCcCoA AND REMOWVES THE
COCOoOA BneANS FROM THE FOoDS

| == r:AlN muﬁ]

1

| THE FARMER SELLS HIS FERMENTED ANDj
DRIED BEANS TO AN EXPORTER

= N E
THE COCOA BEAN

- I ME THEN I
I"'““ -~ Qual Ty ISSUES A QUALITY
ASSESsOoR S RrEFORT or ASSESSOR'S _REP
[ ST —— ACCEPTANCE EXFORYT REJECT .g.l:'r
STEP @
l THE BEANSs e REJECTED BY THE DRy BEAN EXPORTER. THE FARMER <a
ArPEAL AGCAINST THE DECISION
i
Lﬁz AN Amc ras LoOCAL ExTENSION OFFICER TO CONVENE THE APPEALS ‘=°"'"‘"'T'ree,
1
I THE APPEALS COMMITTES CHECKS THE BEANS
1
[ | ThE commMnTEE Thiem

AS EXPORT QLIALI'IW-

REJECTS THE BSBEANS
FOR THE LAST TiMaE

Figure 12.6: Steps in the Quality Management System
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1. Show sample of good and bad quality cocoa and have students

" examine and provide feedback
2. Explain quality standard
3. Show features of good standard
4, Discuss smoke as a feature of quality cocoa

p) Body

1. Describe function of Quarantine
2. Describe process marketing

3. Use notes and field trip/visit/exposure to 0esCroe

quality standard

C) Closure

1. G_et students to summary what features consti
2. Discuss how PNG cocoa quality can be improved

3. How can you as a producer of cocoa help improve cocl2 T

4. Does the farmer control cocoa prices, if 50 how?

s

y ,

(\N]



1. Student Activities

Explain Flavour in cocoa production

Describe Purity in cocoa production

Explain Consistency in cocoa production

State what is Yield of edible material of cocoa

Who Responsibility for these factors in cocoa production

List activities involved in Marketing and Quality Control in cocoa production

Describe briefly Quality management system in cocoa production
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Cocoa |s an Entrepreneurial crop
{ MAL provide the prerequisite knowledge. skills and attitude for co-
al and entrepreneurial activity Cocoa as an entrepreneuri-
oo i s a business adopting business principle and
al ¢ > y farming communities

. to make money to support the cocoa mun
attitude necessarn tofl ! inq from the MAL unit. It introduces im-

coffee units bul _
The secondary row cocoa as a commercial crop.

higher levels skills and what it takes tog ( .
Ko :r:ggzntsd pr'gduchon. management processing and marketing knowledge, skills and

attitude necessary for coca farming, and in the process, helps student live positively in

the communities after they leave schoo_l.
Cocoa has to be grown as a commercial cast
is time, bnng |

ital that the crop as a business is well underst e
‘tg?chers have thg land, knowledge and skills to plan, teach and assess it impact under
the business model. The aspects of farm investment and banking as an investment are

also important skills to be taught at the secondary schools. Such skills make learning

of the cocoa units especially relevant.

| cash crop so that much needed rural income

ood and promoted. The schools and
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K abaira Vocational Students as the School Cocoa & CPB Infested Pod
Photo: Peter NNAGUMIE, Sebastian VUARI and from file
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{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }


{ "type": "Book", "isBackSide": false }

