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MESSAGE FROM THE SECRETARY OF EDUCATION
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enhancing community living. This is why coco2 units 3

and schools to teach such subject matier 3t upper orm37/ T353E
These cocoa units will be taught as units of Making 3 W75 ¥

highly recommended to teachers and school!s

>

O w
e

\

-~ -
e 3000

)

Ul

-

G

The MAL curriculum for upper primary classes #3s desigred o ‘=ach stucents atth the
process skills of identifying community pased learming coportun®es for sChool 2avers
linking the community. Therefore the cocoa units tc be taught unts of MAL are 10
promote community based teaching and leaming

Through the cocoa units of MAL, the students il leam about ™he sconormics of cocoa
and its importance to the community and the country 1 wi 123ct mem 300U e
cultural, social and the economic importance cf the croo The TanageT et >f the cocoa
and generation of income will support life in the commur@es One of e ~ow units of
cocoa in MAL introduces students of the importance of t™he crop anc s .77 3 ~*anded
to create the motivation needed amongst student 1o ake Lp Coco2 as 27 =rTTElrEneELra
activity to sustain their livelihood in the community
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It is my honor and privilege to commend and approve s Cococa wnt

s as unas of MAL
to be taught in the Upper Primary Schools in the ‘owlands regions of NG
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Secretary for Education
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CHIEF EXECUTIVE OFFICER, CCI PNG LTD

- fundamemal knowledge, skills and attitude of cog
o008 curriculum p:O\S';d:s at Upper primary level of education in the country, |t hgz
ThlS_m (or grades 6-8 cla 5a Coconul Institute (ccn of Papua New Guinea (PNG) iy,
farmind ' *ed by e ~2 1 hepartment of Education. With our major pariner, he
n wit ducation, we have gevelopment this curriculum for the benefj
nt O al an early age of their education. We certainly hope that
processing and marketing knowledge, skills and attitude wj|
leaming ©© 2 Fake UP cocoa farming as an entrepreneurial activity when they leayg

i ' ic, social, cultural and ,
and is central to the ecpnomlc _ social, : political
or lowland Crognities in Papua New Guinea. It is through cash income that
: to the wealth and status of farmers ang
means of eaming cash income. It is for this reason

coaasa . . .
been developed sO that youth with to gain maximum benefit

nt on the international demand and supply
d the resultant cash the farmer receives

situation wh; " ing is @ very challenging enterprise. These coca production challenges
ud .0311 3imcun terrain in which rural farmers live, infrastructural problems prevent
include- ® Keting, famer wing cocoa, competing opportunities in other
g Iivestoc.k cocoa farming has been badly impacted in recent times by the

: ficantly reduced cocoa production in some

s and _

%rgL?rsion of Cocoa Pod Borer- This has signi ‘

l 2ias |Lis therefore {he CCl's duty to consolidate current research and extension
and innovative ways to increase production. One such

while engaging new S | 4
rograms e : ntain high production IS to skills our youth to take cocoa

ortunity to increase and mai is
;?gduction seriously through formal education and training programs.

ommodity crops that @ depende

; / C \
Like many ch highly impact cocoa price an

hat leave school each year to go to the communities. It is
m so that they can have cocoa farming as a better
ocial and criminal activities. For these reasons the

CCIPNG is keen to assist the school better prepare the youth for life in the villages. | feel
strongly that the cocod curriculum offers great potential to youth to be enterprising and
productive members of the community. Therefore with the Education Department's
approval, | have much pleasure in recommending cocoa entrepreneurship learning
opportunity in schools as a viable alternative to encouraging the students to take up
cash income opportunities as the school leavers enter the communities, while in turn

helping to our economy grow.

An estimated 50, 000 students t
important 10 appropriately skills the
aliernative than to engage in anti-s

DR, EREMAS TADE, (PHD)
Acting Chief Executive Officer




INTRODUCTION

The cocoa curriculum Is a collaborative and partnership effort between 'r:: C_y;sa
Coconut Institute (CCl) and the National Department of Edugf:m (MODOE) :"-e
NODE is responsible for the curriculum in schools and the CCl 15 responsiie for
cocoa development so the partnership brings together both the Education
Department and the Cocoa industry to promote skills development while preganng
the youth for life in the communities after they leave school

The cocoa curriculum is developed following the recent successful development of
the coffee curriculum. This first edition is a trial edition. The coco3 cumiculum 2
edition will be trialled in five schools in the ENBP at all levels of schoging.
Adjustments will be made to the content and the educational components zfer e
field test of the curriculum. A second edition with the field expenences inc uced n the

context will be prepared and published in 2014.

The package (the teacher’s resource book) is developed and packaged for grades &-
8 classes in the cocoa growing regions of the country. The package is designes for
grades 6-8 classes as units of the Making a Living Curriculum (MAL). The specfic
components of MAL to be used to teach the cocoa curriculum are Managing
Resources and Community Development. It is envisioned that the teaching of how o
manage resources entrepreneurially and for living in the community will foster and
promote purposeful and meaningful lives in the communities.

The cocoa units for MAL will offer the foundational knowledge and skills of growng
cocoa as an entrepreneurial crop in the communities. Students will leam aoout the
cocoa tree, its origin, the parts and functions and the basic managenal knowlecge
and skills. Using these knowledge and skills, the student will proceed to leaming
about the more advanced topics in graders 9-12 classes and beyond.

Cocoa is grown in about 14 Province in PNG. There are some new growth areas n
some minor crop growing Provinces such as Gumine in the Simbu Province. parts of
Gulf, the Jimi area of Jiwaka, parts of Enga that are close to the East Sepik Province
and Maiyer River areas of the Western Highlands. These new growth areas are
being investigated by the CCl and the Cocoa Board of PNG. If growing cocoa in
these regions is viable cocoa will become an altenative cash crop in these areas

The cocoa curriculum should see, over a period of time, the introduction of quality
skills-based education for the students while helping to increase the yield and
improve the quality of cocoa exported from PNG. It is for these reasons the
partnership endeavour is conceived. Such collaborative public and private
partnership should be beneficial to the organisations and the country.




TEACHING AND LEARNING

How the students learn

| forget ‘
What | 2 rgl remember a little

ee .
'Yf\\’!"r::: : Ez:p :ee and discuss | begin to }JﬂdEI'stand
What | hear, see discuss and do, | acquire knowledge and sk
\ tive Learning Credo Statement by S“berman Isi

(Ac
In support of these are the findings that we remember.
. 20% of what we hear

e 40% of what we see

. 00% of what we see, hear say and do sg o What
discover for ourselves We

A student-centred approach to learning

, _— t ways. Some students learn p

fferent student leamn In dlffgren ; . )

Et'hers by talking and discussing, olht?rs I_Jy reading and others by “S%;e ‘;I"_ang'

Most students leam by using a combination of these. All leam SKills oy o

and repetition. You need to use a variety of teaching strategi?eugh
S

ticin
Coter for e different ways your students learn. o

cater for th

Teaching and Learning Strategies

To assist and encourage students to leam, you perform certain tasks Th

are referred to as teaching strategies. You need to engage students t‘:lire ese.
leaming but there are times when you to take charge of the learning i thctly in
class and teach particular concepts ort ideas. These teaching strategieg e

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
o Field trip

* Classroom displays
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Using

Using groups is an imp
each other, not just from t
participate in achieving 2 5
whether to use group or not,

groups as 2 teaching and |

earning strategy

Z,
ityre as students earm frorm

& encourages sheeTs E

q m Secang

ortant strategy 1N agricu '
he teacher. Groups o )

hared goal and collaborative €20
you need 0 consider

Your intended outcomes
The extent to which the ouU
group

The lesson content
The time allocated for
The classroom setting
The materials and resources available

The structure of the groups based on G&
cultural background and student prefersnces

tcomes c3n be 307 eved U T2

the completion of 1asks

nder. 3007y

Groups work well when:

The groups decides upon their goals, bmeine ang 13545
Students realise that success depends on the
achievement of the whole group and not just NChCcua's
The task is broken into subtask which must be fimishec o
successfully complete the overall task

The whole class is invoived in the activity

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

Membership of small groups is changed regularty i©
provide a variety of leaming experiences for all stucents

Strategies for organising and managing groups:

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

Same ability groups — the teacher can leave he grouts of
faster leamers to get on with the work on their own You
can give extra help to individual leaners in a slower group
of learners. i
Using group leaders/monitors — you appoint faster, more
able leamers as group leaders or monitors who can heip
slower learmers. l




DEVELOPING SKILLS

Principles and procedures

Students need to develop skills to help them learmer. Skills
development should happen as a part of a student's experig,
and the leaming and practising of skills needs to occur in the ce

context of units being taught.
Skills leamning tend to be most effective when:

« Students go from the known to the unknown

« Students understand why it is necessary to gain
mastery of specific skills

. Skills are developed sequentially at increasing
levels of difficulty

« Students 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

« 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 th e whole class
to small groups and use a range of teaching strategies which
use higher order skills as your students progress.

Blooms taxonomy (hierarchy) of theory skills

Blooms taxonomy is a way to classify skills, activities, or questions (or
objectives/outcomes) as they progress in difficulty. The lower level
questions require less in the way of thinking skills. As you move up the
hierarchy, the skills or activities require higher level thinking.



COGNITIVE DOMAIN

. FVALUAI’ION[dedsion making, judge,
rationale, criteris condusions]

+ SYNTHESIS [combine to make

; entity from original on=]

. AMNALYSIS [separate wholein parts unti
relations among them in dear]

|  « APPLICATION [use informationin
different location or context]

< COMPREHENSION [paraphraze, transiate, interpret,
summarise)

 + KNOWLEDGE [recall of facts, specifics, recognition of labeis]

Recommended levels of learning

For students in grades 6-8, teachers are recommended 0 use teaching s«ills
at the low and middle levels skills and activities. Teachers should teach
student to leamn at knowledge, comprehension and zpplicztion levels of
learning. (see Blooms cognitive domain levels of questioning abcve).

Examples of cognitive level of leamning key words

The following is a further subdivision of Bicoms t=xcricrmy of questcrs
into lower, middle and higher order questicns fo 2ssist = crer- n
preparing and to teach the cognitive domain efecively.

Blooms Taxonomy of
Objectives/Questioning

v Mg all Al -

1. Lower Order (AWNTorngss
Worde Likw . Defuse, Label Norse, State Lok eety, Seecsll G S

2. Middle Order (Comprichaons

On & ApDhy a<

worcls)
Wirrds {ike: Paraphrase, Own Words, Describse. Txpiaen, Dwvweate  Coesgare
Cilassify. Contrast, Predict,. Summarne, infer, conchede B Appdy o

transfer to different situations
i Higher Order (Action or Lead words)

Words Like: Relate to patterns of actions, change, combine, create e s
gconeralise, integrate, propose, plan, speculate, Or even assess, paages &
defend

Teachers are recommended to use key works in the upper end of the middie orger
performances and the higher order key performances to prepare and teach students.
As seen from the taxonomy of outcomes or questions in Blooms hierarchy of

5




dapt their teaching according to the appropriate levels
e of these outcomes are presented in each unit of
book but teachers should feel free to adapt them

questions, teachers should a
of learning for their students. Som
leaming in this teacher’s resource
for the class's ability to lear these skills.

Major Categories (hierarchy) of practical skills
The major categories of the practical skills and activities are shown in the diagram

below. There are: imitation when demonstrating the skill, manipulation of the skill by
the students until precision, articulation and the eventual naturalization of the skill.

PSYCHOMOTOR DOMAIN

' "Naturalisation
A [Perform many skills

< Frag without thinking]
ALY
e A B4 - Articulation
. w W —

4
=
) [combine more than one ski's

and getcorect many tmes]

Precision [Independently perform
and do so accurately]

Manipulation [Perform skillwith instructions]

imitztion [Demonstrate skills, observeand repeat]

Student at grade 6-8 levels of schooling need a lot of teacher guidance to perform
the practical skills. The above diagram shows major categories or levels of student
learning according to Krathwont, Bloom & Masia (1964). This is important for
practical subjects like agriculture. There are three categories:

« Imitation - instructions through appropriate demonstration: Teacher
should prepare skills well and provide demonstrations to the student on an

appropriate cocoa skills

« Supervision: Following the demonstration of a skill, teachers should provide
opportunity for supervised experience by the students of the appropriate
cocoa skill. Student can practice the skill demonstrated by the teacher or the
expert individually or in groups depending on the level of resources available.

« Independent 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 perfart the
skill being demonstrated and taught.

Language skills for Agriculture

Students need to learn how to speak, read and write, view and obser/e c‘af‘:’l‘fa‘ VK
the cocoa skills being taught and demonstrated. Students can leamn oral languzge
skills through, for example:

» Discussions
e Oral and written reports
+ Interviewing opportunities

Provide opportunities for your students to listen and record snformajtsm
accurately. Guest speakers or teachers can, talk during the field irips or
excursions, tapes, radio, television, CDs, videos, stories, and concepis
about agriculture while students listen and record using listening
resources. When students come to expect a listening experience as 2
regular part of their classroom routine, their ability to attend to details n
what they hear about agricultural concepts is quite likely to improve

Place of Vernacular in Agriculture

Maintenance of the student’s language is something that continues at
lower levels of secondary school as stated in the Depariment of
Education’s language policy in all schools. At all times, it will be
appropriate to use vernacular, Motu and tok pidgin to explain concepts
or ideas. Vemacular can be sued to describe and illustrate those things
that do not have English translations. For example, it would be
appropriate to use Vernacular, Motu or Pidgin when finding information

from the community or selling agriculture produce in the local farmers
market.

Writing Skills

Students must be able to choose the right words to get the agriculture
message across and be able to put words together in a way that makes
sense to the reader. The ability to write well and use appropnate
vocabulary and agriculture terms in order to impart agriculture
messages takes a lot of practice. Writing skills and techniques should
be emphasized in agriculture lesson activities.

Thinking and Questioning skills

Agriculture lesson activities assist students to analyze and think
critically about information they come across. By processing
information rather than rote learning, students are more likely to
understand and retain what they have leamnt. Students must be
involved in the process of thinking instead of simply accepting the end




's thoughts. The ability to think critically can

products of someone else
es of questions listed below:

be taught effectively by asking the typ

What do you notice/see/find?

What difference do you see...?

What similarities do you...”?

Which one belongs together? Why?
Why don't these belong to this group?
What could have happened if...?

What would...be like if...?

How would you...?

What explanation would you give for...?

Is this always so?
Does evidence of....change the original explanation?

How can this be tested or checked?

Suppose...what would happen?
What makes your think this would happen?

What would be needed for that to happen?
Is there a different explanation?
If...happened, what would happen next?

o
et
‘

¢ & & & & & o & ° & ° & & ° & 0 B

Teaching and Learning Strategies for Agriculture

Here are teaching and leamning strategies which can be used to make
leamning more meaningful and interesting in Agriculture. You should
vary your lessons by using different teaching strategies, making sure
that the ones you use for the lesson are suitable for your lesson
outcomes. Many of these strategies work together, for example
developing consequence charts during class discussions helps

students make realistic decisions.

Problem Solving

e Brain storming
Situation/Problem needs analysis
Identify strategies to solve problems

e« Research

e [nvestigation

e Jigsaw groups

e Class meetings

e Discussions

e Questionnaires

Field Applications

» Research
Field work
o Classroom display




o (Gueast Speakers

Interviews

Photographs

Questions and Questionnaires
Cultural activities
Prasentations

Multimedia

* Photos

Pictures

TV

Classroom displays
Radio

Internet

Power point presentations

Decision Making

Consequence charts
Diagrams

Mapping

Matrix

Questions and questionnaires
Tables and Figures

Graphs

Presentations

Evaluation

Questions and questionnaires
Reflections

Tables of evaluation results
Graphs of evaluation resulis
Discussions

Presentations

Classroom displays

Value reinforcement

Assessing Agriculture

Assessment is an important part of teaching and leaming. Assessment is
used to:

» Evaluate and improve teaching and leaming
e Report Achievement

» Provide feedback on student on their leaming




measures student's achievement of the units
abus. It is an ongoing process of
on about students’

be integrated into the

Assessment in Agriculture
leaming outcomes described in 1hg sy}l _
identifying, gathering and interpreting informati
achievement of the leaming outcomes and can
students’ normal leamning activities

Assessment for Learning

n called formative assessment (evaluation of

competencies) and is assessment that gathers data and evidence about
studgnt learnir)xg n the learning process. It enable; you to see whe‘re the.
students are having problems and to give immediate feedback which will help
your students to lean better. It also helps you to plan programs to make
students leaming and your teaching more effective. Often it is l_nforma'l and
students can mark themselves or by their friends. An example is a quick clasg
quiz to see if students remember the important points of the previous practical

or theory lesson.

Assessment for leaming is ofte

Assessment of Learning

Assessment of leaning is often called summative assessment. It is used to
obtain evidence and data that shows how much leaming has o_ccurred,
usually at the end of the term or unit. End of the year examinations are
examples of summative assessment. It is usually done for formal recording

and reporting purposes.

Assessing Cocoa Units

In the cocoa units, the units leaming outcomes which link to the broad
leamning outcomes are assessed through specified assessment tasks using g
range of assessment methods. Assessment criteria for each unit outcomes
provide clear indications of how, and to what extent, the achievement of the
learning outcomes may be demonstrated. Performance standards, making
guides and assessment criterion b help you with the making process and
ensure that assessment is consistent across all schools.

Students must complete the assessment tasks for all the units. You will
expand each task and provide clear guidelines to students for how the task
will be completed and how the criteria will be applied.

When you set a task make sure that:

o The requirements of the task are made as clear as
possible to the students

¢ The assessment criteria and performance standard are
provided to the students so that they know what it is that
they have to do

¢ Any sources or stimulus material used are clear and
appropriate to the task

» Achievement is measured in terms of more than one
outcome

10




Feedback

e & = =& o

Instructions are clear and concise

The language level is appropriate for the grade

It does not contain gender, cultural, or any other 625
Material and equipment needed are available 1o studen's
Adequate time is allowed for completion of the task

When you assess the task, remember that feedback wil help he
students understand why he/she received the result and how 1o do
better next time.

Feedback should be:

Constructive so that students feel encouraged and
motivated to improve

Timely so that students can use it for subsequent lezming
Prompt so that student can remember what they did and
thought at the time

Focused on achievement and not effort. The work should
be assessed, not the student

Specific to the unit leaming outcomes so that assessment
is clearly linked to leaming

Feedback can be:

Tests

Informal or indirect — such as verbal feedback in the
classroom to the whole class, or person to person
Formal or direct — in writing, such as checklist or written
commentary to individual student either in written or
verbal form

Formative — given during the topic with the purpose of
helping the student know how to improve

Summative — given at the end of the topic with the

purpose of letting the students know what they have
achieved

A test is a formal and structured assessment of student achievement
and progress which the teacher administers to the class.

Tests are an important aspect of the teaching and leaming process if
they are integrated into the regular class routine and not treated merely
as a summative strategy. They allow students to monitor their progress

and provide valuable information for you in planning further teaching
and learning activities.

Tests assist students leamning if they are clearly linked to the outcomes.
Evidence has shown that several short tests are more effective for

11




student progress that one long test. It is extremely important that tests
are marked at the earliest opportunity and that students are given
feedback on their performance.

There are many different types of tests. Tests should be designed to
find out about student knowledge of content and about the
development of thinking processes and skills. Open questipns provide
more detailed information about achievement than a question to which
there is only one answer.

Principles of designing classroom test

Tests allow a wide variety of ways for student to demonstrate what they
know and can do. Therefore:

Test should:

Who assesses?

Teacher assessment

Student need to understand the purpose and value of the
test

The test must assess intended outcomes

Clear direction must be given to reach section of the test
The test questions should vary from simple to complex
Marks should be awarded for each section

The question types (true/false, fill-in the blank, multiple
choice, extended response, short answer, matching)
should be varied

Be easy to read (and have space between questions to
facilitate reading and writing)

Reflect an appropriate reading level

Involve a variety of tasks

Make allowance for student with special needs

Give students some choice in the questions they select
Vary the level of questions to include gathering,
processing and applying information

Provide sufficient time for all students to finish

Assessment is a continuous process. You should:

Always ask questions that are relevant to the outcomes
and content

Use frequent formative tests or quizzes
Check understanding of the previous lesson at the

beginning of the next lesson through questions or a short
quiz

12




o Constantly mark/check hew students’ written exercises,
class tests, homework activities

o Use appropriate assessment methods to assess the
tasks

Frequency of assessment

You should schedule the specified assessment tasks to fit in with the
teaching of the content of the unit that is being assessed. Some
assessment tasks might be programmed to be undertaken early in the
unit, others at the end of the unit. You should take care not to overload
classes with assessment tasks at the end of the term.

Judging student performance

Moderation

Student achievement is recorded and reported against stzfmdards. You
must use the performance standards provided in each unit of the
teachers' guide when making a decision about the achievements of
your students in relation to the unit of leaming outcomes. The
performance standards describe the level at which the student has to
be working to achieve a particular standard or mark.

Student should always have access to a copy of the assessment
criteria and the performance standards so that they know what it is they
have to know and be able to do to get a good mark in 2 particular task.
The performance standards will help you in your marking and will help
the student improve their performance in the future. They are useful
when providing feedback to students as they explain what it is the
student needs to do to improve.

To ensure that you are interpreting the performance siEncarcs
correctly when assessing your students, it is imgerzant © undenzske
subject moderation of student work within your schooi anc Wit
teachers of nearby schools.

To moderate student work, 2 common SSSeS8SmMenl =36 TSI Ie S=C
and a marking scheme developad so that 2 stucsn SR T
same task under the same conditions, and gl Sechss sSe e =

making scheme. Teachers can compare (mogdsrats) S SI0aT=s wos
and come to a common understanding of the parfiormancs siancaTs
and the requirements for a particular level of achiavemant

Moderation enables you to be sure that your understanding of the
required standards for levels of achievement is similar to the

understanding of the other teachers and that you are assessing
students at the appropriate level.
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Self-assessment and peer assessment in Agriculture

Self and peer assessment helps students to understand more about
how to learn. Students assess their own work (self-assessment) or
thde work of others (peer assessment). Sluldenls should be provided
with opportunities to assess their own learning (slelf-assessment) and
the learning of others (peer assessment) according to the set criteria,

Self and peer assessment:

« Continues the learning cycle by making assessment part

of learning

« Shows students their strengths and areas where they
need to improve

« Encourages students actively in the assessment process

« Enables students to be responsible for their learing

e Helps students understand the assessment criteria and
performance standards

Managing assessment tasks in Agriculture

Usually, the marking of assessment tasks is done by the teacher. To
reduce the amount of work it is necessary to develop a strategic
approach to assessment and develop efficiencies in marking.

In Agriculture there are a number of assessment tasks that may be
new to teachers and students. Below are some suggestions on how to
manage some of these tasks to minimize marking or presentation time

Developing efficiency in marking

Clarify assessment criteria: Plan the assessment task carefully, and
ensure that all students are informed of the criteria before they begin.
Discuss the assignment and the criteria in class, giving examples of
what is required. Distribute a written copy of the instructions and the
criteria or put them on the board. Make the assessment criteria explicit,
speeds marking and simplifies feedback.

Supply guidelines on what is required for the task: This reduces the
amount of time wasted evaluating students work that is irrelevant.

Use attachment sheets such as marking guides: An assignment
attachment sheet which is returned with the assessed work rates
aspects of the task with a brief comment. Such a system enables each
student’s work to be marked systematically and quickly. The strategy
can be applied to assignments and projects.

Assess in class: Use class time to carry out and to assess tasks. Oral

presentations and multiple choice tests marked in class enable instant
developmental evaluation and feedback. On-the-spot reports on the
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mary and are useful,

eir prr,;qr,‘!,“—,

projacts or practical work, takes less time to
because thay give immediate feedback to students on th

Foedback o the whole class: Feedback to the whole 355 €20 cut
down on the amount of individual feedback required  On returming

assessed work,

Shift the responsibility

o

Introduce self and peer assessment: Develop in students Ptbe skills t
evaluate their own work and that of their peers. Help the Stiudents Use
the performance standards, marking guides and assessment cera
against which work is judged. Self-assessment increase the amount <

feedback students get .It can supplement teacher assessment

Treat each task differently

Every piece of work need not be evaluated to the same degree A mar«
needs to be the outcome in every case; and every piece of stugent
work need not contribute to the final grade. Assessment is designed 10
enhance the teaching and leaming experience for the teacher leamer.
not just to accredit students.

Use observation sheets and spotlighting

Portfolios

You might record student achievement while observing your students
by using observation sheets. The most common observation sheets
are individual student checklists and whole class grids. They can be
used for all the project s that students undertake.

Spotlighting uses individual student checklists. This method can be
used to focus on a few selected aspects of student performance, such
as planning for a project. It is best to focus on five to six students at 2
time. Systematically work through the class over time. Focused
questioning you can gain a deeper awareness as to whether or not
students understand the concept being taught.

Portfolios provide evidence for judgments of student achievement for a
range of projects. In the option units students are required to present a
portfolio for assessment purposes. It contains a specific collection of
student work or evidence. This collection of work provides a fair, valid
and informative picture of the student's accomplishments.

How to minimize marking times of portfolios:

» Specific the pieces of work and keep the number low
e Mark as you go — ask that one of the pieces of work be
completed at the end of week 3 and mark it then. Do not

15




Reports

leave the assessment of the whole porifolio until the end

of term
. Use self-assessment-the student can self-assess some of

the work.

The portfolio does not have to be a folder or biqder; 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 sklll.s. and require
organization skills in both collecting and analysing information and
communicating information clearly. _

Reports in Agriculture can be oral, written or in graphic form or a
mixture of these. Duration of reports vary according to the task.
Reporting in groups is a common strategy used in bi classes however
each student should be allowed a turn at reporting during the year.

Experiments

There is a great deal of time involved in marking experiments and
projects. However, the end result is that you have a better picture of
what “students truly know, understand, and are able to do. To help you,
generic performance standards and checklists are provided for
assessing experiments.

Planning and programing units

The main purpose of planning and programming is to help you to
arrange the presentation of the unit in an organized manner. This will
help you to know what to teach and when to teach it. It is strongly
recommended that you plan with the other teachers who teach the
same grade. By planning together, you will all have better lessons and
make better use of your limited resources.

Points to consider when programming

» Which unit learning outcomes are students working
towards?

¢ What is the purpose of this unit/topic/learning
experience?

e 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?

16




« How do the learning experiences in the unt relate 10
student's existing knowledge and skills?

« How individual leaming is needs to be catered for?

« What are the literacy demands of this unit/learning
experience? -

« What authentic links can be made with the content o
other subjects? '

« How can school events and practice be incorporated in '
the program?

« Do the assessment methods address the unit l22ming
outcomes and enhance the learning?

« How can the assessment be part of the teaching and
learning program?

« Which options and projects can be done (o make bes!

use of the school's resources?

How can a balanced program be developed?

The planning process

In this teacher guide, ideas for programming and organising each unrt‘havg X
been provided. These have been arranged in steps to help you teach the unit.
The steps follow the thinking processes involved in the outcomes approacn.

Steps 1 — Interpreting the unit learning outcomes

The first step is to read the unit description in the syllabus and then S‘Eudy‘the
unit learning outcomes to determine what students will know and be able 10
do by the end of the unit.

You need to look at the action verb, concept and context of each leaming _
outcome. This will help you see what skills and knowledge are embedded in

the outcomes. Remember the unit learning outcomes link to the broad
learning outcomes.

This teacher guide gives you a brief description of the main requirements of
each learning outcome.

Step 2 - Planning for assessment

It is necessary to study the assessment requirements of the unit earty in you

planning to ensure that you teach the content and skills students need to
achieve the unit learning outcomes.

The assessment tasks are described in the syllabus. They indicate what
specific knowledge and skills students will need to demonstrate that they 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 to develop
the necessary skills. You will also need time to mark the task and provide
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feedback Praclical tasks may, for example, be broken into a series of slages
(hat are marked over several weeks as students’ progress with making their
product Itis not appropriate to leave all the assessment until the end of the

unit.
mance slandards and / or marking

re marking the tasks. This Is 10 ensure
in all schools in Papua New

d detailed instructions for

dents know exaclly what they

This teacher guide provides the perfor
guide which you must use when you a
consistency with marks awarded to students
Guinea. However you must develop clear an
completing the task yourself and ensure all stu

have 1o do.

Step 3 - Programming a learning sequence

program outlining a sequence of topics

This step requires you t0 develop a
h topic. You may follow the topics in the

and the amount of time spent on eac
order they are listed in the syllabus or you may cover the topics through
thematic approach. If the unit involves a project for

integrated activities or a
to teach some theory at appropriate stages during the

example, you may plan
project, rather than teaching all the theory before the students start the

project.

To develop your program you need to study the topics listed in the syllabus
and to think about the learning activities that will best provide students with
the opportunity to leam the content and practice the appropriate skills, and
how long the activities will take. You will have to think about some ma}or
activities that last several weeks and smaller activities that may be completeq

in a single lesson.

Once you have completed your unit plan you will have to consi i
in more detail. For example, if you have allocated two weeks fcl:s'e; t%?)ci:cr:‘ ttl'cljplc
means you have ten lessons available (five lessons per week). You will h "
to devglop a plan for each topic that includes in more detail what you will e
cover in each lesson. Your topic plan must include a sequence of studeI
acpvrhes and teaching points that contribute to the overall achievement rt]rtl
ur_ﬂt ou?comes. Your topic plan should include what you think your stud "
will do in each lesson, but you must remember that the individual less o
must flow logically, one from the previous and must be adjusted accor?jr'1s
?ow stude'nts are processing through the topic. You may develop outc:oIng °
or the topic and for each lesson, but these must be related to the unit mes

outcomes.

The teacher guides provides a sampl
- 3 . e ro -
provide individual lessons plans. ple program for each uni. ft doss not
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Guide

Step 4 - Elaboration of content and activities

Once you have mapped out your program for the term yau must then de/eiag
more detalled plans for each topic in the unit. All units require students 'o o2
actively engaged in learning, not just copying from the board Make sure you
develop a range of activities that suit all learning needs-some reading 204
writing, some speaking and listening, some observing and dong

Browse through the text books and teaching resources you have 30235 '0
and list chapters, pages or items that you will use for each topic in your
program. The text books should also provide you with ideas for activites
related to the topic. You may have to collect or develop some resources for
yourself.

Once you have sorted out your ideas and information you can then develop
your more detailed weekly program and daily lesson plans

This teacher guide gives examples in each unit of some activities you might
like to use to ensure active learning. It also gives background information on
some of the content.

Remember that option cocoa units should be taught alongside the core units
in both Grade 9 and Grade 10 Agriculture and Grade 11 and 12 Natural
Resource Management frame work.

Essential resources/equipment for Cocoa

units

All units that involve Land for cocoa gardens

crop production or nursery; soil samples;
seeds and / or seedlings;
cocoa plants; tools and
machinery for planting .
tilling and harvesting
coffee beans; fertilizers;
weed and pest control
products;

Specialist options e.g. | Equipment and

farm technology resources to driers and
equipment

to Planning and Programming Agriculture

Individual Units

In Agriculture, how you program the core units together with the option cocoa
units will depend on the crop that your students grow, or 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.
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eachers o constmcl animal or plant
housings in order for you and your stqdents to have morg hmt? ft;;Rc:]ual
cmwina or looking after animal activilies. There will be © 1gr “m “w en your
students will be very busy looking after young animals, and O 1le‘rh mes when
they are not so busy with outside aclivities. You need to IIcsolr a de (iil'owm
c:ycie or life cycle calendar of the projecl crop. fruit or animals and plan your

cocoa crop program around il.

It is possible that you will decide that lh.
simultaneously — such as cocoa and animal
program will be for four terms. It is also poss

Collaborate with Design and Technology t

e students could run two projects
project together - and then your
ible that you could combine a

long term schools project, such as growing such as cocoa, coffee, oil palm qf
s project such as growing a crop of tomatoes of

vanilla, with a short term clas

cabbage. The short term project will enable students‘ to experience.the
satisfaction of successfully underiaking and completing a small project while
contributing to the long term school project.

As outlined in the syllabus document, each core unit is integrated over twenty
weeks with and option unit to allow sufficient time to complete the project,

A project
It is important to teach students how to plan when they are undertaking class
or individual activities such as projects. Students can apply knowledge and
d Design & Technology to Agriculture. The

skills from Business Studies an .
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

e Possible markets for the products

e Possible risks and problems

e Possible sources of help and support

Decide on the goals

¢« What and how much to produce?
e Timelines
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Physical planning

s Salact site

¢ Determine facilities needed

« Determine infrastructure needed e g. housing. eaupment
etc.

Financlally planning

Start-up costs

Sources of funding

Estimates of profit

Estimates of cash flow

Determine how records would be kept

Implementation

When implementing the project students

Organize the necessary tools or equipment

Obtain the required seeds/plants/animals

Leam and practice the appropriate skills

Undertake the activities required to grow the Crop or r2ise

the animal over the required length of time

« Undertake the activities required to harvest and market
the product

e Clean up the area, and dispose of, or use wast2

appropriately.
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UNIT 1 - INTRODUCTORY TO COCOA IN RURAL GROWTH
AND DEVELOPMENT
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Introduction

This unit lays a foundation for discussions on the importance of cocoa and the wide
range of issues surrounding this lowlands rural based cash crop. It is reflec@ed in
income generation as cocoa growing families’ living standards are raised with their
accumulation of wealth. The change in life style increases as people are able to
purchase goods and services to fulfil their needs and wants. Thus, a cash economy
at the family level is created. The cocoa growers contribute to their local
communities and the national economy as cocoa is a renewable resource and the
third largest Agricultural cash crop commodity earner for Papua New Guinea. In
additional, Papua New Guinea cocoa is special in the world as it is premium cocoa
where it is used to flavour bulk cocoa from other major producing countries.
Therefore, PNG cocoa gives high purchasing power to ordinary people.

Therefore, the unit briefly discusses

1) Cocoa as a crop

2) The growth of cocoa

3) Development of the cocoa industry

4) Politics

5) Economy

6) Social

7) Culture

8) Environment issues

9) Other major challengers in cocoa production
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Learning Outcomes
At the completion of the unit, the students will:

Describe what is cocoa

Explain Growth in rural living standard in relation to cocoa cultive
Explain cocoa benefits and Development in relation to the cocoa
Define Economy

Define Social

Define Politics

Define Culture

Define Environment

Outline challengers in to cocoa production in the rural 2reas

TIGMMODODY




Content

09YNA£2013.-00:51

Figure 1.1& 1.2: Happy cocoa growing families’ children giving a thumps up for
cocoa and its benefits as cash crop
Note Figure 1.1: A Cocoa tree and a cocoa block input equipment/ tools and material
in the back ground
Figure 1.2: School children from Warakindam Elementary School (Lassul, ENB). A
major cocoa producing area

26



Figure 1.3: Showing ripe cocoa pod. Figure 1.4: Harvesting & breaking cocoa pods
Cocoa

Cocoa is produced by a cocoa plant. The fruit/pod develops from flowering.
pollination and fertilization through to pod formation. In these pods cocoa
seeds/beans are contained. These are then being harvested as cash crop.

Cocoa and political activities

Political activities are mainly referred to as decision making process. In National
Vision 2050 the government plans at all levels with the aim to achieve a population
which is Healthy, Educated, Wealthy and Wise. It plans to empower people the use
the environmental resources to partner the government, private and NGO and

27
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evelopment in all relevant sectors. In th
X e

h and d
rive income generation for cogq
a

trategic crop to d

cially rural families.
d Livestock regulates on it through
Our

| Parliament. Itis a national funcy;
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Figure 1.5, 1.6, 1.7 & 1.8: DAL Minister, CCI CEO, Cocoa Board CEOQ. Dignrianes
and Delegates at the launch of the ten CPB tolerant cocoa varieties at CC!
headquarters- Tavilo, ENB. The gathering of high profile people shows Now
important cocoa is to the economy and the country.

Research and Cocoa Breeding

Research work at Tavilo is being supported by the National Budget arnualy anc
international donor agencies
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Figures 1.9, 1.10 & 1.11: Showing Location of Research and Breeding Programmes
at Tavilo and the Lunched CPB tolerant cocoa varieties
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Cocoa Industry and growth and development

d in the increased supply of gog

industry can be measured Il ;

Sligid §°§°r: ;:ainlyryreferred as the material wealth dln tl:i:::zznold_

5Sem'cess p(\;rg?fid?ed are in various forms to enable goods and se very
enice

Cocoa and economic activities

: i ivities
Economic aclivities are mainly money making activi

Figures 1.12: A typical small holder mother with dry cocoa to sell Figure 1.13: Small
holder families selling their cocoa produce
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Figure 1.14 & 1.15: Market is an indicator of the cocoa cash foillow n rura
communities.
Informal common road side market 1.14 and formal Digicel co-operate saes- * °
are examples

[#]]

Cocoa and social activities
Social activities |

There are wide ranges of social activities carried out by different sectors and cocoa
stakeholders. This section briefly discusses the following:
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Government Service delivery

Figures 1.16, 1.17 & 1.18: Showing one of the sites for the Cocoa Curriculum pilot
project.

A Project targeting the new generation of cocoa growers
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Figures 1.19, 1.20, 1.21 & 1.22: Showing Health and Education roll out programmes
such as SLIP
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Private Sector

} 1270042013 94:53

Figures 1.23 & 1.24: Digicel Foundation donating a modernized double classroom to
rural Kamanakam Primary School- ENB

36




Third Sector/ NGOs

Figure 1.25: Church building make from cocoa eamings. Figure 1.26: Rurai aid pos:
serving people make of cocoa income

Cocoa and cultural activities

Cultural activities refers to the activities people in societies practice as part of their
living

In past and today about 80% of the people continue to live in the rural areas. There
were some forms of trade like the bata system and free exchanges of goods. \When
modern cash money was introduced some societies and ethnic keep their cultures
and traditions which are unique, thus promoting the nation in the tourism industry
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Figures 1.27, 1.28, 1.29 and 1.30: Showing the value of money in the famous shgj
money/ “tambu” in ENB during cultural activities

In the “Tolai” societies as other in Papua New Guinea, cocoa plays an important rojg
in customary obligation and in funding traditional activities

Cocoa and environment
Environment is the surroundings around us. People in rural areas always take from

the environment. After a hard day’s work in the cocoa blocks, families have access
to fresh clear water, forest for building material, rich land for cocoa and food
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Figures 1.31, 1.32 and 1.33: Sound rural environment is a bonus to cocoa Ncome o7
healthy living. Water is essential for living where families, especially children in rural
areas have access to fresh clean water

Cocoa and People

Employment

The cocoa industry is the third largest Agricultural commodity. Thus, it is one of the
largest primary industry sector employers both formally and informally. Through
cocoa income rural families are employees of cocoa enterprises are able to meet
their cost of living. These include paying for basic services such as education,

health, transport, clothes, proper shelter, improved diet, etc.
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Living standards

Figures 1.34 &1.35: Showing rural families members benefiting from cocoa ing

- om
for Schools! study fees and an improved living standard €

Figures 1.36, 1.37 & 1.38: Showing how people live and sustain themselves, types of
buildings built and innovative baking etc are examples of spin off activities from
income generation from cocoa
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Figure 1.39: Women fellowship meeting Figure 1.40: School P&C meeting anc Work
Figure 1.41: Fishing material from cocoa income

Families in rural cocoa producing communities enjoy a sound living standard from
income cocoa income that provides much needed services such as road
infrastructures, better prices, better extension programmes, etc, to boast the
atmosphere surrounding cocoa production

Challenges in rural cocoa production
Needed Basic Services such as Health and Education

Like in most rural areas of PNG, the topography of the land is a barmer to reaching
much basic services such as Health and further Education

Pest and diseases

The infestation of economical pest and diseases such as Cocoa Pod Borer and
Vascular Streak Die Back are a threat to the cocoa industry.

Infrastructures

Weather patterns and climatic changes
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nfrastructures due to weather, lack of regular maintenan
rkmanship are really a burden to small cocoa entrfa[')reneu;s. §uch
ro - .
o pool\i\s reflected in the high costs to run and maintain vehlg es a? this
Fjama1=.1gsee‘d the burden on ordinary people to transport goods and services to and frg,,
incre

Damages to road and i

the rural areas.

Figure 1.44, 1.45, 1.46 and 1.47: Showing the Soil Erosion, washed away bridges,
bad roads and over loading to off vehicles is becoming unavoidable bring cocoa for
sell to towns

Energy crises

In today’s world, producers use fuel to power machineries to boast production.

However, Fuel prices go up every now and then causing a strain on cocoa growers’
budget

42



7+

The prices
Our cocoa prices are controlled by the demand of consumers of coco2 pr Od‘fds in
the world. Therefore, cocoa price is determined on the international level. Prices of
goods and services too, go up every now and then limiting the buying power of

cocoa producers.

Land tenure system

About 97% of the lands in Papua New Guinea are customarily owned. There are
government programmes to help people but unless land is registered, thess .
programmes will not reach the ordinary families and support other programmes such

as the women and youth, church, etc...

Inter-industrial/Agro-systems

Cocoa is a crop that is environmentally friendly. Families have the option 1o Srvarsfy
with other food and cash crops unlike other crops like oil paim. Therefore. cocoa 220

be easily mixed cropped with other crops.

Figure 1.48, 1.49 & 1.50: Showing different site clearance for Oil paim- 1 48 Cocoa
clearance inter-planted with peanut- 1.49 and 1.50- cocoa clearance inter-planted
with food crops

Law and order

Law and order problems can disrupt and obstruct cocoa development. Cocoa
growers have experienced armed hold ups, stealing or are being cheated and
robbed of their earning. It is the government's duty to control crime.
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TEACHING STRATEGIES

A) Introduction

Teache! to lead discussions and gel s
1) Whal is cOCoa
2y Description of cocoa
3) Importance of cocoa

wdents to brain storm ideas on

B) Body
Teacher to provide notes for students to correctly
1) Define cocoa
2\ Describe cocoa features .
3) State the importance of cocoa to the rural cocoa growing families
4) Importance of cocoa to the rural local economy
5) Importance of cocoa to the country's economy
6) Describe why cocoa 1S said to an industry
7) Explain how politics is important in the cocoa industry
8) Give examples of social benefits cocoa industry brings to the rurg|
families
9) Provide reasons as to how cocoa plays a role in the culture of peopjg ;
the rural areas in
10) Demonstrate how the sound rural environment enhance to cocog
industry to be a success
11) Outline challengers facing the cocoa industry

C) Closure
Teacher to appoint groups presenters to
1) Description of cocoa
2) Explain the benefits of cocoa
3) Give an over view of the cocoa industry
4) State and describe challengers facing the cocoa industry
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gTUDENT ACTIVITIES

1 Describe €ocoa in your owm words

2 List the types of benefits cocoa brings o e riral 20227
3. Describe why cocoa is said to be an imporiart rousTy

e e
S =

4. Explain political, economic, social. cultural an ervrormena
cocoa industry

5. State and explain some challenges that afact cocoa orocuchor = M@
areas







UNIT 2: HISTORY OF COCOA
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Introduction

This unit gives a review on the history of cocoa. The discussions include the

following

« The origin of cocoa

« Early cultivation

The consumption

The growth of consumption o

Developments and Spread of Cultivation

History of cocoa in PNG

Introduction of planting material into PNG o

« Development of Cocoa Processing and Marketing in PNG
History of Cocoa Research in PNG

Notable features of the Cocoa Research Program over the years

e o e =

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

A) Locate on the map the origin of Cocoa

B) Explain the cultivation of Cocoa in the early days

C) Describe the consumption of cocoa in the early days

D) Explain the growth of consumption of Cocoa in the world

E) Descried the developments of cocoa in Papua New Guinea

F) Describe the history of cocoa in PNG

G) Explain the introduction of planting material in Papua New Guinea
H) Explain the process of processing cocoa in Papua New Guinea

) Describe marketing of cocoa in Papua New Guinea

J) Briefly describe the history of cocoa research in Papua New Guinea

Content
A) Origin of cocoa

Cocog originated from the Amazon basin and tropical areas of South and Central
America. It belongs to the genus Theobroma found in the Amazon basin.
Theobroma, a Creek name meaning ‘Food of the Gods™ has 20 species. Only

Theobroma cocoa is widely cultivated. It has tw i :
. 0 main sub-species — Cri
Foresterio pecies — Criollo and

Thege species of cocoa are thought to have originated from the forest of the Amazon
basnn'and eariy‘ cultivation took place in Central America in Mexico and other Central
Arpgnca countries of Panama, Costa Rica, Honduras, Nicaragua, and others. The
origin and cultivation of Theobroma species is shown in the maps'. below .
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Figure 2.1: World map showing the origin of coco2

Main Cocoa Breeds

1.1 Cocoa belongs to the genus Theobroma
1.2 Has 20 species while only Theobroma cocoa is widely cultivated
1.3 Has 2 main subspecies. The Criollo and Foresterio

B) Early Cultivation

Criollo developed north
of Panama

Figure 2.2: Showing the Sequence of events in cocoa development

1) In 1502 Columbus first saw cocoa begin traded in Central Amenca

2) Spanish explorer Cortes discovered Mexico City in early 167 century found
Aztecs

3) Aztec king Montezuma and his court consume large quantities of
“chocolatl” but did not cultivate cocoa

4) Criollo developed North of Panama

5) Foresterio developed South of Panama
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h lieved to be by Mal ;
med as early as the 6" century be o be by Malay Ing
g) ol o and Central America IS Criollo 'ans

) Varieties cultivated in Mexic

Two reasons for cultivating Criollo

1) Criollo gives @ palatable drink with little or no fermentation before-hg, q

while,
2) Foresterio beans require several days for fermentation

C) Early Consumption of cocoa
1) Sentor paid as a tribute to the Aztecs by Maya Indians and others living i,

areas suitable for cocoa cultivation
2) Using cocoa beans to prepare @ drink called “Chocolate”. Was a luxury i

Mexico City
3) Consumed by many classes of people in the growing areas
4) Used as currency to buy gold, slaves, clothing, food and even “public
5) Has medicinal properties and aphrodisiac properties wo
6) Other social and official ceremonies

men‘!

Steps to mix

) Roast cocoa beans
) Grind cocoa beans
; Mix with maize, vanilla and chilli

1
2
3
4) Stir the thick drink mixture with a special whisk
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D) Growth of Consumption of cocoa

=

Figure 2.3 Consumers at a Kerevat (ENB) shop with Cocoa products

1) Spaniards found Aztec “chocolate” unpalatable. They mixed with cocoa paste
with sugar and seasoning it with cinnamon and other spices

2) The drink became popular in Europe In Spam later Italy, France and England

3) First reported in England in 1652, 17" and 18" centuries consumption in
London conf‘ ned to chocolate houses frequented by the wealthy

4) Early 19t century, import duties were reduced and consumption increased,

rising in Great Britain
to 500 tons annually during the 1820s. Navy used half of this to replace rum
5) Chocolate drink was the only cocoa product in England till 1828 when

Coenraad Van Houten pressed to remove some cocoa butter. A powder
produced made it easier to prepare and digest which led to the range of
products today

6) The milk chocolate was developed in 1875 in Switzerland by David Peter. He
used condensed milk made by his friend Henri Nestle and first introduced in
1876. The spread in popularity of this product formed the base for today's
world chocolate industry
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Figure 2.4: Showing the Development and Spread of Cocoa aroung bes |
Orlg

Sequence of Events in cocoa consumption

1) Cultivation spread to arts of South America, Venez .
Jamaica and Tn‘nidacf uela and Caribbeg,
2) In the 1600s was taken to the Philippines and Spread to Jay o
3) In the 16" and 17" centuries, the cocoa Criollo varieties we a and Ing;
4) In the 18" century, Brazil and Ecuador started producing F re Cultivateqy
5) After Brazil's Independence, Amelonado type cocoa from BO rasterio Coco
Bahia to Sao Tome and Principe Island of the coast Centr Ir azilian areg oaf
6) In ?855 was taken to Femando Po (Malabo) an island off o America
Africa Ot the coast of ey
7) Later in the century it sprea igeri
g ry it spread to Ghana and Nigeria to form the basis of c
8) In West Africa, now the World's largest cocoa producing areg i
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F) History of cocoa in PNG

rovy
’

P, » s atrer . £\
r A ) - ., ' ) /f /)/,J
\ - o 2 )-/,{ -

‘(4- g j‘ Q i /// e
D sl ) rd ey o i
A~ i f’)/\ X 3

S AZR)

- - —~—

.

AN
'\,_4
ey

/

Y

B - i

Figure 2.5: Map of PNG showing cocoa establishment

1) Up till the Second World War, the cocoa crop was prmaniy grown o0
plantations

2) In early 1950s it initially developed on plantations in New Brian Bougasralie
and

3) Oro while smallholder cocoa based smaller land settiement schemes wers
established at Vudal (East New Britain) and Oro

4) Early extensive development was in Gazelle Peninsula of New Brian

5) Figures for PNG from 1964 and 1965 indicated about 45 500ha of cocca orop
on plantation and 12, 750ha on small holders. About ha'f of this East New
Britain

Figure 2.6: Cocoa growing provinces of Papua New Guinea
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2.1 Provinces Cocoa Production Figureg
e <.

al Production by Provinces
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The table shows cocoa production figures by Provinces from the period 2000 to
2011. The most significant information from the table from 2000 to 2008, cocoa
production by ENBP ranged from 15, 000 to 23,000 tons per year but after the CP8
invasion this production dropped to only 1/3 of the production to about 8,000 tons per
year. The ENBP which was the biggest producer of cocoa dropped while
Bougainville rose from the civil war destruction to be the top producer of cocoa
followed by ESP. This production figures show how devastating CPB can be 10

::?stroy cocoa production and reduce the rural population that relies on cocoa to
isery.
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PNG Cocoa Industry in declined

es are expected
Cocoa Pod
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The figure shows the cocoa industry in PNG on the decline due ‘o the coctz pos

. ) : e deriin
borer incursion. Generally major producers like the ENBP showed mzjor Cecne
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while ESP and North Solomon show an increase and these are not 27eCieC Oy 772
cocoa pod borer incursion yet.
G) Introduction of planting material into PNG
T - Calle “k—"'-ﬁ_p— ——
- Ly -
A s e =
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Figure 2.7: Asia/Pacific Map showing the spread of cocoa

1) Most likely our cocoa came from Samoa

2) Most material originated in Trinidad and Venuezuela, came via Java, Ceylon
and Cameroons
to Samoa then PNG

3) The Germans annexed New Guinea in 1884 and took large numbers of
labourers to work on the Germans' plantations in Samoa. By 1900 well
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ectablmhed shipping mm,mmicmions belw(;a - the two Countrig
|r‘ar‘\<podt=d cocoa seed!ings back to New Luinea S Ay .
4 The}p was a cubsequent introduction to PNG from Java ip 193, o)

The 19608 introductions included:

1) Seeds of Upper Amazonian material, GOl_npri.sing Ng '32)( Pa 35,
wide range of Crosses within Nanay. Parinari, Scavinia and | ro
of the parents of our present hybrids oy, S”“a

2) Open pollinated seed from ICS (Imperial College Selections)

Trinidad .
7) Seed of Wesl African Amelonado from Malaysia
3) Further introductions of ICS clones and Amelonado materia| from
the Solomon Islands in the mid 1980s MalaYsia w
)

Clongg fro

) Development of Cocoa Processing and Marketing in PNG

1) The cocoa Ordinance of 1951 officially discouraged village plani
however. the Tolai people of East New Britain actively planteg Ntings,
2) The Administration developed a marketing organization- know Cocog
Tolai Cocoa Project which later became the New Guinea ISlang as
Company (NGIP), backed by DP! through the Local Governme S Prog
System Nt Coung
3) Rural progress societies were set up on co-operative lines in ar
first planted village cocoa such as Siwai Co-operative (Bougain\?‘?S that
Karkar Company (Madang), Akua Society (Finschhafen), Lamin ille),
Cocoa Limited (Oro) and East Sepik. Most failed while some ar gtop Uniteg
wet bean buyers. These were managed by DPI field officers © Stll majy,
Department of Commerce and later
4) Inmid 1970s, PNG Cocoa Board started to re .
Industry and administer a price stabilization sc%lgﬂz the expanding
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J) Histor

6)

_»_ |
|

y of Cocoa Research in PNG

In 1811 the pf()fj()(,hf)ﬂ was anly abaut A7) tonnes

hectares, much was immature plantings
War in 1914 to 1918 resulited in the o9 : .
planting of cocoa did not increase and produchon
approximately 80 tonnes

Inter planting cocoa under coconut
1200 hectares were established by e

of mary T225

5 N2

The Australian Government encouraged the mnou ’ e Tl
i - _ 5
passing The New Guinea Bounties Act of 1926 34 S5
(Papua New Guinea Prefarence) Act of 1925 R
lanted when Demonsir3’ o Hani it 3
Cocoa was one of first crops planted wrer ==
Keravat was opened in 1928 i

The demonstration plantation provided 3dvce to Growe

seeds from selected trees at regsonable prees
Additional breeding material was introduced from Jav3 T a
Pre war research was concerned ath seed selechon 3MG /E05=
propagation _
A spacing trail was planted in Septemoer i 1935
Cocoa weevil Pantorhytes caused proglems n 1340 270 3 52
problem in many parts of PNG today Therefore soray™y 3
tests were initiated _
War outbreak in the Pacific halted work and Z2pLa New Gunea “0C03
producing fell dramatically. Export in 1936 to 1940 pencC 3veraget
about 200 tonnes per year
In 1946 to 1947 only 48 tonnes exportad
Figures increased gradually to 730 tonnes 0 1353 © 1954 Large siae
plantings
i) followed and resuited in that experts otalec 10 00C ‘ornes ©
1961 to 1962,
i) 20 000 tonnes in 1964 to 18635 The peak export year was 389
when 48 000 tonnes exportad
iii) In 1990 the Bougainwille cnsis interruptac procucion mars
Smallholders now produce about 847 of the Courtsy s antua
crop
After the war in 1948 and 1949, trees were selectad from Karawal
demonstration Plantation, Lowlands Agnculture Experment sta
(LAES) now NARI. From remains of bombed cut Rabau: Bctanc
Gardens and Asalingi Plantation pods from trees used 1o pant _0 3
number of progeny trails on LAES
From 1952 to 1957 research expanded A selecton and dreed ng
program initiated, spacing and fertlhizer trails laid down  coces ”
processing researched, vegetative propagabon Dy culling axamned
Papua New Guinea Trinitaro cocoa I1s very heterogenscus 1 5 Jeread
originally from crosses between Cnollo and Forasteno hpes = rs!
crossing programme in 1958 for possibility of odblaming mproved
Material by crossing extreme of parents being based on pod and dean
characteristics. This was partly successful i

oA~

o
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significant problem occurred. The Vasgy

/ 1960s, 8 .
I,Z;:lfaﬁgk 1drsease (VSD) was In manz pdags Exge country ii::,ﬁ",eak
Garelle Peninsula It was first rer:%r1 ep Sin Qlone K1_1dlng
clone Testino Series Il in early 1961. | roposed hybrig breedin02 "
programme was postponed as sev:(ra yearst Were spent o, resg
into this disease. Expenmeniaf wo wa;:'no resumed tj)| 1969 earcheu
14)  First Tnnitario x Amazonian hy'brud.bree ing programme ©Xpang
1080 to combine high yields with disease resistance, This Was dzd in
Ng by

the Cocoa Industry Company, which bgcame the Cocog and ¢,
Research Institute 1986 using Information collected by pa_ teie Cony,

10)

staff on yields and resistance. Improved hybrid seed gar, dens W:?rch
e

established in 1986 and improved seeds (SG2) became a"a"ablet
0

growers in 1988.
Notable features of the Cocoa Research Programme over the years hg,y, begy,

A) Agronomy
1) Shade. spacing and fertilizer trials were conducted from the late 1950 to

2\

1970s ) . )
2) Studies and trials of suitable soils for cocoa, suitable shade species, and

pruning techniques o
Planting cocoa under coconuts became standard practice in many areag of

i PNG after tnal work in New Ireland in the 1.9405 and 1950§
4) A study of propagation techniques started in the .1 930s, using seed, Cuttings,
and bud grafting methods. The change from cuttu:ngs to bud g_rafting as a mor
effective method of cloning gave rise to commercial bud grafting, which began

in August 1876, and the transition from cuttings were completed by
September 1877 ) o .
Selection and cloning of VSD-resistant and high-yielding material for

distribution to growers _ .
Development of more efficient spraying machinery and techniques for pest

-
]

contro

E) Breeding

) Selection of Tnnitario material introduced in the early 1900s and the

establishment of collections in 1948 ‘
The importation of Amazonian and Amelonado material and its evaluation

in the 1960s
The importation of selections from Puerto Rico and Ghana in the early

1970¢
Introductions of matenal from Kew Gardens and Reading University
coliections and USDA

I Miami coliections commenced in 1975
i Introductions of Amelonado material from the Solomon Islands

in 1965

Z,




Armazoran] m

and distribution of

5) The success of the hybrid breeding programme (Trndanag &
1980 and the establishment of hybrid seed garoens
hybrid seed for redevelopment in 1982 (561 8) o agtabl

6) The development of new improved hytrds (50575, 270 o - :;( o
of seed gardens between 1982-1987 for commerciz! orot 0 2

ghment

o

c) Entomology

1) Identification of Pantoryhtes weevil a5 the M0 rsect :,of :‘r',',f,,-‘é
many provinces of PNG, and the develogment of corirs ethoos
including biological controf using Crazy Ar's L

2) Study of the Giant African Snail. a devasiating % of coeo3 ;ﬁ’ pa
young cocoa plantings, which was introduced oy Te Japarese SUg -
war, and the adaptation of Gonaxis snail for biclogical cortro

3) Research on the biology and control of 3 wde range c
tree pests which are constraints to cocoa oroduchion (23 o

of cocoa 3nd ha08

4

D) Plant Pathology

1) Detection of Vascular-Streak Diebac« n/SD) disease which c3useC 3
virtual cessation of breeding and agronomy work SETASET 1962 anC

2) Identification of the causal organism of VSO the deveiopment of oo™
measures and of a quarantine screening "2CiTICLE for plartng 79
entering VSD- free areas of NG

3) Development of improved spraying ‘echmigues 3
Pod control from 1979 to 1985 2nc a seres of 72
investigate the potentials anc e /mianors of cocoa Siad
(Phytophthora) pathogen confrol measurss

4) Development of a trunk injecticn '2chnicue uSing Shesphorus AC

5) Identification of various mincr diseases of cocoa O { SSeases T
Disease, etc.) and recommenced Corirol Maasuras

——r
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=
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E) Processing

-~; ST -

Studies and tnals on fermentaton of cocca anc Iy
in the 1950s and 1960s. resuiting N rECOMMENCANCrs T Fowers
commercial and efficient methods of crocessing
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Teaching Strategies
A Introduction

Ask students to state the origin of Cocog |

Show a World Map and ask to locate origin

Descned Cultivation and Growth of Consumption in the Worlg "
ro

) M —=

to PNG o gy
Show PNG Map and ask to Locate Cocoa cultivation areas

Describe briefly the introduction and spread of Cocog

Explain processing and marketing of (;ocoa

Give brief history of Cocoa Research in PNG

~] N b

B. Body

Use history notes, Give correct origin.

Use a World map to show correct location.

Using history notes, describe Cultivation and Growth of Con —
the World through to PNG. Plion i,
Use PNG map. Locate Cocoa cultivation areas.

Use PNG map and notes to describe the introduction and spreg d of
Cocoa.

6 Use notes and field trip/visit/exposure, explain processing and
marketing of Cocoa.

Use notes and field trip/visit/exposure, describe and explain Cocog
Research in PNG.

RIS I

o

-

C. Closure

Orally ask students to:
2) Give origin
b) b) Show locations on the map.

~

2 Short test on origin, cultivation, consumption, growth and spread,

processing and marketing and Research in PNG.

3 Mark (1 or 2) and evaluate student performance
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gtudent Activities

2. List Locations of early Cultivation of cocoa

e ———

3. Describe early Consumption cocoa

;- -l—EXplain the Growth of Consumption leading fo cocca ncusiy ‘063 '” y——;
5. State a range of cocoa products _ _ .
6. Describe the spread of cocoa through the wor'd ;D\G - |




Nrite a page on the processing and marketing in PNG

T
....................................... “~ h
E - = T 4 \
..... \‘ \\“
\\\

o Describe briefly the Cocoa research in PNG
R =
_________________ _ et

e,
---------'---- \
-'\x

~

Practical/Experiential Activities

1 Teachers are encouraged to organize for resource people tg
discuss historical experiences Come g

2 Teachers to arange and organize field trips to cocoa plots 3
appropriate. S

62







introduction

~utrient requirements. climate is the most important determ,

Cimate IS made up of a complex inter- relationship of 4 Nany Ofthe
ned by altitude in the tropics), rainfal, hu,.:it;r; Sugy,

ARer sof and
growth of cot0s :
;~s temperatuTe (largely determ!
ocover sunhaght and w'ind-speed. ' c|°uq

tity and distribution of rainfall and temperature ig Usua|

in which cocoa growing could be successfy]. In th
the climate factors effects and have a feel of s Unit 1,

measuring different climatic factors. Therefore it co
' vers.

Evaiuation of the quan
smrﬁ to ==t Fmits with
student will basically leam
~struments eguipment for

Altitude

Temperature

Ramfall

Latitude

Sunhight requirement
Efect of sunlight on cocoa
Winds

Other effect of climate

=L n B G B

o0

Leaming Outcomes
At the completion of the unit. the students can:

£ Describe the altitude where cocoa is grown

S Give required temperature ideal for cocoa growing

C Stzte range of rainfall vital for cocoa growing

D, igentify the latitude where cocoa is grown

E| Define sunlight requirements conducive for cocoa growing

F| Explain winds reguirements necessary for cocoa growing

G) Refer to other aspects of climate important for cocoa growing

Content




A weather station is where weather and other climatic conditions are recoried 200

monitored for a particular area. At the station are varous ciimatic acions nstruments
are installed as shown and discuss below

The climate

(=)
i

N
h @ Anemometer

VLN == T =t
\ L _______-—k,ﬂ_—__—v:
y  Solar radiation - B
q sensor A
B T

Figure 3.2: Showing the weather station and weather factors nstruments
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Altitude

4 Cocoa can be grown from sea level to 600 meters above
Papua New Guinea €aley

. 8| ;
2. Above 600 meters, diurnal range can be greater that 9 *¢ n
less than 25.5*C and

annual temperature ess Meap,
3. Common occurrence of mist an

the risk of fungal diseases
4. Therefore, cocod cultivation not recommended
5 \n Papua New Guinea cocod growing are in places where th
minimum temperature not less than 21*C and mean maXimu?n m

d cloud in hilly coastal lowlan q
Singy

temperature not more than 31*°C
Temperature

Instrument for measuring temperature is the relat

ive humidity and ajr
temperature sensor

1. Temperature conditions favouring cocoa growing are where g
variations are small and the diurnal (daily) range is most con ?ason
throughout the year Stant

2 Mean annual temperature most suitable for cocoa is 25.5*C with

mean minimum of 15°C, a mean maximum of 30*C and daily r. a monty,

3. This order of daily temperature is necessary for initiating bud_bangg ofrgte

4 |f the daily range exceed 9*C, leaf- urstin

flushing can be excessi g
- - v i
where maximum temperature rises above 28°C © ESpecially
Flower formation appear

5. s inhibited at mean annual t
25.5°C emperatures below

6. Al coastal areas in Papua New Guinea are consid :
ered t
temperature conditions 0 satisfy these

Rainfall




Figur

e 3.3: Flooded river after a lot of rain fall. Figure 3.4: Lots of ran

2
-~

=
pater LN oS
damage road infrastructures to rural areas

Instrument for measuring rainfall is the rain gauze

1.
2.

Most cocoa growing areas in the world have annual rainfall of 1500 t©

2500mm. ,
Careful selections of soils and good management enable cocca © &€
grown successfully in areas with annual rainfall as low as 1150mm. e -__,:
parts of Nigeria where rainfall is less than 1250mm while four rﬂor:h; >
the year are dry, such seasonal climates appear to have litte or nC 2 ect
on yield apart from producing peak cropping penods i

The severity and duration of “ dry season” cocoa can tolerate will cepenc
on available water- holding capacity of the soil

It is widely accepted that the loss of water by evapo- transpiration from
area planted with cocoa is about 100 to 125mm a month imply'ng a simiar
mean minimum monthly rainfall is desirable

Areas with rainfall more than 4000mm are undesirable as are iable i
nutrient losses through excessive leaching, soil erosion and increasec
incidence of fungal diseases

Cocoa production needs rainfall evenly distributed throughout the year
ideally no month less than 100mm

In Papua New Guinea, three months in a row with less than 100mm o
is unsuitable for cocoa

A total annual rainfall not less than 1500mm to not more that 4000mm s
considered satisfactory as average annual rainfall is about 2500mm s we'!
distributed throughout the year with a short dry season is preferred

Cocoa grown in areas of Papua New Guinea with rainfall greater than
4000mm with free- draining soils e.g. Buin (4100mm) and Lea (4800mm"
fungal diseases can occur

.

ramn

10.Good cocoa growing conditions is associated with high humidity, the lower

relative humidity of dry season accelerates water loss from tree
transpiration

11.Mean minimum relative humidity of about 70% preferred

—;
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Latitudes
Cocoa can be grow between lat*itudes of 2? *S and 20 *\ Bt
cocoa is produced between 10 °S and 10°N where Pap, N(sawoét Wory
within this band ling, .

Sunlight Requirements

of cocoa to shade indicate amount of sunlight falling
n

" Resp(;f!;8$ ield Cogyg
n affect yl : , 3
" gae|aﬁonship between tree growth_and !ljteractlon between amoup h‘*s
2 energy intercepted by tree and soil fertility t of ra
3. Soil fertility is not limiting fa_ctor as trees will be able to be Pro ducty, !
" more sunlight and will requiré less shade ely g

in infertile soils may do very poorly under similar low sh
4 ggz? :re inadequate to maintain higher degree of metabolic aCtivi?i ::-"“tﬁem
by more sunlight ot 5.5 | 'ndUceU

5. In Papua New Guinea an average of about 5. hours sunlight per
preferred although this varies from 4.5 per day in Buin and to g 1
Madang. In other parts of the World averages 7.3 hours perin T

low as 2.6 hours per day in Ecuador

day is

Per gq
rinidag tf;zt

Effects of sunlight on cocoa

The transference of the sun’s radiant heat through the air and the gg; s
essential to plants

Thermal effects
Three important plant process directly affected by the temperature of air and sg;

a) Growth of plant tissues closely correlated with air temperature ang
truck growth where soil water supply is abundant and regular but not
where distinct wet and dry seasons cause irregularity in soil water supply

b) Metabolism involves enzymes activity is accelerated by rises in
temperature. Found that pod ripening is generally more rapid during the
hotter months of the year

¢) Leaf temperature may be as high as 18 *C to 20 *C higher due to
exposure to direct sunlight and corresponding increased rate of
tr':ansplratlon may be two to three times as great than cocoa leaves in the
shade
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2. (Ilumination effects

¢ diym ra‘}rjf ( f;k‘
portant plant processes depend 0N the effects of direct
yArat = rer ’fﬁd 2
a) Photosynthesis. Light is essential where f;arbo:'ﬂ/( jrate 5 ¥
iluminated leaves from carbon dioxide and #3 B e mater N
b) Movement of stomata about 35 000 to 60 000 per;f.i_r{ splinpllipones
open under direct sunlight in the early morming 3n9 =
of carbon dioxide gas, water and oxygen outs o ottt of i
c) Enlargement of cells of certain plant tissues Late in ¥ Fr--:r/.‘ :ra‘
intensity on turgidity of guard cells which requliate he $iZ8 ;‘ ;
loss of water from leaves by transpiration, enhanced Oy 2 590

water supply of the soil

Three imM

winds

Instrument for measuring wind direction is wind vane

Strong winds can
1. Adversely affect cocoa. Leaves has short petiole 2nd c2n be damagec oY
movement of steady winds

2. In dry season decrease the re
evapo-transpiration, if persists trees die

3. Bring salt spray from the sea to defoliate trees. Diffi

close to the sea

lative humidity in a block and incraase

cult to grow coCco3a

Other Aspects of Climate

n wet season in Papua New Gunea

1. Low temperature and high humidity as i
ch as black pod, canker anc vascuar

favours the spread of fungal disease su

streak die back (VSD)
2. Wet season is ideal for cocoa development in Papua New Guinea whi

same time is ideal for disease build up
3. Wet Africa harvest and ferment during dry season and good quality cocea s

produced by small holders using sun drying

ie atthe
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Teaching strategles

A) lnlroductlon

Ask students to list climatic factors of Cog
State importance of temperalure 04
Give the range of rainfall for cocoa growin
Describe the importance of sun light 9
Explain the process of transpiration
& Explain importance of photosynthesis

o B R =

B) Body

1 Use notes, Give correct climate factors for cocoa grow;
o Refer to a weather station, identify instrument for me‘e'lvsln
Urlng eag

climatic factor
3 Using notes, describe the process of transpiration

4 Demonstrate the process of transpiration
5 Conductan experiment on photosynthesis

C) Closure
1. Orally ask students to

a) Give climatic factors
b) State measuring instrument for climatic factors

5 Short test on climatic factors and importance to cocoa producti
on

3 Mark (1 or2) and evaluate student performance
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mdanf Activities

5 Bprs 1004 Drryrki r NOF
rg that anec "2

1 Gtate the climatic fact

. 2 Describe the effect

\

z, - -~ ~ETNT
3. State the range of rainfall required for coc63 7 - ) ]
4. |dentify the latitude ideal for cocoa growing

5. Describe other factors needed for cocoa Growirg

6. Explain the effects of winds

7. Write a page on the effect of low lemperature and ™gh mumadny, o
cocoa




rr frainfall in ¢
. :\Pg""'."‘!' ‘,‘_ﬁ{,n\ the Ir )[\("Tﬁnm ofra mn l"Ocoa grow’n

areas

¢ Identfy, label and discuss each weather instrument of a weather
station

0 State the function of different instrument of a weather station

——————

————

——

Practical/Experiential Activities

Teachers are encouraged to organize for resource people o
come and discuss climate

and weather patterns

Z Teathers to amange and organize a visit to a weather station
Nearby

Kl
o

Identry instrument for measuring climatic factors and discuss
€ach factors impact on Cacoa production

1




UNIT 4: NURSERY
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ming Qutcomes

Le2
At the completion of the unit. the students car

39"" -] r-_Jr*.,p’r/

gtate the reasons for having 3 rursery

Discuss sie preparations oroceures

Describe general nursery management

Other aspects of nursery management

Explan types of nurseries structures
Describe how o fill the poly bags

Describe vegetative propagaton orcess Duiang

TO MMQOOMm e

gafrg Id TG
Content

The Nursery

A nursery is where seeds are raised from seed io seedings $i3ge wher TSy =
ready for field planting. Cocoa seeds arz expensie 37 2308 for specal =
should be taken to raise seediing unti e seecing 2 mafur2 snough T o8

transplanted onto the field.
Advantages of having a nursery

Raise own when not buying

Best to raise seedlings in a nursery

Seedlings easily looked after and proteciec m 2 sma’ ar=a

Possible to choose the best seedings anc pian® 2 mos? swiate o
Whether seedlings are hybnd seedings or -aisac 3s 00! 350ck T o Jrated
with clonal material, the approach to estadisn anc runming e ~ursany an o=
the same

P

Ok wp =

Site selection
A good nursery site should have the following features

Well drain, very slightly sloping land 13 the best

Good water supply is essential

Not too far from the block where cocoa wil be planted

Not near or under old cocoa trees 10 avoid CiSeases and NSact Desls ™al we
harm the young seedlings

About at least 100 meters from the nearest mature cocoa rees

All weather road access is essential for rainy weather as e bes! tme for
planting cocoa

Good supply of good quality top soil

Plant wind breaks as young cocoa seedlings are very sensitive 1o contn.
movement by steady winds

pall

oo

@~

ousS
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Under brushing an

4 Remove under

es
2 Felltre moved and completely burnt (bagig se

3 All matenial ré
) ' cocoa "
clearing @ block to plant - as

d felling, Clearing or weedin,

1. growth and shabby plants

In. Liveggr?lly slope site is ideal as it helps drainage afte, hea
Frame to support shade W rai

Poly bags .
Irrigyation pipes laid properly

, ont load
Levelling doné manually or fr er/ bulldozer 4 epengiy
the sizé Qo

N B WD

inage . :
"L1 D:;ac;cog <ensitive to water logging so essential that the nyg

. BTy sil
ins quickly after heavy rain | - .
2 I‘d\nr:i': dsainage channels should be dug in the direction of the

steepest slope

IV. Designand construction
1 Temporary nursernes _
Set up to establish one small to medium size C0C0a bigy

2 Permanent nurseries .
3 For plantations or commercial enterprises that supply

seedlings to many growers
Nursery size depends on how many seedlings needed to plant the block

Calculate the number of seedlings required for field planting
Add 40% more to allow for Culls (30%)

Seedling bags containing non- germinators (10%)

Divide this number by 20 and will give the required size of
the nursery in square meters

#) Assume a planting density of 625- 722 trees per
hectare,

b) Approximately 43.75m2 — 50.5m2 of nursery space
area will be needed to raise enough seedlings to
plant out every hectare on a cocoa block,

o ie. 625trees x 1.4 (140%)

o 722trees x 1.4 (140%)

/20

BN

=43.75m2 o 50.54m?2
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Figure 4.1: Cocoa poly bags Arrangements i1 3 Nursery
Types of structures

a) Temporary nursery materials

Figure 4.2: Temporary Nursery (Bombom) Using Coconut Froncs for Shace

This type of a nursery is easy to make but will break down under weatner condhon
rapidly. Bush materials will rot easily.

Steps

2.5- 30 meter long hard wood/ kwila posts

Strips of split bamboo

Coconut or sago fronds

Black polythene seedlings bags size 35 cm x 18 cm

Live shade, one 1.5m long gliricidia stick for every shade tree 1s needed
Between 16 and 20 Gliricidia shade trees will be needed for every 30m2 of
nursery space, depending on lay out whether square or rectanguiar shape

6. Empty 200 litter drums, for water storage and catchments if roofing neardy o
provide water for the seedlings in dry weather

N N
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Figure 4.3: Semi - permanent Nursery Using Gliricidia Tregg

aterials are easily to construct by using already establishey

shade trees or using some modern ma
last long and will not provide good shade.

Steps in Construction

Plant Gliricidia (live shade) by putting the 1.5 meter long Sticks |
the ground at 2m x 3x spacing (i.e. 2m between trees Within 5 r!n
and 3m between rows) 9 months before you sow cocog seed inow
polybags. Trees need regular pruning to maintain the shade af the
suitable levels

Alternatively, coconut or sago fronds can be placed on frames held
up by posts to provide shade of approximately 50%. As frong dry
they let in more light. This helps seedlings to harden naturally,
When other materials are used, remove gradually starting 4 Weeks

before planting out
3. Seedling bag supporters made of stakes and bamboo splits are

installed underneath the shade

4. These define seedlings bed rows, made 36cm wide to fit double
rows of seedling bags (i.e. 2 x 18 cm wide bags).

5. Beds should be arranged in series of three

6. An access gap 25-40 cm wide between each bed (double row of
bags).

7. Every third access gap should be slightly wider- 60 cm wide- to
permit easy access for wheelbarrows and management operations

8. Lines can be continuous down the length of the nursery

8. Awire or piece of wood placed across the lines at 4.5m interval (.
25" bag) down the row to mark out blocks of 50 seedlings i.e. 2
lines of 25 bags making it easy to count the seedling bags

10.In larger nurseries with longer rows it may be helpful to have one or
two paths running across the nursery

11.Using these arrangements, every 100 bags will need total area in
the range of 6.75- 7.5m2 depending on the width of the access
gaps used

1.
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12 Place the 200 liter drumms near the rursary ard rert 0o 3 70
catch rain water of near a creek 5o easity ne raglenared B 720
with a bucket

a

Figure 4.4: Permanent Nursery Made From modem maieras

permanent nursery is constructed using modemn and duratle materais These eSS
of nurseries are expensive to build but will last longer and acverse weather
conditions as they are made of metal frames, and covered with mocem snace
clothes that are very effective in screening or shielding hign sun light energy 37C

radiation.

b) Permanent nursery material needed

1. Galvanized 2" pipes

2. 2.5- 3.0 meter long kwila or other hardwood posts
3. 8 gauge plain wire

4. 10 gauge tie wire

5. (Smaller nurseries) 4 empty 200 litter drums and some roofing iron for catchments
and water storage

6. (Larger nurseries) materials and equipment such as pumps (generalors ). dipes
filters, and water storage tanks for the irmgation system

7. Black polythene seedling bags size 35 cm x 18 cm
8. Salon shade cloth
9. Some nails

10. Star pickets
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e

urse
Construction procedure for a permanent nursery

. Erect 25 - 3.0 meter long pipes Of hardwood posts to make thq Shag
¢ e

fr
sery. i
. ('F'h?ic:rtrj?:f Qnd intermediate posts should be placed in holeg that 4 Mg
T it the shade frame will be 2.0 - 25 M. above the gro, 018 05

3 These posts should have adequate supporting cross-struts tq holl1d

: d the "
rial up. : fy
and;h:ii:‘?;f; the zhade frame according to the planned dimehsions Mg
1 structure. . of
b ';ltjtr::t?ufe Salon shade cloth to the frame by looping the Shage the
over the frame ) i
4 Sewing it back on itself by 1'Ihr:;:g‘g;:‘:a‘;we through the shade Cloth ang
e pipe in alo -

i?f?lli;dt;zesftzz?e fir)a‘:ne and attach it to the support posts.

Cut the star pickets into 50cm lengths wnthdq hagkzaw_

Drive these into the ground where the see ling beds are to be locatey N

depth of 20cm, so that 30cm remains above the ground. 3

8. The dimensions and layout of the seedling bed rows are the same 45 for he

nursery. _

9 tsetrﬁfg rtzre}’piain v\rr?’re between these star p_lcket qugths to _form the seediin
bag supporters. As the rows are 36 cm wide, put in two pickets 36 ¢ apagn
the end of the rows and then every4.5m along th(nT rows. at

10. Install the nursery irrigation equipment and materl_als. This will involve Munniy
a pipe from the water source to the pump and_a pipe from the PUMD to the 9
water storage. If the pump is not manua[ or driven by a windmill, it wjjj requirg
some engine and energy sourceé for'motwe power.

11.1deally the water storage should be installed on a ralseq platform to give the
system some pressure to deliver the water to the seedlings.

2 The outlet from the storage can either be through a further series of Pipes wi
micro sprinkler outlets in the nursery or by tap for filling watering cans. If sye

a system provides too little pressure between the storage and nursery, a
further pump may be necessary.

3.in hillier locations, where the stream from which the water is taken, drops a

considerable height in the vicinity of the nursery, a water race system can be
used. This uses gravity to bring the water from its source to the nursery. This
system will involve installing a diversionary pipe or channel upstream, which s
operated by opening a simple value or using a syphon to fill a storage tank.
The tank is installed lower than the take off point in the creek but higher than
the delivery point in the nursery, to provide the necessary pressure.

14 Such a system will be cheaper to install and run, so is desirable if it is
technically feasible. It is ideal for sloping land sites.

Cigth

~ @
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Figure 4.5: Overview of arrangement of seedling in poiy bags n 3 nursery 98¢

Figure 4.6: Filling nursery bags with soil
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Filling the seedling bags
owing points need to be remembered

when filling the seedling bag
plastic planting bags of the proper size: 35¢m high 8
X1

The foll

0j).

(1) Use black

across.
(2) Fill the planting bags with the best topsoil available. Cm

ily when it is dry.
2) Collect black topsoil that crumble§ easily W
) You will need 1 cubic meter of soil (i.e. Tmlong x 1m deep x 1m high) fo .
500 bags to be filled. lanted in th v
4) On the basis that 1000 seeds will need to be planted in the nursery {q I
n lhe

600 - 700 trees of sufficient vigour for planting out 1 hectare of a cocgg b
5) 2 cubic meters of soil will be needed for every heclare that the nursery jg tgck'

provide seedlings for. _
6) This soil should be sifted through a 4mm sieve.
7) Do not use sandy soil or soil from old cocoa blocks. o
8) Make sure the soil will clump together when wet, so that it will stick to the root
S

when the bag is removed at planting. _
a. Punch the bottom flap ends inward and fill the bags

soil right up to the top of the bag.
b. After filling the bags, dump them twice to make t
settle. However make sure the soil level

9) Is still high enough to stop the plastic at the top of the bag from curving inwarg
8.

If that happens .
10) The water will not get into the bag when the seedlings are watered.

a_ Line the filled bags up in the beds marked out by the
seedling bag supporters. Make sure that the bags g
well positioned and firm in these support rows. ©
b. Leave the bags filled there for two days before planti,
the seeds g
11) If the weather is dry and no rain has fallen, do not plant unless you can hang-
water the bags before planting, and at least once a day for the first two weeks
after sowing and once every second day of the week

()bta

With

he sqj

Figure 4.7: Seed Treatment.
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ned seed fungicide and a small amaunt of a1,

{ joft clo? aWdu.c‘.l well mixed and raady for packing
! y clod" ?
ant hybrid seeds are not readily ayaiia. Trindare, seads rar b
1. IS ined from big trees with big pads on ar, established ratre crprm Shern
obtd wods from fully ripened pods should be 5
O“'y: or under-ripe pods should not be salected
Ov(; ds are selected or purchased, thay must ne bropen 304 e weeds
i ked in fungicide before planting
soads ghould be broken with a blunt abject iike 3 stick (net 3 shary e
5. oid damaging the seeds inside,
a/hen the seeds are extracted from the pods, the muciage shoud me
6. moved by rubping them with sawdust and then wasr ing them i
if the mucilage is not complgtely removed from the seed the seed may ~o!
r orminate because the mucilage contains 3 chemical trat stogs germrator
g, The geeds are then putin a bucket of water Those that flozt snou oe
" discarded-
g, The seeds that sink o the bottom of the bucket of water are cotected anc
" goakedina mixture of 10 grams of metalaxyi fungicide in 1 ider of water ‘or

A right seed fungoide

=

\{e
4

inutes. '
10 rSneeds that are flat, very small or germinated should aiso be dscarded

Figure 4.8: Correct way to sow cocoa seecs

Note that the fatter end of the seed is at the bottom and the thinner enc s at e o0
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Planting Procedure

~d o be
T*jf- f\\‘t\\\\ _"wg l\oir\ts need t

bags

)

| o B

o

T {e]

emembered when sowing the seeq i, the
SEQG )
lin,
9

eed, or lel the seeds sprout bEfore

o Da § .
Do not pre-germinate coevs k the taproot will be damageqd or bem’ Dlanl

-~ 5
them because there 1S & blg n
germination sOWINQ

C i reduces Qui(‘.kly. Therefore the seed ShQU]d be
. |

DQSL
The wiability of cocoa see b anted

chase ‘
immediateh after purd Sevshoiid be:sowr within
I¥ the seeds are taken from a pod they two .

Ys of
harvesting the pod thoroughly watered the g
) bags should be thor . day befgy,
The filled szdql;:lwguld be sown in the middle of the seedling bagg e sowing
;lomat:gc:e.ea fiat and press it into the planting bag soil. . '
Q:gc qﬁguld be planted no deeper than 2cm or the first joint of your
forefinger
g . rootstock are planted tog g
< that are being sown 10 grow T eep th _
Sfedlnouah space between the soi surface and the cotyledon tg 9f§1!teu:v !
t» - e
bud

The seedling bag should be watered as soon as possible after SOWing.

0 To reduce weed management problems in the nursery, this water mq

usefully contain a selective pre-emergent herbicide such as Diuron (15 -
100 litters of water).

B) Vegetative propagation

There are four methods for vegetatively propagating cocoa. They are:

1. Budding

2. Rooted- cutting
3. Grafting, and
4. Marcotting

Key Points

1

2

Of the four methods, budding is now the most commonly used because it is
simple and convenient

To carry out, once the practitioner has acquired the necessary skills and
experience.

The other three methods of vegetative propagation have major limitations and
therefore have limited practical application.

Budding is described in detail and the other methods, which are not recommended
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d wood for vegetative propagation

gypos o'
gud wood can be taken from ather
' 4 fan branches or

p. chupons
2 For all four methods of vegefahve progagation a thud wocr Serom CHUpons
~gives @ better shaped tree.
fan pranches are used more often becayse they are mors amrcact
mich differs enough to need differant managerer:
Fan branches grow plagiotropically (norzortal/sdensys grows ~at"

-

gome of the branches tend (o droog. which grves e r2e 2 SUsTy
appearance.

B

o m

o main difference betwaen the two tyses of Gud wond 5 e FIRT T bt

7. Trees grown vegetatively from fan branch bud wood produce Sranches T

ground level up. regardless of which propagation mefhod 5 Jsa0

g. Formation pruning is therefore needed in *re ssiatisnment orase 0 SR
trees with a suitable shape.
This is done for two reasons.
.

a) Toincrease air flow through the block and thus recuce e nocencs o7 .
diseases such as black pod, and

b) To make it easier to cary out block management cperatons such 35 WSt
control, fertilizing and harvesting

The work needed to formation prune ciones producec om ar Zranct ©S woOC

-

increases the cost of managing them. especialy when ey ar2 ,oung ~ S

increased cost should be recovered by higner yieids 7om we -managed ~Tre
clones, compared to seedling hybnds.

N R
= - P, -
[ "3"}: - E’qu o ‘ 1

o 3 - ﬂ a4 E . i

: ‘».. | .
s %

.
el

R

ch

-
- » A
-

oty

Figure 4.9: Plagiotropic Growth Figure 4,10 Orthotropic Growth
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branches: .
n contrast to fan . 1 habit and develop @ jorquette, iy o,
Q

\ hotropic 9r°

a) Chupons 8¢ on of rown from seed 10. an

> nerally avé! a . _

00t ™= - height, which m

b) Chupon bud woo orquette atalow ay requ
_budded trees tepd to aJ rq  eable canony. Quirg

" formation pruning to fi "o most likely to be doné with buds from fan

Budding .
n wood onto rootstock raised from seeqg "

[ ing Si ds of scio
it involves grafting single bu \ T ihefd are ooa Tron
gither open- or hand-pollinated trees. With budding ptions for gramng
the bud (scion) on to the stock tree-

They are.
grafti n the bud has

1. Inserted buds (referred to S bud-grafting, whe a small amoyy
of wood), and

2. Patched buds.

The types of budding described here aré patch budding methods

Budding has these advantages over the other three methods of clone multiplication:

1. Only a single bud eye is used, more grafted trees

single length of bud-wood.
2. Bud-wood is easily transported as lon

used. .
budding method is over 90 percent (and in

3. The strike (success) raté of the
most cases close to 100 %), with highly skilled and well practiced budders.
for later field planting.

4. Budding can be done i the nursery
5. Trees produced by budding have proper tap root systems, which help them to

withstand strong winds and long dry periods.

6. Budding can be done on rootstock of widely differing growth stages.
Conventionally, buds are grafted on to rootstock in the nursery when the
rootstock seedlings are 2-31/2 months old. However, buds can aiso be grafted
onto juvenile (14-21 day-old) rootstock seedlings or even be field pudded onto

mature trees for block rehabilitation purposes.

can be produced from a

g as the right preservative measures are
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se advantages,
pue 1© the for cloning cocoa
T ,

Figure 4.11: Normal  Figure 4.12: Juvenile Budding Fi

Gure 413 Fed 3

gudding
A) Normal Budding

1. ‘Normal" or ‘conventional’ budding is the method used 1o oug
two to three-and-a half months ol

2. Atthis age, the main stem of the rootstock Is about the thickness of 2
(8-10mm).

Either fan branch or chupon bud wood of aneys 8mm thickness can e _sec
. Matching the size of the scion wood to the root stock is important £ =

too small or too big it will not fit the rootstock well and the budding may ~ct e
successful. S
5. Care should also be taken to select bugd wood that
(semi-hard) and that has bud eyes ready to open.
6. Experienced budders should be able to do between 200 ang 300 pucs ~as ~
a day, of which at least 90 % should take place

7. Slow workers often obtain a low take because the cambium of he siocK Znes
out before the bud is attached.

ooisiock Tat s
3.
4

'S green tuming browr

If they are well cared for, the plants need a further three months aer bud
develop sufficiently to be planted out in the block. Thus, it takes a min

6 months to raise buddings from the time the root stock seeds are s
the budded trees are ready for field planting.

] Q

™

{ NN ha
Own [0 the mme

1. Either patch-budding or bud-grafting can be used in ‘normal or conventona
budding.

2. Of these two options, patch-budding is the technique most commonly used
as it is more convenient than bud-grafting.
3. An 8- 10 mm thick rootstock stem rarely has thick enough bark for the bud to
& inserted and covered again with the bark before being taped, as is done
with bud grafting.
herefore, patch-budding is preferred for 2 - 3 month old root stock.
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conventional budding 18 cometimes referred to as Datch~buddi
D

Hence ‘normal’ or & ‘ | .
nventional bud-grafting.
The following tools and materials are needed for €0 grafting:
he following to0!S €
‘ k . '
1 Cocoa seeding TR 1 or Trinitario clones, or prog
& CCRI's selected hybrid Uctvg N

(o]

D B

The conventional bud-grafting metho

W

&

Bud wood from
disease resistant

Hyvbnd trees. |
Asbuddmg knife, which must be kept sharp
Budding tape.

Secateurs.

d consists of the following steps:

B) Root stock selection

Seedlings should be about 1cm thick below the cotyledon scar, or aboyy the
i il.
ticioiess & budded successfully, SO the rootstock must be

otstock cannot be . Y S
\[f)v;{er?ed and kept moist prior 10 budding. This will help the bark to pee| o
and ensure that the stem has adequate moisture to hold the bud.

budding. Up to 25% of seeqj;
Only healthy rootstock should be useq when f seediin
in trz,e nurse);y will be undersized or misshapen. These should be discardeq ts

avoid budding on to genetically inferior rootstock.

asily

C) Bud-wood selection

Bud wood is selected from semi-hard wood (wood that is tur'ning from green
to brown) sections of fan branches or chupons, about 8mm in diameter.
Suitable bud sticks have visible bud growth at the base of each leaf petiole,

Budding should be done as soon as the bud is cut. Store bud-wood in wet
hessian during the budding operation. If delay (to a maximum of 48 hours) s
unavoidable, the cut petioles and bud-stick ends are dipped into molten
paraffin wax. The bud-wood is stored in damp sawdust wrapped in hessian.

D) Budding

Make either a capital “T” or inverted capital “T" cut below the cotyledon scars.
This is where the bud will be put.

Budding below the cotyledon scars ensures that chupons do not develop ater
from the rootstock.

Any such chupons would have to be cut off, possibly setting the plant back.

. The capital “T" cut is used more often than the inverted capital “T" cut, as itis

easier to do.
After the cut has been made, the bark is peeled with the aid of the spatula or
the budding knife.
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e bud is then quickl.y exlracted from

7. gerted into the opening.
mthe patch-budding technique iq being uaed .
8. ! eaving SO 13D 10 hid thg - ki
f the bud-grafting techiqus is useq 1, 0886t v 5 vy

" 7.14).

e bt as o, X
stk (06 Figura 7 13) ang

!.-‘f bfq :Ae!e’f '13"‘ 3 cut

o 388 Figure

ngs 10 remember when inserting the bud-
Th ut into the wood of the rootstock.
0 qotd (; mage of any kind to the exposad sy,
Avt;'i | introducing dirt into the union-
AV
1. Ifthe budding is done tgo‘siowiy the
" should be completed within 60 secongs and preferabiy 30 sacond
minimize the qrylng'out of the cambium tissye T
5. Don't bud during rain. The budder can easi|
" introduced into the budding union that
3. In patch budding, a maximum of one.t
" rootstock barks cut open.
4. In patch budding, a 1mm space bety
" window of the rootstock is needed

2 (Cambm o e soac

O P 4 P b
q o wrigatc

CAMBILM Wil star i dry o0 3 Sing

J D& Cisturbed and 4 3ne water
will cause # 15 --s

een the sides of the sud oz
fo allow callus growth

patch and He

-

Patch budding - lower flap retamed

Figure 4.14: Patch Budding
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£y Taping

0 avenly and firmly taped In1o position 1”"” |
| I

After inssrting the bud il | . |
e e tied firmly to prevent the entry of water (666 Figure 7 1hy oMy,
the 4 { el Tetd |
SRR B TP
fioan A Moy a ).,
§ pooaet bor finnn b
i
A
v "y
b ’y‘
i lt-;.“' é]
‘ L .
B i
% 7
Figure 4.15: Taping the budding
After-care

1

N

w

o

Heavy rains, especially in the first week aﬁer budding, can lead to a reg

in the percentage of successful takes. Buddings should be retained Undz(mon
cover for this penod r
Budding tape 1s unwound 14 days after budding. The bud-grafter Chacks |
bud is green (1e. still alive) or not. the
If the bud is green, the top quarter (the apical shoot) of the root stock Ig ¢y
and only two or three leaves left at the top of the stem; lower leaves are y
removed.

Shoots which grow on the rootstock stem should be removed by hand ag i,
emerge. If they are allowed to grow, they will compete with the developin
bud for light, water and nutrition. If several shoots develop out of the budding,
only the most vigorous one is kept and the rest are removed.

Six weeks after the tape is removed, most buds should have started growingif
they are alive. If they have not, and they are still alive, they can be made to
grow by nofching the stern (cutting @ small piece out of the rout stock stem)
1cm above the bud-patch. Buds may not grow due to a dry period, incorrect
pruning, or {00 heavy shade. Shade should be 30-50%.

The rootstock stem is cut off between the top of the budding union scar and
below the cotyledon scars when the bud leaves have hardened and the base
of the bud stem becomes semi-hard i.e, leaves get darker green and stems
turning brown, By this stage the bud will have developed three flushes of ’
leaves. Removing the cotyledon scars ensures that for the rest of the tree's
life no more stock tree shoots will grow and that all the tree's resources aré
devoted solely to the budding (see Figure 7.16).
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Figure 4 16 Stages of v siac gromet

The pudding is ready for the rootstock steee e, ge ot M wrer T L0

i, about 1560 long. Atthis stage the budding 4 ready 1o e parted of 0 T8
vl

field. R
Under good nursery Management tuddings shoud oe ready o fed Jartes
two to three months after budding

1,

2:

F) Juvenile budding

Juvenile budding is the budding of 14-21 days o roctsiooe r re - orser
tachnigue has recently been adopted by PNG CCI
The main aim of the juvenile budding technique s 'o reduce costs and aatng e

ready for field planting. Like the normal budding

some buddings may be ready as early as 2-2 'y monts after nucing tece
the type of bud-wood used and the management agp ec

The technique however, requires a high level of sk Nescof m & e

normal budding tape, as this matenal is easily stretched ard s more o

than the normal budding tape (see Figure 7 17) The tecnnigue requres mar e
whole budding operation (from the cutting of the rootstock extracton o e &
through to the taping of the budding) is completed in ‘ess thar 0 secorcs o
preferably in less than 25 seconds. Hence, care and speed are requrec s e
rootstock is very fragile and easily damaged If the cambium tssue s exposed
longer than 30 seconds it will dry out. This technique demands 3 0! of cractce
master the necessary skills.

Other precautions during the budding operation are the same as for norma’ dudan

Smaller-sized bud-wood is used for juvenile budding to match the sze of the
younger rootstock
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Inserting the bud patch onto the Trimming off petiole from the Covering the graft with
rool stock bud patch and ‘skin’ from Nescofilm the root stock

Figure 4.17: Stages of Juvenile Budding

Only the capital “T" cut and patch-bud method (as opposed to the grafting method) s
used in juvenile budding, as the rootstock is relatively undeveloped and because it js
the easiest way to do the budding. Within the constraints imposed by the root stock
seedlings being only 14 — 21 days old, it is best to bud using the biggest of the

rootstock available. That is because:

1. The bark is easy to peel on bigger seedlings of that age,
2. Bigger seedlings of that age have more surface area for the scion to come in

contact with, and
3. There is less chance of the root stock being damaged in the course of the

budding operation.

However, smaller rootstock should not be discarded, especially if they are grown
from hybrid seed. All hybrid seeds cost money (they have to be purchased) and so
should all be used, where-ever possible. They can be used later for normal budding.
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‘ e :
3. D ding union. )
: eorizontai cut that goes three quarters of tre gy srmrd +a erstork 5
4 A ade below the cotyledons
rtant not to cut into the stem whig making s o
stem should not be bent tgr, Much in any way. 38 1 5 &
f?er the horizontal cut, a ver!_lr;ﬂ Cutis made o fgrm 3 sages T -
Lf\sing the spatula qn the budding knife, the rae 5 Casled ~ack
The pud is then quickly taken from the bud weod a0 s TP

ing- ;
; ﬁﬂpoir; o? the peeled bark is cut off with just 3 itle e® g e =2
10.

in place.
bug 'Su%ding is then gaped in the Same way as with normal sudding
.Nescoﬁlm as the taping material. Stnps of NeSCofilm * 0" 5 o prr
cm long are prepared before budding. A single strp 5 Used for 2acn
All other considerations and procedures followed n ~or—z
12 watering rootstock before budding, keeping the 5 sts ~ear -7 =
pudding during wet weather also apply to juvenile suddn
13.The buds are able to break open the Nescofiim tape as 2y ==
14'Nevertheless, it is still best to remove the tape 14 ¢ays z#2- 5
"the buds full freedom to grow.
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ts of nursery management such as shoot ramoval, weed sorirn nest

[P

Aspec : . :
disease control measures, watering, fertilizing and shade management 72 =e za~

after juvenile budding as they are after normal budding.

C) Field budding

Field budding involves grafting supenor scion wood onto trees hat are 2 7eac,
growing in the block but which are not very productive 't s unikery hat ~ew
seedlings planted in amongst mature trees would ever catch up Fec duds g 380
reduces the time it takes before production is resumed

This technique is described in Section 6.2 2 of Chapter 8 - Block Renan aten
Rooted cuttings

1. Involves placing either fan branch or chupon stems n a medium ™a: &
make the stems sprout roots.

2. Several ways of doing this, including spraying hormones on he rooting
medium beds and using polythene sheets or closed bins

3. These methods are difficult, costly and require special sails and concitions

To root successfully, the cuttings must be kept at the nght ight ntensity,

temperature and humidity.
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10. As a result they are weaker and after field planting are more like

Further complicated by the need t0 vfawt:;eclsxﬂss‘ﬂ“t\hese congiy;
according to the type of co00a USEd ol T L the & flushe

which cuttings are harvested, the hormc}gr A Bl & € rooting Me S at
Each cutting requires several bud eyes f | ree. dlum
A maximum of four cuttings can bé taken from olf‘e_ ength of bud.y,
Therefore, the availability of bud-wood canfbe a lrE_ltung factor, oq.
A bigger disadvantage is that trees grown from cuttings do noet have

taproot.

a Drgper

moisture stress during dry periods and to be blown over by strong W?n?juffer
S,

For these reasons, vegetative propagation by rooted cuttings IS NOT
RECOMMENDED

Grafting (side/stick grafting)

1.

2.

Involves grafting a stick of bud wood (scion wood) that consistg of Seve

eyes onto a rootstock — generally only_ a mature tree you want tq impre ral bud
Only used for rehabilitating unproductive mature trees because of low e
rates, the small number of clones that could be generated from each Iet“ke
bud wood. ' Ngth o
The rationale for stick grafting unproductive mature trees was because
replanting a new seedling takes longer to produce pods, and the nNew tre
may never catch up with the other trees in the block. e

The grafting method has been used successfully in trials but in practice the Union
between the root stock tree and the scion wood is rarely strong enough ang fails
either due to wind or the weight of the new growth.

This causes total loss for the farmer and for this reason STICK GRAFTING |s NOT
RECOMMENDED

Marcotting

1.

o o »

Involves removing a 7.5 cm long strip of bark from a branch of a tree that is to
be cloned covering the xylem with sawdust mixed with a growth hormone.
The branch is not cut off the tree at first.

A strip of polythene sheet carefully tied around the branch with a rope
supports the sawdust.

The branch is cut off after roots have sprouted in the sawdust.
It is expensive and impractical for producing large numbers of trees.

. As with rooted cuttings, plants struck from marcotting do not have a proper

taproot system.
Easily destroyed by winds and long dry seasons.

For these reasons, Marcotting is not recommended
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strategles

ind

o

roducti®” i introduce the uni -
p) I reacher should In & unit by asking students

\What do you know by the term nursery?
\What does not nurse do at the hospital?

1.

2. - 's job! “ .

5, Explain the nufrse s job! “The nurse provides care for the gatient who s
the recipient of care.

" Likewise, @ Nursery” is a place where nursery workers care for the
young cocoa seedling. ~

g) Bo%Y

1. Explain nursery establishment and take students through the process

of nursery care’and management. (Make linkage to the nurss ‘aiing
care for the patient) 2

2 Describe vegetative propagation (show student vegetative planting
materials) -
3. Discuss budding, crafting, marcotting,

4. Take students to the nursery and show them the nursery. types of
nursery, bud wood and grafting and marcortting o

c) Closure
1. Orally ask students to:

a)  Give features of a temporary, semi-permanent and permanent
nursery

b) Show vegetative

2. Get students to write things to do as care providers in a nursery
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3 Student Activities

jote the table by cearching the definitions of the terms listeg
Complete

> pre— Definitions

Rud grafting

Budding

\'egetative Propagation
Fan branches
Jorquetie

Chupons

Bud wood

Marcotting

Normal budding

Juvenile budding

Field budding

Rood stock

Fill in the table by using the words below to match the definitions in the table

“Terms Definitions

Cocoa trees grown from the bud

" A very young plant

“Grow or start growing

Producing/ making a new plant

Reproduction, Germination, Budding, Seedling,
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UNIT 5: BLOCK PREPARATIONS AND ESTABLISHMENT
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Introduction

This unit chould be
and estal

.

1D b= Gy M

0 n

aught as practica

_nishment Can be do

Sunveying which can be doné befo
Mappr'ng out the block

Site clearance

Lining pattemns prefen'ed
Common lining shade com
Shades

Cocoa establishment

inter- cropping with coconut
Planting pattErns

binations

40 Drainage

Learning Outcomes

At the end of the unit, the students can:

A) Site survey

B) Mapping

C) Site clearing

D) Lining

E) Shade

F) Cocoa establishment
G) Intercropping

H) Planting pattems

|) Drainage
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ent

con

 site sure
1 Boundafy

survey involves measufing distance around the ri,y

goun®?

a)
b)

Steps

B) chain a

honp~

o N

C) Tape measure

N —

4.

5.

Features of the Map

Two methods

Chain and COMpass- mare aczirate
Tape measure- easier get

nd compass

Clear 2.0m wide Stp using grass and Hush knves

Pull chain along a bearing estabiished w ~omoass
Points which bearing ars estasiished 3r= aec 3
Starting point is station A from whicr 2 searrg
followed

At the end of the line when 2 change of diraction s mace

it is station B

A new bearing is taken and followed Hrough o %5 27 <

C, the starting point of new direction o ceanng
Stations are marked with pegs
The process is repeated back ‘o e starting pont

. Clear 20m wide strip using grass and oush Knves
. Use a 50m or 100m tape measure

Starting point is the first squared staton Lsing a ngnt

angle triangle (with 3m. 4m and 3m long) are made acng

one boundary lines

When the end of the boundary ine reached e agioming

boundary line is squared and followed 1o s on
Continue back to the starting point

a) A sketch map is drawn as survey proceeds
b) Length of various boundaries be listed on this map

c)

d)

List features as creek swamps drains substantial or significant rees gardens
block road roads and foot paths should be sketched on the draft map
Record the distance of these landmarks from the boundary line
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Sub-division survey

Y

Done similar to the boundary survey

> Needed for large (10ha or more)

3 When some management aspecl of the block calls for differa..

4 To facilitate planning for additional improvements to the b|0§|?ha"0n
a Roads for easy access S likg
b  Drainage
¢ On site nursernes
d. Buildings

D) Mapping

Need to be neatly redrawn by surveyor after survey is complete

Special features like roads, tracks and drains should be on the Maps
Clearly show the block name
Survey date

Surveyor's name

oW

Whether drawn to scale or not, orientation of north (0°) on the map ang
legend =

=~

Useful to attach notes on previous land use, land slope, vegetation and spj)
type |

After maps are properly redrawn, they are used to calculate the area of the block

Done by dividing the area drawn

1. Into squares
2. Rectangles

3. Triangles, areas of which easily calculated
4. These are added up to get the total area of the block
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Figure 5.1& 5.2 Kamanakam Primary school (ENB) students making 2 52
clearance

Necessary so lining can be done and the block can be maintained more 2asiy ance
planted. It is best done during in the dry season

1. Under brush
i) Clear under growth/brush (grasses, herbs, shrubs and smail trees

ll) Use bush knives and grass knives
iii)  Best done at the end of the wet season and beginning of dry season
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2 Felling
are felled using axes and chainsawg

Large trees

Trees within 10 15 m of the block boundary shoulg b
avoid dead pranches falling onto cocoa trees e oyt doy,

; -

Trees are cut up after felling
To prevent root rot, paint the cut surface of stump wh

i) ( -
2om! of Garlon and 30g .of cuprous oxide in 1 litey N3k a mixi,
Where coconut is established, removed some tq Obtai'ese' o g

Na

of shade

,‘
i)

")

v)

Clear felling
Is the removal of trees, logs and rubbish from the block for e
as

and later stages of block development] aCCesS

i) Trees and logs are cut up

i) Allowed to dry out

)
jii) Are stacked and burned
Alternatively, a chainsaw or wok about sawmill cagn be
Useq to

iv)
processed logs into sawn timber

Lining
1. Done soon after the block has been cleared

2. Gliricidia commonly used as the shade species
3. Lining techniques is the marking of where sha
de and ¢,
Cog

trees are to be planted
4. Spacing (plant density) for the cocoa tree also set the

spacing for the shade trees, is decided before lining

Common spacing is:
4.0 m apart in a square pattern (giving a plant density of 625

i)
trees/ha)

ii) 4.0 mapartin a triangular pattern (giving a plant density of 720
trees/ha)

Tree densities are calculated for the various planting patterns using the

following formula:
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Figure 5.3: Insert Square fining 3nd Planting
, ttern
angular Pa - -
Tr 10 000 (distance between traes (m, « 1 425 ~giarcs

No. of trees/ha =
petween rows (m))

Py

Figure 5.4 Insert Triangular lining anc Planing
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| common lining combinations

Figure 5.6: Cocoa hybrid clones under gliricidia and galip nut mixed with robust
coffee
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Table 5.1: Shading Combinations

Rows of temparary shade  Cormmen’s

Temporary
5,19”‘ Shad6 i
(M = ‘ e . -
(Pe e B Gliricidia | Can be in same rows 24 Gliricadis #ll e
L t | coconut remened 274
'G"obnu | o Wl e
i 48 T 1IN
1 pigeon pea | - Samerowszscocna  Pigeon oz 98
/UY/ ; and cocoa w02
GOGon | i A5 OWN rOWS
‘/,____4____—__-———-—,‘__,__..,4,,_‘__”.:'» S NP ’ .,<_,r‘,. S—
— [ Pigeon pea Same rows as cocoa Cocqa‘ and
% gliricidia {rees i©
Gl
OWn rows
/ Banana Same rows as shade trees  Cocoz 30
Gliﬁcid'a ghiricidia ?re-s-s n
own rows after
banana removec

Lining Proces®
1) Establishment of a baseline- usually made along a convenient part of the
block such as block road, walking track or boundary, e.g. Lines of
coconut trees can form the base line
Tape measure and compass technique used for boundary and sub—v
surveys also used. Compass ensure that rows are set out in perfectly
straight lines
a. The baseline is first squared by making a 3.4.5
triangular with tape measure
b. Then pulled in the direction of the squared base line
c. Pegged at every 4.0 m along the baseline
d. Where the intended spacing is 4.0 m square, a
seconded base line can be made forming a nght angie
(90°), since two base line are squared when squanng
the first baseline
e. For triangular, only one baseline is squared. Second
baseline done during actual lining
f. Tape measure not to be used to carry out actual lining as
daytime heat and pulling cause stretch leading to
inaccurate spacing
g. Mark and cut out two 4.0 m long straight sticks from
material as timber, bamboo or piping to use as markers

2)
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o

1.

2
h. Where the second bage|;
eline
done, three 4.0 m marker. [O" &
e 5 S
i. Four pe‘ople are needeq f(';? :NIII be ggare Sp
operation he lining Sdeg aeing
j. The two marker sticks are — anq Pe thy
people- alrieq S ggihg Y
k. One person holding two mark Q Sng
meet in the middle ers Stick Y,
|. The othe_r two at _the ends of { S Where Ry
T o e lices o Sk
n. The fourth © SNds of the twanting Si
" lined up ange;;ig-r:- Checks that theo Marke, © Pege
itioned . e St i
N their roy,g O° are leokS mgéhe
Shade Peyy, ™
Young cocoa trees are highly susceptible to dehydrati
and must be raised under shade ation gpg wi
Shade be gradually reduced (tinned or removed) to dec: ng dama
when trees are about 18 months old SSireq levg e
At this age. should have developed a good tree can N Sta'ﬁng

The amount of shade that young cocoa trees neeq j
variables, including rainfall, amount of cloud cover, g
management applied to the block and age of the tr'ee

Temporary shade

Needed if permanent shade not well established

» Shade establishment
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pole 57
5p(‘;cl@,-" Advantages

mporary
1 gghf’de

ganand®

: Advanfagas an

B FéQt'g'er’vi'hg' ]

" Dies naturally

& after 18-24

months

5. Legume (fixes

|
.
!
|
|
|
|
|
!
|
|
|
i
|
E

Disadvaritage

1, Limited seed
supply

2. Can spread
pink disease
to cocoa

d disadvanmg% of dffarant teenprrary s acle

How o phart

1 Sowseed
bhocy 1 G
apzrt W5
mornths before
CrLZ

2. Start remoaing

nitrogen)

' 6 months afier
| /,,4_.._________  cowmapanEd
| 1 Fast growing 6 1. High labour 1. Plant freshiy

" o 9months, | input to cut (one day
easy to ! prevent over 1.5m iong
establish ' hading stakes wh

2. Legume (fixes 2. Can harbour single diagonal
nitrogen) giant termites cut at base.

3. [mproves 3. Rotting one third in
organic matter stumps can ground
cycling provide 2. Space at4m

4. Provides breeding sites patter same
firewood for Scapanes 3s coCo3

beetles
1. Easyto o Compete 1. Plant4ic g
establish strongly with month oid
2. Provide cocoa for suckers
economic crop water and (preferably
nutrients diploid type)
2m apan
between
cocoa row
2. Start removing
when cocoa B
months old
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Table 5.3: Approximate percentage shade "e&ded

6

Tree age |
' months
|
e —
Percentage | 50%
shade |
needed |
S S

12 18
months | months
50% 45%

2. Permanent shade

24

months

R

40%,

fOr-

Cgc

A

mon‘hs

S0y

Figure 5.7 & 5.8: Trainees of St: Benedict's, Danip- Madang
establishing a coconut block before planting cocoa
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gstablishment
o) ghade

. ghowing combinations of coconut and gliricidia for cocoa shade

a) Coconut and gliricidia are main permanent shade
trees

b) Local tall coconuts like Raulawat, Gazelle. Markham
and Karkar are more suitable hybrids and dwar's

c) Hybrids and dwarfs are more susceptible o attack
by Rhinoceros Beetles (Scapanes australis or
Oryctes centaurus) and Black paim Weevil
(Rhyncophorus bilineatus).

d) Not tall enough to adequately shade cocoa trees

e) Planted in a 12.0 m square planting pattemn giving a
plant density of 69 palms per hectare

f) Young palms up to 12 months are planted in the
field

g) Weeds are controlled every 4 to 6 weeks

m



Holing, Cutting off the bottom of the bag & Removing the plastic bag

112




putting the seedling in the hole, Filling the hole with topsoil and Gently, firming the soil
Figure 5.10: Holing and planting

G) Cocoa establishment

+ Seedlings and budding are planted the same way

+ Seedlings when are about 3 to 4 months old (about 50 cm high or about the

diameter of a pencil at their base).
+ Only best seedlings should be planted out
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{. Holing

Refore planting holes are dug for cocoa seedlings, lining ang
1'0np n the same way as for Slwadg marking |
;ipf\mmended spacing for hybrld_ is a 4 meter square — .
Larae Shatp knife to cut the planting bags
Spéde to plant ceedlings
Dig 45 cm deep _
Keep topsoil in 8 heap on one side o the hole and subsoil i ot
other side her hea
P on by

2. Field planting

a) Planting can start when all holes have been dy

on a cloudy or rainy day g and Weathg, i

b) Take mustbe taken when handling seedlings s Uity
c) At planting place top soil in planting hole R
d) In phosphorus = deficient soils, put 15-20 g of triple g,

in the planting hole per phoSphat
8

e) Lay planting bag with seedling on its side and slice off TSp

This cuts off any twisted roots on the seedling and hg| t otton

up straight Ps the Dlanta om

f) Make sure that the level of the soil in the bag is the g to Qroy,
the soil around the hole AMe as the N

g) Forcing the bag into the hole will cause the root to grow Vel of
root) W sidewayg "

h) Make sure leaves do not get into the hole with the soij _ nch
cause bench root as this ¢, alsg

G) Intercropping
With Coconut

4 Coconut provide best option cocoa for shade
2. An economic crop grown together with cocoa
3 Tall varieties are recommended for intercropping with cocoa

H) Planting patterns

1. In square planting arrangements there will be 69 palms per hectare
2. In triangular planting arangements there will be 80 palms per hectare

3. Within these planting arrangement, coconut trees are plant
. ' ed 1
between every third and fourth cocoa tree in a row P 2 meters apart

4. Palm are only planted within every third row of cocoa trees
5. If copra or other coconut products are the primary cash crop, a spacing of 7.5

m triangular (205 palms per hectare) for hybrids be used or 9 m tri
(143 palms per hectare for tall riangular
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X02x04X02X04102104]_027r,4;r}2 7

02X03XC ¥o2rolyx CIOrad 4

X03x02x03x02x03102703/ G2 1673 1

X C x02X 04XC XO02x04xC 1 02schs

x02x03x02x03x02x03102x 63107«

X 04 X 02 X 04%x02x04x02%04 % 02 a0k«

Xc % 03X 02XC X03x02xc x 03 x02«

_ Gocod Iree:

' X
éﬁ:icidiﬂ remove
) Timing of p

4: Sch

Figure 5.11: Planting arrangement

c= coconut shade, 02= Gliricidia removed at 2 years o3=
d at 3 years, o04= Gliricidia removed at 4 years

Janting cocoa and coconut

edule for planting and thinning shade, Planting permanent shade

TablE 54 nd hybrid cocoa. Details may vary to specific needs of different biocks

coconuts 2

Months

X

s 20

\

inus 15
yinus 12
Minus 3

S
Season
—
18 End wet
_,-——_——‘_'_’_—_
Mid dry
—
Start wet
—
Mid dry

Operation

Plant coconut poly bag nursery

Mark out block for individual planting sites of coconut and cocoa

Plant out coconut with Gliricidia

Plant cocoa nursery

Plant out cocoa seedlings in the field

End wet

D///’éfa_rﬁvgr
—

Thin Gliricidia branches

| Start wet

Poison or ring bark 2 out of 3 temporary shade trees between
cocoa

Poison or ring bark all temporary shade in every second row of

15 Mid wet

cocoa
4 Start wet | Poison or ring bark 1 out of 2 temporary shade trees
¥ Start wet

Poison or ring bark all remaining temporary shade trees, leaving
only coconut as shade
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J) Drainage

areas with heavy rainfall and heavy soils (high clay Content
cacs

), wat
' er logn
water table can be a problem °anng .

k.
Can be solved by digging drains so water table is lowergg h'Qh

1 Easier to dug drains before felling trees
2 Placement of drains needs to accommodate the like|

i Yla
roads and paths on the block so drains do not interfere xit%u; Of the oy
. dng 8
operations 068,
3. O%en drains works if they have a slope- a fall of 0 25 to Men

10.0 cm for every 10 m of horizontal distance is Sufficient p reent ors
4. For drain with such a full use an ‘A frame’ with a plumb line "
for defining a slight slope - '
5. Itis best to commence surveying the drainage line
of water and work back up to highest point on the

Sty
atis calib,ateu

block that Utlet
6. Use interim peg to mark the ‘foot falls” of the ‘A frame, mary Qﬁf ds draln;ng
large pegs that will remain until the drain is dug ey mrscgu'-se wify
F'so
Water |°99ing

. ery 10 Mme
7. Maintenance of drains must be regular to avoid flooding ang
problems
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Slraf"g'“

Gniﬂ
T“‘ trad""“ar|

f
¥ putin® block P®

paration method

gody

K)
;. Method

s of lining

2. Rglevant ghade

Use notes and field trip/visitiexposure, d

) clost™®

4, Orally ask students to:

i. Give block preparation
i, Show lining

p. Short test on plant density
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1.

“.

Student Activities

List how Site survey is conducted

Draw/Sketch a Map

Carry out Site clearing

Carry out Lining

Practice Shade establishment

Carry out Cocoa establishment

Carry out Intercropping

Carry out the recommended Planting patterns
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Drainage

3b1ishmant

gt

9. -

g —
/ _/’_,__.—»———'———-—‘—--'"--'——---- et
/

Block preparation

ée&é'ﬁbﬁamfari&*ﬁéé'ﬁy”

—_——

A
smoved other than those for |

or diameter ring of soil earthed up

arOUﬂ
able cover crop planted or allowed
sul

yulch applied at based of trees

yard manure (FYM) applied at base

Farm
of trees

Any dead missing or poor quality cocoa

plants replaced

Gyricidia shade planted and controlled

comectly

Evidence of pest and disease control

Weeds removed by roots

Whole block mulched

NPK application
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introduction
Weeds, when not COI‘\U‘O”Cd affect badly the prOdUCtiVity and
Weeds complete against cultivated plants for soil moistyre roﬂtabilit

0 ster than cultivated plant at getting these re
it SOurces gg the dg,

to the environment in which they grow. Can suppress the a6 Y arg n”gh'%k
. /kill th Wth of o Vel g3
eventually kill them co ag
008 trg Ml
3

&nd

8

Weeds harbour insects and disease organisms. Where wege ds
are

ngicomns, which damage stems of cocoa trees. _ r
Long g Grey weevi|s eatp esen

young L pg

Sty |,
|Eaf 13 I'ke

flushes
Impede the access through the block and prevent efficient ma

this unit student should have learn the following out comesg nagement' n

Co\'efing

Learning Outcomes
At the completion of the unit, the student can:

A) List and describe types of weed control
B) List and describe types of herbicides
C) Describe and demonstrate spray recommendati ;
development ons for varioyg Stageg
D) Explain and carry out calibration of knapsack sprayer of blogy
E) State and demonstrate types of field techniques
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: | ¥
Reading from L-R across we see Common weeds of cocoz n PNG
6.1: ke

F]gure . z v aongichof
ftata growing strongly m 3 D220 O
_ d grass weed, Rottboellia exu ol
et g a0 orvor 25 S5
ul sunights () edge of  block (d) one of the Ar i i =
Ve'ﬁdmﬂ-ong))and (f) Mikania micrantha, “mile-a-minute”. in full sun (¢) anc shac
Monsteria;

r,
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Types of weeds control measures

£L WEED CONTROL

CHEMICAL WEED CONTROL

£
O e

Figure 6.2: Types of weed control

The two types of weeds control

1. Manual/ Mechanical
2. Chemical
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gure 6.3: Common Manual weeds controi by smail roiders

Fi
Figure 6.4: An example of strip weeding along coccz ows

caried out bY pulling as in ring weeding
2' Using knives and grass knives
" Environment friendly
4: cost benefits

2 mechanical weed control

1. Use machines
9. Cost disadvantage

3. Chemical weed control

1. Use herbicides provides longer term weed controi (about y a8 #
kills weeds | {about wree months) as &
2. Faster for larger area
3. Extended period
4. Reduction in labour costs justify cost of chemi *
spray equipment and capital investment s
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Figure 6.5: Chemical weed contro| equipment

Using herbicides demands knowledge and skills to minimize dama

e
wastage of herbicides and ensure health and safety of people d oing S:)Or:;coat
Ing
How well herbicides kill weeds without damaging cocoa or shad
depends on:

reeS

e tl'ees

Use the right herbicide of the right concentration
How the herbicide is applied

The stage of growth of weeds

The stage of growth of cocoa and shade tree
Weather during and after application

bwh =

Types of herbicides

Classified by their mode of action and weather are selective or not. Two modes of
action are ‘contact’ and ‘systemic’.

Contact herbicides

1. Only damage the plant parts the hit (cover as much of the plant as
possible)
2. Act rapidly and usually achieve full effect within one to three days
3. Useful in controlling annual weeds and perennial seedlings where
most of plants’ resources are invested above ground tissue
4. Not effective on established perennial like kunai (Centrosema spp and
‘Monstera’)
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Parennial |
grasses

uat (Gramoxone ICl) and Glufosinate (Basta)

b|0|des,‘ their type of action, selactyity ard spraprg
precautions for cocoa ’

AIBITG SEBIOE S5A

Borndl sortars o hang

=

bimat ortze e yaas wr

=

ey

Sgiziva 52 riens ThaERE

Fooougty e

bt o W e T
st

ozt 572 riess miaE

AvOd comac wen Dhage T
san

[es: parad
. oo™ her
50“‘ . gome common
e 6.1
1o 7
- “T}}p;of action
{ra0° narf
»ﬂ"ame
— '/S—y’st?raz
_apak
P Geﬁalp: % (roots, park &
W pmel’ [oaves)
Al
- SystemiC
% (roots. bark &
Lpaﬂ""ﬂ leaves)
’__,.-,—-'."'_J
Systemic
/ w’ (leaves)
Systemic
n
piure (leaves)
gue
[
s | Systemic
lade
m A (leaves)
3
___——— | Contact&
sta
W e mildly
systemic
7 W Contact
e (leaves)
mm Systemic
o (roots, &
o leaves)
posse | Roundup Systemic
(roots, bark &
L_’_,_ leaves)

Systemic herbicides

1. Absorb by the leaves and green stems they hit and translocate into the roots

) and underground storage organs through the phloem
. Slow but completely kill weeds

Examples: Glyphosate (Roundup) and Fluazifop-buty! (Fusilade!

R a0
esidual herbicides (Pre-emergnce herbicides)

1. Systemi -
ystemic herbicides that are absorbed from the soil into the roots of

germinating seedlings

Give
s good long-term control of germinating and existing weeds

Mo,
st belong to the sulfonylurea family of herbicides

.
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s Simazine (Gesatop Z2) and Diuron (Karmex),
g:,i‘:;ﬂ ;}{STO cated h?rbicid; such as Ametryne (Ametrex) work whe
' ! reeds |
eithe;1 :;nstu:; Lt:g\n?t g;msed because it damages_ COcoa plantg apphed o
A.:?d*md welting aQEDiS ('surfactants’) helps herbicides work better \
cun‘acé tension of mlx.ture ] reducin
Means it takes less mixture to cover a wee 9

Spray recommendations for various stages of block deve‘OPmem
it is important that appropriate weed control is carried out in young cop
e 0

Weed control after shade planting
rto mi s close to stakes and go back and rin
Retter to miss weed Siwsa aﬁerwards

Weed control during cocoa establishment .

Strip spray with Glyphosate just pefqre planting

Herbicide should not be used until eight months after field planting
Ring weed or muich dunng this time

Weed control in mature (1 year t)' cocoa
intervals between weed controls in mature cocoa depend on the types of
present. the level of shade and the control method used Weeqg

Herbicide application technology

Rope wick application

* Work by applying herbicide onto weeds from a thick nylon rope Wick that
in 1o the herbicide reservoir attached to the handle of the funs

applicator
Spray equipment

-

Zyers 2E &

~ re
ers

p
4

totr
L. T
-

rpensive to buy and complex to maintain so unsuitale

zpnats Lprzger conest of 2 1010 20 litre tank that is worn like a backpack on the
uacr of the person doing the spraying

%z Sinpe and inespensive machine suitable for spot spraying large areas or strip
ret sz fing emall arezs (1 1010 hectares),

Trere zre seversl types of knzpsack sprayer available in PNG,
These include:

P R e
aI Y. gl

ranser Peier

= IP”‘/TJP’: 5
N -
2. s Pegler P

rirma

A

L BISILTE mod
Flariae e 1€,

LAV




es t which the syst
o pressie’ ystem oparates detarminas she

1.
ray

b ssppray outptt ratrﬁake a variety of nozzle f

3 anufacturers et e f0r 3 130g8 of apphegtor,

4 M dard colour- code system to denote the dffarers + wes of 1

5 = Y

use stan wzzes

e 6.2 Nozzle equipment from different man far+ re-

Tabl
pumark (Kemet2) Cooper Pegler (Kemelzi,  Conper Saer /.,
A e (Brass

: AN 075 nght BrOWn ] - - ‘—A_h"‘-“ﬁ”u B

100/Orange i

|
j : [ * - T T B
| AN 55 Pink i 50/pink LY

| .

\

\

\

AN 1.0 Orange

‘ -

|

AN 1.5 Red

o Cambridge Blue 200/Blue T

N2

¢ 6.3: Nozzle types with recommended swath wicth. zporomatz ~omoer o 2

Tabl _ "
pray one hectare and time (min) {0 sprzy 2 20 e sprzy 2

litres tanks tos

'Recommended | Recommended NumDer of 20 Tme e

Nozzles | "
' swath width (m)  flow rate fretanks io o spray
nec:az’e b S

Red Polijet 2 25 s
Blue Poljet | 1.5 16 LT E—
Green Polijet ' 1.0 09 — %
YelowPoliet 05 05 2 5
mzo Tz s w2 .
AN1.0 1.2 05 B
NS - , )

1.2 0.2 3
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Table 6.4 Flow rate (mistmin) from different nozzles whep, SPrayers
- are
Sgy
at

different pressures
Pressures (psiy

nozzles ‘
15 f""‘:’zﬁ"“‘]‘ BT
\fe:'io\;/bdnijéf"'T”’ ‘*666“‘1”*8%“ ;" N
’é’reé“ﬁ"ﬁaffj'eﬁtf“” 920 / 1130 ‘[%
"~ Biue Polijet 1850 / 2260
" Red Polijet 2350 { 2830
~ ANO5Pink | 230 [ 280
AN 1.0 Orange 460 ] 570
AN 2.0 Red ;i 920 [ 1130 1 1310 m
| , T i
\

Calibration of knapsack sprayers

in using knapsack sprayer the following variables have to be measured ang
calibrated (adjusted and controlled to ensure that the herbicide is being applied f

the cormrect rate:

1. Flow rate of mixture from the nozzle. Flow rate is itself dependent on the tw,
variables of nozzle type and the pressure at which the spray is being pum gd
2. The width of the swath, which will vary depending on how high the spray P

lance is held

3. The walking speed of the operator
4. The concentration of the herbicide concentrate in the spray mixture

Most commonly used method of calibration knapsack sprayers is called the speed-
width- output method. This uses walking speed, swath width and nozzle flow rate to
calculate how much water (spray volume) is needed to cover the area to be sprayed

How to measure the variables

Flow rate- amount of liquid that flows out of the nozzle in one minute

Steps:

1. Fill spray tank with water

2. Pump the sprayer normally

3. Place a bucket under the nozzle

4. Collect water for one minute (use a watch)
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ollected by tipping water from tucket ear, 5 ot mpge,, fing i

b po ”"5 the ,,Verage
6 wofk
7' ptained must b very similar to specified fiou rates tor ra 4#eryes
t O . ¥ g
W g
Notelefsl n tabl® 6
4
10 h:
wid! walks
swath ed out by the spry as the operator walks along. Its mth 5 ~ezs.ren
a 5 on how high the nozzle is held. Recommended swath wors ,7

I th‘:tz s. DIeP od in herbicide spraying are set out in Table 2

A 5
L ]

i *
“

i

‘<

Calibrating for spraying with a knapsack sprayer: at left, measurng fiow

.aure 6.6
Figure rate; centre, swath width; right, walking speec
Walking speed:
Itis the distance walked, measured in meters per minute. Recommended speec s
45m/minute
Steps

1. Have the operate walk 100 meter while spraying with a full tank
2. Time him over the last 20 meters
3. Do this for three or four times
4. Work out average
Transform the average time taken into speed by using the following formuia

60 (no. of seconds in a minute) x 20 (no. of metres walked) = walking speed

Average time over 20 m
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if the time from the example given above is applied to this formulg g,
walking speed of approximately 44 .5 meter per minute e res”" s

60 x 20 = 2.22 x 20 = 45 meters per minute (44.44)
2Tm
Total volume application rate:

It is the amount of mixture that is needed to cover a hectare Must b
find out how many tanks full is needed for a hectare and hoy much e calcmate
C

dtq

be put into each tank hemica| shomd
Now that the flow rate, swath width and walking speed have begp, det
can be calculated by following this formula: ermi“ed, thi

TVAR (litres/ha) = Flow rate (litres/min) x 10, 000 (i.e. no. of meter2 in 4 hect
Swath width (m) x walking speed (m/min) are)

Maintaining knapsack sprayers

Knapsack sprayers are robust and will last for many years if care for

At the end of each day of spraying:

1. Flush the tank and spray system out with clean water, as herbiciq
very corrosive ©S can be
Check for material clogging the filters
Check to see if there is anything clogging the nozzle
Check the tank and spray system for leaks
Clean the sprayer and put it in a clean, dry store room

Before using it again recalibrated and all moving parts should be boileg 0
greased r

L ol

Field techniques

To use herbicides really need training on how to use agricultural chemicals
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aying are:
gions ' spray
taand , weather- little or no wind and no rain
ﬂ'“h V0 rabl® wulnerable condition
; ds' j' hade trees in a low risk condition

M e

2 0(}0
3 C

Figure 6.7 Plan of double swath strip spraying

"I

Figure 6.8: Plan of single swath strip spraying in one and two directons
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Figure 6.9: Plan of blanket spraying -3 operations in staggereq
Ormatjq
n

\ T

N

L] N’__< [ ] L] .

/s
L ]

‘ . 0‘\1\\;5/ I_o . .

-

Safe spraying

1. Before using herbicides (and any pesticide)

Steps:

1.

Use right chemical for the job. READ LABELS. ALSO SEEK E
AND A WRITTEN TRANSLATION IF NOT IN LANGUAGE YOXPLAIN
UNDERSTAND u

2. Use protective clothing

3. Wear rubber gloves, rubber boots and an eye shield f ixi
boots and boots and a hat for spraying Or mixing, ang rubber

4. Check for leakages and that it is working properly

5. Check that right nozzles are being used and machines have been
calibrated so to know exactly how much spray you are applying

2. Mixing

Steps:

1. Plenty of water available for mixing and washing. Soap at mixing site

2. Children or other people not allowed near the mixing

3. Avoid splashing liquids. If concentrated chemical gets on your skin, wash
immediately

4. Pour or measure powders carefully and accurately and avoid breathing in
any powder. Wash immediately with soap if chemical gets on your skin

5. Pour or measure power carefully and Avoid breathing in any powder

6. Use proper tools to open containers. Avoid risk of material spurting into the
face or eyes

7. In windy situations, make sure it blows spilled chemicals away from you
and not towards you

8. Never eat, drink or smoke whilst mixing chemicals
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5 - ici .
gteP s used for spraying herbicides are nof ey 1, sprage

av’

G A e
GE“Tkir\Q through sprayed areas
wa out plocked nOZZ!eS or hoses with YOUS rriea bt
Neve’ k(;g os, stop spraying immediately and wasr, gyir, 4o
led '
n
Water winds. do not spray
at, drink or smoke whilst spraying

" o spraying until the tank is empty
ntin

(=]

=
(]
B

-

o e
IoVE Ly

~
Lo]

after sprayind

unused chemicals to the store
ReturnStore chemicals near/with food and drink
Nevefn empty containers to store and disposed of property

Retur o1 uipment and return to the storage shed. Never lez/e _r_ge-
clean solutions in @ machine ovemight

spra);Ve and clean protective clothing

5, \I:}Vear;]h well with soap and water .

E;. Keep records of the use of chemicals

8

* Never eat, drink or smoke until you have washed with soap 2ng watzr

5, Storagé of chemicals

Steps:

1. Avoid misuse, herbicide must be stored in original labelled ang n dentfac
areas. Herbicides should be kept separately from Insecticides anc
Fungicides to avoid mistakes

2. Never put Herbicides into soft drink, beverage or food contziners

3. Empty containers should be broken to prevent their other purpose anc
either buried away from rivers and streams or destroyed by buming. Do
not stand in the smoke

Exercise-Appendix 8.1

How to calculate total Volume Application Rate without a watch
Calculate Total Volume Application Rate with a known volume of water

Here )
You measure what area of ground is covered by known volume of water
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Known volume of water put in tank
Sprayed out while maintaining a consistent swathe Width

pumping rate ' Wa'king .
Spraving is continued until the tank is empty P
Area that has been covered by the spray is then mMeasy

Repeat this process 3 to 4 times an average is taken fI_C:‘Ed

This area and amount of water used are applied to th
calculate the total volume application rate (litres/ha):

—_

rJ

)

eed and

LS

@

€ follow; e resy |
ng ern.l S I
Ula to |

Total application = Volume used in calibration (litres) X 1000 (m2/h :
a) |

Volume (litres’ha) Mean area sprayed :

Example:

If the volume of water put into the tank for calibration is 10 litreg
The average of three areas sprayed is 364 metres squared

Total application volume (litres/ha) = 10 litres x 10,000 (m2/ha)
364 = 275 litres/ha

Calculate Total Volume Application Rate with a known area

This method, measure what volume of water is needed to cover g known

are
ground. aof

1. Known volume of water is added to tank

2. Sprayed out over a measured and marked area at maintained consistent
swathe width, walking speed and pumping rate

3. After marked out area been sprayed, the amount of water remaining in the
spray unit is measured

4. That amount is deducted from total amount that was in the sprayer when
started with

5. Exercise is repeated three or four times for an averaged result. Result should
fairly similar

6. Figures for the average of amount of water used and known area over which it
was sprayed are applied to the following formula to calculate the total volume
application rate (litres/ha):

Application volume (litres/ha) = Mean volume sprayed x 10 000 Area sprayed (m2)

= 275 litres/ha
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n 5"
M on
o r0ds®!
A what is 2 weed?
: What are the common weeds in the qardar,
home or I the school cocoa plot B AT A 3 ppse
0 gody
do this pro'ect successfully, the teacher has to prepare wei zrn
Tomonstration of how to do a proper weed collection and.';:,:' : 4 e 3
d sampie
1. Givean assignment to your students to t3 .
important cocoa weeds in the school C%;ke a ,,:-r;f, .
community 2 plot o from e
2. Get students to press them using ne
3. provide reference text for studer?ts ;zsm";"eﬁ OVEr 3 week
the assignment e library o compiets
4. Getthemto identify and label the w .
. eed and its parts
5 Students should provide a sample of five immr‘iarf_;,o.«.gr_

weeds with village names, com

d mon nam <cia
for assessment es and soienfic names
6. Provide due date

C) CIosureIConcIusion
1. Teacher to collect and assess the weed collection

2. Teacher to display good collections
3. Provide feedback students
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Student Activities

4 List and describe types of weed control

— §

List and describe types of herbicides

*J

3. Describe and demonstrate spray recommendaﬁom
development I0US stageg of by
Ock

\

4. Explain and carry out calibration of knapsack sprayers

\

5. State and demonstrate types of field techniques
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e and otate if safety regulations are being foligwed? ¢
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UNIT 7: COCOA PRUNNiNg




Introduction

Pruning is the removal of unwanted branches from a cocoag {y,
yield for many months or years and it gives shape and struct
rest of its life. Therefore, pruning is one of the most importan
plot is to promote high yield and of good quality.

ee. Prun:
Nin

t operation:ii f;r the
Learning Outcomes
At the end of the unit, the students can:

A. List reasons prune cocoa

B. Explain in a page a block of cocoa that needs Pruning.

C. Identify or state all pruning types and their impact on the cocog tree
CONTENT

Pruning is removal of plant parts either as a single part or a combinati
are not needed ation of pang that

We prune the cocoa tree to control pests, reduce diseases, increase

; a
and encourage the cocoa tree to enable maximum yield ceess SUnlight

Types of Pruning:

There are four main types of pruning. Each type will be discussed and j

will be shown on each type of pruning and their impact on the cocoa tre Ustrationg

e.

1. Formative Pruning

Formative pruning is also known as tip pruning or canopy shape Pruning. To do
formative pruning, we need the following tools and equipment: secuters 'knives et
' , efc.
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A hybrid clone

) . i ' o
. , gefore formation pruning Igure 7.2: After formation or; g
g™ o . —
i formative pruning in the most logical order is listed and described as
folows-
¢: Tip Pruning Timing: 3-6 months after planting
One:
phase _
Main Points Safety Points
steps . .
\dentify 3-6 month old cocoa tree for formative pruning Not oider frees
3
) Using your sacruteers cut off the dominant growing tip
b

to promote upright growth of more side branches
prune back droopy branches to promote union of branches At earfy age

0)

phase two: Canopy shaped pruning

Time: 6-9 months after planting and after phase one which is tip pruning.
Steps Main Points Safety Points

a) Cut back lateral branches 40-60cm above ground levei
Leave good strong looking branches
b) Cut branches below kneel height to promote well spaced
main braches
¢) Prune droopy & low hanging branches to for circular canopy _
9) Leave 4-5 evenly spaces main branches from jorquette (the point at wheh
the stem fans out to branch) to promote canopy coverage
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144




54 ol
r e w 5 /,"J" i "'T ' i
PR 4 )
rd ” P ;
z y_;y(' \ ‘,; p {./ lr,
- AL e
; 4 e
% s
7, "/
77
R g
- ‘i“ .,.a_-—’ ’
— A,
- B

A hybrid clonal tree

fore chupon pruning Figure 7 6 Afer chupon srrere

5: Be
g: Chupon pruning is applied every 3 months after tip pruning

pigure T

Safety Pourts

Timin
Main Points

stopS
a) Prune all shoots below knee height where tney meet e =~

) (lower than 40-60cm from the ground)
b) Prune most of the regrowth shoats within the prmary formed s
c) Encourage chupon at the base of fallen and leaning trees o 50w 2 =

replace the old trees. Remove or prune chupons that g ot ow stag™

L WS ]

up
procaution: When pruning chupons and shoots, make sure hat e wnoe == oor &
romoved back to the main stem and that no stumps or end remars

3. Sanitary Pruning

Flgllm 1.7 Pnlnlng tt‘\"hl\‘:\“ue Using Jorrect hooss
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Sanitation is cleanliness which helps increase sunlight for Phot
aeration, and to prevent and reduce pest, disease ang weed in?S etic 5.
improves the tree health and promotes pod development. San'testation‘ TE:,QtMt” 3
out at the same time as structural pruning, and when dise ary Tunj s nq

ase Ing;
are seen in the cocoa block. Hor deatn b?al: ca"ried |
Che I
s

e REMOVE ALL BLACK
CHERELLES & PODS

A hybrid seedling tree
Figure 7.10: Before sanitary pruning Figure 7.11: After sanitary pruning
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A hybrid clonal tree

 7.12; Before sanitary pruning
Figu™® ™

" sanitary pruning is done every 5-6 months
T]min :

Figure 7.13: After sanitary pruning

stepS Main Points Safety Points
e

a) Remove low hanging and drooping branches at height of 1.2m

p) Chupons and small unproductive twigs removed

¢) Cut and remove all infected and damaged branches

d) Remove interlocking branches and leave 20-40cm gap between branches
g) Remove leading branches to maintain tree height at 3.5m

f) Cuta central incision: prune lightly at the centre of the canopy

g) Cut side incision: prune a few small branches on the side of the tree to create
agap

h) Cut and Remove any pod mummies

Caution: Correct pruning increase ventilation and helps reduce humidity,
thereby making less suitable for pests and diseases.

4. Structural Pruning

Timing; Applied 5-6 months

Structural Pruning aims to promote the continued development of 4-5 main branches
:S the primary structure. This pruning stimulates the replacement of old and infected

ranches on mature trees with a new growth. This maintains the productive area,
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A hybrid clonal tree

Figure 7.16: Before structural pruning Figure 7.17: After structural Pruning

Steps Main Points Safety Points

a) Height control: Prune leading branches at 3.5m to maintain reach for ease of
harvest. This pruning applied to cocoa tree above 3.5m or two people tall

b) Ground Clearance: Prune low-lying and drooping branches to achieve a
clearance of 1.Zm from the ground

¢) Develop the mid-canopy: Prune a small v-shape in the middle of the canopy in
the east-west and then north-south direction for sunlight penetration

Caution: Do not prune tree that do not have active leading branches. Avoid p'run'ing
productive branches, particularly in the centre of the tree. Height control pruning Is
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hade tree recommended for cocoa blocks in PNG are-

1. Coconut (for shade only). If coconut is used the famer =5 S
leaves regularly

2. Gliricidia sepium. This shade tree is managed s foiows

Timing: In July and December (5-6 months after structura orumne . ame = cmm
sanitation pruning rounds.

= L Ve

3. Steps Main Points Safety Points

a) Canopy reduction: Prune heavy canopy branches 1o racuce e wer
shade tree Gliricidia canopy.

ot ol oy
b ol

b) Debarking: Remove bark from around the trunk at shouider eve 2~ =t =

conducting tissues of the surface from which the bark nave nesn amovec

c) Regrowth removal

i) Prune 3 months after debarking groom 2-3 regrow™ anc “smon.
the rest.

ii) Six months after debarking, leave one of me first “egrow anc
debark the rest.

il)  Leave two of the new regrowth from the man tranch seectec

after 6 months) and remove the rest Repeat he Hytie ahen
necessary.
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TEACHING STRATEGIES

A)

B)

C)

[EL I N

Introduction

Ask students to define pruning
Show a tool and ask what these too|g use
Show a picture of a garden/ block being
Describe the cocoa tree that needs prunp

d fOr in .
Pruneg O Ultyrg
ing

oW R

Body

Provide correct definition

Describe pruning types, reasons and describe a pry
Show photos of pruning and explain features of eaChﬂed Cocog blg
Write 2 page about pruning cocoa ck

Closure

. Orally ask students to define, explain effects of

prunj
of pruned garden of a type of pruning NG or shoy Photo
Short test to define, explain or provide reasons to prune
WMzrk (1 or 2) and evaluate student performance
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.

5. Getstudents to the school cocoa block that

demonstrate the four types of pruning. Whe
pictures, photos and illustration of each pru

Ng 5
e not POssIb)g s;:d
nlng type. Ow

NB: This is a practice activity and must be done in the fielq. e
prepare this activity carefully. Provide a demonstration and ha\?::her to
practice them S‘Udent

6. Teacher to have student field practice prunin

g in the vijig e
block. Student to prepare a report on their i

eld

. n
) ) expenenCe five 00003
and include pictures and photos as means of Veﬁﬁcation) Pageg
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UNIT 8: COCOA SHADE
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Introduction

Shade has a big effect on the growth and productively of ¢g
development into @ mature tree. Some degree of shade co
pruning and thinning to achieve desired level of shade to

ntrol is ngg

. ) maximize
production. The appropriate percentage of shade for g mat

ure ¢
depending on level of management applied to the block an °C0a treg

ro
grthh an:gh

d the Will vq
applied to its soil amount of fe,.tm;y
er
The timing and extent of shade control is highly variable between diff
This is because may be altered according to the: STeNt blggyg

Growth stage of cocoa trees

Weather pattemns

Local environment

The nutrient status of the soil/ fertilizer application
moisture levels of the area

P D T

Program ang S€asong Soi
|

At the completion of this unit, students should realized the importance of
cocoa production Shade ip

Learning Outcomes

At the completion of the unit, the students can:

A) State Reasons as to why there shade control

B) Explain why we prune shade in a cocoa block

C) Describe how shade is thinned in a cocoa block

D) State and describe factors required in shade management
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coa is very complex. [t influences s

8 MICIS- Chrmaig of
et prough 1tS eectonhe
(4 ck inti ‘
Zﬂcoa blo t of solar radiation received by cocoa treeg
un '
) Af“furbulence (wyg?)
) Nr: o relative h”"}'thtg cocoa trees as it indirectly inf
| oot e o f INTlUeNces the r trigens sats
b of the sol

jmate in turn, influences the incidence of pests 1 d dissases
o0 © | | sases
M pese facors combined have a big effect on the gocns yield
Al

. The rate of photosynthesis increases with an |

ncrease in the SOiar radizton,
light intensity ' N |
5. Most plants oply need certain leve| of light intensity to arain maximum
" photosynthesis rates
3. Beyond that the level of photosynthesis stays the same or goes cown whe- <.
" the heat 2- lack of moisture
4. Intensity of solar radiation combine 1o cause stomates to ciose or lezf na
turgidity to be reduced
5. Typical under Papua New Guinea conditions 10 cocoa with very e or g
shade

6. Increase photosynthesis increases the 1- Uptake and use of water 2- mnsr
nutrients to sustain the higher rate of metabolism

. Thus regular watering and fertilizer application are needed 10 support e ~ gh
rate of photosynthesis that occurs under low shade and high light ntens ty
conditions

8. If water is limited, ¢co

8. If soil nutrients level

w

coa trees will suffer from water stress

S are low, the tree will suffer nutrient de® cences
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Figure 8.1: Effect of light intensity on water loss ang Photosyntheg;
s

This figure demonstrates that beyond a certain point further inc
radiation will not increase photosynthesis because 1- once ma
rate that a tree is genetically capable of operating at has been
of extra sunlight 2- soil moisture 3- nutrients will increase the r

reases in solgr

XImum photgg Nthet:
reached1- no Zn?;it;:
ate of photosynthesis
1. The maximum rate of photosynthesis a tree is ca
different plant species depending on the environ
have evolved
There can be differences between different varietie
Non- genetic variations in actual maximum photos
even between clones- individual vegetative reprod
same parent if individual raised under and adapte
4. Cocoaz trees grown in heavy shade would reach
photosynthesis at a much lower light intensities
“hardened off” gradually their maximum rate of

pable of will vary between
ments in which those Specieg

W

s of the same Species
ynthetic rates can exist
uced with materig| from the
d to different light intensities
their maximum rate of

than trees adapted treeg were
photosynthesis would rise
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Figure 8.3: improve way of shade control
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Effect on young cocoa

If shade levels are too heavy for young cocoa, th i
Trees develop longer and fewer Ieaveg and fewet;3 sghrg:?:  reduced
§1ems and branches are tinnier and longer as they grow in s
Commence of flowering and bearing later than if had adequa?ar?h of |
Under medium light shade levels, young cocoa will quickly esf |lght
the environment, weather patterns, the nutrients status of th ab-l'sh Provideg
control are adequate © soil ang Weeq
6. There will be a lot of new growth givi

Bt attelurt growth giving many leaves- small ang thicker than
. Stems and branches be shorter and thicker

) NI -

ight

N B

Effect on mature cocoa

1. Cocoa grown under heavy shade will produce large and few |eg
usually thinner than those grown under lighter shade Ves. eaves

2. Under heavy shade, yields are lower and disease incidence are hj h
particularly “black pod” gher,

3. High levels of “black pods” associated with heavy shade due to lack of f .
circulation and light to dry out tree surfaces after the rain. It is much hj ':ee ar
high and frequent rainfall areas gherin

4. Experiments from cocoa growing countries show that cocoa yield increased
after shade removed

5. However, is not sustain after 10 years of complete shade removal when
Fertilizer additions are not made |

Most probably the reasons are 1- nutrient stress (as the soils run out of the nutrients
needed to support increased metabolic rate of trees in full light) 2- water stress 3-
wind damaged to leaves 4- shoot and tree die back (leaves getting smaller and
smaller until shoots die off) because of continuous exposure to direct sunlight 5-
insect damage also probably contributes to die back

1. It is advisable to carry out shade thinning or shade removal gradually so
cocoa trees can gradually adapt to higher light intensities

5 Sudden removal of shade will greatly affect the trees’ health as will probably
be damaged by 1- sun scorching 2- bark cracking 3- wind 4- insect pest
damage

5 Shade removal has to be accompanied with high levels of management in
put, especially in regard to 1- fertilizing 2- weed control 3- management of soil
moisture levels

Pruning

1. Pruning is done in the first year after planting and continuous until the
shade trees are removed in the thinning process )

2. ltis necessary every 3 months where soils are fertile and where rainfall
is well distributed throughout the year. May be done more frequently
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iZ2 water 7288 7 ooy

Poisoning trees

1. The followin

9 mixtures can be used.
2. A15 Percentage m

ixture of Garlon with diesel. |.e mix in 13 mis of
every liter of diesel

3. A5 percent mixt

ure Glyphosate with diesel. |.e mix in 30 mis of Garon for
every liter or diese|

-~ )
{ PN S
Lanon ©

. I $1308S over 4
INning temporary shade trees may be done in stages over 4 years
frees can

gradually adapt to high light intensities. Commence tunning by
Poisoning altemate (every second) trees

3C Tocoa
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Xcx02x03xc Xx02x03x CX02x03 x

X 02 x04 x02x04x02Xx04 X02 X 04 x o2 X
X 03 x02x03x02x03Xx02Xx03 x 02 x 03 x
XC x02x 04xC X02Xx04XxXc x 02 X 04 x
X 02 x03x02x03x02x03Xx02 x 03 x 02 x
X04x02x 04x02Xx04x02x04X 02x 04 x
Xc x 03x 02xCc xX03x02Xc X 03 X 02 x

Figure 8.4: Showing planting arrangement

Key: x= Cocoa tree, c= coconut shade, 02= Gliricidia removed at 2 years, 03=
Gliricidia removed at 3 years, 0o4= Gliricidia removed at 4 years
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P Season p - .
9 .t coc
Plant coconut polybag nursery o
1B L |

End
wet
Mark out block for individual planting <

uts and oCgg o ——

Plant out coconuts with Gliricidia

2 ———
m Plant cocoa nursery

Start Plant out cocoa seedlings in the field
we
En

t
d Thin Gliricidia branches
wet

Start Poison or ring bark 2
o out of 3 temporary shade trees be

weer cocog o

w
Mid Poison or rin bark

g =l emporary shads rees in every second row ofcocca
Start Poison or rin

g bark 1 out of 2 temporary shade treas .

t
t
rring b P .
as shade 9 bark all remaining temporary shade trees. leaving only

1. Loc_:al environment
. Soils

3. Weather patterns
© 'YPes of shade trees

COConuTs

RBSEar
SUffIC'lel(':\'? sr:f:\Ss::mwn that generally, 60-70% shade is required by tree crops o have
Bavy shade ¢ ne for photosynthetic activity and to have adequate air circulation.
Conlribute t -a“ lgad to pest and diseases build up while too light a shade may
O high light intensity which is not suitable for tree crops.
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Teaching Strategies

A) Introduction

1

-
<.

3

4.

B) Body

1. Use notes and field trip/visit/exposure to cocoa plots g
of shade trees observed

Group discussion on the effect of shade on COCoa

Show a photo of a shaded cocoa plot and discygg Productigy,

done What negqq o
Get students into groups to discuss what kinds of sh be
seen on the cocoa plantations or plots in the locg arade trees grq
Tell student the fact that the cocoa and coconyt Shaga
pioneered in Papua New Guinea € tree wag

Nnd recorgs NUmbe,

2. Use notes and field trip/visit/exposure to describe and explai
advantages of each shade tree N the
3. Discuss based on:

Coconut —cocoa interaction

i) Coconut — Glarcidia interaction
iil) Coconut —Cocoa and Glaricida Interaction

C) Closure

Orally ask students to:

1. Report to class on groups activities

2. Give reasons for shade control

3. Discuss the cocoa, coconut & Glaricidia interaction
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t ;\o::ti"iﬁe3
n

5¢uda gtate Reasons as to why there shade coesrr;
— N "_‘.‘:—:—; T —
/” - o e T ——
/‘ B - o ‘5~~.-___§_‘~“_ —
/.J . TT— ——
/' - I ——
9 Explain why we prune shade in 3 ¢ocoa pioek
/-—_—- \
\\“‘_
M
3. Describe how shade is thinned in a cocoz siock
4. State and describe factors required in shace marageme~:
Types of shade control
Shade control Criteria

Ring weeding base of tree
Grass cuting between rows of plants
'Pr'ur‘iiﬁgfr’éﬂ{ci{ie_ chupons

45 fan branches left

No branches within 60cm of jorquette
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Mulch base of tree

Structural pruning - remove disease pars |
Cutting off any low lying branches

Less lateral branches interlocking

Shade trees removed =~ ' —
Enough sunlight into the block TTT———
Allblack pods removed T
Diseased pods removed —

‘Cocoz branches not touching each other D

Infilling or replacement .
Pruning shade trees
Introduction of cover crops 7—_\_7‘—\_\
Pruning done at base of plant —%—_f\—H
Pruning with correct ook~ T ———— |
Harvesting done thoroughly HM

Read scale correctly

Wetbeans clean and free from dir. |
| o
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UNIT 9. DRAINAGE




Introduction

Drainage is needed either because:

1. Thereis a high water table as in low lying areas

2. The physical condition of the soil impedes the drainage of surfa
water to a depth below the roots of crops. ce
3. These two causes are the main effects of

it improves soil aeration. This allows crop

improving the drainage Thus
system.

S 1o develop g deeper roo

This unit should be taught as a practical session for student to aPpreciate
importance of drainage he

Learning Outcomes

At the end of unit, the students can:

A) Explain the reason for the constructions of drains
B) Explain why hilly land has natural drainage

C) Importance of rain drainage in the movement of water in the soi|
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t a high water table

 have water table tlhat iS permane
solls thd "~ owth need drains to lower the
of drains depends on the nature of
0 pt ?atioﬂ’ and crops to be grown
). "ansplro s, such as cocoa, need to be deveioped on
1ree * - lower water table than annuaj or surface- roqy; “ System g
req”'ret necessary to keep water table below rooting 4 ng Perennz DS
ol i';rn:s in short periods of water- logging during heg opth a1 imes of e

nt or Seasong
Iy h
water tabjg | '3 £y '

Soil, rainfyy and evzp,,
= -

u . ,
na\rr":;’c where rain fall is seasonal, water Conservation f,
preas W 0rdry seaspng 5
mportan

 oeeurs on bare soils without proper ang we
’os‘owashin g away of soils and if not maintained

e in high rainfall areas such as the ENBP, ¢
a.

dents W|” StUdy

5.

l-constrycteq drainage.
mgy lead to loss of Crops
rosion is g Major prodiem

Erosion
such as

0 In the

it st

1. What is erosion?
2. What are the types of erosion?
3. How erosion can be controlled.

pes of Drains

4. Open surface drains are cheaper and easier to construct

Figure 9.1: An open cut drain
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These drains are common on cocoa plots and gardens. They are easy ang
cheaper to prepare and establish.

However, the disadvantages of open drains are:

a) Taking up land
b) Harboring noxious weeds and rodents l
¢) Require constant maintenance

5 Sub-surface drains made of plastic or concrete pipe ’

=y ey, 3 ’-: >
ST o= Yo LT=TN A- \
Figure 9.2: A sub-surface drain mainly with re-enforcements such as plastic or
concrete material

Surface drains are made with bulldozers, excavators or suitable ploughs or can be
dug manually. Most of these type of drains are dug in well managed areas or
property and are not suitable for cocoa plots and gardens. These are also very
expensive to establish and if they are blocked, they are hard to repair.

Draining on flat or gently sloping land

Flat and gentle sloppy land is a natural drain. Such slopes only require simple
construction and the costs are slow.

Steps

a) Find and construct an efficient outlet

b) Cut the main drain starting at outlet and digging away from it, keeping it in
straight as possible

c¢) Cut the field drains at intervals depending on soil texture

Some major considerations:

1. Drains closer on heavy soils (higher in clay content) then on light soils (higher
sand content)
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Drainage as a way to control erosion

Figure 9.3: Drainage system

Erosion is the loss of soil as a result of heavy rains causing the soil to be Saturated
and therefore being run-off down the slope and on to the river system. This |oss of
soil can be severe in sand, and silky soils. It is important to note that lack of proper
drainage in sandy and silky soils can result in sever wash away or erosion of soils_

Good management and drainage can help control erosion, therefore this can be
controlied

Good drainage

Contour drainage

Growing grass on the land or soils

Not leaving land bare

Reduce heavy deforestation

Using cover-crops thus reducing speed
Avoid using heavy machinery

NSO A

All the above listed methods used independently or in a combined manner can
reduce the effect or impact of soil erosion.
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Student Activities

1. Explain the reason for the Constructions of drains

2. Explain why Hilly land has a natural drainage satisfactory

3. How does Drains improve the down ward movement of water in the soj)

4. Discuss the methods to prevent erosion

5. Types of Drains

Drainage Criteria
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uNIT 10: HARVESTING THE Cocoa PODS




Introduction

After all the management aspects of coco
towards achieving quality cocoa beans. It
affects fermentation and quality
the ultimate aim towards quality
done correctly and processes a
worid cocoa pricing

a production, harvestin
must be done as requi
of the end product. Student mus
cocoa production for export is w
S recommended as these have a

Qg is 'lhe be
red so jt gj
tlearn an
hen hary
big bea

Qinnin
rectly

d Fealimd
esting iS
ring in the

Learning Outcomes

At the end of the unit, the students can:
A) Frequency/ timing of harvesting
B) identify ripe pods
C) Harvesting techniques and tools

D) Outline the Sanitation issues of harvesting

Content
A. Frequency/ timing

. Ripe pods are to be harvested straight away
- Harvesting every two weeks if there are not too many ripe pods appearing
on the cocoa trees

3. Every week during cocoa flush

4. Do separate round of the block every week to remove sick pods and
cherelles with a cocoa hook used only for removing diseased materia|

5. Essential pods do not become over ripe

6. Over-ripe pods are more likely to become infected with black pod disease

7. Beans inside over- ripe pods will germinate causing deterioration of cocoa
product

8. Likely to be eaten by cockatoos and flying foxes

9. Important not to harvest unripe pods

10. Unripe pods beans will not be ready for fermenting as

a) They are hard

Ny —

b) They are without mucilage

c) They will not separate easily

d) They will not ferment properly

e) The beans from unripe pods must not be included in the wet

beans for fermentation
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Figure 10.1: Ripe Forasterio Pod

Figure 10.2: Ripe Crig 2o

2. Do not harvest black pods at the same tim
reduce the quality of cocoa

€ 85 good ripe pods Black pods w
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Harvesting techniques and tools

1
3
4
S.
6

Use a sham cocoa hook on a stick to harvest cocoa pods
Secateurs can be used where farmer can easily reach
Tools should be kept clean
Disinfected the tools & equipment every day with ridomil or “red co "
Shamened harvesting hook regularly with a file Pper
Hook should not to be used for removin diseased pod
spread fungus to previously healthy treegs POCS or cherelles ag will
Do not use a bush knife as it is

a) very easily damages the flower cushions

b) damages flower cushions can be likely to be infected by canker

8. This then kills flower cushion

9. ltthen weakens and eventually kills the whole tree

10.Be careful not to cut the tree with the cocoa hook as will
inspections to enter the tree

11.Means of carrying harvested pods to fermentary or bagging stand include
wheelbarrow, manual, vehicles, tractor

Provide a site for
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Figure 10.3: L-R, Ripe, Unripe, Diseased and over ripe pods

Reading from Left to Right, the above photos show the difference between ripe,
unripe, diseased and overripe seeds. These features when the farmer is familair will
help in the determinations for good cocoa. Ensure that only ripe cocoa pods are
harvested to maintain good quality cocoa rfom your plots
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Harvesting with a cocng hosk

Figure 10.4: Good Harvesting Technigues

Take care when harvesting cocoa pods. Use legn and sharp togis o -
gamage to the tree and other unripe pods, Make a clean rardg;r:_ ° :*:w—
gisturbance ofd the tree. Ensure that the harvesting taois a—r: Sty

and washed before storage. T Sedioment are clagn

=

i

<

7
‘4

Figure 10.5: Correct method of pod braaking



Figure 10.6: Taking out the beans

Figure10.7: Take cocoa beans out of the pods cleanly and with care.
Place the beans in a clean bag to be taken to the fermentry for processing.
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Figure 10.8: Composition of the fresh bean
ganitation issues of hal'VeSting

consider the following as important

1. Itis important to remove a]| ripe pods

2. All diseased or damaged pods and cherslles be hooksd down murne
separate round but NOT during harvest

3. Do not leave sick Pods near base of COCoa frees as f
spread from infected po

d husks to young pods on
Sick pods must be moved to the middle rows or t3
block

Use separate Cocoa hooks for harves
6. Separate for the removal of diseased
7. Damaged, diseased or discoloured

Naal an
the truck
Ken night

ting healthy pods
pods

Diseased ang dama

ged beans are spread out and driad wits
and sold as reject ¢

oca. Sells at half the price of fermentag Cry beans

-~

Some important rules

1. Cocoa hook must be sharp. This ;}s >Po that the pod stem s ¢yt o Sears,
shion

without damage to the flower cushic K (rite o

TaEg care notg to cut the tree with the cocoa hook. Cuts may he D Canka:

disease to enter the tree ' S separate fm

3 U:: different hooks for hooking good pods separate fro

M disease pogs
i the disease
of the same hook can spread the diseas

ral - au'!:"'E"S can E‘&‘.

beans should be KDt separate #rom
beans to be fermented
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Teaching Strategies

A) Introduce unit/Motivational tool

Ask student questions like:

.

What is the colour of the cocoa pods that i

When (time) is the correct time t% harvest wioay for hal‘Vest?
What is the interval to harvest?

What tools do use to harvest cocoa pods

How does harvesting help maintain good quality cocog

o b !‘\J

Present two ripe pods of cocoa (one each from Criolo and Trinadario ang get
students to describe the features

B) Body

". Explain proper and important issues of harvesting techniques

!\)

What is the pod colour when harvesting cocoa breeds?
Demonstrate correct process of harvesting
. Discuss recommended tools and equipment for harvesting

» Demonstrate harvesting techniques, breaking ste

PS and show gogq
quality practices for harvesting

C) Closure/Conclusion
Orally ask students to:

1. Identify a pod ready for harvest
2. Give steps of harvesting

3. Show correct method of harvesting
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PROCESSING FACILITIES

UNIT 11

18]



introduction

in this unit students must realized that, there are regulation on the cocoa indust
This guides facilities used into the cocoa processing for sound quality. Thus, the A
processing facilities should meel certain standards as basically set up in the
outcomes

Leaming Qutcomes
Af the completion of the unit, the students can:

Describe a Weather proof building
Explain Importance of Fermentry boxes
Describe types of dryers

Explain Drying process

OO a >

Content

Types of processing facilities

A. Weather proof building

. 1
|
- . . £ ¢ ES A
S, | T B e —— —
= F I T — —
| | \
| [ e v Tmnee Py
+ [ riml G | I
L TN | '
- 1 o - = e = R 1 - Ty T 1t l
/ L 1 | 1 | I “
(. - A |
. FLES 1T anﬁ
CLEVATION 2 DIEE conl )

e Foa v

Figure 11.1: A weather proof building plan
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B. Fermentry boxes
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Dryers
Types of drier- four kinds

1. Oil- fired (Fuel) hot air dryer

e

" *' g

Figure 11.3: Fuel based cocoa drier at CCl PNG (L-R Diesel power drier & workmen
sorting dry cocoa beans

The fuel based drier is used in plantations by major cocoa bean producers
since they have the money to establish big fermentries. They have a lot of
beans to dry and if left to wait, the bean will deteriorate in quality. Besides,
bigger cocoa producers can afford the cost of fuel to dry cocoa beans and
they have a lot of cocoa to off-set the cost of fuel.
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jid fuel (firewood) hot air drier
50

ke 2 to 3 days

Figure 11.5: Putting Wet beans into fermenting box

The firewood based energy drier is most commonty used 1o ary cocea heans
in PNG. This drier type is easter and often used because firewood s eas
available, it is cheaper to build and that whether it rains or shine the .}xaa
bean will be dried when required in preparations for market Such a vpe is

o
L
~




because the beans will not be left to wait andg lngg

preferred by cocos famers
dry the beans.

quality while awaiting sun hight energy to

This type of drying spoils the cocoa based products as the smoke on the

heans contributes 1o bad smell and poor quality cocoa. Therefare this methog
wil be phased out in due course and in favour of the sun drying method as

marke! requites demand a better drying method
3. Sun (Solar) drier

Depends on number of sunshine hours, usually 10 days

Tras figure shows the soler dner used 1o dry coco3 beans. The sun light energy is

< bt when in prolonged wet sezson, the heat from firewood
% uses I dry coco2 The main ’:':3?,?}/’4“’"4{396 of 2 solar drier iz thzt it cannot be
relen oo v wet and rary areas. Cocoz dried by sun lighnt energy is increasingly

;—”,‘. 'n"‘ [ g
Zoibn e (SUTeD




ined hot air and sun drier
co™
4.

ysually take 3 to 4 days

Used by most small-holders using solig fuel

Figure 11.7: Combined Hot (smoke) anq

The advantage of a combined drier is that yher o, .
unfavourable) for either of the drier hee - fca NSZer 5t
the firewood heat used to drier the cocoz ra:sa‘ For sxamee -
:-B DT T i,
energy is used to dnefmecoocaga-.-s . 2 3L7 3G e g

drier like the one shown in ﬁg.xre 7

‘_' —

Options

Sun Drying -passive i.e. open sun-active saiar 8.0, soker debac
1. Artificialf kiln 0ying efther soic “8 2 3 wooE ~oora ~Laks -
(e’g- dles&i | ff’-}ﬂﬂi (‘g,' > -ty T
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Qi (o
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ondters ¢
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& SN Zrew

Natural draugnt fires refies on corvecton mrers gt ~ar -
< 2y LT ™
fires to convey the hot ar 1o e crpng G 220 - oria 3ot free e
‘ e SAGN s e maar 4
fed through to the drying bec by mears of s far
Beans depth on different dryers

1. Fof sun drying. beans snouid not De more Man < T Cee

2. Kin drying ( and active SCiar Oryeds ) Lsang natura ¢ PECDOE deea o s
should not exceed 100mm o

3. Solid or qud fued force Sraughnt Srysds Can he CACRT .0 K e PR
on the desgn o



Cost of smallholder fermenteries (Collect information plans, quotations

relevant people)

NANT I F2uA s
FSaymte Y LT

L ‘-~-l‘ R

FRAAMNemr e 1O = 5 vy
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Taﬂchm
A)

-—

g wN

B)

S

C)

g strategies

Introduction

Get student into groups to d;

SCuUss and ore
drier in the local area.

qert tha 4

S U hrna

Discuss the features and identify the drig, Used in s,
Present its advantages A gy
Present its disadvantages (consider SMOKS 0 the oy aama.
Discuss what the cocoa market Would thinie o Ou;r; gy 5 smed)
under fire Y03 that 5 dried
Body

. Show pictures and discuss the features of £ach drief ang dig 35 e
functions HHAISS Te
Use notes and field Irip/visit/exposyre [0 describe ang ayg air ha
features and functions of each grig, TUTE
Discuss each driers advantages
Present its disadvantages (consider smoke o the sion and s smes
Discuss what the cocog market would think of
under fire

OUr Cocog that i oned

ClosurelConclusion

1. Group Summary on the boarg

2. Teacher to ask key questions Jika:
a) Which drier is preferred
b) Why it is preferred

¢) Asa cocoa farmer rying to make money o sustan yO
livelihood, which would You use?
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Stedent Activities

Derrrbe 8 Waather proet tmiiﬂing

Z Why are Farmentry boxes imporiant 7

List and describe types of drvers

< How s sun Dryving camied out and why is it favoured by the market

- -
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Cocoa as an Entrepreneurial Activity

Cocoa is an important cash crop for the coastal many rural. remote and isolated vil|
communities in the country. Cocoa like coffee these crops provide cash income for llngcs m(:(/l
of the people in the country. Cocoa is an important economic lifeline for rural peo h:ﬂ o
Cocoa has been and will be a major source of income for many communities ]~I’c))\vb»'- i

last five vears. the invasion of the cocoa pod borer (CPB) has devastated lhe‘c.ocm ingr o “'] c
Papua New Guinea (PNG). The East New Britain Province (ENBP) was pmduci;l abusll'y in
000 tons of cocoa in 2005 for export until after the CPB invasion which has recriuccdgcocgm o
duction to a mere 7. 000 tons in 2012 Reduced production means a low cash income fo A
farmers have departed cocoa for other cash income eaming opportunities. rmany
Other Provinces where the CPB incursion has been low. cocoa production has gone up. B
gainville. East Sepik Province. Madang and Morobe Provinces have increased prodllclildn dou-
maticallv and theyv are now the leading producers. Efforts are being made by the CCI and trla-
Cocoa Board along with other stakeholders to contain the spread and impact of the devastatin]e
pests. Admittedly though. cocoa remains a major player in the social, economic and the politjg
cal fibre of the communities in Papua New Guinea. ]
It is therefore important to teach and prepare the youth to consider cocoa as an entrepreneurial
crop in the communities and each household can potentially benefit enormously if they are to
take up cocoa as an entrepreneurial crop. When all things are considered, the cocoa curriculum
at grades 6-8. offers great potential to prepare our youth for life after school. Cocoa as a cash
crop when school leavers are well prepared to return to the communities with cocoa skills, it
can help the youth become purposeful and productive citizens of our country. ’
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	cocoa teaching resource book (Grades 6-8). up to pg93.pdf
	cocoa teaching resources (6-8) after pg93.pdf
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