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Preface 
In 1979 the Government of Indonesia decided to undertake large scale plantings of coconut 

hybrids developed and introduced by the Oils and Oil Crops Research Departement of CIRAD 
(Institut de Recherches pour les Huiles et Oleagineux - France). With World Bank assistance, the 
smallholder Coconut Development Project (SCDP) was established to implement these plantings 
under the aegis of the Directorate General of Estates of the Ministry of Agriculture. 

Planting coconut hybrids requires improved technology in order to make the most of the 
genetic potential yield of up to 6.0 tons of copra per hectare. Hence, an illustrated coconut 
technology handbook was developed as a handy reference manual for the use, not only of 
smallholder farmers, but also of agricultural extension workers and all those associated with 
coconut production. 

This color handbook describes procedures in detail, from information drives for would-be 
planters, to the establishment, maintenance and management of nurseries and fields. It also 
includes village-level processing of coconut products, copra, coconut oil, charcoal, coir and brown 
sugar. 

Being fully illustrated and practical in its approach, this book differs from other publications 
on coconut. It clearly describes the "how" of coconut production, not only in dry land but also in 
tidal areas. This book should prove very useful to both new and experienced coconut planters. 
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Introduction 

This fully-illustrated color handbook "Coconut : A Pictorial Technical Guide for S111all
holders" is a practical manual on coconut production and processing at village level. It is designed 
primarily for smallholder technology transfer in a goverment-sponsored coconut project using the 
PMU (Project Management Unit) approach. 

The handbook is divided into nine chapters with 118 plates, each of which illustrates and 
describes in detail how to pe1form certain tasks in chronological order. Each chapter is differen
tiated by a color code. Each chapter has its own table of contents listing all the major sections. 

Chapters 1 and 2 describe what the extension worker should do at least two years prior to 
actual field planting. He conducts information drives for prospective participants artd determines 
the suitability of each farmer's land (either dry land or tidal) for hybrid coconut production. 

Chapter 3 illustrates the different activities to be undertaken during land preparation, from 
organizing farmers into work groups to land clearing, fencing, intercropping, lining, terracing, 
holing, and cover cropping. 

Chapter 4 is a special chapter for tidal areas where the construction of drainage canals 
(primary, secondary, tertiary) and gate valves are of primary consideration for successful coconut 
production. 

Chapter 5 illustrates and describes in detail how to establish, care for, and maintain seedbeds 
and polybag nurseries, whereas, Chapter 6 shows how to plant and care for the different legume 
cover crops in fa1mers ' fields. 

Chapter 7 describes transplanting techniques for both dryland and tidal areas, Chapter 8 
covers field management, i.e. construction of farmers'field sheds, preparing seedlings for replant
ing, righting leaning trees, intercropping, circle weeding, terracing, fertilizing, weed control, 
particularly Imperata cylindrica, leaf sampling method for leaf analysis, pest and disease identi
fication and control, and the construction of fire guards around the field. 

Chapter 9 shows the proper methods of harvesting nuts, processing them into copra and 
coconut oil, processing the shell into high-quality charcoal, processing the husk into coir, and 
extracting the sap of inflorescences for brown sugar production. 

Finally, annexes of forms, tables, and schematic diagrams further support nursery and field 
activities. 
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CHAPTER 1 

PLANNING COCONUT FIELD DEVELOPMENT 

7. 7 PRELIMINARY FIELD SURVEY AND INFORMATION DRIVE 
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PLATE 1.1 

PRELIMINARY FIELD SURVEY AND INFORMATION DRIVE 

1. Two years before project implementation, conduct a preliminary survey of possible areas 
for planting coconut to determine the potential of the area and availability of farmers. Conduct 
the preliminary survey in collaboration with selected senior staff from the Head and Provincial 
Offices. 

2-5. Inform local authorities and prospective farmer participants about the objectives of the 
preliminary survey. Use leaflets and posters to supplement discussions with the farmers and 
.stress the criteria for farmer selection and area limitations. 

REMARKS: 

Be sure to interview as mariy farmers as possible and to fill in all the data required in the survey 
forms provided by the Head Office. Send back all survey forms to the Head Office as scheduled. 
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PLATE 1.1 

Pholos by R. Bourgoing 
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CHAPTER2 

SELECTING FARMERS AND LOCATION 

2. 7 SOIL PROFILE SURVEY IN UPLAND AREAS 

2:2 PEAT SOIL PROFILE SURVEY IN TIDAL AREAS 

2.3 MINERAL SOIL PROFILE SURVEY IN TIDAL AREAS 
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PLATE 2.1 

SOIL PROFILE SURVEY IN UPLAND AREAS 

1. If the fanner's field is flat, dig a hole (80 x 80 x 100 cm) in the middle of the field. Separate 
the topsoil (la) from the subsoil (lb). 

2. · Measure and record the thickness (depth) of the topsoil. 

3. Measure and record the depth of the subsoil. 

4. If the farmer's field is undulating (i.e. some areas flat, others sloping), dig the hole half
way between the flat and sloping area ( 4a). Separate the topsoil from the subsoil. Measure and 
record the depths of the topsoil and subsoil. 

REMARKS: 

a. In addition to the depth of the top and subsoil, determine also soil texture and type, and 
provide other data required in the Soil Profile Survey Fonn - SPS Form - (see ANNEX 1). 

b. To fill item number 6 in the SPS Fonn consult ANNEX 3 ("Physical Qualities of Soil for 
Coconut"). 

c. After completing the SPS Fonn, immediately classify and interpret the results of the 
survey. After checking by the Provincial Office, infonn the fanner concerned whether or not his 
field is suitable for coconut hybrid planting. Tell him also how much yield is expected from his 
landholding. 

d. Attach this SPS Foim to the other documents of the farmer and file them in the PMU Office 
for future reference. 

e. Make sure also that the area chosen for development has a suitable climate to ensure the 
full expression of hybrid production potential. Coconut grows well when the rainfall is regular, 
the ideal being 150 mm per month, or 1,800 - 2,000 mm per year. However, coconut can also 
develop nonnally with less rain where the water deficit is compensated by a high water table (see 
ANNEX26). 
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PLATE2.2 

'Photos by R. 
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PLATE2.2 

PEAT SOIL PROFILE SURVEY IN TIDAL AREAS 

1. A general view of a tidal area with shallow peat soil ready for a soil profile survey. Note the 
condition of the soil which is made of organic debris not yet completely decomposed. 

2. Locate the middle part of the farmer's field, then dig a hole measuring 80 x 80 x 100 cm. 

3. The water table is high in a tidal area, hence a plastic bucket is needed to remove the water 
to see the· soil profile clearly. 

4. Measure depth of the water table at low tide and depth of the peat soil up to the clayey 
layer, then record all data required in the SPS Form (see ANNEX 2). 

REMARKS: 

a. After completing the SPS Form, immediately classify and interpret the results of the 
survey. After checking by the Provincial Office, inform the farmer coricemed whether or not his 
field is suitable for hybrid coconut planting. Tell him also how much yield is expected from his 
landholding. 

b. Attach this SPS Form to the other documents of the farmer and file them in the PMU 
(Project Management Unit) Office for future reference. 
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PLATE 2.3 

MINERAL SOIL PROFILE SURVEY IN TIDAL AREAS 

1. A bird 's eyeview of a mineral soil in tidal area ready for profile survey. Note the condition · 
of the soil which is generally clayey. 

2. In the middle of the farmer's fie ld , dig a hole 80 x 80 x 100 cm to obtain the required soil 
profile. 

3. In a tidal area, the water table is high and a bucket is needed to remove the water in order 
to see the soil profile clearly. Measure the thickness of the different layers of soil and indicate the 
type of soil , based on the ones provided in the SPS Form (see ANNEX 2, 3b). Measure also the 
depth of the water table at low tide. 

4. Closely observe and record the colors of the different layers of the mineral soil in tidal 
area . 

. REMARKS: 

a. After completing the SPS Form, immediately classify and interpret the results of the 
survey. After checking by the Provincial Office, inform the farmer concerned whether or not his 
field is suitable for hybrid coconut planting. Tell him also how much yield is expected from his 
landholding. 

b. Attach this SPS Form to the other documents of the farmer and file them in the PMU 
Office for future reference. 
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PLATE2.3 
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CHAPTER 3 

LAND PREPARATION 

3. 7 ORGANIZING FARMER GROUPS 

3.2 FELLING AND BURNING SHRUBS 

'3.3 ERADICATING IMPERATA CYLINDRICA: 

POOR VIGOR; WITH INTERCROP 

3.4 SPRAYER CAL/BRA TION AND FIELD SPRAYING SYSTEM 

3.5 ERADICATING IMPERATA CYLINDRICA: . 

ABOVE 80 CM; WITH INTERCROP 

3.6 ERADICATING IMPERATA CYLINDRICA: 

ABOVE 80 CM; WITHOUT INTERCROP 
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3.8 PROPER DISPOSAL OF COCONUT TRUNK - 2 
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PLATE3.l 

ORGANIZING FARMER GROUPS 

1. Just before the start of land preparation, organize the selected fanners into groups of about 
25 persons. Each group should select its own group leader. Then subdivide the group into smaller 

groups of 7-8 persons to fonn the working group to do group work in all major activities of the 
Project. Observe closely a working group of 8 fanners doing land clearing. 

2. As soon as fanner groups are fonned, let them construct a temporary fanners field shed at 
the center of the block to be planted. It should be big enough to sit a group of fanners at a time, as 
shown in this figure. 

3-4. This temporary shed is used as a place for discussing all scheduled activities to be done by 
the fanner group. The extension worker explains and discusses the scheduled activities and also 

reviews the accomplished activities with each fanner group under his responsibility. 

REMARKS: 

a. Provide guidelines to the group of fanners in selecting their group leader. Emphasize to 

the group that a good leader must be someone respected by the group, one who is able to assist 
the Project in transmitting all infonnations relevant to Project implementation, and who has good 
working relations with the group and the field staff of the Project. 

b. When coconuts are already in production (about year 4) the individual fanners groups join 
other fanner groups to fonn a largfr association (7 - 20 fanner groups) to serve as the embryo for 

a cooperative on processing and marketing. An association head (a secretary and a treasurer) are 

chosen from among the fanner leaders. The organisational set-up is shown below: 

Association Head · 

Secretary Treasurer 

F.G. I I F.G. I I F.G. F.G. F.G. F.G. F.G. 
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PLATE 3.1 
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PLATE 3.2 
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PLATE3.2 

FELLING AND BURNING SHRUBS 

1. After underbrushing, start felling the remaining shrubs. 

2. Burn the cut slu·ubs about one and a half months after felling. At this stage the leaves of the 
cut shrubs start to fall. Burn the shrubs at mid-day, after evaporation of the dew. 

3. After burning the sluT1bs, there will still be a number of branches and stems not completely 

burnt. Cut these into shorter lengths (i.e. about 1.50 m long) stack them up on top of unburnt 

stumps, (especially those more than 15 cm in diameter and/or with new shoots). 

4. Reburn stacks completely. 

5. Observe closely a completely burnt stump (i.e. no longer capable of regrowth), after the 

reburning. 

REMARKS: 

a. Felling shrubs (i.e. a low, woody plant wi_th several stems) should take place at the 

beginning of the dry season. 

b. For big or large trees , contract out the felling to village chainsaw operators. 

c. Do not leave incompletely burnt shrubs and logs because once rotten, they become 

breeding sites for Oryctes beetle. This beetle is the major pest of young coconuts. 

d. Be patient in doing restacking and reburning until all the shrubs, logs , and stumps in the 

whole area are completely burnt. 
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PLATE 3.3 

ERADICATING IMPERATA CYLINDRICA : 
POOR VIGOR; WITH INTERCROP 

1. Clearing lmperata cylindrica area for intercropping can be done either manually (as 
shown in this plate) or by plowing and harrowing, using a work animal during dry season. Clear 
area only when the growth of Imp erata is below 80 cm, if more than 80 cm, slash and burn 
before doing any land clearing. To do manual clearing, dig the soil to a depth of between 20 and 
30 cm using a hoe. 

2. As you dig, turn the soil upside down so that the Jmperata rhizomes are exposed to the 
SLJn to dry for at least a week. 

3-4. Breakdown the big chunks of soil using the back part of a spade so that the Imperata 
rhizomes are freed from the soil. Then gather the rhizomes with a rake and burn them. 

5. An example of a cleared area ready for lining and sowing intercrops . Note how carefully 
the soil had been broken into smaller chunks, and freed of rhizomes. 

REMARKS: 

The same result can be obtained if land clearing is done by plowing and harrowing. Plow and 
harrow the area twice, each time crisscrossed, at 2 weeks interval. 
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PLATE3.3 
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PLATE 3.4 
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* * * * * *' * i i 
Pholos by R. Bourgo ing 
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PLATE 3.4 

SPRAYER CALIBRATION 
AND FIELD SPRAYING SYSTEM 

1. For spraying Imperata cylindrica in the planting row use a VLV 200 nozzle because this 
nozzle has a 2 meter wide swath and delivers only 200 liters solution per hectare instead of the 
600 liters from ordinary nozzles . 

2. Observe the VLV 200 nozzle (a) and the fine filter (b) that retains dirt for a homogeneous 
and continuous spraying. A day before spraying lmperata , calibrate the sprayer as follows : 

a. Secure the following materials: a bucket full of water; a graduated cylinder, a small 
pail , a knapsack sprayer (e.g. SOLO) 15 liter capacity, a measuring tape, a timer. 
b. Fill in half the knapsack sprayer with plain water. Pump 8 times first before starting to 
spray. 
c. Allow water to come out of the nozzle but save the water in a small pail. Pump 
at regular intervals to maintain the pressure. Continue spraying for 30 seconds. Then 
measure the volume of water that came out of the nozzle in 30 seconds with a graduated 
cylinder. Do at least 5 trials, then get the average of 5 trials. 
d. Calculate the time required to spray 2000 cc or 2 liters of solution (the total volume 
required to spray every 50 meters long strip of 2 meters wide) as follows : 

2000 cc ---------- x 30 seconds = ..... ...... seconds 
cc sprayed in 30 seconds 

e.g. if spraying 500 cc in 30 seconds, the time required to spray 2 liters or 
2000 cc is: 

_2_0_0_0_c_c_ x 30 seconds = 120 seconds or 2 minutes 
500 cc 

e. After calibrating the sprayer, calibrate the speed which allow spraying the 2000 
cc in 2 minutes on a distance of 50 meters : 

- with a measuring tape, measure a 50 m distance and mark it. 
- fill the sprayer up to half capacity with water, pump 8 times. 
- walk at a normal pace the distance in 2 minutes (someone doing the timing) 

while spraying, pumping every 2 steps. 
- do this for at least 5 times or until being able to walk the 50 meters in 2 minutes flat. 

3. To spray 10 ha or more, organize the work with at least 7 farmers working as a team: 2-3 
farmers doing the spraying and 4-5 farmers supplying water to the drums, mixing herbicide, and 
loading the sprayers with spray solution. Spread out the 4 drums (containing 100 liters of water 
each) in such a way that they are near or accessible enough to the farmers who are spraying. 
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PLATE3.5 

ERADICATING IMPERATA CYLINDRICA : 
ABOVE 80 cm; WITH INTERCROP 

1. Cut back (slashipg), Imperata close to ground level. 

2. Then burn the dried leaves 3 weeks later. 

3. Lay out the planting rows (staking), after which cultivate the interrow (by hoeing or 
plowing) and plant intercrops (e.g. soybean, peanuts, maize, rice). 

4. Do not cultivate the planting rows. Allow the Imperata to grow again to about 40 cm in 
height (i.e. 45 days after burning) then spray with glyphosate. When spraying, keep the nozzle of 
the sprayer about 40 cm above the tip of lmperata leaves. Be sure to spray 2 liters of solution for 
every 50 meters distance (i.e. 7 planting sticks) in one pass and ensure that the 2 meters wide 
planting row is sprayed evenly and properly. 

REMARKS: 

a. Glyphosate is commercialized under trade names such as Round-up or Kleen-up, with a 
480 g/1 concenh·ation of isopropyl-aminoglyphosate. 

b. To prepare the spray solution for 10 ha or more, mix slowly (or a little at a time), 1.8 liters 
of commercial product (C.P.) with continuous stirring, to the 100 liters of water that each drum 
contains (half drum). 

c. To prepare the spray solution for small area, i.e. below 10 ha, mix 250 cc of C.P. directly 
in the knapsack containing 14 liters of water. For best mixtyre res ult, first pour 7 litei·s of water 
into the sprayer, add gently the 250 cc C.P. and shake the sprayer well for a few minutes, then top 
up with 7 liters of water and again shake the sprayer well. 

d. Always use clean water for spraying. Water with dirt will clog the nozzle thus reducing 
efficiency of spraying, and inactivating the herbicide . 

. e. Spray when the weather is dry, hot and not windy. 

f. Clean up sprayers , nozzles, filters , drums, and buckets before and after use. 

SPRAYING GL YPHOSATE IN ROW : 
A team of 7 farmers, (2 persons spraying and 5 persons providing water, mixing and 

·pouring herbicide), can spray 6 ha of planting area/day. 
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PLATE3.5 



PLATE 3.6 26 



27 
PLATE3.6 

ERADICATING IMPERAT A CYLINDRICA : 
ABOVE 80 cm; WITHOUT INTERCROP 

1. As soon as the markers (stakes) for the planting rows have been set up, cut-back (slash) 
lmperata in the planting strip, 1 meter on each side of the lining row , (or a total of 2 meters in 
width), where the LCC seeds will be sown. Leave the slashed lmperata to dry in the planting 
strip for about 3 weeks . Be sure to spread out the cut leaves evenly for better drying. 

2. After 3 weeks, burn all the cut dried leaves within the planting strip. 

3. After burning, lmperata will grow again. In 45 days, it will reach about 40 cm in height. 
At this stage, start spraying· the regrowth with herbicide. While spraying, keep the nozzle about 
40 cm above the tip of the leaves . Be sure to spray 2 liters of solution for every 50 meters (i.e. 7 
planting sticks) in one pass and on a width of two meters. 

4. Observe closely a well sprayed planting strip , a month after spraying. The sprayed 
planting strip is now ready for sowing the LCC seeds. 

REMARKS: 

a. For every 1.0 ha coconut planting, the actual area to be sprayed is 0.28 ha. If a 200 VL V 
nozzle with a 2-m-wide swath is used, 56 liters of water only are required for the 0.28 ha. i.e.: 

200. liters water/ha x 0.28 ha = 56 liters 

b. The 0.28 ha actual area to be sprayed requires 1.0 liter herbicide to be mixed with the 56 
liters of water. 

c. This mixture should be sprayed at the rate of 2 liters per 50 meters of a 2-meter-wide strip. 



28 
PLATE3.7 

PROPER DISPOSAL OF COCONUT TRUNK - 1 

1-2. It is very important to dispose coconut trunks properly , especially in areas where replant
ing will take place, so as to eliminate potential breeding sites for Oryctes rhinoceros, (a very 
serious beetle pest of newly planted coconuts). With an axe or a chainsaw, cut coconut trunks 
about 50 cm above the highest level where the roots emanate. 

3. As soon as the tree is felled , cut all the leaves at crown level. 

4. Then cut the growing point (cabbage) from the main trunk and split it into 4 parts for rapid 
drying under the sun. 

5. From the end where the growing point was separated, measure 3 meters down towards the 
base of the trunk. This 3-meter-long portion of the trunk is the softer part of the trunk where the 
Oryctes beetle breeds as soon as it rots. Cut this 3-meter-long upper part of the trunk into 4 
lengths of about 70 - 80 cm logs. Leave the lower part of the trunk to rot under LCC cover or sell 
it as lumber, or use it as a building material. 

REMARKS: 

a. Replant old coconut areas only if the production of the trees is below 600 kg/ha/year copra 
equiv al en t. 

b. Underbrush and uproot bushes before coconut tree felling. 

c. Fell coconut at the start of the dry season to facilitate burning. 
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PLATE 3.7 
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PLATE 3.8 
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PLATE3.8 

PROPER DISPOSAL OF COCONUT TRUNK - 2 

6-7. Open up one end of a log with an axe, then hammer-in a wooden wedge into the open end. 
Once the wedge is smashed-in to a depth of 3 to 5 cm, continue splitting the log into two with 
your axe by making a straight line, about 1 to 2 cm deep, from the wooden wedge to the full 
length of the log. Insert a second wooden wedge at the mid-way mark of the log, then force the 
log to split in two parts by hammering the two wooden wedges deeper into the log. If necessary, 
hammer-in a third wedge at the other end of the log to hasten splitting. Do the same for the other 
3 logs until all are split up into halves. 

8. Place the split logs leaning around the stump. Be sure to expose the opened up part of the 
log to the sun for rapid drying. 

9. Gather all the leaves, cut them into 3 pieces and pile them close to the pile of the split logs. 
Pile them up in standing position also, like the split logs, for rapid drying. 

10-11. Once the pile of leaves are completely dried up, place them on top of the split logs and 
then completely burn the leaves and the split logs together. Restack during burning to ensure the 
complete burning of the logs. 

REMARKS: 

a. Be sure that the upper part of the trunk (i.e. 3 meters from the top of the trunk) is split 
immediately after felling the coconut because at this stage the trunk is still fresh and soft, hence, 
quite easy to split up. 

b. Be sure also that the lower part of the trunk, (which is not split), as well as the stump, are 
covered with LCC as soon as possible to prevent Oryctes beetle from using them as breeding 
sites once rotten. 
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PLATE 3.9 

HOW TO ERADICATE FERNS IN TIDAL AREA 

1. Cut fern stems as close as possibl e to the ground. Spread out cut fe rn s to dry un der th e sun. 
When dried, do the first burning. 

2-3. Observe carefull y the completely burnt fern stems and half-burnt stumps which can still 
emit new shoots a few days later. 

4 . Gather all debris and pile over the half-burnt stumps. 

5. Do a second burning. Be sure that all stumps are completely burnt at this stage. 

REMARKS: 

The same method can be applie.d in eradi cating nipa palms Nypafruticans in tidal area. 
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PLATE 3.9 
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PLATE3.10 
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PLATE3.10 

HOW TO ERADICATE BANANAS 

1. Cut all bananas growing in the area where coconuts wi ll be planted. Cut all stems as close 
as possible to ground level. 

2. Chop all stems and leaves into shorter sizes. 

3. Cover stumps with leaves and compact it well. 

4. Place the chopped stems over the leaves, and spread them out evenl y. 

REMARKS: 

a. If new shoots come out from the pile, cut the shoots immediately. 

b. Pour used motor oil over the stumps to hasten rotting. 

c. · Plant bananas only on the boundaries of the block, but they should be at least 5 meters 
away from any hybrid coconut tree in the block. 
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PLATE 3.11 

DRY WOOD FENCING 

1. After lining the fence , select bigger sized posts (2 m long and 10-15 cm in diameter) as 
main posts. Drive-in these posts at 50 cm deep and 1.50 rn apart. Then fill-in the spaces between 
the main posts with smaller posts (2 m long and 5 to 7 cm in diameter) , about 5 cm apart. 

2. Strengthen the posts by tying 2 rows of wooden laths (3.5 m long and 4-5 cm in diameter) , 
tacked to the bigger sized posts, using rattan vines or other available tying materials. 

3-4. Observe a well made wooden fence where the smaller posts are nailed into the bigger 
sized posts. 

5. In tidal areas, construct the fence between the collective drain and the dike. 

6. Observe another type of fence. This time, 5 rows of wooden planks are nailed to posts 2 m 
apart. Although this kind of fence is expensive it is very effective against wild pigs. 
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PLATE 3.11 

' Photos by R. Bourgo ing 



PLATE 3.12 
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PLATE3.12 

BARBED WIRE, WIRE NET, NYLON NET 
AND LASSO AS FENCING MATERIALS AGAINST ANIMALS 

1-la. Set up 5 strands of barbed wire 30 cm apart, the lowest strand being about 20 cm above 
ground level. Nail these strands in wooden posts of about 10-15 cm in diameter and 2.0 meters 
high ( 1.5 m above ground+ 0.5 m dug in). Distance posts 1.5 m apart and strengthen every fourth 
post with struts. 

2. Wire nettings have to be made (Plate 3.13), because these are not availa_ble for sale. Buy a 
10 kg-roll wire of about 0.9 mm diameter (enough for a 100-meter-long fence, about 80 to 90 cm 
high with a mesh size of 8 cm). Nail this wire netting in sturdy wooden posts set up in the same 
mam1er as those for the barbed wire (Fig. 1 and la). Interweave a strand of barbed wire at the 
bottom of the wire netting then bury down this bottom 10 cm into the ground to prevent pigs 
from lifting it. Add 2 strands of barbed wire, 30 cm apart, above the wire netting to increase the 
height of the fence from 70-80 cm to 100-110 cm. 

3-3a. Wire lasso is effective against wild pigs. You can construct lasso by doing the following: 

(a) cut a roll of wire (1 mm 0) into 10 meter lengths; twist together 4 of these cut 
wires to form an 8-meter-long strand; at each end make a loop for attaching it 
to a wooden post; (b) cut another roll of wire (1mm0) into 120 cm lengths; twist 
together 3 of these cut wires to form the lasso; make a loop at each end, one loop 
to be inserted into the 8 meter strand, the other loop to be inserted in the 100 cm 
strand forming the lasso; (c) attach as many lassos as the 8 meter strand can take to 
form a series of overlapping lassos 10 cm apart; ( d) erect the strand with lassos like 
a fence, where by the bottom part of the lassos are just a few centimeters above 
ground level. 

4-5. Nylon netting can be purchased or home made. To make it, buy nylon rope of 2 rmn in 
diameter (one kilogram nylon rope of 2 mm in diameter will provide for an 8 m long fence at 15 
x 15 cm mesh and about 1.5 m high). Nail this nylon netting to 1.5 m-high wooden posts of 7-10 
cm in diameter (total length 1.8 m; 0.3 m in the ground) 1.0 m apart. Intertwine a wooden lath 
(Fig. 4 ), at the bottom of nylon netting then bury it down 20 cm below ground level and nail the 
lath firmly to the posts to prevent pigs from lifting it. 

REMARKS : 

a. Barbed wire fence is normally set up against domestic cattle, buffaloes and goats while 
wire and nylon nettings are used against boars . Wire lasso is a risk for small animals like goats. 

b. Fencing is done collectively by farmer groups. It should be finished 3 months before 
planting time. In tidal area, the fence must be set up about 50 cm from the bank of a collective 
drain . 
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PLATE3.13 

MAKING WIRE NET FENCE FOR WILD PIGS 

1. Steps to follow in making a wire net fence: cutting into half coiled wire (la) , forming cut 
wires into V-shape (lb), and placing cut wire onto a bamboo or wood pole (le). 

2-3. With a sharp cutting plier, cut the coiled wire in half, one or two strands at a time. 

4-5. After making the V-shape, anange the V-shaped wire strands along a 2-meLer-long 
bamboo or wood pole. Using the thumb of one foot to hold down the wire strands, twist two 
strands 3 times. Repeat this process until all the strands are connected to each other . 

6. Requesting another person to assist in making the wire net may facilitate the work. 

7. Observe carefully how the wire strands are connected to each other, as well as the size of 
· the mesh. 

REMARKS: 

When the whole roll ( 10 kg/roll ) is almost finished, connect a second roll and so on until the 
required length is completed. 
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PLATE 3.13 
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Photos by D : Boutin 
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PLATE 3.14 
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Photos by R. Bourgoing 
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PLATE3.14 

FENCING COCONUT FIELD WITH LIVE PLANTS 

There are many species of plants that can be used as live fence . Four species are shown in this 
plate. 

1. Establish Gliricidia sp. live fence at least a year prior to the scheduled planting of coconut. 
Obtain green stakes 5-7 cm in diameter and 2 meters in length. Plant these green stakes 15 to 20 
cm apai't (the closer the better), in a trench 40 cm deep. Refill the trench and compact the soil 
well. Strengthen the fence with 3 rows of bamboo or wood lath. Add one or two more at the 
bottom of the fence if the risk of pig damage is important. 

2. Another species of plant, Lannea coromandelica, that can be used as live fence. 

3. Jatropha curcus, can also be used as live fence. 

4. Melanoloca sp. is another plant that can be used as live fence. An advantage of this plant is 
its fast growing characteristic. 
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PLATE3.15 

GROWING FOOD CROPS 

1-4. Growing intercrops like maize, rice, mungbean, peanuts, soy bean or. other cash crops, can 
provide cash returns before the scheduled planting of coconut and pay for land clearing. 

When the area to be planted with coconut is fully planted to food crops first , it not only provides 
a good income but also eliminates most of the weeds in the area, especially perennial weeds like 
lmperata. 

Figure 4 shows that the hole for planting coconut is already dug even before the peanut crop is 
harvested. 

REMARKS: 

a. To obtain gc;>od yields from food crops, do the following : 

- Clear the land one year before the scheduled planting of coconut. 

- Prepare the land well by hoeing or plowing. 

- Plant high yielding varieties of food crops, be sure to apply the required fertilizers 
(NPK) and weed the field at least twice (on the 3rd and 7th week after sowing). 

b. Once crops have been harvested, leave the food crop wastes (stems, leaves, roots) on the 
soil to rot to become organic manure. 

c. Sow LCC seeds immediately after harvesting food crops. 
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PLATE 3.16 

LINING -1 

1. Before lining, prepare the following materials : 
a. 42.50 meters of nylon rope 4 mm in diameter, (or steel cable of 3 mm in diameter 
to eliminate the risk of lengthening), with plastic sheath markers every 4.25 meters in
serted in the twine and tightly tied. (Provide extra length of 1 m for placing the wooden 
handles at each end of the rope). 

b. 44.16 meters of nylon rope 4 mm in diameter, with plastic sheath marker every 7 .36 
meters inserted in the twine and tightly tied. (Provide extra length of 1 m for placing the 
wooden handles at each end of the rope). 

c. 14 meters of nylon rope 4 mm in diameter with plastic sheath marker inserted at 3 ,7, 

and 12 meters. 

d. 4 pieces surveyor's markers (3-meter-long poles with wood board painted red and 
white for marking the main base lines). 

e. Several pieces of base rectangle markers (3-meter-long poles painted white at one 
end, about one meter long). 

f. Lining pegs of 1.5 meters long for marking the planting holes. 

g. A 50-meters measuring tape for measuring the distance between plastic sheath mark
ers. 

2-2a. Establish the East-West main base line first (AC) starting at the wider part of the block to 
as far as possible (e.g. 500 m). Place the surveyor's marker at points A and C. In tidal areas, 
establish the main base line parallel to one of the drainage canals, even if it is not exactly East
West. 

3. Then establish the North-South main base line (AB, Fig. 2a) using the 3, 4 and 5 method of 
establishing perpendiculars, to as far as possible (e.g. 250 m). Do the same for the base line CD 
(Fig. 2a). Place the surveyor's markers at points B and D. 

4. Observe carefully a close-up of two nylon ropes for lining purposes. Take note how plastic 
sheaths are inserted into the twine of the rope. 

REMARKS: 

a. The basic rule for lining is to line the whole block (area to be planted) at once for easier 
operation. As soon as lining is completed in the whole area, start eliminating lining pegs which 
are on the existing road (or road to be established). For North-South roads, suppress one planting 
row, for East-West roads, suppress one coconut planting point per row. 

b. The planting design recommended here is 160 trees per hectare, i.e. 8.50 meters triangular 
planting with 7.36 meters distance between rows. 

c. When lining on slopes, all measurements should be made in horizontal projection and 
never along the natural slope. 
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PLATE 3.17 

LINING - 2 

5-8. After marking the main base lines, establish the rectangles using the 42.50 m and 44.1 6 m 
nylon cables.(see ANNEX 4, Figure 1). 

Within each rectangle establish the planting points where holes for planting will be dug using the 
44.16 m nylon cable (see ANNEX 4, Figure 2). 

REMARKS: 

A simpler method of lining is described below: 

a. Take a 69 m long and 2.0 mm diameter steel cable. Measure a 19 m length and cut it. At 
each end of this 19 m long cable place wooden handles. At the mid-part of the cable insert in the 
cable a red nylon ribbon marker (about 5 cm long) . From this center 111easme 8.50 111 towards 
each end of the cable then mark these lengths with red nylon ribbons as shown below: 

red nylon 
ribbon 

-+--~~~~~~~~~--~a 
I <- -------> I<------- - > I wooden 

handle 
8.5 m 8.5 m 

19 111 steel cable 

b. For the remaining cable (50 meters Jong) , place wooden handle at each end of the cables, 
then place red nylon ribbon every 8.50 m. 

c. With a compass, determine the widest East-West dimension of the field (block). Establ ish 
the North-South baseline (AB) using the surveyor's markers (see write-up le Plate 3.16) , then 
stretch out your 50 rn along the baseline. (In tidal area the baseline is oriented in the same 
direction as the collective drains.) 

d. Place a wooden peg at every 8.50 m marker for the whole length of the cable, and continue 
un til the whole baseline is completed. Get the 19 m long cable and make a triangle as shown 
below. Place a wooden peg inside the empty angle of each triangle. 

/ \8.50m 
B 

e. Move on to form other triangles until completing the whole baseline. Then, using existing 
pegs two by two, fill the entire fi eld (block). 

f. · Three persons are needed to handle the 19 m cable and one person to place the wooden 
pegs. 
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PLATE 3.17 

Photos by R. Bourgoing 
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PLATE 3.18 

Pbo to s by R. Bourgo ing 
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PLATE 3.18 

MAKING INDIVIDUAL TERRACES 

1. Construct individual terraces in areas with a slope of 10% or more and complete it 2 
months before coconut planting time. Draw a circle, two meters in diameter, using the lining 
stick as marker for the center of the circular terrace to be constructed. 

2-3. After drawing the circle, dig the back part of the terrace bit by bit. As you remove the soil, 
gather it at the base of the lining stick, then spread out the so il towards the face of the terrace a 
little at a time, compacting the soil each time. 

4-5 . Do not compact the soil directly with the wooden rammer, but place a gunny sack in the 
area to be compacted. 

6-7. After compaction is fully completed, drill holes 3 cm deep and 2-3 cm wide, in a 40 x 40 x 
40 cm triangular pattern, at the front part of the terrace. 

Sow 3 seeds of Moghania macrophylla (Flemingia) per hole. UseMoghania only when the slope 
of the area is more than 20%; Moghania will strengthen the front part of the teri·ace and prevent 
eros10n. 

REMARKS: 

a. Never remove the lining stick nor move it out from its original place. 

b. The terrace should be given a counter slope with the back part 20 cm lower than the front 
part. This will prevent rain water from running down the face-side of the terrace, instead water 
accumulates at the back part of the terrace, hence erosion is greatly minimized and soil water 
reserve is increased for the benefit of the coconut palm. 

d. To check if the slope of the terrace is correct, make an L-shaped measuring gauge with a 2 
m long branch and a 20 cm branch. Apply it to the terrace as shown below. You may use a l liter 
bottle, half filled with water, to check the level. 

3-10 INDIVIDUAL TERRACES/MANDAY DEPENDING ON THE SLOPE 
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PLATE 3.19 

DIGGING HOLES IN INDIVIDUAL TERRACES 

1-2. From the base of the lining stick, measure 40 cm towards the back part of the terrace (i.e. 
the side where soil was cut or removed) , and mark it with a shorter peg on the planting line. 
Using the shorterpeg as center measure 30 cm in four opposite directions to come up with a 
square measuring 60 x 60 cm, then dig to a depth of 60 cm with a hoe or spade and "linggis" (a 
flattened crowbar). 

3. Observe how the lining stick and the short peg markers are oriented in relation to each 
other. Observe also how the markers for the square are placed with the short peg as center. 

4. Mark the boundaries of the square with spade or hoe or !iri.ggis. 

5. Dig hole to a depth of 60 cm. Place the removed soil on the terraced side to be used as refill 
at planting time. Obtain top soil from outside of terraced area and place it near the hole for use in 
filling the bottom of the hole at planting time. 

REMARKS: 

a. In sloping areas, (10% or more), it is best to grow LCC before individual terracing is done 
(see Fig. 3-5) in order to prevent erosion. LCC ( Pueraria javanica) should be established at least 
one year before planting the coconuts. 

b. Always ensure that the hole is dug in the original soil and not in the refilled area (embank-
ment). 

c. Be sure to spread out excess soil , i.e. soil not used in filling the hole, to the front part of the 
terrace. 

15 - 20 H 0 LES IM AND A Y. 
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PLATE 3.19 
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PLATE 3.20 
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PLATE3.20 

DIGGING HOLES IN FLAT UPLAND AREA 

1. Before digging holes for planting make a "hole marker" first, i.e. a 60 cm square template, 
made of wood or bamboo. Place this template in the area where a hole will be dug. Ensure that 
the planting stick is at the center of the template. Level the soil before marking the corners of the 
template with short sticks. 

2. Remove template and line the edges of the hole with a hoe. 

3. Scrape the topsoil and heap it on one side of the hole. 

4. When the subsoil is reached, heap it on the opposite side. 

5-6. Deepen the hole down to the required depth with a crowbar and remove soil with a hoe or 

spade. 

7. Make a "depth-width" measuring stick by nailing a 60 cm long horizontal stick into a one 
meter long vertical stick at 60 cm from one end of the vertical stick. Place this measuring stick in 
the hole to check if the depth and width of the hole are of standard size, i .e. if the horizontal stick 
is level with the top of the hole on all sides . 

REMARKS: 

a. For light and medium light soils, the size of the hole should be 60 x 60 x 60 cm. 

b. For heavy soils, (i.e. clayey content is 50 % or more) , the size of the hole should be 80 x 
80 x 80 cm. 

15 - 20 H 0 L E S I M A N D A Y 
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PLATE3.21 

DIGGING HOLES IN PEAT SOIL IN TIDAL AREA 

1. Before digging the holes for planting, make a 1 m square template from wood or bamboo. 
Place this template in the area where the hole will be dug. Ensure that the planting stick is exactly 
at the center of the t~mplate. Mark the corners of the template with short sticks, then remove the 
template. Make a square on the soil with a machete using the short sticks as guides . 

2-3. Dig pre-hole down to 10-15 cm and 1.0 square meter. 

4. Compact the pre-hole. 

5-6. Using a home-made wooden hole maker 30 cm in diameter (a bit larger than the diameter 
of the polybag), make the planting hole at the center of the pre-hole, at a depth of 35 cm and 30 
cm in diameter. This hole size will allow the seedling to fit snugly into the hole, thus preventing 
the seedling to lean at planting time. Remember that peat soils are soft and easily break apart. 

Observe carefully the shape of the wooden hole maker. It is made from one piece of log, 1.50 
meter long and 30 cm in diameter. The handle is cut to a length of 1.10 meters and 8 cm in 
diameter and the head (bullet-like) is 40 cm long and 30 cm in diameter with a pointed tip. 

REMARKS: 

Dig pre~hole and compact it a few days before planting. Make the planting hole only when you 
are ready to plant to~avoid water filling in the hole. If hole is filled with water at planting time, 'it 
will be very difficult to plant the coconut firmly into the hole. 

PRE-HOLE AND COMPACTION: 30 - 40 HOLES/MANDAY 
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Photos by R. Bourgoing 
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PLATE 3.22 

DEMONSTRATION OF LCC ESTABLISHMENT 

1. Half-way through land clearing, establish a 5 x 5 m LCC area to demonstrate to farmers 
how to sow and maintain leguminous cover crops. In addition, this will show also if LCC is 
suitable in the area. Make furrows 70 cm apart and sow LCC seeds mixed with TSP, at the rate of 
2 times the weight of seeds, into the furrows. After which , cover the furrows with one cm of soi l. 

2. Observe closely the luxuriant growth of a 3-wcek-old Pueraria javanica grown in tidal 
area. 

3. Observe also the remarkable length and development of the roots which are about 15 cm 
long, 3 weeks after sowing. 

4. After 3 months, check if the roots have developed nodules (Rhizobium japanicum) , by 
uprooting a few plants. Observe closely the well developed nodules at 3 months from sowing 
(tidal area), clearly indicating that Pueraria is very suitable in the test area to fix nitrogen. 

5. Observe how Pueraria starts to produce vines running laterally and starting to cover the 
area. 

REMARKS: IMPORTANCE OF LEGUMINOUS COVER CROP 

a. LCC controls soil erosion. After land clearing, the soil is denuded and prone to erosion, 
particularly in sloping areas during the rainy months. A quick establishment of LCC will reduce 
erosion due to the dense vegetal cover and root system. 

b. LCC improves soil structure. The root system penetrating deeply into the soil prevents 
seepage of water, increase water retention capacity of the soil, and provides organic matter. A 
thick vegetation regulates the soil temperature by covering the ground entirely. 

c. LCC increases soil fertility. Dropping 'leaves and dying old roots after rotting provide a 
large amount of humus. A one hectare 2-year old LCC, when transformed to organic matter, will 
provide the following fertilizer equivalent values: 

- 80 kg Kieserite (Mg) 
- 600 kg Ammonium sulfate (ZA) 
- 70 kg Rock Phosphate (RP) 
- 60 kg Potassium Chloride (KCl) 
- 260 kg Lime (CaO) 

In 5 years, one ha LCC can fix the N equivalent of 1000 kg ZA. 

d. LCC controls weeds. With LCC growing very fast, i.e. covering the soil surface in a few
weeks, the growth of most weeds is controlled . 

. e. LCC controls Oryctes beetles. A thick cover in replanted areas pre.vents Oryctes beetles 
from breeding in the decaying coconut trunks. 
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PLATE 4.1 

LAYING OUT AND DIGGING 
COLLECTIVE DRAINS IN TIDAL AREAS 

1. Lay out collective drains 500 meters apart. Place wooden stakes along the length of the 
drains starting near the main outlet (canal or river). Measure 1.5 m for the top-width of the drain. 

2-3. Dig at the right side of the wooden stakes (without removing the stakes to serve as 
marker) , and place all dug soil on one side of the drain to serve as "footpath" later on. Use hoe for 
digging the first 15 cm depth. After which use a modified spade (made of forged iron or wooden 
paddle) to cut out lumps of mud down to the required depth of 1.0 meter. 

4-7. Dig and cut big lump of mud in three motions of the spade : left side cut, right side cut, and 
back side cut, then pull out the chunk of mud. 

REMARKS: 

The laying out, digging and maintenance of collective drains are done by farmer group. 



63 
PLAIB4.l 



64 
PLATE4.2 



65 
PLATE4.2 

CONSTRUCTION AND MAINTENANCE 
OF COLLECTIVE AND PLANTATION DRAINS 

IN TIDAL AREAS (CLAYEY OR SHALLOW PEAT) 

1. Construct collective drain 6 months before planting, i.e. just after land clearing. The drain 
should have the following measurements: 1.5 m top width, 1.25 m bottom width and 1.0 m deep. 

2. In year 1, just before the start of the rainy season, widen and deepen collective drains to 
the following measurements: 2.0 m top width, 1.25 m bottom width and 1.5 m deep. Place dug 
soil on one side of drain to serve as dike. 

3. Construct plantation drain immediately after lining coconut rows, but not later than 2 
weeks before planting starts. Lay out the plantation drains at 29.5 m apart (160 trees/ha) i.e. one 
plantation drain every 4 coconut rows . 

Schedule and dimensions of plantation drains: 
Top width bottom width depth 

Year 1 : 0.50 m 0.40 m 0.50 m 
Year 2 : 0.50m 0.30 m 0.70 m 

4. In year 2, just before the start of the rainy season, widen and deepen collective drains up to 
the following measurements: 2.5 m top width, 1.5 m bottom width and 2.0 m deep. Observe 
closely the mouth of plantation drain ( see arrows). 

REMARKS : 

a. Maintenance of collective drains is done every two years and plantation drains every yeai-, 
mainly by clearing siltation at the bottom of drains and controlling erosion of banks. Mainte
nance of collective drains is done by farmer groups while that of plantation drains is done by 
individual farmers. 

b. Clay soils constantly affected or inundated by tidal water require 1 plantation drain every 
2 coconut rows i.e. 14.70 m apart. 

COLLECTIVE DRAIN : 
PLANTATION DRAIN : 

3 METERS I MANDA Y 
20 METERS I MANDA Y 
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PLATE4.3 

PREVENTING EROSION OF BANKS OF COLLECTIVE DRAINS 
WITH PINANG PALMS (ACTINORHYTIS CALAPPARIA) 

1-2. In tidal areas it is very important to prevent erosion of the banks of all collective drains. 
Erosion can effectively be contr~lled by planting pinang palms as shm~n in figures 1 and 2. To do 
this, sow seeds of pinang during the scheduled field planting of coconut so that the pinang seedlings 
will be about 50 cm in height when ready for transplanting in year 1 of coconut planting, just after 
the first widening of the collective drain. 

3. Plant the pinang palms 1.50 m apart at about 50 cm from the edge or bank of the collective 
drain. 

4. Take note of the dense roots of this pinang palm penetrating deeply into the soil, thus 
preventing erosion during the incoming and outgoing of tidal water. 

REMARKS : 

a. For easier distribution and handling of pinang seedlings, it is best to set up small seedbeds 
in strategic locations along the collective drain. 

b. Sow the seeds about 10 cm apart to facilitate easier uprooting of the seedlings when 50 cm 
in height. 

c. Directly transplant the seedling to the bank of the collective drain. 

d. The use of vetiver grass (Vetiveria zizanioides) for the stabilization of canal walls, collective 
drains and to protect the "wing wall" of a valve door may also be another alternative. 
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PLATE 4.4 

CONSTRUCTION OF DIKES IN TIDAL AREAS 

1-2. A Poclain crawler TCS/M3, with backhoe bucket, widening and deepening the main water 
outlet. Note how the soil is placed on one side of the canal to serve as dike and roadway later on. 

3. An excavator equiped with a clamshell. Try to use this type of machine because it is better 
suited for building dikes. 

4. Note how the soil, removed from the canal, is piled up to serve as dike. Construct the dike 
so that its section measures 5 x: 3 x 2 meters as illustrated below: 

River or sea 

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

Coconut field 

~ # # p_~ 

~ :.efl: -;f" .,ff , 

-'# -;'>£ :.!!, #""""' 

5. A manually built dike. Note how the soil, coming from the bottom of the drain (siltation) 
and the sides of the drain is placed first at one side of the collective drain (or main outlet). 
Construct the dike so that its section measures 1.50 x 1.0 x 1.0 meter as illustrated below: 

MANUAL DIKE 
MECHANICAL DIKE 

# * 79! # 

11' * * * 
os.<~¥<*'7<-*,,,. 

2 METERS I MANDAY . 
30- 40 METERS I DAY 
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PLATE4.S 

CONSTRUCTION OF VALVE DOORS 
FOR COLLECTIVE DRAINS 

1-2. Construct automatic valve doors for collective drains in low lying areas where tidal water 
tends to flood the area during high tides. Observe how the valve door, (2.50 meters high, 1.00 
meter wide, and 30 mm thick), is set-up in an inclined swinging position. This valve door allows 
tidal water to flow out automatically during low tide due to water pressure, but will not allow 
tidal water to flow in during high tide. Observe carefully how the sides of the drain at the level of 
the gate are supported with thick wooden planks to prevent erosion of the banks. (In cases where 
the soil is loose or friable it is necessary to cover the banks of the collective drain with plastic 
sheet for about 5 - 10 meters long beyond the wooden planks). 

3-4. The banks of the collective drain may also be supported at the level of the gate with thick 
cement walls (25 cm thick wall reinforced with iron bars). · 

REMARKS: 

a. Easier opening of the valve door is obtained by placing an iron counterweight on top of 
the door as illustrated below : 

b. Check tightness of the valve door once a month during high tide. If tidal water flows-in , 
make the necessary-repair. 

c. Dismantle the valve door and make necessary repairs every 5 years. 
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Photos by R . Bourgoi n g 



72 

PLAIB4.6 



73 
PLATE4.6 

TWO TYPES OF WOODEN VALVES 

1-4. Observe the construction of a box-type medium sized valve door made of hardwood. Note 
how wooden pegs were used to keep the wood planKs in place. These removable pegs allow easy 
opening and reassembling of the valve door for rep~ir purposes . For this medium sized valve 
door ( 100 cm high, 80 cm wide and 400 cm long) ,you will need 14 pieces of wooden planks ( 400 
cm long, 25 cm wide and 2 cm thick) and 5 pieces Of lumber (4 meters long, 10 cm wide and 8 cm 
~~. J 

5-6. Observe the construction of a much smaller sized valve commonly used on plantation 
drains. It is a tube-like wooden valve made from a stem of coconut or hardwood tree. Obtain a 3 
meter-long stem, split it in half, thenremove the pith leaving walls about 3 cm thick. Put the two 
halves together to form a pipe. · 

At one end of the tube (the one at the main canal), wrap around a plastic sheet to serve as a door 
to prevent the tidal water entering the field. 

REMARKS: 

Prevent soil erosion of the banks of the drain by s.etting woodel} planks and/or wrapping the 
banks with plastic sheets. · 
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PLATE 5.1 

LAND PREPARATION 

1. After felling and uprooting existing trees in the area start cultivating the field either 
manually using a hoe or with an animal-drawn plow. Dig or plow the soil to a depth of 30-40 cm. 

2. Level the area manually or with a harrow. 

3. If the nursery site is fully covered with Imperata cylindrica, slash and burn Imperata first. 
Allow Imperata to regrow to about 40 cm high then spray it with glyphosate. Plow and harrow 
the area 2 to 3 times at 2 weeks interval and then level the area. 

4. Erect fence around the nursery site. The fence should be strong enough to prevent entry of 
wild pigs and other stray animals (e.g. goats, cattle). If the fence is made of wood, the bottom and 
top must be wired with barbed wire. The posts should be 1.5 m apart and 2.2 m high (with 50 cm 
pushed into the soil). There should be 4 rows of wooden planks about 15 cm above each other. 

5. After fencing, construct a multi-purpose wooden shed with a galvanized tin roof. It should 
measure about 4 x 5 m and be situated close to the prenursery area. Place the Project identifica
tion sign bearing the target for the year, in front of the shed. 

·, 

REMARKS: 

. Observe strictly the following criteria for nursery site selection: 

a. Good accessibility; should be within or as close as possible to the area to be planted. 

b. Sufficient water supply, especially during the dry months. 

c. Flat area with good drainage. 

d. Deep, loose and fertile soil. 
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PLATES.2 

RECEIVING, COUNTING, 
AND CLASSIFYING SEEDNUTS -1 

1. Store the seednuts under shade and pile the sacks one on top of the other. 

2. Check the number of nuts delivered using the "spot-check" method. For every one 
thousand seednuts (33-40 sacks containing_ 2?-30 ,,nuts per sack) open one bag and count the 
number of seednuts. Then compute for total seednuts as follows : 

Total seednuts == Total bags x number of seednuts/bag 

3-4. Count and separate seednuts by variety and date of harvest and then label each pile accord
ingly . The label per pile should contain the variety, date of harvest, and number of seednuts. 

REMARKS: 

.STANDARD SEEDNUTS, POLYBAGS & SEEDLINGS REQUIRED 

PER 1 Ha NURSERY FOR 100 Ha FIELD PLAN,TINGS 

Planting Seednuts Poly bags 
Good 

Distance Required to Required and 
fot Planting 

& Density Transplant Seedlings 

9 x 9 x 9m 
25,000 . 18,000 

16,000 
143 trees/ha (143 + 17 supplies/ha) 

8.5 x 8.5 x 8.51n 
27,500 20,000 

17,500 

160 trees/ha (160+ 15 supplies/ha) 
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PLATE 5.3 

RECEIVING, COUNTING, 
AND CLASSIFYING SEEDNUTS - 2 

5. For each variety, pile together all seednuts which do not contain any water. Put label as 
shown. 

6. Every 4 hours (three times a day), water all piled seednuts to rehydrate the nuts. Continue 
watering until the nuts are sown in the seedbeds. 

7. Count and separate all germinated seednuts. Pile in one group all seednuts with sprouts 
under 15 cm long. 

8. Pile in another group all seednuts with sprouts 15 cm long or over. 

9. Pile in the open all seednuts with husks that are not yet completely dried. Leave these nuts 
in the open for 2 weeks until complete drying of the husks. DO NOT WATER. After two weeks 
trim and sow the seednuts. 

10. After counting and separating the different categories of seednuts, cover the piles with 
Imperata leaves or palm leaves until the seednuts are ready for sowing. Water the covered 
seednuts every 4 hours (three times a day) until sowing time. 

REMARKS: 

The method of sowing seednuts with long sprouts, over 15 cm is shown in Plate 5.4. 
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PLATE5.3 



82 
PLA1E 5.4 



83 
PLATE 5.4 

TAKING CARE OF SPROUTED SEEDNUTS 

1. Upon receipt of the seednuts, immediately separate those that have getminated while in 
transit, particularly those with sprouts more than 15 cm in length, thin, curved and yellowish. 

2-3. Sow these germinated seednuts in a seedbed 1.5 m wide and of suitable length. Lay the 
seednuts side by side as you would with ungerminated ones. Construct a roof about 1.5 m above 
the bed and 2.5 m in width to provide good shade for the sprouted seednuts. Use two layers of 
dried palm leaves as a cover. 

REMARKS: 

a. Keep these seedlings in the bed for about 30-45 days or until their leaves have straightened 
out and turned green in color. Water the bed twice a day (10 liters/ m2/day). Spray seedlings once 
a week with Dithane M-45 at 2 g/liter of water. 

b. Starting on the third week after sowing, gradually thin out the palm-leaf cover. In the third 
week, remove one third of the cover, another third on the fourth week, and then all the remaining 
leaves in the fifth week. 

c. A week after the cover has been totally removed, transplant the good seedlings into 
poly bags. 

d. Prune roots to 5 cm long just before transplanting and avoid unnecessary injury to the 
roots during transplanting. 

e Water transplanted seedling twice a day. One liter of water in the morning and another 
liter in the afternoon for 2 weeks, then follow the normal rate of one liter every 2 days. 
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PLATE 5.5 

SEEDBED PREPARATION 

1. Cultivate manually the area alloted for seedbeds . Dig the soil down to 30 - 40 cm, 
pulverize, remove weeds and large chunks of soil or stones. 

2. Level down area. Delineate the size of the bed (2.0 m wide x 20.0 m long) with nylon rope. 
Then place wooden planks (1.5 cm thick x 20.0 cm wide) as borders . Cut the planks to the size of 
the bed. Provide a 1.0 m wide path between beds. 

3-4 Secure the planks with wooden pegs (50 cm long) at 2.0 m intervals. Place pegs on the 
outer side of the plank and put soil on the inner part to keep the plank firm. 

REMARKS: 

Borders around the seedbeds may also be mad_e of flattened bamboo if available. 



PLAIB5.5 
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PLATE5.6 

Photos by R. Bourgoing 



87 
PLATES.6 

TRIMMING SEEDNUTS 

1. Remove the calyx and peduncle of the dried seednut with the tip of a machete. 

2. Before trimming, first determine the area where the shoot will come out, which is the 
widest hump of the nut. Observe closely the husk and unhusked nuts showing the widest hump 
containing the eye where the shoot will come out. 

3-6. With a sharp machete trim a shallow portion of the widest hump; about 5 cm in diameter 
and no more than 1 cm deep, to facilitate sprouting and normal development of seedlings. 

7. During trimming, keep the nuts to be trimmed covered up with Imperata leaves or other 
shading materials so as to prevent rapid drying. 

REMARKS: 

Even the nuts in which no water can be heard when shaked (dehydrated nuts due to long 
transportation delays) must be trimmed. The germination capacity can still be good if quickly 
rehydrated. 

T R IMM IN G: 4,000 S EE D N U T S PER M AND A Y 
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PLATES.7 

SOWING SEEDNUTS 

1. An example of properly laid-out and labeled seedbeds. 
2. Label each seedbed properly: (a) on the plank, (made of wood or bamboo), write in big letters 
the day of the week on which the germinating seednuts are scheduled for transplanting : Monday 
to Saturday, (b) place a sign-board in front of the seedbed (i.e. signboard fronting the main control 
path). 

The signboard should have the following dimensions and colors: 
- Material: triplex 
- Size : 30 x 20 cm. 
- Color of board: green 
- Color of writing: white 
- Height from ground: 30 cm. 

Write on the signboard the following data: 
- Number of seedbed 
- Sowing Date 
- Variety 
- Total number of seednuts sown 

3-4, Immediately after trimming, place seednuts side by side on the seedbed, touching each oth~r, 
with the nut slightly inclined and the trimmed portion uppermost. Scrape the topsoil of the seedbed 
about 10 cm deep. Prepare the seedbed in a convex shape, so that the nuts nearest the border planks 
are 2-3 cm higher, while the nuts at the middle of the bed are about 7-10 cm higher than the planks. 
Ensure also that nuts nearest to the planks are about 5 cm away from the planks, to provide space 
for soil placement. 

5. Put back the top soil of the seedbed and some additional soil from the foot-path to fill the 
spaces between the nuts. 
6. Evenly distribute · and slightly compact the soil by hand. Level the soil so that only the 
trimmed area of the nut is seen. 

REMARKS: 

a. Trimmed seednuts in which no water can be heard are sown together in front of the bed no. 
1 and clearly identified (place a mark on the plank on the edge of the seedbed). 

b. If the nursery is to be set up during the dry season, it is bestto provide shade over the nursery 
bed at sowing time to ensure a high germination rate and prevent the emission of abnormal leaves. 
One layer of dried coconut leaves as shade may be enough to reduce the effects of heat on the 
seednuts and germs, (see Plate 5.4, Fig. 3). 
c. Shading may delay germination, hence, the 14 weeks limit forthe closure of the seedbed may 
be extended to 16 weeks. 

SOWING IN SEEDBEDS: 3,000 SEEDNUTS PER MANDA Y 
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PLATE5.7 
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PLATE5.8 

Photos by R. Bourgoing 
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PLATE 5.8 

WATERING SEEDBEDS 

1. Use a watering can (15 1 capacity) fitted with a spout. Before watering, place white marks 
on the borders of the seedbed at 2.5 m inte1~vals to limit areas of 5 m2 (2.5 x 2.0 m). 

2. Distribute evenly the 15 liters content of the watering can on the first 5 m2 area, then move 
to next 5 m2 doing the same and so on until the whole seedbed is watered. Make one watering round 
in the morning and another round in the afternoon. The total amount of water to be applied is 6 liters 
per square meter per day or the equivalent of 6 mm of rain per day. 

3. Under strict control, it is also possible to hose directly the nuts. Connect the hose of a 
watering can directly to the rubber hose, delivering water straight from the water pump. Regulate 
the speed of the water pump, in order to deliver 15 1 of water per 5 m2

. 

4. Three hours after watering, check the moisture of the watered seednuts by pressing the 
trimmed portion of the nut with your thumb. Apply strong pressure to force the water out. If no 
water comes out when pressing, this indicates that the nuts are underwatered. If such is the case, 
adjust watering immediately. 

5. If water appears but does not run down this means that the watering is correct. If water runs 
down this means that water is in excess and watering needs to be adjusted to prevent the develop
ment of the fungus Marasmiellus. 

REMARKS: 

a. Check moisture of the nuts every day. 

b. After rainfall of more than 10 mm, the next watering round can be cancelled. 

WATERING SEEDBED WITH HOSE : 
500 m2 A R E A P E R H 0 U R 

27 ,500 N U T S P E R 2 H 0 U R S 
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PLATE 5.9 

RECOMMENDED POLYBAG TYPE 
FOR NURSERY USE 

1. Order only black polyethylene bags with the following dimensions: 40 cm long, 40 cm high 
and 0.20 mm thick; three rows of holes 5 mm in diameter in the lower part of the poly bag, 5 cm 
apart between holes, and 7 cm apart between rows . 

2. Upon receipt of the polybags check the correct thickness by weighing 16 polybags. If the 
thickness is 0.20 mm, the 16 poly bags should weigh 1.0 kg. Reject poly bags if weight is less than 
1.0 kg. 

3. There are instances when the corners of the polybag are already "pushed in" when 
manufactured as shown in this picture. Turn it inside out to give it a good shape and make the 
bottom stronger. 

4. If the corners of the poly bag are not yet "pushed in" when delivered, reverse also the poly bag 
as shown in Plate 5 .10 (Fig. 1 & 2). 

5. Observe the inside view of a reversed polybag clearly showing the bottom and holes. 

REMARKS: 

In case of budgetary problems/limitation, the thickness of the poly bag can be lowered to 0.18 mm 
(i.e. 900 g for 16 polybags). Below it is not acceptable. 
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PLATE5.9 

Photos by R. Bourgoing 
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PLATE5.10 
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PLATE 5.10 

PREPARING POLYBAGS FOR SOIL FILLING 

1. Before filling the polybag with soil, turn it inside out. To do this, place both hands inside 
and grasp the corners, then pull out until the polybag is completely reversed. 

2. Close up of a completely reversed polybag with the corners already pushed in. 

3. Poly bag is now ready for filling with soil. Note that the reversed poly bag can now stand on 
its own. 

4. Sieve top soil with a wire-mesh sieve to remove large lumps of soil, Imperata roots, and 
other debris. 

5-6. Fill polybag up to the brim with sieved top soil. 

7. If the nursery area is uneven, obtain top soil first from the elevated parts (mounds) to level 
the area. If it is flat or even, scrape top soil evenly to keep the area properly levelled. Distribute soil 
filled polybags in groups in strategic locations of the nursery to reduce handling costs. 

REVERSING & FILLING POLYBAGS: 300 POL YBAGS PER MANDA Y 



96 
PLATE 5.11 

LINING AND STAKING FOR POLYBAG PLACEMENT 

1-2. For rapid lining and staking make a "template marker" first. The template marker could be 
a "one-row system": i.e. a wooden frame 4 meters in length and 0.51 m meter in width, with white 
paint marks indicating the corners of the triangle, 60 x 60 x 60 cm where the sticks will be placed, 
or a "two-row system": i.e. a wooden frame 4 meters by 1.02 meters. The triangle, 60 x 60 x 60 
cm, is marked with nylon cord. Sticks are placed at the corners of the triangle and two rows are 
staked out at once. 

3. Complete the staking of all the triangles before moving the marker for the next row. As soon 
as the marker is removed, place the poly bag just behjnd the stick. The sticks should be fronting the 
access road of the nursery. 

REMARKS: 

a. In the nursery, the polybags must be laid in straight rows and equidistant from each other, 
in a triangular pattern, 60 x 60 x 60 cm apart, if seedlings are to be kept in the nursery for 6-7 months, 
(20,000 plants/ha). 

b. If seedlings are to be kept for 8-9 months in the nursery, the distance between poly bags will 
be 80 x 80 x 80 cm in a triangle. The size of the marker to use is 4 meters by 1.38 meters , (17 ,OOO 
- 18,000 plants/ha). 

LINING: 1 TEAM OF 2 PERSONS TO MOVE MARKER 8,000 STICKS 

STAKING: 1 TEAM OF 2 PERSONS TO PLACE STICKS & 8,000 POLYBAGS 

POL YBAG PLACEMENT: 1 TEAM OF 10 PERSONS PER DAY 



' Photos by R. ~ourgoing 
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PLAIB5.11 
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PLATE 5.12 

IDENTIFYING HYBRID 
AND NON-HYBRID SEEDLINGS 

1. Observe closely the true color of the shoot base of a hybrid and non-hybrid. The hybrid 
seedlings shown (NYD x W AT or MYD x WA T) have a green shoot base while the pure dwarfs 
or non-hybrids (Nias Yellow Dwarf or Malaysian Yellow Dwarf) have a yellowish shoot base. 

2. Observe the close-up of three hybrid seedlings (NYD x W AT) showing green shoot bases. 

3. Observe the reddish shoot base of the non-hybrid Malaysian Red Dwarf (MRD) . The color 
of the shoot base of an MRD by W AT hybrid is brown. 

4. Observe the yellowish shoot base of a non-hybrid Nias Yellow Dwarf (NYD). 

REMARKS: 

a. The shoot base of the NYD x W AT and MYD x W AT hybrids is either green or brown 
according to the color of the West African Tall (WA T) parent. 

b. The shoot baseofMRD x WATand Cameroon Red Dwarf (CRD) x WAThybrids is always 
brown. 

c. Composition of colors in hybrids: 

COLOR OF THE SHOOT OF GERMINATED SEEDNUTS 

FEMALE x MALE SHOOT COLOR 
PARENT PARENT OF PROGENIES 

~Yellow Dwarf Yellow 

Yellow Dwarf 
Red Dwarf Orange 
Green Tall Green 
Brown Tall Brown or Green 

~ Yellow Dwad Orange 

Red Dwarf 
Red Dwarf Red 
Green Tall Bronze 
Brown Tall Bronze 
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PLATE 5.13 

MARKING NON-HYBRID, OFF-TYPE, 
AND HYBRID SEEDLINGS 

1-3. Mark non-hybrids and off-types with red paint. Leave these marked seedlings in the seedbed 
for two weeks to allow development and clearer identification , if there is no change in 2 weeks, 
remove and des troy these seedlings. 

4-6. Mark with white paint hybrids with shoots already S cm high. Transplant only hybrid 
seed li ngs with the white paint mark. 

7. Count the number of hybrid seedlings ready for transplanting the following day . 

REMARKS: 

a. T ransplanting of germinated seednuts into polybags is a daily activity. Seedbeds in the 
nursery are normally distributed into six groups, representing six days (Monday to Saturday) in a 
week. All seednuts t' ~ at germinate in the "Monday seed beds" are transplanted on Mondays only, 
those in "T uesday seedbeds" are transplanted on Tuesdays only, and so on until Saturday. 

b. In the afternoon of the day before transplanting, the hy brids to be transplanted are marked, 
as are the non-hybrids and off-types (double shoots am;! stunted growth). 
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PLATE 5.13 

TO BE DISCARDED 

Pho tos by R. Bourgoing 
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PLATE 5.14 
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PLATE 5.14 

UPROOTING, ROOT PRUNING, DISTRIBUTION OF 
GERMINATED SEEDNUTS, AND CLOSING OF SEEDBEDS 

1. Uproot the marked germinated hybrid seednut, (with shoots no shorter than 5 cm) , using an 
iron hook which is dug into one side of the nut. 

2. Pull out the hooked seednut with all the main roots. In heavy soils, roots must be cut in the 
ground with a machete before pulling out the germinated seed. If not, the bottom of the shoot will 
be damaged. 

3. With sharp pruning scissors, cut back the main roots to 5 cm long. 

4-5. Transport prepared seedling in a stretcher, preferably made of empty fertilizer bags or 
bamboo slats. Lay down each seedling on its side, ensuring that the cut roots and shoot are not 
damaged or injured during transport. Three layers of seedlings can be placed per stretcher: 

6. Place each seedling on top of a poly bag full of soil. Ensure that the seedling is lying on its 
side to prevent damage or injury to the roots and shoot. 

7. Plant immediately into polybag. Observe carefully how about one third of the soil is 
removed from the polybag and placed on a clean sheet of plastic with the seedling. 

REMARKS: 

a. The standards for closing seedbeds are: 
- 70% of sown nuts have germinated (including illegitimate and abnormal sprouts); or 
- seedbeds have reached 14 weeks. 

b. When the 70% level has been reached but the 14 weeks limit has not, and there are still 
hybrids germinating, i.e. shoots below 5 cm, allow these hybrids to grow one more week in the 
seedbed before planting them to polybags . After this, burn all the remaining germinated and 
ungerminated seednuts. 

c. Non-hybrids : The normal acceptable rate of non-hybrid germinated seednuts must not 
exceed 5 to 7 % of the total germinated seednuts. If higher than 7 %, file a claim to the supplier 
to get compensation . 

d. Germination rate: Seednuts of good quality, with well managed watering, must give 80 to 
85 % germination. 

TRANSPLANTING: 200 SEEDNUTS PER MANDA Y 
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PLATE 5.15 

TRANSPLANTING AND WATERING 
GERMINATED SEEDNUTS 

1. Remove about one third of the soil from the fill ed polybag. Place the removed so il on a 
pl astic sheet (e.g. damaged poJybag or empty fertili zer bag). 

2. After one third of soil has been removed from the poly bag, place the germinated seed nut in 
the poly bag in such a way that the shoot is at the center and in a vertical position. The nut is slightly 
inclined, with the trimmed part upper most, about 2 cm below the rim of the polybag. 

3. Put back the removed soil into the polybag until the nut is almost covered. 

4. Compact the soil around the nut using finger tips. 

5. Put the remaining soil into the polybag. 

6. Slightly compact the soil and remove the excess. 

7 . Close-up of a properly planted germinated seed nut in which the soil level is 2 cm below the 
rim of polybag and the trimmed portion of the nut is at the same level as the soil. 

8. Water the newly transplanted seedling no more than 2 hours after transplanting. W ater the 
polybag up to the brim to bring soil moisture content to full capacity and to get better soil 
compacti on. 

9. Observe carefully how the water has seeped through the soil. Note how the top of the nut 
is about 2 cm above the soil level, while the soil level is about 4 cm below the rim of the poly bag .. 

REMARKS : 

If soil in poly bag is down more than 4 cm one week after transplanting, add some soil in the poly bag 
to reach the 4 cm below the rim . 
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PLA1E5.15 

Pho tos by R. Bourgoin!=! 
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Photos by R. Bourgolng 
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PLATE 5.16 

MAINTENANCE OF SEEDBEDS 

1. Refill seedbeds with top soil as soon as 40 to 50 % of germinated nuts have been removed 
for planting to polybags. This protects the remaining nuts against the direct heat of the sun and 
reduces evaporation. It is a good practice to ensure high germination rate. 

2. Remove weeds from seedbeds regularly. 
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PLATE 5.17 

MULTI-PURPOSE NURSERY SHED 

1. Construct a multi-purpose shed within the nursery site which will function both as a storage 
room and administrative office for the Assistant Manager of the nursery. It should measure about 
4 x 5 m with wooden walls and floor and a corrugated galvanized iron roof. 

2. Place in the storage area ( 4.0 x 2. 7 rn) the fertilizers, pesticides, sprayers and other supplies 
required by the nursery. These supplies should be arranged properly (as shown in this picture) for 
easy access . 

3. In the administrative office area of the shed ( 4.0 x 2.3 m) , nail two whiteboards (1.20 x 2.30 
m), one whiteboard on one side and the other on the front wall of the storage area. On the 
whiteboard nailed on the front wall , copy the tables shown in ANNEXES 10.1 , 10.2, 10.3. Copy 
the table shown in ANNEX 11 on the other whiteboard. 
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PLATES.17 
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PLATE 5.18 

LABELING AND DRAINAGE 

1. At the middle of each block, construct a secondary drainage canal, 25 cm wide and 20 cm 
deep. Excess rain water should be able to run down to the primary canal established at the nursery 
boundaries. Near this secondary canal erect the required label for the block, facing the main access 
road of the nursery. The sign board should be 40 x 25 cm, with yellow background. Write in black 
the number of the block, total number of seedlings in the block, transplanting dates , and variety 
(only one variety per block). The height of the sign board should be 50 cm from the ground. 

2. Also construct secondary canals at the side of the blocks neqrest the nursery fence. 

REMARKS: 

A such drainage network is only required in areas subject to risks of flooding (low land, tidal area). 
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PLATE 5.19 

WATERING SEEDLINGS IN POLYBAGS 

1. Connect the plastic hose to an outlet of the main water pipe. Each outlet is situated at the limit 
between 2 blocks. Uncoil the hose before turning on the water. As you move inside the block, water 
the poly bags on your left and right side to a depth of 16 rows in each block. For better delivery of 
water, attach a one-meter-long PVC pipe with a angle joint at the end of the plastic hose. When 
watering, direct the curved tip towards the exposed side of the seedling nut to prevent soil loss. 

2. If seedlings are 1to3 months old, fill only one halfof the empty space at top of poly bag with 
water every 2 days. This volume will be equivalent to about 1 liter. If seedlings are 4 to 6 months 
old, fill the empty space at top ofpolybag to the brim (full capacity) every 3 days. This volume will 
be equivalent to 2 liters. 

3. Water at least 4 rows of 4 polybags on your left and another 4 rows of poly bag on your righ.t 
before moving to another group of pol ybags . (See "Movement of the watering man within a block", 
Plate No. 5.29) 

4. An example of a 2.9 rn3 water tank built to the following specifications: 

Tank Size 
Height 
Iron sheet 
Iron leg 

REMARKS: 

2.20 m x 1.10 m x 1.20 m 
4 rn 
1.5 mm thick 
60 x 60 mm 

a. For the general lay out of the watering system in the nursery , refer to ANNEX 5 . .Although 
water could be directly supplied from a pump, it is better if water is pumped first into a water tank 
before it is used for watering the seedling for the following reasons : 

- water pressure is easier to control 
- number of pumping hours is reduced 
- maintenance cost of the water pump is lower 
- fuel cost is lower 

b. If there is a rainfall over 20 mm within 24 hours of a watering round, cancel it. 

WATERING 1-3 MONTH OLD SEEDLINGS: 1 LITER EVERY 2 DAYS or 
2,200 POL YBAGS PER MANDA Y 

WATERING 4-6 MONTH OLD SEEDLINGS: 2 LITERS EVERY 3 DAYS or 
1,500 POLYBAGS PER MANDAY 

WORKING HOURS: 7: 00 - 11: 00 A.M. AND 3: 00 - 6: 00 P.M. 

PERMANENT LABOR: 3 PERSONS PER HECT ARE 
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PLATE5.19 

. Photos by R. Bourgoing 
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PLATE5.20 

Pho tos by R. Bourgoing 
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PLATES.20 

MANUAL WEEDING 

l. Manual weeding is done once a month, just before the scheduled fertilizer application, 
normally between the lOth and 15th day of the month. Weeding can be done either by pulling the 
weeds by hand or using a sickle-like weed cutter. 

Pull out by hand all weeds growing within and between polybags. Use a basket to bring'the pulled 
out weeds to the secondary road or bed paths. 

2-3. With the sickle-like cutter, cut about 1 cm deep into the soil to cut the roots of the weeds. 

4. If near a secondary road or a bed path, just throw the cut weeds onto it, if far from either, 
use a basket to carry weeds. 

5. Spread the cut grass evenly on the secondary road or bed path and leave it there to dry or burn 
the cut grasses outside the nursery if their presence in the pathway becomes an obstruction. 

REMARKS: 

Resort to manual weeding only if labor cost is cheaper than chemical weeding. It is better to use 
manual weeding than chemical weeding during the rainy months. 

W EE D ED A RE A: 500 M2 P ER M AND A Y 
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.PLATE 5.21 

CHEMICAL WEEDING 

1. Chemical weeding in the nursery is done every two months. The recommended herbicide 
forthe nursery is "Para-col" (PARAQUAT200 g/l+ DIURON200 g/l). If the nursery is very clean, 
the first application may be done with DIURON alone (active ingredient 800 g/kg), at the rate of 
3 kg commercial product per ha treated. Para-col is applied with the following dosages per hectare 
of nursery or per 15 liter knapsack sprayer : 

Dosage per Ha 
Dosage per 15 liter 

Schedule knapsack sprayer 

Para-col Water Para-col Water 

Before lining 4 liters 800 liters 75 cc 15 liters 
After planting 
2nd month 2 liters 800 liters 38 cc 15 liters 

4th month 2 liters 800 liters 38 cc 15 liters 

Place an empty gasoline drum (200 1 capacity) between 2 blocks. Fill-up with water. This will 
serve as your source of water each time your knapsack sprayer has to be filled up.WARNING: Do 
not mix herbicide and water in the gasoline drum. Do not dip your sprayer inside the drum. Use 
a 10 liter plastic bucket to obtain water from the drum and for pouring water into your sprayer. 

2. Always buy Para-col in its original package and never transfer Para-col to another container. 
Use a self-made calibrated measuring cup (e.g. from clear plastic film container) , or a glass 
graduated cylinder for measuring the amount of herbicide required per application. 

3-4. Before the actual spraying, fill and mix Para-col and water in the knapsack sprayer as 
follows: 

- fill knapsack sprayer (about 2/3 full) with clean water, passing through the filter at the 
mouth of the sprayer, 

- add the volume of Para-col required, 
- close sprayer and shake well to mix, 
- open sprayer and add clean water to full capacity (up to 15 1.) 
- close sprayer and shake well again. 

Spray from 10:00 a.m. to 3:00 p.m. and spray only when there is no wind. To spray properly the 
weeds around a poly bag, direct the nozzle (fan nozzle) of the sprayer a few cm below the rim of 
the polybag. A void spraying directly onto the leaves of the coconut seedlings and also avoid spray
drift going into the seedlings. 

5. Observe the result of Paracol treatment 3 weeks after application. 

SPRAYED AREA: 3,000 M2 PER MANDA Y 
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PLATES.22 

MAKING MEASURING CUPS FOR FERTILIZERS 

l. · Before making the measuring cups assemble the following materials: 

··· 18 to 24 empty white plastic film contaii1ers divided as follows: 
- 6 for Urea (2 each for 5, 10, 15 gr dosages) or 6 for ZA (2 each for 10, 15 , 20 gr 

dosages) 
6 for KC! (2 each for 10, 15 , 20 gr dosages) 
6 for Kieserite ( 2 each for 5, 10, 15 gr dosages) or 4 for Dolomite ( 2 each for 20 
and 30 gr dosages; the 20 gr dose will be applied twice for the 40 gr of the third 
application) 
2 TSP for 10 gr dosage 
2 for Copper Sulphate for 5 gr dosage (peat soil) 
2 for Ferrum Sulphate for 10 gr dosage (peat soi~) 

··· 4 to 6 small cans of paint with the following colors: 
yellow : code for Urea or ZA 

- red : code for TSP 
- black : code for KCl 
- green 
- blue 
- orange 

: code for Kieserite or Dolomite 
: code for Copper Sulphate 
: code for Ferrum Sulphate 

··~ s1nall plastic weighing scale 

* fertilizers (Urea or ZA, TSP, KCl, Kieserite or Dolomite, Copper Sulphate and Ferrum 
Sulphate) 

* cutting tools (e.g. scissors, cutter or blade) 

·'· indelible marking pens 

2-4. For each kind of fertilizer and dosage, prepare the measuring cups by weighing first the 
dosage required i.e. 5, 10, 15, 20, or 30 gr depending on the kind of fertilizer, marking the level 
of the fertilizer per dosage required, cutting down the plas tic container to the level of the fertilizer 
dosage, fitting the handle to the container, and finally painting the bottom of the prepared container 
according to the color code of the fertilizer. Write also the dosage in gram on the container side. 

5. Observe closely the prepared measuring cups, the painted bottoms for the different 
fertilizers (KCl, Urea, TSP), the cut level of the cups, as well as the small handle. · 
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PLATE5.23 

TSP FERTILIZER APPLICATION 

1. Note the color and granulation of TSP fertilizer. 

2. A team of two persons is required for the application of TSP fertilizer. Assign one person to 
apply the TSP and the other one to mix the fertilizer and soil. You may of course, use several teams 
at once to complete application in one or 2 days. Be sure to have enough measuring cups. 

3. The TSP "applicator" distributes evenly the fertilizer at the periphery of the seednut. 

4. The TSP "mixer" follows closely the "applicator" ~ Then mix carefully the fertilizer and soil 
by digging the soil about 2-3 cm deep. While doing the mixing, the other hand of the mixer supports 
the polybag to prevent spillage of soil and fertilizer. A wooden trowel is recommended for soil 
mixing to minimize injury to the roots. 

REMARKS: 

Apply TSP every other month, i.e. lst, 3rd, 5th, and 7th months at 10 grams per polybag per 
application. TSP inust be applied on the first to the third day of the scheduled month. 

'TSP APPLICATION: 2,000 POLYBAGS PER TEAM OF 2 PERSONS PER DAY. 
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PLATES.24 

UREA, KCI AND KIESERITE FERTILIZER APPLICATION 

1. Note the color and granulation of Urea fertilizer. 
2. Note the color and granulation of KCl fertilizer. 
3. Note the color and granulation of Kieserite fertilizer. 
4. Set-up a team of four persons for the application and mixing of these three fertilizers. Three 
persons (one for each kind of fertilizer) serve as fertilizer "applicators" while the fourth person 
serves as the fertilizer "mixer". Two or three teams may be used at the same time to complete 
application in a few days. 
5. The "applicators" follow one another in a row, placing the required fertilizer and dosage in 
each polybag and the "mixer" also follows closely behind for the immediate mixing of the 
fertilizers and soil. 
6. Observe carefully a close-up of a polybag with seedling showing the evenly distributed 
fertilizers (Urea, KCl and Kieserite). 
7. Observe carefully how the fertilizers are mixed with the soil. Dig the soil about 2-3 deep with 
a wooden trowel and mix carefully. Take note of how the other hand is assisting the trowel in the 
mixing of the fertilizers and soil. 
8. A closecup of properly mixed fertilizer and soil. 

REMARKS: 

RECOMMENDED FERTILIZERS, DOSAGES AND SCHEDULE OF APPLICATION 
FOR POLYBAG NURSERY (gm/plant) 

Age of seedlings (months) 

Ferti lizers l 2 3 4 5 6 7 8 Total 

N Urea 5 5 5 10 JO 10 15 15 75 
orZA 10 10 10 15 15 15 20 20 115 

p TSP 10 0 10 0 10 0 10 0 40 
K KCJ 10 10 10 15 15 15 20 20 115 
Mg Kieserite 5 5 5 10 10 10 15 15 75 

or Dol. 20 - - 30 - - 40 - 90 
Cu Copper Sul. - - - 5 - - - - 5 
Fe Iron Su lph. - - - 10 - - - - 10 

a. TSP is applied from the first to the 3rd day of each scheduled month, while Urea or ZA, KCl, 
Kieserite or Dolomite are applied from the 15th to the 20th day of each scheduled month. 
b. Dolomite is first applied (20 f,r) at transplanting time. Mix the fertilizer with poly bag bottom 
soil just before transplanting. 
c. Application of CuS04 (25% Cu) and FeS04 (20% Fe) are only required in peat soil areas. 
Apply once on the fourth month just after the N, K, Mg application. 

N, K, Mg APPLICATION: 2,000 POL YBAGS PER TEAM 
OF 4 WORKERS PER DAY 
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PLATE 5.25 

CULLING AT 2, 3, AND 4 MONTHS 

Culling is the removal of all undesirable seedlings from the poly bag-nursery. Culling is done once 
a month starting from the second month of transplanting up to field planting. All seedlings to be 
culled-out are marked with a white "X" on the polybag (see Fig 6). 

The seedlings to be culled out from the 2nd to the 4th month are as fo llows : 

Second month: 
1. Non-hybrid (yellow dwarf) seedlings . 

2. Dead seedlings. 

Third month: 
3. Hybrid seedlings with undeveloped shoots. 

4. Stunted growth 

5. With long thin leaves 

6. With double shoots. 

7. With abnormal leaf emissions. 

Fourth month: 
8. All dead seedlings. 

REMARKS: 

a. All culled seedlings must be burnt at each culling round excluding the polybags. The 
polybags can be saved and used for: (i) repairing damaged polybags containing good hybrids , or 
(ii) reused for planting additional hybrid seedlings. 

b. The PMU Manager must first control the culled seedlings prior to burning. After burning 
the seedlings, the PMU will issue a destruction report to be sent to P.O (Provincial Office). 
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Pholos by R. Bou1901ng 
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PLATE 5.26 

CULLING AT 5 MONTHS 

1. A general view of a 5-month-old hybrid nursery. Observe the homogeneous growth of 
seedlings. 

2-3. Mark all hybrid seedlings with heights 30 to 50 % below the average height in the block using 
40-cm-long bamboo sticks with one end painted red (on about 10 cm). 

4. Leave the marked seedlings for further observation during one month or up to one week 
before seedling dish·ibution. 

REMARKS: 

a. At five months of age, it is expected that all seedlings in the nursery are hybrids. Hence, the 
seedlings to be culled at this time are only hybrids having poor growth or vigor. 

b. The day after finishing all the marking of the seedlings, do the following : 
- if the poly bag of the marked seedling is damaged repair it and right it if leaning. 
- increase fertilizer dosage to 50% for the marked seedlings whose leaf shape is normal 
- increase water requirement fofthe marked seedlings up to 3 liters per round when weather 

is dry. -

c. A week before seedling distribution, inspect again all the marked seedlings. Determine 
which ones have improved in growth and vigor, to not more than 20% below the average height 
of seedlings in the block so that they can be included in the distribution. Remove the stick marker 
if the seedling has improved. 

d. All marked seedlings that show no sign of improvement must not be included in the 
distribution. Do not remove the stick to show that the seedling has to be culled. 

e. The normal cumulative culling rate (Plate 5.25 + 5.26) is 10 to 12 %. 
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PLATE 5.27 

PREPARING PLANTING MATERIAL 
FOR FIELD TRANSPLANTING 

1. A few days before transplanting, repair all damaged poly bags . To do this, wrap around the 
damaged area with old or leftover poly bags and tie tightly with nylon raffia or any suitable tying 
material. 

2 . On the base of the seedling, mark planting depth with white paint, as follows: 

- 6 cm above top of nut for transplanting at 6 months. 
- 7 cm above top of nut for transplanting at 7 months. 
- 8 cm above top of nut for transplanting at 8 months. 

To measure the planting depth prepare an L-shaped wooden gauge showing marks for 6 cm, 7 cm 
and 8 cm. This measurement must take into account the thickness of the lowest branch of the gauge. 

3. Two weeks before the scheduled transplanting date cut back all roots grown through the 
polybag. Use a sharp sickle to cut the roots at polybag bottom level. Ensure that during this 
operation the polybag bottom is not damaged and the soil of the polybag not spilled out. 

4-5. One to two days before lifting the seedlings for the field , water them to maxinrnm capacity. 
After which, gather the seedlings at the loading site. Leave in place all discarded seedlings ( i.e. 
marked with the red painted bamboo sticks), then destroy them by burning, make a report to P.O. 

6. Observe carefully the proper method of handling polybag seedlings during loading. Notice 
how one hand holds the stem and the other one supports the bottom of the polybag. 

REMARKS: 

If the age of the seedling is more than 8 months determine the depth of planting in taking as many 
cm as the number of months the seedling has spent in the nursery. 
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PLATE 5.28 

Pho1os by R. Bourgoing 
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PLATE. 5 . 28 

WATERING POLYBAG SEEDLINGS 
JUST BEFORE FIELD DISTRIBUTION 

1. One hour before distributing the planting materials to the field and if weather is dry, water 
the polybag to excess (2 liters per polybag). 

REMARKS : 

a. Reduce water pressure to avoid water running out of the poly bag and to allow soil moisture 
reach full water 11olding capacity. 

b. Good watering will prevent unnecessary drying up of seedlings should there be a delay in 
the transplanting, and also prevent breakage of the polybag clod at planting time. 
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PLATE 5.29 

MOVEMENT OF THE WATERING PERSON 
WITHIN A BLOCK 

Watering is a day to day activity in the nursery, hence, a systemati c way of watering is necessary 
in order to optimize the use of time and the number of poly bag seedlings that can be watered in one 
day. 

The principle involved in this system of watering is for the watering person to water 16 poly bag 
seedlings at one position, without moving, before moving off to the nex t position to water another 
16 seedlings as illustrated here. The numbers 1-8 (in blue, pink, green and yellow) indicate the 
positions where the watering person stands and waters 16 seedlings without moving (see blue and 
green arrows moving out from positions nos. 1 and 2). The red arrows, numbered l to 8 indicate · 
the movement of the watering person. 

Procedures to be followed: 
1. The watering person uncoils the long rubber or plastic hose already connected to the 
main water pipe along the main nursery road. 

2. The person enters the pathway between two blocks and counts eight (8) alternate 
polybags down the block .. 

3. The person enters the Block (I) between polybags 8 and 9 then stands at the level of 
the seventh polybag (no. 1) before starting to water the 16 polybag seedlings. 

4. After which, the person moves up to position 2 and water another 16 polybag 
seedlings and then moves off to position 3 and so on until all the polybag seedlings are 
watered up to position 8. 

5. The person drops the rubber or plastic hose to the ground and leaves it there while 
moving out of the block. As soon as in the pathway again, the person carefully pulls the hose 
out and rolls it up. 

6. The person now enters the other Block (II) and does the same as in Block I then moves 
to Blocks III, IV and so on, but always following the system of watering and pulling the hose. 

With this system, the watering person can water one half of a block to the left and right side of a 
pathway, then water the other half of the block by moving from one pathway to another until the 
whole nursery is water~d. 

REMARKS: 

The best hose to use in the nursery is a fiberglass reinforced plastic hose, though it is quite 
expensive. 
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CHAPTER6 · 

ESTABLISHMENT OF LEGUME COVER CROP 

6. 7 SPECIES OF LCC COMMONLY PLANTED IN HYBRID 

COCONUT PLANTINGS 

6.2 SOWING LCC SEED MIXTURE IN A PLOWED AREA 

6.3 SOWING LCC SEED MIXTURE IN A SPRAYED IMPERATA 

CYLINDRICA AREA 

6.4 WEEDING AND FERTILIZING LCC 
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PLATE 6.1 

SPECIES OF LCC COMMONLY PLANTED IN 
HYBRID COCONUT PLANTINGS 

1-la. A close-up view of Puerariajavanica. Observe the long thin pods, about 10 cm in length, 
as well as the 2 mm dried seeds varying in color from greenish brown to dark brown (la) , which 
can germinate 7-10 days after sowing. Pueraria is a good legume crop against Imperata because 
of its large leaves and thick vegetation, and also because it is the fastest growing LCC. However, 
it is sensitive to long dry spells, hence, not recommended for being planted alone. 

2-2a. A close-up view of Calopogonium mucunoides in its active vegetative stage. It produces 
thinner cover, and does not grow as fast as Pueraria. It is susceptible to long dry spells like 
Pueraria . It is also sensitive to weed competition during its first few months of establishment and 
requires good soil and well distributed rainfall for good establishment. Note that the seeds (2b) look 
like those of Pueraria , but a bit bigger in size (3mm) with col oration varying from greenish brown 
to light brown. The seeds germinate also in 7-10 days from sowing. 

3-3c. A close-up view of Calopogonium, caerulewn showing the characteristic dark green leaves. 
Observe carefully the texture of the leaves, smooth and shiny, in contrast with leaves of Pueraria 
and Calopogonium mucunoides which are hairy. Note also the size of the seeds which are quite big, 
4-5 mm, and greenish brown to light brown in color (3c). Like Centrosema it is quite resistant to 
drought. It is also shade tolerant. Another advantage of C. caeruleum is that it is not appetizing for 
cattle and so, not damaged by it. 

4-4d. A close-up view of Centrosema pubescens. Note the narrow, elongated light green leaves 
and the brownish black 3-4 mm seeds (4d) which can germinate in 3-4 days after sowing. 
Centrosema is resistant to drought as it requi res less water than Pueraria or C. mucunoides, hence, 
very suitable in sandy soils. Because of its slow growth, and thin vegetation, it cannot control 
Imperata on its own. 

REMARKS: 

a. When establishing LCC for the first time, it is better to mix the seeds of P. javanica, C. 
mucunoides and C. pubescens than sowing them separately. 

b. P. javanica cutting can be used if seeds are not available. 

c. C. caeruleum can be sown on its own but because of the high cost of seeds, it is generally 
propagated by cuttings. 

d. Another good legume cover, which can be sown on its own, or mixed with C. pubescens and 
C. mucunoides, is Psophocarpus palustris which is quite resistant to drought. 

e. On slopes steeper than 20%, it is recommended to plant contour hedges of woody legumes 
like Moghania (Flemingia) or Gliricidia to prevent erosion. Although it is not a legume, the 
Vetiver grass (Viteveria zizanioides) is a good alternative to woody legumes. 
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PLATE 6.1 

Photos by R. Bourgoirig 
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PLATE6.2 
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PLATE6.2 

SOWING LCC SEED MIXTURE IN A PLOWED AREA 

1-2. As soon as the land to be planted is properly plowed and harrowed, start sowing the LCC 
seed mixture. Between two planting sticks or planting holes, open two funows, 70 cm apart, 5 cm 
deep and a meter short of the planting sticks or holes . 

3a & 3c. Before sowing LCC seeds, conduct first a germination test by germinating 300 seeds per 
LCC species in double-layer blotting paper. Ensure that enough moisture is available for the 
duration of the test. For Centrosema and C. mucunoides count the ge1minated seeds after 10 days 
and after 15 days for Pueraria and C. caerufeum. With 75 % germination the LCC seeds are good .. 

3b. For every 1 ha coconut planting, 2 kg each of seeds of Pueraria javanica, Centrosema 
pubescens and Calopogonium mucunoides are needed. Mix the 6 kg of LCC seeds with 12 kg of 
TSP fertilizer in a plastic pail. After mixing, make a measuring cup (e.g. from the bottom of a 500 
ml plastic bottle) that can contain 110 gr of the seed/fertilizer mixture. 

4. Evenly spread the mixture in the furrows so that all the 110 gr mixture fills the two funows 
between two planting sticks or holes. To do this , properly place a small amount of the mixture on 
your hand then use the thumb to push out bits of the mixture into the funows. 

5. Observe closely the evenly spread mixture of seeds and TSP fertilizer in the furrow. 

6. Cover the mixture with soil , about 1 cm thick. Eventually the whole furrow will be filled with 
soil during the rainy months , providing good cover for the germinating LCC. 

REMARKS: 

a. One month after germination of the LCC mixture, fertilize again the LCC growing in 
furrows. This time, broadcast 188 kg TSP fertilizer per hectare of coconut planting on both sides 
of all the furrows. 

b. Before sowing the LCC mixture be sure to have in stock the total TSP requirement of the 
block to be planted. Compute TSP requirement at 200 kg/ha, wherein 12 kg is mixed with the 6 
kg of LCC seed mixture at sowing time and the remaining 188 kg applied one month after 
germination . 

. c. If the block to be planted has over 20 % slope, do not make furrows along the coconut rows. 
Instead make furrows across the slope. Make sets of 2 furrows 5 meters apart but ?tlll maintaining 
the 70 cm distance between two furrows. Contour hedges of woody legumes or Vetiver grass 
should also be established every 15 to 25 meters according to the slope. 
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PLATE 6.3 

SOWING LCC SEED MIXTURE IN A SPRAYED 
IMPERATA CYLINDRICA AREA 

1. As soon as the Imperata starts to dry-up, open 2 furrows 5 cm deep, 70 cm apart and 6 m 
long between two planting sticks or holes. The ends of the furrows are 1.0 meter short of the 
planting sticks or holes. Place the removed soil just at the edge of the furrow. Do not remove ~he 
dead Imperata , keep it as mulch. 

2. For every 1.0 ha of coconut, 2 kg each of seeds of Pueraria javanica, C entrosema pubescens 
and Calopogonium mucunoides are needed. Mix the 6 kg LCC seeds with 12 kg of TSP fertilizer 
in a plastic paiL After mixing, make a measuring cup (e.g. from the bottom of a 500 ml plastic 
bottle) that can contain 110 grams of the seed/fertilizer mixture. 

3. Evenly spread the mixture in the furrows so that the whole 110 grams of mixture fills the 
two furrows between two planting sticks or holes . To do this properly, place a small amount of the 
mixture on your hand then use the thumb to push out bits of the mixture into the fmTow. 

4. Observe closely the evenly spread mixture of seeds and TSP fertilizer in the furrow. 

5. Cover the mixture with soil, about 1 cm thick. The remaining soil on the edge of the furrow 
will slowly close the furrow during the rainy months, providing a good cover for the germinating 
LCC. 

REMARKS: 

a. One month after germination of the LCC mixture, fertilize again the LCC growing in 
furrows. This time, broadcast 188 kg TSP fertilizer per hectare of coconut planting on both sides 
of all the furrows. 

b. Before sowing the LCC mixture be sure to have in s.tock the total TSP requirement of the 
block to be planted. Compute the TSP requirement at 200 kg/ha, wherein 12 kg is mixed with the 
6 kg of LCC seed mixture at sowing time and the remaining 188 kg applied one month after 
germination. 
c. If the block to be planted has over 20 % slope, do not make furrows along the coconut rows. 
Instead make furrows across the slope. Make sets of 2 furrows 5 meters apart but still maintaining 
the 70 cm distance between two furrows . Contour hedges of woody legum,es or Vetiver grass 
should also be established every 15 to 25 meters according to the slope. ' · 
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PLATE6.3 

Pho tos by R. Bourgoing 
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PLATE 6.4 

Pho lo s by R. Bourgo ing 
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PLATE 6.4 

WEEDING AND FERTILIZING LCC 

1. Apply TSP fertilizer 1 month after the germination of LCC.Weed first both sides of the 
furrow, where LCC is growing, before placing the fertilizer. 

2. With a measuring cup (590 gr capacity), scoop up 590 gr of TSP and spread it evenly on 
both sides of the 6 meter long furrow. Repeat the same on the adjacent furrow. (Remember that 
there are two 6 meter long furrows of LCC between two coconut trees.) 

3. Observe closely how the TSP fertilizer is spread evenly on both sides of the LCC growing 
in the furrow. Do not cover the fertilizer with soil, leave it as it is. 

REMARKS: 

One ha coconut planting requires 188 kilos of TSP to fertilize completely all the LCC growing in 
furrows along the coconut rows. 
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CHAPTER 7 

PLANTING 

7. 7 PLANTING COCONUT HYBRIDS IN UPLAND AREAS - 7 

7.2 PLANTING COCONUT HYBRIDS IN UPLAND AREAS - 2 

7.3 PLANTING COCONUT HYBRIDS IN UPLAND AREAS- 3 

7.4 PLANTING COCONUT HYBRIDS IN PEAT SOIL - 7 

7.5 PLANTING COCONUT HYBRIDS IN PEAT SOIL -2 
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PLANTING COCONUT HYBRIDS 
IN UPLAND AREAS - 1 
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1-3. Distribu te one seedling per planting hole. With a bucket full of TSP and a measuring cup 
(350 gr capacity) , measure 350 gr of TSP, pour it on top of the topsoil heap and mi x as 
homogeneously as possible. 

4. With a 50 cm long bamboo stick measure the planting depth required from the bottom of the 
poly bag to the white ring or mark on the stem of the seedling. 

5. Mark the level on the stick with the thumb. Place the stick in the planting hole to check 
against a horizontal stick (80 cm in length) placed on top of the hole whether the depth of the hole 
is correct or not. If the hole is not deep enough, dig it to the proper depth. If the hole is too deep, 
adjust the depth by fi lling with topsoil scraped from the surrounding circle; compact it before 
placing the seedling in the hole. 

REMARKS: 

a. Transplant coconut hybrids when they are six to ten months old. If hybrids are transplanted 
before the age of six months, they are not developed enough to show significant differences fo r 
sound selection, and if transplanted when more than ten months, the seedlings are too old and too 
difficult to transport. It is highly recommended therefore that the transportation and planting 
sched ule be properly organized. 

b. Inform farmers one month in advance before delivering the seedlings. Do not deliver 
seedlings to those farmers who have not yet fi nished preparing their land. 

c. Schedule plantings when the rainy season is well settled, i.e. after a minimum of 110 mm 
rain in a 15-day period. 

d. Organize farmers in to planting groups and sub-groups and deli ver just enough seedlings to 
plant in a 2-day period. 

A VOID DELAYS OF MORE THAN 48 HOURS IN PLANTING. 

e. Check the size of the holes just before planting. Bring up to standard those below the 
recommended depth and width. 

f. Prepare in advance the measuring cups for TSP fertilizer application at planting time. 

P L A NT IN G: 40 P LA NT S I M AN - D A Y 
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PLAIB 7.1 
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PLATE 7.2 

7 ~ 8 \. \ . 

Pho tos by R. Bourgoing 
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PLATE 7.2 

PLANTING COCONUT HYBRIDS 
IN UPLAND AREAS - 2 

6. With a sharp knife, slit open the bottom of the poly bag, starting on one side five cm above 
the bottom, following the seam at the bottom and ending five cm above the bottom on the opposite 
side. 

7. Pull the two flaps outward and fold them over. Then lower the poly bag carefully into the 
center of the hole. Be sure to hold the seedling properly with its stem on one hand and the bottom 
(roots and soil) on the other hand to avoid breakage. Observe closely the well-developed root 
system and the water-saturated earth clod. 

8. Step into the hole beside the seedling and check carefully whether the seedling is set 
vertically at the center of the hole. Then holding the seedling with one hand and the hoe with the 
other, slowly fill the hole with the topsoil /TSP mixture up to the cut portion of the polytbag. 

9. Compact the mixture by treading around the seedling, taking care not to break its petioles 
and leaves while moving around. 

10. · Continue pulling up the polybag with both hands until only a third is left, then continue 
filling the hole with the soil and TSP mixture. 
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PLANTING COCONUT HYBRIDS 
IN UPLAND AREAS - 3 

11. Compact the soil again. 
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12. Remove the polybag completely and add topsoil to a few cm above the planting depth 
marker (white ring). 

13. Conwlete compacting the soil. Level the soil in a slightly convex shape so that the white ring 
is barely visible. 

14. Place the polybag on top of the planting stick to show that the polybag was removed at 
planting. 

15. A month after transplanting, broadcast the following fertilizers one by one in a circle with 
a radius of 50 cm: 

- 100 gr/tree - TSP 
- 200 gr/tree - KCl 
- 50 gr/tree - Kieserite or 75 gr/tree - Dolomite 
- 200 gr/tree - Urea or 300 gr/tree - Ammonium Sulphate. 

As soon as the last fertilizer (Urea, or Ammonium Sulphate) has been broadcast, cover these 
fertiliie'rs thinly with soil (about one to two cm deep) by raking. 



151 

PLATE 7.3 

... 

11 

Pholos by R. Bourgoing 
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PLATE 7.4 

Photos by It Bourgoing 
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PLATE 7.4 

PLANTING COCONUT HYBRIDS 
IN PEAT SOIL - 1 

1-2. At planting time, add 350 gr ofTSP fertilizer to the "pre-hole soil" and mix homogeneously. 
Measure the fertilizer with a 350 gr measuring cup. 

3. With a 50 cm long stick, measure the planting depth required from the bottom of the poly bag 
to the white ring or mark on the stem of the seedling. Mark the level with the thumb. 

4. To see whether the depth of the hole is correct or not, place the stick in the planting hole 
against a horizontal stick (80 cm in length) on top of the hole. Adjust the depth of the hole 
according! y. 

5. With a sharp knife, slit open the bottom of the polybag starting on one side five cm above 
the bottom, following the seam of the bottom and ending five cm above the bottom on the opposite 
side. 

50 P L A N T S I M A N - D A Y 
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PLANTING COCONUT HYBRIDS 
IN PEAT SOIL - 2 

154 

6. Pull the two flaps of the polybag, turning it inside out. Make sure that the soil and roots 
are intact. 

7. Hold the stem of the seedling with one hand and support the exposed roots with the other. 
Lift the seedling carefully and place it in the planting hole. 

8. Place the seedling centrally and firmly into the hole, then add the soil/TSP mixture, around 
the seedling, up to the level of the cut portion of the polybag (about one third of the height from 
bottom). 

9. Compact the soil with your feet by circling around the seedling, taking care not to break the 
soil attached to the roots. Continue pulling up the polybag with both hands to two thirds of the 
height from the bottom. Fill the hole again with the soil(TSP mixture and compact it as before. 

10. Remove the polybag completely then fill the hole entirely up to the mark on the seedling 
which must be level with the top of the planting hole or bottom of the pre-hole. 

REMARKS: 

The pre-hole will be half refilled just after the second fertilizer application (about six months after 
planting) and completely levelled one year after planting, just after the third fertili zer application. 
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PLATE 7.5 

Phot~s by It Bourgoing 

• 
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PLATES.I 

FARMERS' FIELD SHED 

1. For every block of 100 hectares or less, build one farmers' field shed with the following 
dimensions: 10 m long x 4.0 m wide x 2.70 m high. Divide the shed into two compartments: one 
compartment to serve as storage room (4 m x 4 m) with a concrete or wooden floor, and the other 
compartment to serve as the meeting/display room (6 m x 4 m) with an earthen floor. The wall 
should be made of wood while the roof should be made of corrugated galvanized iron. Provide 
windows on two sides of the meeting/display room and a door, but provide just one a door with 
a lock for the storage room. 

2. In the meeting/display room, set up whiteboards (see ANNEXES 13, 14, 15 and 16) for the 
following purposes: 

1 whiteboard, 1.20 x 0.60 m, for extension meetings 
1 whiteboard, 2.30 x 1.25 m, for monthly work program 
1 whiteboard, 2.30 x 1.25 m, for fertilizer standards and schedule of application 
1 whiteboard, 2.30 x 1.25 m, for general condition of the block 
1 whiteboard, 2.30 x 1.25 m, for production data 

In addition to the whiteboards, put the following on the wall: 
- Posters relevant to coconut hybrid production 
- Planting map of the block showing the replacements and dead trees, updated quarterly 
- List of farmers' groups 

3-4. Extension worker discussing work program with a farmers' group 

5. An example of poster display. 

6. Fertilizers properly stockpiled. Fertilizers are directly delivered to the field shed and piled 
per kind of fertilizers. Make sure that the storage room has a capacity for storing half of the total 
fertilizer requirement of the block for one application in year 4 , i.e. by calculating 150kg fertilizer 
per hectare of planting. 

7. Keep pesticides and other chemicals on a shelf inaccessible to children. Check and clean all 
parts of the sprayer after each use, for proper mainteniance. 

REMARKS: 

In the planting map the trees are represented by a black cross (x). When a tree is dead the black cross 
is surrounded by a red ring (x) .When the dead tree is replaced the red circle is changed to green. 
The map should be protected by a plastic sheet. 
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PLATE 8.1 

Photos by R. Bour901ng 
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PLATE 8.2 
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PLATE8.2 

PREPARING OVER-AGED SEEDLINGS 
FOR FIELD REPLACEMENT 

1. Seedlings for supplying are often over-aged (nine months or more). Prune them before 
transplanting. To do this, grasp all the leaves together to determine the level at which to prune, 
which is one third of the height of the seedling. 

2-3. Once the height of the cut is determined, carefully lay down the seedling on a piece of wood, 
than cut the leaves in one stroke with a very sharp machete. 

4. Close-up of a properly pruned seedling ready for transplanting. · 

REMARKS: 

Before pruning the leaves, cut the roots first as shown in Plate 5.27 . Mark the planting depth in 
relation to the age of the seedling. 
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PLATE 8.3 

SUPPLYING 

A year after planting, and a month before the start of the next rainy season, conduct a 
thorough survey of the field and count how many trees are to be replaced. 

The types of trees to be replaced are those: (1) severely damaged by Oryctes, (2) damaged 
by wild pigs, (3) stunted in growth, (4) dying or dead trees . 

As soon as the rain is sufficient (i.e minimum of 110 mm rain in a 15-day period) , notify 
farmers when deliveries will be made and start supplying. 
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PLATE 8.3 

;hotos By R Bourgoing 
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PLATE 8.4 
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PLATE 8.4 

RIGHTING LEANING TREES 

1. The crown of the coconut hybrid being planted is quite heavy due to luxuriant leaf 
development during its vegetative phase. Hence, when this hybrid is planted in sloping and/or 
windy areas it tends to lean in the direction of the wind. In such a situation, do the following 
immediately : 

a. Upright the tre.e by placing forked wooden poles to support it on the leaning side of 
the tree. 

b. Place additional soil around the base of the tree, but put more soil on the leaning side 
to provide strong support once the poles are removed. 

c. Ensure that the side opposite the leaning side is fully covered with soil to enhance 
root development for better tree anchorage (see arrow). 

d. Apply an extra amount of TSP fertilizer (the same rate as the one last applied) to 
induce rapid root emission. 

1 a. In cases where bearing trees fall down completely after a storm or heavy rain, do not try to 
upright the tree. Instead, cover the exposed roots fully with soil (see anow) and compact it well. 
Let LCC creep over the root mound but prevent if from climbing on the trunk and crown. 

2. Be sure to get the extra soil (to be placed at the base of the tree) outside the circle. 

3. Note that few roots are emitted on the side opposite the leaning· side. Be sure to cover this 
side with sufficient soil to induce rapid root development. 

REMARKS: 

a. Right leaning trees slowly and carefully so as not to break the few remaining roots which 
anchor the tree. 

b. Consolidate leaning trees twice a year, i.e. just before the fertilizer applications. 

c. By following the planting depth standards strictly it is possible to considerably reduce this 
problem. 
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PLATE 8.5 

INTER CROPPING 

1. Observe carefully how rice is grown in the inter-row and LCC in the planting row in Year 
one. Plant 60% of the inter-row in the lst year. 

2. Either plow-in dried rice straw or use it as mulch. 

3. Note how 50% of the inter-row is planted in the 2nd year. Thirty percent of the inter-row is 
planted in the 3rd year. 

. 
4. After the last harvest in the 3rd year, LCC will be allowed to cover all the inter-rows. Rolling 
the rice straw allows the LCC to cover the whole inter-row rapidly. 

For the intercrops be sure to do the following: 

- weed 3rd week after sowing, 
- weed 8th week after sowing, 
- apply fertilizers. 

REMARKS: 

Intercropping is allowed only in the lst, 2nd and 3rd years after transplanting. Plant only the 
following food crops in the inter-rows : rice, maize, groundnuts, soybean and other beans. 
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PLATE 8.5 
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PLAIB 8.6 

Photos by R. Bourgoing 
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PLATE 8.6 

CIRCLE WEEDING 

1- 2. In the first year of planting (year 1), circle-weed by shallow hoeing only, except in cases 
where there is Imperata when the rhizomes have to be dug out. Do not dig closer than 20 cm from 
the base ·of the coconut. Pulverize the dug soil, remove all Imperata rhizomes and put them in 
several small heaps for rapid drying. When the circle is free of weeds, apply the required fertilizers. 

3-4. After year 2, LCC will already be well established and, in most cases, will cover the circle. 
As soon as the circle is fully covered by LCC, open up the circle by pulling back LCC vines with 
a wooden hook and cut LCC roots and vines with a machete. If, after removing the LCC, there 
are weeds in the circle, uproot these weeds manually, do not dig the soil in the circle to remove the 
weeds . As soon as the circle is free of LCC and weeds, apply the required fertilizers. 

5-6. In the second year of planting (year 2) , if Imperata is growing densely in the circle, slash 
it first to allow new growth to a height of 40 cm (about 30 days after slashing). Then spray the new 
growth with glyphosate using the same dosage as that for land clearing (see note of Plate 3.6). 

REMARKS: 

a. While hoeing the circle, never pull the soil from the inside to the outside of the circle. This 
would weaken the stability of the tree. Start from within the circle along a radius and move around 
the tree shifting the soil within the circle. 

b. The presence of dense Imperata in the circle in year 2 indicates that land preparation was 
not properly canied out in year 0 and that there was no proper maintenance in year 1. Sporadic 
Imperata in the circles after year 2, may be controlled by wiping with a solution at 0.6 percent of 
glyphosate C.P. Wipe Imperata leaves with a piece of cloth soaked in the glyphosate solution. 

c. Open up LCC-covered circles every 2 months during the rainy season. Use the cut LCC 
vines as mulch during the dry season. 

d. While weeding the circle, do not cut any coconut leaves even when the leaflets are already 
dry. Just leave the leaves to dry on the tree until they fall down by themselves. As long as the leaf 
stalk is not compelety dry it has a nutritional function to the coconut tree. 

e. Standard Radius of Circle: 
- Year 1 = 1.0 meter 
-Year 2 = 1.0 meter 
-Year 3 = 1.5 meters 
· Year 4 Onwards = 2.0 meters. 

HOEING CIRCLE (2 m (ij) = 
SLASHING CIRCLE ( 4 m (ij) = 
SPRAYING CIRCLE ( 4 m (ij) = 

60 TREES I MAN-DAY 
80 TREES I MAN-DAY 

300 TREES I MAN-DAY 
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PLATE 8.7 

WIDENING INDIVIDUAL TERRACES 

1. A year after planting, widen the individual terraces. Widen them at the start of the rainy 
season and just before applying fertilizer. Measure 0.50 m from the rear of the terrace, then cut back 
LCC in a half-circle. 

2. With a spade, mark the area where soil is to be removed. Cut the soil down to the level of 
the former terrace. 

3. Place all removed soil at the front of the terrace in a half-circle. Also place some soil on the 
sloppy side of the te1rnce, particularly where there is erosion. Then compact the soil with a wooden 
rammer. 

4. When the cutting, spreading, and compacting of the soil is finished, the circle or terrace will 
be 2.50 meters in diameter. Observe closely how the LCC was cut properly, i.e. the vines 
immediately surround the widened terrace, thus minimizing soil erosion. Do the same in year 2, 
but widen the terrace further by another 0.50 meter, to obtain a final diameter of 3.0 meters, which 
will be maintained tlu·oughout the life of the tree. 

5. An example of a well-maintained terrace, 3.0 meters in diameter. In this picture the coconut 
palm is four years old. 
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PLATE 8.7 
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PLATE 8.8 

Photos by R. Bourgoing 
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PLATE 8.8 

FERTILIZATION 

l. For each year of fertilizer application (i.e. years 1, 2, 3 and 4 ), prepare measuring cups for 
each kind of fertilizer and rate req uired. (see ANNEX 12) To make the measuring cups, procure 
the fo llowing materials: weighing scales , 5 plastic contai ners (e.g. emty mineral water container), 
5 small cans of paint (one each for yellow, red, black, green and white) , small amounts of the 
fertilizer required, and 5 paint brushes . 

First weigh the dosage required for each kind of ferti lizer into on an empty plastic container. Mark 
the level of the fert ilizer on the plastic container. Remove the fertilizer, then cut the container down 
to the mark of the fertilizer. Paint the bottom of the finished measuring cup with the corresponding 
color code for the ferti li zer: yellow for Urea or Ammoni um Sulphate, red for TSP or Rock 
Phosphate, black for KCL,green for Kieserite or Dolomite, and white for Borax. 

Also write the fertilizer type and rate on the measuring cup. Shown in figure 1 are the meas uring 
cups of year 2 with complete col or-coded labels and fi lied with fertilizers up to the cut rim at the 
rates required. 

2. One month after transplanting, broadcast all the required fertilizers around the tree. Before 
broadcasting the fertilizers, weed, level, and lightly cultivate the soil within the circle (50 cm 
radius) where ferti lizers will be applied. Always check the radius of the circle where the ferti lizers 
have been applied with a 50 cm wooden gauge. 

3. In year 2 increase the rad ius of the circle to be fertilized to 100 cm. (Check using a wooden 
gauge). Be sure to weed, cultivate, (two to three cm deep) and level the soil in the circle before 
evenly broadcasting the fertilizers. 

4. In year 3, increase the radius of the circle to be fertilized to 150 cm and for year 4 onwards 
to 200 cm (Fig 4). Check using a wooden gauge. Remove LCC growing within the circle before 
broadcasting the fertili zers. 

5-6. Once all the fertilizers have been broadcast (always broadcast Urea or Ammonium Sulphate 
last) incorporate the ferti lizers with the soil by raking slightly. 

REMARKS: 

a. One month prior to applying fertilizer, tell all the farmer groups about the schedule and make 
arrangements for the transport and delivery of all the fert ilizers required. Deliver the fertilizers to 
the farmer 's house or to the farmers' field shed at least two weeks before application. 

b. A day before fertilizer application, demonstrate to the farmer group how to apply the 
fertilizers properly and explain when to apply them (i.e. twice a year, at the beginning and towards 
the end of the rainy season). 

c. Provide farmer groups with a copy of the table in ANNEX 12 on the rates for all fer tilizers 
from year 1 to 4. From years 1 - 4 make sure that coconut trees are growing according to standards 
(see method of checking growth in ANNEX 23). 

d. Start leaf sampling for leaf analysis in year 4 (three years old) to determine the exact 
fert ilizers and rate requirement of the block for the following years. 
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PLATE8.9 

MINERAL DEfICIENCIES, MAJOR ELEMENTS 
(Nitrogen, Potassium and Magnesium) 

1. A nitrogen-deficient coconut palm. Observe the general yellowing of all leaves. The color 
of the leaves is at first yellowish-green turning to.golden yellow as the deficiency progresses . In 
the advanced stage, many inflorescences are aborted and the number of female flowers is low or 
nil ; the tree is quite stunted in growth and the stem tapers off in a "pencil point" way. The crown 
bears a small number of short yellowish leaves. 

2. A close-up of healthy leaflets (dark green) and nitrogen-deficient (golden yellow) leaflets 
with necrosis increasing towards the advanced stage of nitrogen-deficiency. 

3. A potassium-deficient coconut palm. Observe the different color tones of the leaves: there 
i's general yellowing of the tree, but the younger leaves are still quite green, whereas the lower older 
leaves are hanging down and reddish-orange. Newly emitted leaves are short; the number of 
inflorescences and nuts is low: 

4. A close-up of a healthy leaflet (dark green) and potassium-deficient leaflets (green to 
yellowish with numerous, tiny, dark, rust-like spots, in linear arrangement along the midrib on 
either or both sides of the leaflet). Eventually, these numerous rust-like spots are distributed over 
the whole leaflet. 

5. A coconut palm severely affected by magnesium deficiency. Observe how the leaves in the 
lower half of the crown are bright yellow while the leaves on the upper half are green. Note also 
how the bases of the leaflets (nearest the leaf petiole) remain green (see arrow). Yellowing of the 
leaflets starts from the tip moving up towards the petiole. 

6. A close-up of a healthy (dark green) and medium magnesium-deficient leaflets. Observe the 
characteristic symptom on the affected leaflet, at an early stage: yellowing of the side exposed to 
the sunlight while the unexposed side remains green. Note also the rapid drying of leaflets, red
brown in color starting from the tip towards the petiole in the advanced stage. 

REMARKS: 

a. For nitrogen-deficient trees, apply nitrogenous fertilizer, e.g. Urea or Ammonium Sulphate, 
at the start of the rainy season. Establishment of a good legume cover also helps to improve the 
condition of the trees. 

b. For potassium-deficient trees, apply Potassium Chloride fertilizer at the start of the rainy 
season. 

c. For magnesium-deficient trees, apply Kieserite (Magnesium Sulphate) or Dolomite (Mag-
nesium and Calcium Carbonate) fertilizer at the start of the rainy season. 

d. If cattle manure is available in the area, use it as fertilizer in the circle. Collect dried manure, 
pulverize it and spread it evenly in the circle at the start of the rainy season: about+/- 10 kg/tree/ 
year. 
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PLATE 8.9 



176 

PLAIB 8.10 
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PLATE8.10 

MINERAL DEFICIENCIES, MINOR ELEMENTS 
(Boron, Sulphur, Copper and Iron) 

1. A young coconut palm showing severe boron deficiency symptoms. Observe the much 
shortened petioles with practically no leaflets emitted. Notice also how the leaflets stick together 
like a fan. 

la. Observe another boron deficiency symptom (the separated leaflets become zig-zag shaped 
near the tips) . This type of symptom is very common in fields affected by this deficiency. 

2. A young coconut palm showing an advanced stage of sulphur deficiency. Notice how the 
color of the leaflets turns from dark green to yellow-orange, particularly in the lower, older leaves. 
In addition to this change in color, the tips of the leaflets dry up prematurely. 

3. A young coconut palm showing severe copper deficiency symptoms. Observe how the 
upper, younger leaves turn greenish-white and all the petioles are in an arc-like shape, losing 
turgidity. Copper deficiency is common in deep peat soils. 

3a. A close-up of copper-deficient leaflets.Note how the tips of the leaflets dry prematurely and 
change in color from dark green to whitish-yellow from the tips of the leaflets towards the petiole. 
Note also how the lamina along the midrib remains green. 

4. A young coconut palm showing typical iron deficiency symptoms. Observe how the color 
of the upper younger leaves turns from dark green to yellowish-green (general yellowing or 
chlorosis). Iron deficiency has been observed in deep peat soils in the first year after planting. 

4a. A close-up of an iron deficient leaflet (Fe-). Observe the general chlorosis condition in 
comparison with the copper-deficient leaflet (Cu-) where there is also chlorosis but where the 
tissues nearest the midrib remain dark green. Observe carefully the dark green leaflet (center) 
which contains normal amounts of iron (Fe+) and copper (Cu+) . 

REMARKS: 

a. For high boron deficiency , apply borax at the start of the rainy season at the rate of 75 gr/ 
tree/year for two-year olds or 100 gr/tree/year for trees of three years or more. 

b. For sulphur-deficient trees, apply fertilizers containing sulphur, e.g. Ammonium Sulphate, 
Potassium Sulphate or Kieserite, at the start of the rainy season. 

c. For copper-deficient trees, apply Copper Sulphate fertilizer at the start of the rainy season. 
On trees more than o'ne year old, up to 150 gr/tree/year may be applied. 

d. For iron-deficient trees, apply Iron Sulphate fertilizer at the start of the rainy season at the 
rate of 100 gr/tree in year l , 200 gr/tree in year 2 and onwards in a single annual application. 
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PLATE8.11 

CIRCLE WEEDING AND MULCHING 

1. Circle weeding and mulching are two inl.portant maintenance activities that have to be 
carried out when LCC is already well established and when the coconut palms are three years old 
or more. Circle weed by cutting back the LCC vines with a sharp machete to a radius of two meters 
around the tree. 

2. Spread out the cut vines within the circle to serve as mulch . 

3-4 Dried coconut leaves may also be used as mulch , especially when LCC growth is decreasing 
or is thinning out. Just leave dried leaves rotting in the circle. Never remove them even for fertilizer 
applications (apply on top). 

5-6. During the dry season, just let the LCC vines creep over the dried coconut leaves. This wil1 
enhance the mulching of the circle, thereby preventing the growth of weeds, soil erosion and Joss 
of moisture and, at the same time, will regulate soil temperature. 

REMARKS: 

a. Hoeing weeds within the circle is not allowed when trees are two years old or older because 
many superficial lateral roots may be cut by doing so . 

b. Cut back LCC vines within the circle at 2 month intervals during the rainy season, and every 
three or four months during the dry season, or as often as needed, i.e. when LCC vines start to climb 
the coconut tree. 

c. Maintain the radius of the circle at: 

- 150 cm for year 3, and 
- 200 cm for year 4 and onwards. 

d. In areas where the dry season is severe, the circles must be kept clean, mostly in years 1 and 
2, to prevent fire damage. 
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PLAIB 8.11 

Photos by R. Bourgoing 
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PLATE 8.12 
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PLATE 8.12 

CONTROLLING CHROMOLAENA ODORATA AND 
MIMOSA INVISA WEEDS 

1-2. Chromolaena and Mimosa are strong competitors of Pueraria javanica. Observe in these 
two pictures how Chromolaena and Mimosa grow luxuriantly above the well-established legLime 
cover crop. 

3-5. Uproot these weeds every tlu·ee months during years 1 and 2 and every six months in 
succeeding years until no more Chromolaena or Mimosa are growing in the field . Be sure to pull 
out as many roots as possible. Pile up all uprooted weeds with the roots upwards for rapid drying 
and to prevent the roots coming into contact with the soil again. Other weeds such as Mikania 
micrantha should be eradicated by digging them out with a hoe. 
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PLATE8.13 

CONTROLLING IMPERATA CYLINDRICA AND LCC 
IN FLAT AREAS WITH A ROLLER 

1. Construct a roller using a gasoline drum (200 1 capacity). The following materials are 
required: 

- 1 cylindrical iron bar, 15 mm in diameter and 110 cm in length to serve as the axle passing 
through the drum 

- 2 bearings, with an external diameter of 60 mm, to be soldered at the two ends of the iron 
bar (axle) or directly to the drum (see Figs. 2 and 3). 

- 1 iron water pipe, 25 mm in diameter and 6 m long to serve as a handle (see Fig. 5). 
- 3 cylindrical iron bars, 15 mm in diameter and 28 cm long to serve as spokes to strengthen 

the axle (see Fig. 1). 

la. If bearings are not available, they can be replaced with a simple iron pipe, 20 mm in diameter, 
soldered to the drum and spokes in an axial position. Then , insert the axle, lubricated with grease 
in the pipe. 

2-3. Observe closely how the bearings are soldered to the drum. 

4. Fill the roller drum a third full with water (about 60-70 liters) to provide enough weight to 
p1:ess down lmperata and LCC and to facilitate rolling of the drum. 

5-7. Observe how the drum roller is used. It can be pulled (5) or pushed (6 and 7) by the farmer 
or drawn by a work animal if the handle is constructed as in Fig. 6. 

REMARKS: 

a. Roll down LCC and lmperata at two months interval if lmperata is growing sporadically; 
once a month if lmperata is competing severely with LCC as shown in Fig. 6. Stop rolling during 
the dry months. 

b. Once the field is rolled properly, Imperata will dry out. The LCC will spread eventually 
keeping the field free of lmperata and covered with cover crop. 

c. When the coconut palms shade the cover crop, Imperata may grow again : roll at two months 
intervals. 

d. Trunks of coconuts or other trees can also be used as rollers. 

e. It can happen that LCC becomes scarce from year 6 onwards and by then rolling is less 
efficient for controlling weeds. It is best to establish two rows of Moghania 2.0 m apart in the 
middle of the inter-row in flat areas. On slopes, see remarks Plate 8.19. Continue rolling until the 
Moghania reaches the adult stage. 

ROLLI NG OF INTER- ROW ONLY: 

- MAN DRAWN, 4,000 M2 IMAN-DAY = A 4-M-WIDE STRIP ON 0.70 HA PLANTING 

- ANIMAL DRAWN, 8,000 M2 I MAN-DAY= A 4-M-WIDE STRIP ON 1.40 HA PLANTING. 
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PLATE 8.13 

Pholo s by R. Bourgoing 
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PLATE 8.14 

METHOD OF ROLLING IMPERATA CYLINDRICA 
AND LCC IN THE INTER-ROW 

1. When the legume cover crop fully covers the planting row (i.e. a 2 m wide strip) and is 
spreading out into the interrow, about one-and-a-half months after sowing, roll the Imperata in the 
inter-row for the first time. However, do not roll the whole inter-row yet but only the Imperata 
nearest the LCC strip. Only "drum roll" each side of the LCC sfrip once (red line of Fig. 2), to allow 
the LCC vines to climb onto the rolled Imperata. Three-and-a-half months after LCC sowing, roll 
the whole inter-row (see blue and green lines; Fig. 2). If necessary, roll the whole inter-row a third 
time four-and a-half months after sowing LCC . Do this during the rainy season, when the Imperata 

leaves are young and readily bent when rolled. LCC also grows rapidly during the rainy months. 

2. Follow this method of rolling the inter-row strictly for more efficient coverage of the whole 
inter-row. Follow the movement as indicated by the arrows . Make at least three complete rounds 
(or six passes) per inter-row. Ensure that each pass overlaps the preceding one. 



186 
PLATE 8.15 

CONTROLLING IMPERATA CYLINDRICA AND LCC 
IN SLOPING AREAS WITH A FLATBOARD 

1-3. Take a wooden plank about 1.0 meter long and 30 cm wide. At both ends, tie a rope long 
enough to carry the plank without too much effor t. Press down Imperata and LCC while moving 
down the slope. Proceed as if going downstairs. -

4. Observe closely how Imperata is pressed down by the wooden plank. 

5. A close-up of the dried leaves and of new leaves coming up three v\eeks after pressing down. 
Note also how the LCC creeps over the bent Imp erata leaves. 

REMARKS: 

Press down Imperata and LCC every 45 days to eradicate Imp erata and enhance the rapid growth 
and establishment of LCC. 

2000 M2 I M A N - D A Y 
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PLATE 8.15 
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PLATE 8.16 

Photos by R. Bourgoing 
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PLATE 8.16 

LEAF SAMPLING - 1 : 
ESTABLISHING LEAF SAMPLING UNIT (LSU) 

AND DETERMINING FROND No. 14 

1. As soon as the LSU is established and the trees are marked, start determining the leaf from 
which leaf samples will be taken, i.e. leaf no. 14. To identify leaf no. 14 correctly, first look for the 
leaf bearing an inflorescence that is about to open or has just opened (see arrow), i,e. leaf rio . 9. 
Below this leaf, either to the left or right depending on the leaf spiral, is leaf no. 14, which bears 
fist-sized nuts (about three to four months old). 

2-3. Observe closely the spiralling of the leaves to the left, starting from leaf number 1 then 4, 
9 and 14. Note also that leaf no. 9 bears inflorescence that is about to open, and that leaf no. 14 bears 
fist-sized nuts. 

4. Close-up of leaf no. 9 bearing a newly-opened inflorescence. 

5. Close-up of leaf no. 14 bearing fist-sized nuts . 

REMARKS: 

a. In year 4 after planting, when the trees are between three and foi.n years old, start establishing 
the leaf sampling unit (LSU) as follows: 

* for every 50 ha planting block, set up the leaf sampling unit at the center of the block or 
select a spot which is representative of the block, regarding soil type, coconut variety, age 
of trees, and vigor of trees. 

* determine which 25 tre~s are to be sampled by taking four alternate rows and five alternate 
trees per row as showr'l below: 

. . .. . .. •. 

: : : : : : : : : : : : : : : : : : : ':: ; . ; . ~ . ~ ,: ~ . : : . . . . . . . . . . . . . . . . . . . . . . . . . . ; .... · .. · .. . . . . . . . . . 
• • • • .. 0 0 • • • • 

•. 

. . . 

...• · ....... . . . . . 
0 •• : •••••• 0:. .. ...... . 
·> ~·~:. : .:~ :: 
• Selected area • • • . . . - .... ./'. 

. . . . . . . . . .. 

b. However, if the alternate tree is pest-ridden or diseased, or a replacement tree, select the 
adjacent tree on the same row. 

c. Mark the trees by placing numbers 1 to 25 with paint on the stem. 

d. Monitor these trees for as long as necessary. 
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PLATE 8.17 

LEAF SAMPLING - 2: 
COLLECTING LEAF SAMPLES 

1. Before collecting leaf samples in the LSU, prepare the following materials first: harvesting 

pole, a stove (kerosene burner), oven, pruning scissors, a bottle of distilled water, a box of tissue 
paper, and for each sample of 25 trees (one plastic bag, 30 x 20 cm for packing, 2 brown envelops 
for dried samples). 

2-3. Measure the girth of all numbered sample trees in the LSU five cm above the level where 
roots emanate. Record the average girth in the "Block Information Data Form" (ANNEX 17). At 

the same time, also add other informations asked for in the form. 

4. On each tree, select the leaflets in the middle of leaf no. 14 cut two leaflets on the left side 
of the leaf and the two opposite leaflets on the right side. 

5. Measure 15 cm in length, in the middle of the cut leaflets, then cut it off with pruning scissors. 

6. Place all the sections for one leaf sample in one plastic bag (30 x 20 cm) containing the two 
labels of the sample as shown in this figure . 

REMARKS: 

a. The number of the leaffrom which samples will be taken depends on: (i) variety and (ii) age 

of the coconut palm. As a guideline, see the relation between variety, age and leaf number in the 
table below: 

Age of coconut (year) 

Hybrid Coconut Tall Coconut 
No. of Sampled Leaf 

3 - 4 years 5 - 7 years Leaf 9 
5 years and above 8 years and above Leaf 14 

b. If leaflets in leaf no. 14 are lwavily damaged by pest or disease, take leaf sample from leaf 
no. 9. 

c. Collect leaf samples in the middle of the dry season at least tlu·ee months after the last 
fertilizer application. 

d. Collect leaf samples between 7 a.m. and 11 a.m. 

e. Delay collection of leaf samples for 48 hours after rainfall of more than 20 imn. 
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PLATE8.18 

LEAF SAMPLING - 3 : 
PREPARING LEAF SAMPLES FOR DRYING 

1. Tissue paper and distilled water are needed to clean the leaflet sections before drying. 

2. Take a section ofleaflet by the midrib, then press the two sides of the leaflet together between 
thumb and forefinger. Using the nails of the thumb or forefinger of the other hand, rip off the edges 
of the leaflet (about 2.0 mm wide) and throw the midrid away. 

3. Then rip the lamina clearly away from the midrib and throw the midrib away. 

4. Separate the two pieces of lamina obtained: one to the left and one to the right, thereby 
starting two sample piles. Do the same for all the other leaflet sections until the left and right 
samples for the LSU are completed. Do the same for samples of other LSUs. Identify each sample 
with the conesponding Sample Label which must accompany the sample at all times including 
during drying. 

5. Once the midribs and edges have been removed, clean both surfaces of each lamina strip 
using tissue paper, moistened with distilled water. Replace tissue paper as often as necessary . 

6. Close-up of a pile of lamina already cleaned, ready for drying. 

REMARKS: 

Before starting to prepare the samples, ensure that the labels relevent to the block and the samples 
are ready. 
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PLATE8.19 

LEAF SAMPLING - 4 : 
DRYING LEAF SAMPLES 

1. Put each cleaned sample with its label inside a cloth bag (22 x 17 cm). 

2. Hang the cloth bag, open, inside the oven. 

3. Dry the sample for 10 hours at 70 - 80° C. 

4. Close-up of a well dried sample. Note the grey-brown color of the leaves. Also note the 
presence of the accompanying label. 

5. Pack each dried sample in a plastic bag ( 15 x 20 cm) and place the packed sample in a brown 
envelope (15 x 23 cm). Write all the necessary data required on the brown envelope. The sample 
is now ready for mailing or storage. 

REMARKS: 

a. Do not dry the two samples (i.e. left and right lamina) at the same time to avoid losing both 
if the oven overheats. 

b. A well-dried sample has a characteristic crackling sound when pressed with the hand. 
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PLATE8.20 

LEAF SAMPLING - 5: 
PACKING LEAF SAMPLES 

1. Insert the dried sample into a plastic bag together with the.label. Observe the presence of the 
other sample (i.e. other half of the same leaflets) ready for placing in the plastic bag. Note also the 
two brown envelopes marked as follows: · 

- Province of Origin 
- Name of Unit 
- Number of Sample 
- Left or Right Sample 

2. Once the dried sample has been placed in the plastic bag seal the bag, by squeezing the two 
edges together and passing it through the flame of a candle. 

3. Close-up of a properly packed sample with the label placed inside the plastic bag. 

4. Insert this plastic-packed sample into the brown envelope bearing the data required. Insert 
also the "Block Information Data Form". 

5. · Close-up of completely packed left and right leaf samples. Send all samples directly to the 
Provincial Office. The Provincial Office will send one of each set of two samples to the designated 
leaf sampling laboratory and store the duplicates for future reference. 

REMARKS: 

a. Pack all samples to be sent to the Provincial Office in a hard cardboard box. 

b. Always send samples as scheduled. 
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PLATES.21 

CULTURAL AND MECHANICAL CONTROL OF ORYCTES 

1. Before a coconut area is to be replanted all the old coconut palms have to be felled. Ensure 
that all the coconut trunks are properly disposed of as shown in Plates 3.7 and 3.8 . 

2. · If trunks are not properly disposed of but just left to rot in the field, they will probably 
become the breeding sites of Oryctes beetle which can severely damage newly planted coconuts. 

3. A close-up of Oryctes rhinoceros larvae. 

4. Observe how an adult Oryctes beetle causes damage to the unopened leaf (spear) of a young 
coconut tree. Observe further how the adult beetle is boring down the spear towards tl1e growing . 
point. 

4a. A close-up of an adult beetle actively boring the spear. 

5. Control adult Oryctes beetles mechanically by piercing them with an iron hook (a), 
straightened out and soldered to an iron wire (b), about 20 cm in length. Make at least two survey 
rounds per week if infestation is low. Or daily if infestation is high. 

6. Oryctes infestation can also be reduced by providing LCC cover on all felled trunks, thus 
preventing Oryctes from breeding on them. · 
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PLATE 8.21 
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PLATE 8.22 

Photos by R. Bourgoing 
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PLATES.22 

LIGHTNING DAMAGE 

1. A hybrid coconut struck by lightning. Observe how the upper leaves turned brown and the 

reddish liquid oozes out and drips down the trunk within a week of being struck by lightning. 

2-3. Soon after, all the leaves will dry out and fall. At this stage, cut the tree so as to eliminate 

a possible breeding site for Rhynchophorus beetle. 

4. If the tree is not cut immediately, after being struck by lightning, there is a high possibility 
of Rhynchophorus infestation at the upper end of the trunk. When cutting down lightning affected 

trees, always open up the upper end of the trunk and look for the presence of Rhynchophorus larvae 
and adults. 

5. A close-up of a Rhynchophorus larva. Observe how it is embedded in the fibers of the 
coconut trunk. If larvae are present, destroy them immediately. 

6. Observe the base of the trunk where the section has a normal coloration and does not show 
any symptom of disease. 

7-8 . Cut the trunk into four lengths, split open, then pile and dry them. Once dried, cover the pile 
with dried coconut leaves and burn it. 
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PLATE8.23 

CONTROLLING SOIL EROSION 

1. Soil erosion is likely to occur if coconuts are grown in sloping areas devoid of vegetation, 
especially legume cover crops. In such a situation, it is necessary to reduce the effects of erosion 
by constructing individual terraces (see arrow) and trenches (see Figs. 4 and 6). 

2. Before constructing trenches prepare a 2 meter long wooden gauge. On one end, measure 
and mark 40 cm to measure the width and depth of the trench. 

3. Dig the trench about 80 cm on the upper slope of the individual terrace (i.e. higher portion 
of the slope) to serve as a catchment basin for any washed-out soil during heavy rains. Mark the 
l~ngth (2.0 meters) and width (40 cm) of the trench. · 

4-5. Dig the trench to a depth of 40 cm. Place dug soil on the front of the tenace to make it higher 
(Sa). In this way, soil and water are trapped and prevented from running downhill. 

6. Observe carefully how the trench is constructed on the upperside of the te1Tace, about 80 cm 
from the back wall of the terrace. Always maintain the depth of the trench by removing the soil (silt) 
before the trench is filled up and use this soil to consolidate the lower part of the terrace. 

REMARKS: 

a. When slopes exceed 30% and when there is poor legume cover, make the trench five meters 
long, then plant Moghania hedges across the slope at 10-meter intervals. Keep the Moghania 
hedges one meter high by pruning them at least twice a year. Place the pruned branches of 
Moghania on the upper side of the hedge to make a stronger barrier against erosion. For slopes with 
a gradient of less than 30 % establish the Moghania hedges 20 m apart across the slope. 

b. If Moghania has not been yet established down the front part of the terrace (see Plate 3.18, 
Fig. 7), sow it at this stage. 
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PLATE 8.23 

Pho tos by R. Bourgoing 



204 

;hotos by R. Bourgoing 



205 
PLATE8.24 

HARVESTING PUERARIA JAVANICA SEEDS 

1-4. Pueraria javanica starts to produce seeds two years after sowing. Only mature pods should 
be harvested, i.e pods which are brownish in color. Do not wait for the pods to turn black before 
picking because when this stage is reached·, the pods will open and seeds will drop to the soil. 

5. Spread out the harvested pods thinly on a mat or empty fertilizer sacks and dry them in the 
sun for at least a week. 

6. Remove all the seeds from the pods by crushing the dried pods manually. Dry the seeds in 
the sun for a few hours more before packing them. 

REMARKS: 

Once the seeds are fully dried (brownish to black in color) they can be used immediately to supply 
those parts of the field where Pueraria failed to grow. They can also be stored (but not for more 
than six months for a germination rate of 80%) in a dry, well-ventilated place, not in contact with 
the ground. They can also be packed in jute or plastic sacks for sale to other farmers or to the Project 
itself. 
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PLATES.25 

FIELD IDENTIFICATION 

1. Place a field identification signboard at the boundary of each farmer 's field. It should bear 
the following information : / 

- Name of Farmer 

- Farmer's Registration Number 

- Hectarage 

- Planting Year 

- Location 

- P.M.U. 

The sign board should be made of galvanized iron sheet ( 30 cm x 20 cm x 1.5 mm), painted yellow, 
with black writing, attached to a 1.6 m long profile iron bar (15 mm thick). 

2. At the corners of the farmers field erect wooden markers ( 2.20 m long wooden post, driven 
into the soil to a depth of 50 cm, with the upper tip of the post painted red ). Write the names of 
the farmers concerned, each name facing the corresponding field. 
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PLATE 8.25 
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PLATE 8.26 
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PLATE8.26 

FIRE BREAK 

1. Open firebreaks around the block to be planted. Cut down shrubs, lmperata cylindrica, and 
other weeds on a strip five to seven meters wide. Allow these to dry in the sun. 

2. After two weeks, burn these dried materials on the strip. Keep watch and control it to prevent 
the fire from spreading to the planted area. 

REMARKS: 

Every year, open firebreaks one month after the onset of the dry season when the cover crop is still 
moist, so as to lessen the risk of accidentally setting fire to' the coconut plantings. 
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PLATE 8.27 

CHEMICAL CONTROL OF COCONUT PESTS BY 
ROOT ABSORPTION TECHNIQUE 
1. Equipment and materials required: systemic insecticide, protective rubber gloves and mask, 
plastik bags (15 x 4cm), wire 8cm long (thin, flexible , and easily twisted), plastic syringe (20-40 
ml capacity), long needle, one small knife and one large machete, water (for diluting or washing), 
forked sticks (small branch, bamboo, pieces of frond rachis) . 
2. Measure about a meter (or one long stride) from the bole of the tree to locate the place for 
digging the hole. 
3. Dig the soil with the large machete avoiding injury to roots. Make sure not to break the roots 
during the process of digging. 
4. Select a healthy root i.e. reddish brown in color about 0.8 mm minimum diameter. Clean root 
of soil and rootlets for a length of about 20 cm. With a sharp knife cut the root perpendicularly. 
5. Insert the cut root into the plastic bag. Make sure that the cut-end of the root is touching the 
bottom of the plastic bag. Tie the mouth of the plastic bag with wire. 
6. With a syringe and needle, suck-in the undiluted pe ticide from its container, or transfer 
pesticide to a convenient container where the liquid could be readily sucked by the syringe without 
needle. 
7. Inject the required volume of pesticide into the plastic bag. (Note: pesticide can also be 
placed into the plastic bag at an angle of 30-40° using a small forked stick so that the liquid will 
not spill out and to enable the root to absorb all the pesticide. 
8. Cover the hole with dried coconut leaves to hide it from animals and people. 
9. The following day check for pesticide absorption. If completely absorbed (2-7 hours 
complete absorption during the dry months, 1-2 days during the rainy months) fill the hole with 
soil to enable the root to grow again. 

REMARKS: 

a. Root absorption technique offers many advantages over other methods of chemical 
application to coconut pest: high effectiveness, good distribution to all parts of the tree, more 
flexibility in the timing of treatments, no contamination of the environment and does not kill 
parasites and predators, kills only the targeted pest. 
b. One man can treat about 40 trees per day. 
c. A day or two before treating the trees, all mature nuts should be harvested. Then wait for two 
months after treatment before harvesting nuts again. 
d. DO NOT EAT COCONUT MEAT NOR DRINK COCONUT WATER FROM TREATED 
TREES WITHIN TWO MONTHS OF TREATMENT. 
e. Control larvae of leaf feeding insects (e.g. Zanxippa catoxantha (Artona), Parasa Lepida, 
Setora nitens, Chalcocelis albiguttata, etc.) at their l st or 2nd larval stage of development. Apply 
monocrotopho; insecticide at 5 gr. a.i per root per tree. 
f. Control young nymphs of Sexava sp. with Gusadrin 150 WCS (monocrotophos) at 30 ml 
per root per tree. Apply a second treatment after 3 months. 
g. Control budrot and premature nutfall diseases (caused by the fungus Phytophthora palmi· 
vora) with Aliette 100 CA (Aluminium phosetyl) at 60 cc of concentrated solution per root per 
year. Cut and burn infected trees first before treating apparently healthy looking adjacent tr~es. 

NO AMOUNT OF CHEMICAL CONTROL lS EFFECTIVE lF BUDROT AFFECTED 
TREES ARE LEFT UNCUT AND UNBURNED 
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PLATE 8.28 

Photos by R. Desmier de Chesnon l:J. D. Benigno&: R. Bourgoing 
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PLATE 8.28 

COMMON INSECT PESTS OF COCONUT - 1 

1. A close-up of Darna trima (Moore) larva 

2. Larvae of Darna catenata 

3. Larvae of Ploneta diducta (Snellen) 

4. Larvae of Parasa lep ida (Cramer) 

5. Larva of Setora nitens (Walker) 

6. Larva of Thosea vetusta (Walker) 

7. Larva of Thosea bisura (Moore) 

8. Larvae of Thosea asigna (Moore) 

9. Hybrid coconut showing skeletonized leaflets due to larvae feedings. 

10. Healthy hybrid coconut 

REMARKS: 

See ANNEX 24 for the recommended control measures. 
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PLATE 8.29 

COMMON INSECT PESTS OF COCONUT - 2 

1. Adult Artona catoxantha 

2. Larvae of Artona catoxantha 

3. Larvae feeding of Artona catoxantha 

4. Larvae of Hidari irava 

5. Feeding damage by Hidari irava (Moore) 

6. Larvae of Chalcocelis albiguttata (Snellen) 

7. Larvae of Mahasena corbetti (Tams) and feeding damage. 

8. Left to right: healthy and damaged female flowers (buttons) . 

9. Larvae of Thirathaba rufivena (Walker) coming out of a damaged female flower. 

10. Male flowers damaged by Thirathaba rufivena(Walker) 

REMARKS: 

See ANNEX 24 for the recommended control measures. 
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PLATE 8.29 

Photos by D. Benigno 
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.PLATE 8.30 

Pholos by R. Dcsmier de Chesnon & IRHO 
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PLATE 8.30 

COMMON INSECT PESTS OF COCONUT - 3 

1. Damage caused by the scale insect Aspidiotus destructor (Signoret). Observe closely the 
yellowish spot on the upper surface of leaflets. 

2-3. Scale insects feeding on the lower surface of leaflets. 

4. A polybagged seedling attacked by termites Captotermes curviguathus (Holmgren) . . 
AITow shows the clay runway built by the termites starting from the roots moving up the stem 
and leaves. 

5. Another species of scale insect. Eucalymnatus tessellatus (Signoret), feeding on the 
lower surface of leaflets. 

6. Mealy bugs, Pseudococcus sp. feeding on fronds and flower spadix of coconuts. 

7. Nuts showing black areas due to heavy feedings of the mites C olomerus novaehebriden
sis (Keifer). 

8. Young and wingless female aphid, Hysteroneura setariae (Thos.) feeding on coconut 
seedling. 

9. Hight population of another species of aphid, Astegopterix nipae (V. de Goot) feeding on 
fronds of young or mature coconuts. 

10. Whiteflies, Aleurodicus destructor (Mackie), feeding on fronds of young or nature coco-
nuts. Whiteflies are important pests in dry areas. 

11. Third and fourth larva instars of Stephanitis typicus (Disbut) feeding on young leaflets. 

12. Feeding damage by Stephanitis 

13. Larvae and pupae of Aleurocanthus gateri (Corbett). 

14. Polybagged hybrid seedling showing yellowed leaves (left) due to feedings of the nuts 
Tetranychus piercei (Mc. Gregor). Seedling on the right is a healthy one. 

15. A highly magnified Tetranychus piercei (Mc. Gregor) as seen through binocular lense. 

16. Empty skins (looks like white dust) of larvae and nymphs as seen by the naked eye on 
lower surface of leaflets. 

REMARKS: 

See ANNEX 24 for the recommended control measures. 
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PLATE 8.31 

COMMON INSECT PESTS OF COCONUT - 4 

1-3. Adult, nymph and egg of Sexava nubila. 

4-6. Three different species of Rhynchophorus beetle: (4) R.ferrugineus, (5) R. bilineatus, (6) 
R . schach. 

7. Pupa of R. schach. 

8-9. Two varieties of Brontispa beetle: (8) B. Longissima var.javanica, and (9) B. longissima 
var. selebensis. 

10. Adult beetle and larvae of B . longissima var. javanica. 

11. Hybrid coconut seedling damaged by Plesispa reichei. 

12. Adult P. reichei. 

13-14. Adult and larvae of Exopholis hypoleuca. 

15. Premature yellowing and drying ofleaflets due to larval feedings of Exopholis on the roots 
of young hybrid palms. 

REMARKS: 

See ANNEX 24 for the recommended control measures. 
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PLATE 8.31 

Photos by R. Desmier de Chesnon 



220 

PLATE 8.32 



1. Helminthosporium leafspot. 
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PLATE 8.32 

MAJOR DISEASES OF COCONUT IN 
THE NURSERY AND FIELD 

Leaf of a coconut hybrid seedling showing numerous brown spot caused by the fungus 
Helminthosporium sp. 

2. Gray leafspot. 
Close-up of spot caused by the fungus Pestalotia palmarum on the leaf of hybrid seedling. The 
presence of numerous, tiny, black spot at the center of the spot is the characteristic sign of 
Pestalotia infection. 

3. Stem rot. 
Base of a hybrid seedling showing white mycelia and fructifications (see arrow) of the fungus 
Marasmius palmivorus sharples. 

4-5 . Dry budrot. 
Cross-section of a 7 month old hybrid seedling showing numerous coarse, lightbrown spot on the 
petioles caused by micoplasma like organism (MLO). Infected seedling die a few months after 
infection. 

6-8. Phytophthora budrot. 
A coconut palm showing wilted spear due to the rotting of cabbage. When the cabbage is cut 
crosswise, soft watery tissues can be seen with an obnoxious odor (Figure 8). 

9-11. Stem bleeding. 
Brownish watery substance ooze out from the stem about 0.5 to 1.0 meter from soil level. At this 
stage, the inner part of the trunk is already rotted due to attack by the fungu s Ceratocystis 
paradoxa. 

REMARKS: 

See ANNEX 25 for the recommended control measures. 
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PLATE 9.1 

HARVESTING MATURE NUTS 

1. To harvest mature nuts , the following equipment and materials are required : 
1 long bamboo pole with a sharp sickle attached to one end for cutting the bunch 
1 portable nut dehusker 
1 jute sack, for dehusked nuts 
1 small machete 

2. Select the bunches with mature nuts , i.e. 2-3 nuts with brownish-grey epidermis. This 
coloration indicates that the nuts in the bunch arc already 12 to 13 months old , the right age for 
obtaining maximum copra weight and oil content per nut. Cut two to three bunches per harvest per 
tree at 2 months intervals. Be sure not to cut the frond supporting the bunch. 

3-4. Debusk nuts under the harvested tree, using the portable dehusker or spike, either with iron 
stand (Fig.3) or wood stand (Fig.4) . 

5. After dehusking all the nuts harvested from a tree, and before moving to the next tree, throw 
the husks into the legume cover around the circle, for the husks to rot in order to return the 
potassium and chlorine stored in the husk back to the soil. 

6. Place the dehusked nuts in the sack then move to the next tree and so on. When the sack is 
full, pile up dehusked nuts in convenient locations as you move thrnugh the field for easier 
collection for delivery later on. 

7. After finishing harvesting and dehusking, split the nuts in the field before transporting them 
to the copra drying area, using a small cart which can be pulled and pushed easily by 2 to 3 men. 
The cart shown is this picture can be loaded with up to 700 split nuts. 

REMARKS: 

a. Husks from a harvest of 3 tons of copra equivalent, about 14,000 nuts, when left in the field 
to rot, will return to the soil the equivalent of: 

135 kg KC! 
25 kg Kieserite 
20 kg Urea 
10 kg TSP 
5 kg Lime. 

b. If harvested nuts are to be processed the same day, it is best that you split the nuts in the circle 
under the harvested tree to remove the water and thus lighten your load . 

c. If harvested nuts are to be processed 2 or 3 days after harvest, store nuts under shade or cover 
them with dried coconut leaves. Split nuts on the day of processing. 

HARVESTING: 2,000 - 3,000 NUTS IM AND A Y 
H U S K I N G 800 - 1,200 N U T S I M A N D A Y 
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PLATE 9.1 
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PLATE9.2 

Photos B y R Bourgo ing 
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PLATE9.2 

COPRA DRYING - 1 

1. An example of a smallholder copra dryer. This type of copra dryer can dry 5,000 nuts at 
time, i .e. the required capacity for 15 hectares. To reduce the cost and time of transporting nuts, 
it is best to consttuct the copra dryer in the middle of a 15 hectare field. If a block is big, e.g. 150 
ha, construct 10 copra dryers spread out conveniently over the whole block. For the details on the 
construction and bill of materials, see ANNEX 20. 

2. A close-up view of the wire- net floor of the copra dryer, supported by strong iron bars. A 
wire-net floor such as this will allow free-flow of heat. 

3. Split husked nuts near the copra dryer. 

4. Arrange the halved nuts in layers. Observe carefullly how the halved-nuts are layered,i.e. 
in the first layer the meat is faced up, in the second and succeeding layers the meat is faced down. 

5. Observe carefully how two rows of dry shells are arranged and lit at one end to serve as a 
wick for firing. Two rows of dry shells like this one will continuously burn for 4-5 hours. Below 
are the heating schedules to follow after loading split nuts : 

lst day: lst blaze =12:00 p.m. 4:00 p.m. 
2nd blaze = 6:00 p.m. 10:00 p.m. 

2nd day: 3rd blaze = 9:00 a.m. 10:00 p.m. 
4th blaze = 6:00 p.m. 10.00 p.m. 

REMARKS:· 

a. Store the shells in a godown and allow them to dry for a week before use. 

b. Arrange shell wicks as shown below and start t!1e fire at one end marked®· 

Unit Unit II 
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PLATE 9.3 

COPRA DRYING - 2 

6. On the morning of the third day of drying, i:everse the position of the layers so that the lowest 
layer is brought up to the top and the top most layer brought down to the lowest layer. This will allow 
proper heating of all the halved-nuts. 

7. After completing these operations, heat again by firing new sets of two rows of dry coconut 
shell. Follow again this heating schedule : 

3rd day: 5th blaze = 11 :00 a.m. 
6th blaze 6:00 p.m. 

3:00 p.m. 
10:00 p.m. 

8. On the 4th day, pull out the dried meat (copra) from the shell. 

9. Check the moisture content of dried meat by cutting a I-mm-thick sliver and burning it. If 
it bums readily, the moisture cont~nt is already below 7 %, which is the desired moisture content. 
If it does not burn, the moisture content is above 10 %. If there is a crackling sound, the moisture 
content is about 7-10 %. Proceed with final drying to reach a moisture content of 7 % or less. 

9. Close-up of well dried copra from a half nut (moisture content< 7 %). 

10. Place properly dried copra ( < 7% moisture) in jute or plastic sacks. 

11. Store the sacks in an open s
1
hed with bamboo beds supported by bricks 30-40 cm above ground 

level, to protect the copra from soil moisture and insect pests and mites. 

REMARKS: 

a. During heating, partially close the dryer with galvanized iron sheet to keep the fire down 
and reduce shell consumption. 

b. Mandays required to produce 1 ton copra from 5,000 nuts : 
Harvesting = 2 md @ 2,500 nuts/md 
Husking = 5 md@ 1,000 nuts/md 
Transporting = 2 md @ 2,500 nuts/md 
Splitting and 
Loading = 4 md@ 1,250 nuts/md 
Reversing 
Drying (6x) 
Pulling out copra 
( shelling ), bagging, 
Storage 
TOTAL 

= 1 md@ 5,000 nuts/md 
= 2 md@ 2,500 nuts/rnd 

= 4 md @ 1,250 nuts/md 
= 20 md. 

c. If th copra moisture content desired is 10-15 % pull out copra just after the 5th blaze, day 3. 

d. See ANNEX 21 for another type of copra dryer, the UPLB Copra Dryer. 
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PLATE9.3 

Photos by R.Bourgoing & M.Pommier 
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PLATE 9.4 

Pho1os by R. Bourgo ing 
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PLATE9.4 

REMOVING FRESH MEAT 

1. Harvest fresh meat only if to sell the meat immediately after harvest to a nearby factory or 
to make" klentik oil" within 2-4 hours. Be sure to harvest only what is required for one day work. 

2. Split the freshly harvested nuts in two immediately , using an axe. 

3-4. Spread out a clean mat of plastic or cloth, on which the removed fresh meat should be placed. 
Remove fresh meat with a sickle-]jke spatula by inserting it between the shell and meat and forcing 
its way down by wiggling the spatula from left to right until portions or the whole part of meat 
comes away. 

5. Transport the fresh meat from tree to tree in a plastic or jute sack. 

6. Throw the husks into the legume cover crop around the circle just before moving out to the 
next tree. 

REMARKS: 

The expected incremental copra yield of 1 ha coconut hybrid (WA T x NYD) planting under 
excellent conditions of soil and climate, is shown below: 

Production Estimates Per Hectare Per Year 

Year Kg. Copra No. of Nuts 
(15% M.C) 

3-4 300 1,700 
4-5 1,000 4,500 
5-6 2,000 9,000 
6-7 2,800 12,600 
7 - 8 3,500 15,750 
8 - 9 4,100 18,450 

9 - 10 4,500 20,700 

> 10 5,000 22,500 

400 NUT S I M AN D A Y 
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PLATE 9.5 

TRADITIONAL METHOD OF MAKING "KLENTIK" OIL 

1. If you harvest fo r making klentik oil, it is best that you just remove the meat in the field , 
and carry the meat in a sack to your place of work. 

2. Grate the meat immediately and sto1;e it in a large bucket. 

3. Add warm water to the grated meat (15 liters water for every 100 nuts) and knead it. 

4-5 . Half-fill a cloth, or rattan bag, with the grated meat and extract the milk ( santan) by placing 
the bag between two wooden press . Tighten the wood press to extract as much milk as possible. 
Place a plastic basin right below the bag to catch the dripping milk. 

Remove the "cake" (i .e. milk-extracted grated meat) and place it in a bucket. Add 10 liters of water, 
then knead it again to rehydrate the cake. 

Press for a second and final time before throwing the cake away, or do it a third time following the 
same procedure as in the second pressing (for higher yield). 

6. Cook the milk for 3 hours in a big vat until klentik oil is produced. To keep oil fresh, about 
30 minutes before bottling, you may add sap-extracts of Cymbopogon winteriana Cowitt ("sereh" 
in Indonesia), at a ratio of 4 crushed stems (50 cm long and 2 cm diameter) for every 100 nuts. After 
which, filter and bottle. 

REMARKS: 

a. Cake may be used directly as animal feeds or sold for that purpose. 

b. Klentik oil, treated with Cym.bopogon sap-extract, will keep fresh for about 3 months. 

c. Instead of immediately cooking the extracted milk, ferment it overnight by adding 2 tablets 
of yeast and one tablespoonful of sugar (or just add one glass of nira or toddy) . The next day collect 
the cream floating on top of the water. Cook the cream in a large vat until klentik oil is produced. 

GRATING AND PRESSING MACHINES ' CAPACITY PER DAY, WITH THREE 
PERSONS OPERA TING = 1,000 NUTS IDA Y 

150 NUTS = 17- 20 Kg. OIL EXTRACT. 
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PLAIB9.6 
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PLATE 9.6 

IMPROVED METHOD OF MAKING "KLENTIK" OIL 

1. .Observe a close-up of the "iron pineapple" for grating coconut meat. 

2. As soon as the nuts are split in two, grate them as shown in this figure. Then mix grated meat 
with just enough water to cover it. 

3. Then press out the milk (santan) in an hydraulic press. Leave the santan stand for an hour 
or two to obtain the cream. 

4. Cook the cream for 5 hours to obtain klentik oil. 

5-6. Fry the pressed grated meat in coconut oil. After cooking, a slightly yellow coloured oil and 
a dark brown cake is obtained. 

7. Strain the cake, then press it to extract some more oil. The oil obtained from the cake is dark 
in colour and needs further processing. 

REMARK§: 

See ANNEX 22 for the general flow chart of klentik oil and cake processing. 
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PLATE 9.7 

CHARCOAL MAKING - 1 

1. Construct charcoal making equipment using an empty gasoline drum (200-liter capacity) as 

shown in this picture. Observe carefully how the drum is set-up on an iron stand. 

2. Perforate the bottom of the drum to provide aeration during burning. 

3. Observe the center of the cover where a hole is provided for the smoke to exit through an 

iron pipe. 

4. A close-up of the iron exhaust pipe. Note that the end of the pipe can be closed by screwing 

in a stopper. 

5. Dry the coconut shells in sunlight for a few days before processing them into charcoal. 
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PLATE9.7 

Photos by R. Bourgoing 
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CHARCOAL MAKING - 2 

6. Place a few dried half-shells (5) at the bottom of the drum then burn them. Once the shells 
are fully burning, add to them little by little the shells by piling shells one on top of the other until 
the drum is almost full (i.e. leaving about 10 cm space at the top of the drum). While loading, ensure 
that the drum is in an inclined position for easier piling of the shells. 
7. Once the drum is loaded, turn the drum upright. 
8. Cover the drum, checking that "smoke exhaust pipe" is left open to allow smoke to come 
out. Open the hole at the bottom of the drum for aeration (see Fig. 1). Watch for the change in col or 
of the smoke, from white to bluish. As soon as the smoke turns bluish, close the "smoke exhaust 
pipe". Also close the hole for aeration at the bottom of the drum. Do not disturb the shells in the 
drum for two hours. 
9-10. After 2 hours, open the drum by removing the cover. Allow the charcoal-shells to cool-off 
in the drum. 
11 . When cooled, store charcoal in plastic sacks ready for use or marketing. 

REMARKS: 

a. Use the visual method to check the charcoal quality: 
- It is brittle when breaking it. 
- On the break side the color is bright black. 
- From 100 kg of shells the charcoal produced reach 25-33 kg. 

b. A high quality charcoal which is required to produce activated carbon should have the 
following properties based on laboratory test: 

- Carbon content.. ..... 82.0% minimum - Volatility ........... 15.0% maximum 
- Moisture content .... 1.4% maximum - pH range ............ 4 - 10 
- Ash content. .. ...... ... 2.5% maximum -Thickness .......... 0.63 mm 

c. To increase load (capacity) per drum arrange properly the shells as follows : 
- At the bottom of the drum put one layer of halved shells, open end up, some con

taining petroleum for firing later on. 
- Pile up several layers of halved shells, bottoms up, up to 

3/4 capacity of the drum. 
- While piling the halved shells leave a small hole at the 

center of the drum to facilitate firing the shells with 
petroleum. 

- As soon as 3/4 part of the drum is filled up, set the fire. 
- When all the shells are completely burnt, fill-up the drum 

to full capacity. 
- Wait until the shells are completely burnt before cover

ing the drum, close also holes for aeration. 
- +/- 30 minutes later open the drum for cooling. -
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CHARCOAL MAKING THROUGH PYROLYSIS - 1 

1. Secure any tools that can be used for cleaning the outer and inner parts of the coconut shell 
such as shown here. 

2. Obtain a wide-mouthed carbide drum with a capacity of 100 liters, 65 cm high and 45 cm 
in diameter. Punch five holes of about 3 cm in diameter around the periphery so that gas can escape 
during heating. 

3. Make an iron bar-rod holder, as shown, for closing the mouth of the drum tightly and for 
holding it upside down during the heating process. 

4. Remove all fibers from the outer shell and all dried meat and dirt in the inner core of shell. 

5. Load the drum completely to accommodate about 21 kg of cleaned shell by fitting together 
halved shells. 

6. Cover tightly the mouth of the drum using the iron bar-rod holder shown in Fig. 3. 

7. Invert drum and bolt tightly the iron bar-rod holder. 
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PLATE9.10 

Photos by R. Bourgoing 
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PLATE 9.10 

CHARCOAL MAKING THROUGH PYROLYSIS - 2 
8. Construct a brick oven with the following dimensions : 

Height 1.20 meters 
Bottom width 

Top width 

Wall thickness 

Depth of foundation 

Mouth of oven (top) 

Fire door (bottom) 

Vents (bottom) 

1.70 meters 

1.40 meters 

0.30 meter 

0.10 meter 

0.80 x 0 .80 meter 

0.30 x 0.35 meter 

0.20 x 0.10 meter 

Fill oven with ordinary coconut shells up to 50 cm from the mouth (top) then burn these shells by 

firing at the bottom. 

9. As soon as the fire is well established, hoist and lower the drum into the oven with the aid 

of a bamboo tripod. Let the drum hang over the oven. Keep the drum in place by inserting a thick 

rail bar ( 2 meters long) into the rings (see arrow in Fig.12) , with the rail bar supported by the brick 

wall. 

10. From time to time, raise the drum to check the heating process. Fire coming out of the drum 

means the heating process is incomplete. 

11. A completed heating process, i.e. no more gas and flames coming out. 

12. Remove drum from the oven and place it on the ground to cool. Seal the bottom of the drum 

with mud to complete the process without aeration. Leave the drum to cool for an hour before 

opening to collect charcoal. 

13. Close the mouth (top) of the oven with a metal sheet. Place some mud about 10-15 cm thick 

over the edges of the metal sheet to prevent gas from escaping. Add some mud about 5 cm thick 

on the center of the metal sheet then pour water over it to hasten cooling. The presence of water 
also prevents rapid drying of mud. 

14. Close the fire-door and vents with bricks then seal them with mud also. Leave the oven to 

cool for about three hours before collecting the charcoal. 

15. Charcoal obtained from the oven has a low carbon content, about 70% with dull gray edges 
(see aITow) . 

16. Charcoal produced through pyrolysis, on the other hand, has high carbon content with shiny 

edges (see arrow) indicating high quality for industrial purposes. 

REMARKS: 
a. It is recommended that 2 or 3 drums be heated successively in a day for efficient use of the 

oven through reduction of shell consumption for heating. 

b. One drum will yield about 5 kg of high carbon content charcoal. 

c. The oven will yield about 150 kg of low carbon content charcoal. 
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PLATE 9.11 

TREATING HUSKS FOR FIBER EXTRACTION - 1 

1. Fill an empty gasoline drum ( 300-liter capacity) with about 100 liters of water. Add 1.5 
kg soda (Na OH). Mix homogeneously. 

2. Fill the drum with coconut husks. 

3-4. Cook the husks for 2-3 hours, or until all the husks have turned blackish in color, then allow 
them to cool down in the drum. 

5. Remove the epidermis of the husk by pulling it off by hand with rubber gloves. 

6. Pass the epidermis-free husks through a roller 3 to 4 times to squeeze out water and separate 
the fibers. 
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PLATE9.ll 



PLATE 9.12 
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Photos by R. Bourgoing 
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PLATE 9.12 

TREATING HUSKS FOR FIBER EXTRACTION - 2 

7. Wash rolled husks in clean water to separate the fibers from dirt and other non-fibrous 
materials. 

8. Spread out washed fibers on a clean cement floor and allow to dry for 12 or more hours. 

9-10. Once fibers are dry, wash vigorously in water with calcium hypochlorite (CaOC12), at a 
ratio of: 

100 gr fibers + 3 liters water + 9 cc CaOC12 

11. When fibers turn yellow, stop washing. Spread out the yellow fibers on the clean cement 
floor to dry. 

12. Close up of a pile of completely treated fibers ready for packing or marketing. 
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PLATE 9.13 

MAKING BROWN SUGAR FROM 
SAP OF COCONUT INFLORESCENCE -1 

1. Prepare the following materials prior to tapping: 
- 1 large sharp machete for chopping nangka wood 
- 1 small sharp machete or sickle for cutting inflorescence 
- 1 piece nangka wood to provide aroma (optional) 
- 1 bamboo tube for collecting sap (nira) 

- 1 bottle of lime for preventing acidification of nira 

- 1 bucket of water for dissolving lime 
- 1 earthen pot for storing "nangka lime decoction" 
- 1 ro ll of plastic string (raffia) for tying inflorescence and bamboo tube 
- 1 bamboo ladder for climbing the tree 

2. Make decoction of nangka and lime as follows: 
a. Chop small pieces of nangka wood (shavings),about 200 gr, and let them 

float in the bucket of water, 
b. Spread about 3 spoonfuls of lime over the shavings, 
c. Leave the shavings to float with the lime for 3 to 4 hours, 
d. After this, remove the shavings and save the decoction in the earthen jar for future 

use, 
e. Pour 15-20 cc of the decoction into each bamboo tube just before collecting nira. 

3. Locate the inflorescence most suitable for nira production. To do this, look first for petiole 
no.9, i.e. the petiole with swollen inflorescence (about to open) or newly opened. Then move 
around the tree until you are opposite a slender and long petiole bearing the inflorescence suitable 
for nira production. 

4. Tightly tie the inflorescence with raffia starting at the top and continuing to be bottom. Then, 
remove a small portibn of the bottom of the spathe to allow the inflorescence to bend more easily 
(do not remove the spathe between the peduncle and trunk). 

5. Bend the inflorescence slowly or little by little, a few degrees at a time, so as not to break 
the peduncle. Three days are necessary to bring the inflorescence to the desired bent position. Each 
time the inflorescence is bent a few degrees, tie it to a petiole to hold it in place (see arrow). As 
soon as the inflorescence is in a slightly downward position, cut the tip (8-10 cm) with a sharp knife. 

6. Immediately after cutting the tip, insert the bamboo tube containing the "nangka lime 
decoction" and keep the bamboo in place by tying it to the petiole (see arrow) . Collect nira twice 
a day (morning and late afternoon). Nira, collected in late afternoon, should be boiled lightly and 
put aside for cooking in the morning together with the nira collected that morning. 
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PLAIB 9.13 

Pholos by R. Bourgoing 
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PLATE 9.14 

?hoto~ by R Bourgomg 
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PLATE 9.14 

MAKING BROWN SUGAR FROM 
SAP OF COCONUT INFLORESCENCE - 2 

7-9. Re-tap the inflorescence each time you climb the tree to collect nira. Cut about 2-3 cm thick 
of inflorescence, after which insert a new and clean bamboo tube with the"nangka-lime decoction". 
Tie and cover the tube with plastic bag to prevent contamination with rain water and/or insects. 

10. Boil collected nira, then stir from time to time. Add a handful of freshly grated coconut meat 
or 4-5 table spoonful of coconut oil at the start of cooking to prevent the overflow of nira when it 
boils. As soon as a change in color is noticed, reduce the fire. Continue stiring and add a few grated 
kernel of Tung (kemiri) or "klentik" oil (15 - 20 cc I 25 1 nira) to prevent the sugar solution to 
overflow. 

11. When solution has thickened, remove cooking vat from stove for cooling. Continue stiring 
so that the sugar will thicken correct! y. Place sugar into barn boo moulds. The sugar blocks are now 
ready for the market. 

REMARKS: 

a. Tap inflorescence up to a month period or up to a few cm before reaching the female flowers 
(buttons) to let the inflorescence produce nuts. During the dry season, however, it is better not to 
let the tree produce nuts. 
b. If a coconut tree is to be tapped (i.e., at year 6) and at the same time allowed to produce nuts, 
additional fertilizers are required. 
c. One person can tap 25-30 trees per day. 
d. Tap only two inflorescences per tree at a time. 
e. One tree is able to produce about 1.5 liters of nira per day which is equivalent to about 300 
grams sugar. 
f. Inflorescence that is not tapped for one or two days will produce a sort of healing latex which 
prevents or stops the flow of sap. 
g. To tap a one hectare coconut field, (without sacrificing nut production), the scheme 
described below should be followed: 

* Divide the one hectare planting into 6 blocks of20-25 trees, depending on planting density. 
* Rotate tapping the blocks every two months, i.e. tap all trees in block I for two months 

(two inflorescences per tree) then let the trees rest to produce nuts. 
* Do the same for block II, up to block VI. 

By following strictly this scheme, both nuts and sugar are produced in the one hectare lot without 
reducing yield, but at the same time increasing farm income through the production of brown sugar. 
h. To tap a one hectare coconut field exclusively forthe production of nira, follow the procedure 
described below: 

* Divide the one hectare field into 4 blocks of 30 - 35 trees 
* Rotate tapping the blocks every 6 months 
*Tap the inflorescence up to 1 12 months (no production of nuts) 
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PLATE 9.15 

HYBRID COCONUTS UNDERPLANTED WITH HYBRID COCOA 

This picture shows a seven-year old hybrid coconut plantation newly underplanted with 
cocoa. Coconut was established as the main crop, at a density of 143 trees per hectare with a 
distance of 9 x 9 x 9 meters triangular, in order to avoid too heavy shade to cocoa and to ensure 
a satisfactory yield. 

Cocoa should be underplanted only when the coconut canopy allows enough sunlight to 
reach the ground, i.e., by year 7 - 8. Cocoa is planted in single row at 3 meters interval between 
coconut rows. One cocoa is planted after every palm. With this planting design, the total cocoa 
stand per hectare of coconut is 572 trees. 

REMARKS : 

a. Before planting cocoa, the legume cover is slashed along the planting strips. The LCC is left 
between the cocoa planting strips and allowed to control weeds. Once the cocoa is well established, 
the shade provided by the combination of cocoa and coconut should be adequate to suppress most 
weeds as LCC slowly disappears. 
b. Always buy hybrid cocoa seedlings from reliable nurseries. 
c. The size of the hole for planting cocoa is to ensure a quick start of growth. For clay soils, 
the size of the hole is 40 x 40 x 40 cm, while on light textured soil the size of the hole is 30x30x30 
cm. Two weeks before the scheduled planting, dig the hole according to size. Immediately after 
digging the hole, pulverize the removed top and sub-soil and add compost or dry cattle manure, 
then mix thoroughly. After this, re-fill the hole with the mixture, compact the soil. 
d. At planting time, re-dig the hole to the diameter of the poly bag and depth of the soil in the 
poly bag so that the collar of the cocoa seedling will be in the same height as the level of the soil. 
e. The young cooa trees are normally pruned to only one jorquette, after a height of about 1.20 
- 1.50 meters has been achieved. Chupon shoots wh!ch appear on the stem or trunk are periodically 
removed. 
f. Hybrid cocoas normally come into bearing in the second year after planting. 
g. Hybrid coconuts underplanted with cocoa requires proper maintenance through timely ap
plication of fertilizers for both crops. In the absence of soil analysis , the following fertilizers and 
dosages can be used for cocoa: 

* On young cocoa or during the immature stage, apply 100 gram per tree per year of TSP 
* During the production or mature stages, apply P, K, andMgatthefollowingrates(gram 

per tree per year): TSP - 150, KCL - 150, Kieserite - 50 or, Dolomite - 75. 
h. Use coconut husks from harvested nuts as mulch around the base of the cocoa plants to 
reduce the growth of weeds and conserve moisture during dry months. 
i. Underplanting cocoa in existing coconut hybrid areas maximizes land productivity. How
ever, underplanting with cocoa should be considered on fertile alluvial clays. The expected yield 
of cocoa on fertile alluvial clays ranges from 500 to 600 kilograms dry beans per hectare. 
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PLATE 9.15 

Photos by R. Bourgoing 
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PLATE 9.16 



255 
PLATE 9.16 

PROCESSING COCOA BEANS 

1. Hybrid coconut underplanted with cocoa already fruiting. Here the coconuts are at a 
density of 160 trees per hectare with a planting distance of 8.5 x 8.5 x 8.5 meters triangular while 
the cocoa tree population is about 600 trees per hectare with the planting distance mentioned in 
plate 9.15. At 9 years the coconut are now yielding 3.8 tons copra/ha while the cocoa trees, which 
are 2 1/2 years old are producing almost 300 kg dry beans/ha. 
2. Harvest only well matured pods, (the yellow or orange ones), to obtain good quality 
c?.coa. Collect the mature pods at 2 week intervals cutting the pedoncule with a sharp knife. 
Notice the jorquette of the cocoa established 1.20 m from the ground. 
3. Open the pods, without damaging the beans, as soon as possible after harvest. Eliminate 
the rachis, and pods debris as well as the black and rotten beans. Separate the beans well from 
each other. 
4-5-6. Prior to fermentation prepare 5 wooden boxes placed one above the other in a row 
(cascade). The inside dimensions of each box are 60 x 50 x 50 cm, that is enough to load 100 kg 
of beans from 1,000 pods. The bottom of the boxes is pierced with holes (~= 5 mm) 10 x 10 cm 
apart to allow juice from the muciliage to flow. Install the boxes under a shed to protect them 
from the rain. 
7. Pour the fresh beans collected in field (11.00 o'clock in the morning) in box no. 1 at the 
top of the "cascade" (Fig.5) and cover it with a sack. Add some bricks at the top to tighten the 
sack (Fig. 6). 
The fermentation starts quickly and the temperature reaches 500. The muciliage disintegrates and 
flows out at the bottom of the box. The fermentation process is completed in 5 days during which 
the beans are transferred from one box to another every day, starting from box no. l dowri to box 
no. 5. During the transfer the beans at the top of the box go to the bottom of the next box. On the 
fifth day of fermentation the beans are transferred to the drying bench. The color of the beans at 
this stage is brownish-violet. 
8-9. Sun dry the beans on top of the wooden bench (2 meters wide, 7 meters long and 70 cm 
high). The floor of the bench is covered with cloth so as to absorb humidity during the drying 
period of 6-7 days. The beans are layered 3-4 cm thick and are turned over 4 times a day. During 
the drying period, flat beans and debris are removed. 

REMARKS: 
a. Only establish one processing unit per 1 or 2 farmer groups and· organize harvesting so that 
the "cascade" processing system functions continously. 
b. All empty pods must be periodically burned or buried in the field. 
c. The fermentation is carried out to eliminate the muciliage, prevent germination and 
produce the aroma precursors. The transfer from one box to another during fermentation is 
necessary to produce homo geneously fermented cocoa beans. 
d. The beans are dried to stop the fermentation process and decrease the moisture content 
from 60 % to 8 %. During the night, protect the beans from humidity or rain. 
e. Condition the beans in plastic bags after sufficient drying. The beans produce a crackling 
sound when pressed into the hand if well dried. 
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SOIL PROFILE SURVEY FORM 
·UPLAND AREA 

LOCATION 
AREA : .. ... .. ... .. .... .... ........... Ha 

NAME OF FARMER : ...... ...... ......... .......... ............... .. ....... .......... ... . 

1 - VEGETATION 

Secondary Forest 
Shrub 

2- FLAT AREA ( 0-40 % ) 

Good drainage c:::J 
Waterlogged c:::J 

3- SLOPY AREA ( 10-40 % slope ) 

Good drainage c:::J 
Waterlogged c:::J 

4- SOIL 

a- Type : Podzolic c:::J 

Sheet Imperata 
Coconut 

Foodcrops c:::J 

Waterlogged during rainy season c:::J 

Waterlogged during rainy season c:::J 

Alluvial c:::J Latosol c:::J Ohers c:::J 

b- Soil profile: (description) : Topsoil, heavy clay, clay, light clay, sandy clay, sand, 
loam, sandy loam, gravels, stones, hardpan, ... .. 

0 - 10 cm: .... . 
11 - 30 cm: .... . 
31 - . SO cm: .... . 
51 - 80 cm: ... . . 
81 - 110 cm: .. .. . 

c- Depth : .... ..... cm ( above gravels, stones, hardpan ) 

5- WATER TABLE ( Only for flat upland area ) 

During dry season : ........ meters 

6 - POTENTIAL YIELD ESTIMATES ( Kg copra/ ha per year ) 
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Soil classes ( Refer to table in ANNEX 3 for soil evaluation ) 

Stones/ Top soil 
Drainage Depth Textu!'e Gravels Thickness 

Soil Coefficient : SC 

Flat ( 0-10 % slope) Slopy ( 10-40 % slope) 

A B c A B 

1.0 0.8 0.6 0.9 0.7 

POTENTIAL YIELD 

a- . I r water table is less than 3 meters deep during the dry season : 

P o t e n t i a 1 y i e 1 d = 4500 x S C = ........ kg c o p r a I h a 

b- If water table is more than 3 meters deep during the dry season : 

Potential yield= [4500 x (water deficit in mm x 5 )*] x SC = ...... . kg copra/ha 

ANNEX- 1 
Page 2 of 2 

Class 

c 

0.5 

* : Reduction of copra production is assumed to be 5 kg/ha/mm of water deficit within reasonable 
limits. 
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ANNEX-2 

SOIL PROFILE SURVEY FORM TIDAL AREA 

PROVINCE 
UNIT 
VILLAGE 

. LOCATION : ...... ... .. ............ ... . 
AREA : .... .................... Ha 

NAME OF FARMER: ...... ..... ............ .. ... .. ....... ....... ......... ....... ... ... . . 

1- VEGETATION 

Mangrove D 
Foodcrops D 

2-DRAINAGE 

Ni pa D 
lmperata D 

Bushes D 
Coconut D 

a- There are already drains working effectively in the location 
Canal D 
Collective D 
Tertiary D 

b- No drain but there is an existing main outlet .. ... meters from the location. 
c- No possibility of good drainage D 

3- SOIL 

a-Type: Mineral D Peat D 
b- Soil profile: (Marine clay, peat not decomposed, su lphall' acidic layer ... ) 

0 - 30 cm ..... .. 
31 - 60 cm ...... . 
61 - 90 cm 

c- Depth of peat : .. ..... . cm 

4-POTENTIAL YIELD ESTIMATES : ( Kg copra/ha per year) 

Soil Coefficient as follows : 
-If mineral soil, 
-If peat soil less than 100 cm thick, 
-If peat soil more than 100 cm thick, 

SC= 0.80 
SC= 0.70 
SC= 0.60 

Potent i a 1 y i e 1 d = 5000 x SC = .. ... ... kg copra Iha 

Note :Potential yield can be obtained only under normal maintenance practices and 
fertilizer applications. 
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PHYSICAL QUALITIES OF SOIL FOR COCONUT 

QUA- CLASS SOIL TEXTURE GRAVEL/ TOP SOIL DRAINAGE 
LITY DEPTH STONES 

Good/ A > 110 cm a. Sandy or Sandy loam: the soil is loose No gravel/stones in Thickness of top Good and free drainage. 
Excel- and friable the first 50 cm of soil is 12 cm (brown Water table at least 90 
lent b. Sandy clay: 15 to 25 % of clay. It is soil. to dark brown layer cm below ground level. 

possible to make a little ball of soil that can rich in organic mat-
be slightly modeled without breaking. ter) . 

c. Clayey: 25 to 40 % of clay. Can be made 
into a sausage shape but it is still friable 
and will lengthen very little without break 
mg. 

Medium B 81-110 cm a. Clayey: 40 to 55 % of clay, can be made -Gravelly: There is Thickness of top Good to moderate drain- ~ 
into sausage shape and lengthens easily up to 30 % gravel ( soil is 5 to 12 cm age. Water table not 
and thins before breaking. in volume ) in the higher than 60 cm below 

b. Peat: the soil is well decomposed shallow first 50 cm of soil. ground level. Drainage is 
peat (not more than 100 cm thick). needed for tidal areas and 

peat soils . 
Poor c 50-80.cm a. Coarse sand: the so il is almost pure -Very gravelly: 30 Thickness of top Moderate to poor drain-

leached coarse sand . to 50% volume in soil is less than 5 age. Water table not 
b, Heavy clay: more than 55 % of clay. It gravel in the first cm. There are traces higher than 30 cm below 

is possible to model the clay ball which 50 cm of soil. of blanket erosion. ground level. Drainage is 
is malleable. needed when water table 

c. Peat: the soil is deep peat soil, more than is high. 
1 meter. 

Very D < 50 cm Gravel and stones up to 50 % in volume in Gravel and stones Soil heavily eroded. Water table stay perma-
Poor the first 50 cn1 of soil. up to 50 % in vol- nently at 50 cm below 

ume in the first 50 ground level. Difficult to 
· cm of soil. drain. 
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ANNEX- 20.4 

LINING 

N Figure 1 - Staking of the Base Lines 
I 
I 
I 

• • • • • •• •--
42. 5 m 

I I I I I 
• • • • +- -

42.5 m 

I I I I I 
+ • • +-- -

44. 16 m 

A P1 P2 P3 P4 P5 P6 

N Figure 2 - Filling up of the Base Rectangles 
I 
I 

I I 
* • * ·---· · ---*----
I ·1 I I I I I 

0 * • * • * 0 
I I I I I I I 
* • * • * • * I I I I I .J 
0 * • * • * 0 
I I I I I I I 
* • * • * • * I :1 I I I I I I 
0 * • * • * 0 
I I I I I I I 
* • * • * • * 4.25 m 
I I I I I I I 

0 * • * • * 0 4.25 m 
I .I .I I I I I 
* • * • * • * 4. 25 m I I I I I I I 
0 * • * • * 0 

4.25 m I J I I I I , . 

* • * • * • *-- -
7.36 m 7.36 m 

A P1 

* : Coconut planting point 
o : Peg to be removed 
• : Point without peg. 



1- Source of water 
2- Water pump ( 4-5 HP Diesel) 
3- Plastic pipe 2" 
4- Water tower 3 M3 
5- Plastic pipe 2" 
6- Iron pipe reduction 2" -> 1.5" 
7- T iron pipe reduction 1.5" -> 1" 
8- Plastic pipe 1.5" 

NURSERY LAYOUT 
ANNEX-5 
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16- Nursery main road ( 4m wide) 
17- Block identification sign ( 40 x 25cm ) 
18- Main nursery gate 

~ w 

10- Knob for watering seedbeds 
11- PVC pipe 1" ( length = lm) 
12- Nursery shed ( 4m x Sm ) 
13- Seedbeds area ( 60 m2 

/ 'OOO seednuts ) 
14- Nursery blocks ( 10-15 m wide) 

19- Fence ( 3 rows of planks - height = 1.50m) 
20- Secondary drains ( 20 x 25cm ) 
21- Main drain ( 60 x 50cm ) 

15- Nursery path ( lm wide ) 22- Main drainage outlet 
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ANNEX-6 

SEEDBED GERMINATION SLIP 
Block number 
Day group 
Date of sowing 
Variety 
Number of seednuts 
Transplanted seednuts target 
Date of seedbed closure 

Total seednuts trans-
planted to polybags 

Date 
This Up to 

% 
week now 

Total 

Total Total seednuts 
dwarfs eliminated 

This Up to This Up to 
Total 

week now week now 

....... ..... ... ......... ...... 19 ...... . 

Nursery Assistant 

( ____ ) 
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ANNEX-7 

POLYBAG NURSERY SLIP 

Block number 
Date of tranpslanting 
Variety 

: From .... ............ ....... to ...... .... ........ . 

Number of seedlings 
Budget year 
Elimination rate ( Dwarfs+ Dead+ Eliminated ) 

Total seed- Culling from 2nd to 
lings trans- 4th month 

Date planted in 
polybags Dwarf Abnor. Dead 

NOTE: 

Cull-
· ing at 

6th 
month 

-At 2 months old : All dwarf and dead seedlings are eliminated. 
-At 3 months old : All dead and abnormal seedlings are eliminated. 
-At 4 months old : All dead are eliminated. 
-At 5 months old: Dead are eliminated, substandard seedlings 

are marked with a red stick. 
-At 6 months old : Stick is removed if substandard seedlings 

have recovered. 

Total seed- Rest 
Good 
Seed-

lings trans- m 
planted to nur-

lings field sery 

.... .......... , .... , ......... 19 .... .. . 

Nursery Assistant 

( ____ ) 
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La borer 
Name 

Total 

I 2 3 4 

266 

ATTENDANCE BOOK mLABORERS 

Month : ..... ....... .. ..... ... ..... . 
W@ck Weck Weck Weck 

To1. I 2 3 -I 
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2 1 22 23 24 25 26 27 28 29 30 3 1 

............. ... .. .. : ........ 19 .. .... . 

Nursery Assistant 

_ ___ ) 
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ANNEX-9 

ACCOMPLISHMENT REPORT-NURSERY 

MONTH : ... ...... 19 .... 
ACTIVITIES 

31[ [ I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2 1 22 23 24 25 26 27 28 21 30 TOTAL 

I-Land clearing (Qty) 

(Md) 

2-Fencing (Qty) 

(Md) 

3-Roads/drainage (Qty) 

(Md) 

4-Beds Construction (Qty) 
(Md) 

5-Seednuts receipt (Qty) 

& Sowing (Md) 

6-Watering & Main- (Qty) 

tenance (Md) 

7-Filling Polybags (Qty) 

(Md) 

8-Lining/Sticking (Qty) 

(Md) 

9-Setting Polybags (Qty) 

(Md) 

10-Transplanting (Qty) 

(Md) 

I I-Watering Poly- (Qty) I 

. bags (Md) 

12-Manuring (Qty) 

(Md) 

13-Weeding (Qty) 

(Md) 

14-Culling (Qty) 
(Md) 

15-Phytosanitary (Qty) 

Controls (Md) 

16-Watchman (Qty) 

(Md) 

17-Distribution (Qty) 

& Others (Md) 

(Md) 
TOTAL 

.... .. ...... ...... ..... ..... . 19 . .-.... . 
Nursery Assistant 

( ____ ) 



ACTIVITIES 

1 - Land clearing 

2 - Seedbeds/Fencing 

3 - Seednuts receipt 

4 - Sowing 

5 - Filling polybags 

7 - Germinated seeds 

8 - Seednuts Transplanting 

9 - Manuring 

10 - Pests/weeds control 

11 - Plant selection 

- Good 

- Eleminated (dead-abnormal) 

- Substandard (5th month) 

- Culled at 6th month 

12 - Good seedlings for planting 

13 - Plant delivery 

Note: T =Target 

NURSERY PHYSICAL ACHIEVEMENTS 
BUDGET YEAR 19 ... ./19 ..... 

Actual up Achievement per week 
Tar- to last 

get month Week 1 Week2 Week 3 

T A T A T A T A 

A = Actual 

ANNEX ·_ 10. l 

This Up to 

Week4 month Now 

T A T A T A 

N 

~ 
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ANNEX- 10.2 

MANPOWER MONITORING (NURSERY) 

ACTIVITIES 
Target* 

Today Cumulative (mandays) 

A-Seedbeds Preparation 

1-Land Clearing 
2-Fencing 
3-Road & drainage 
4-Seedbed construction 
5-Receipt of seednuts 
6-Sowing 
7-Watering/upkeep 

B-Transplanting/Maintenance 

I-Filling the polybags 
2-Lining & sticking 
3-Setting the polybags 
4-Transplanting 
5-Watering 

C-Nursery Maintenance & Culling 

I -Manuring 
2-Weeding & Culling 
3-Pest control 
4-Watchman 
5-Distribution & Others 

*Target Mandays (MD) based on the approved budget. 
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ANNEX - 10.3 

DAILY PROGRAM (NURSERY) 
Date: .. ..... ... ..... . 

ACTIVITIES · 
Mandays Morning Afternoon Man days 

Remarks 
Forecast work work Today 



FERTILIZER I 

TYPE T A 

I- Urea 

2-TSP 

3- KC! 

4- Kieserite 

Planting Total 

locations Ha 

......... ...... (T) 
(A) 

............... (T) 
(A) 

............... (T) 
(A) 

....... ........ (T) 
(A) 

TOTAL 

Note: T =Target 

2 

T 

Total 
Far-
mers 

FERTILIZER SCHEDULE AND DOSAGES FOR NURSERY 
Budget Year 19_ /_ 

ANNEX - 11 

AGE (Month)/DOSAGE (gram) FERTILIZER MEASURES 
3 4 5 6 7 8 

A T A T A T A T A T A T A -Urea 15 g.- 10 g. - 15 g.• iyellow 
-TSP I IOg.- red 

-KC! 110 g.- 15 g. • 20 g.• black 

-Kieserite 5 g.- lOg. - 15 g.• 1green 

SCHEDULE OF SEEDLING DISTRIBUTION 
Planting year 19 .... / .... -

Seed-
lings 

WEEKLY SCHEDULE OF SEEDLINGS DISTRIBUTION 

re- -- 19 -- -- 19 -- -- 19 - -- 19 - REMARKS 
quired I II II IV I II II IV I II III IV I II III IV 

A= Actual 

~ ...... 



FERTILIZER SCHEDULE AND DOSAGES FOR THE FIELD 

YEAR I (160 trees/ha) 
FERTILIZER Planting hole Circle 

(g/tr)* 

UREA 
or 

AMM. SULPHATE 

T S P (I) 

K Cl (2) 

KIESERITE 
or 

DOLOMITE 

BORAX 

COPPER 
SULPHATE (3) 

(1) :Triple Super Phosphate 
(2) :Potassium Chloride 

-

-

350 

-

-

-

-

-

(Kg/Ha) (g/tr)* (Kg/Ha) 

- 200 32 

- 300 48 

56 100 16 

- 200 32 

- 50 8 

- 75 12 

- - -

- 30 4.8 

YEAR II YEAR III YEAR IV 
(160 tr/Ha) (160 tr/Ha) (160 tr/Ha) 

(g/tr)* (Kg/Ha) (g/tr)* (Kg/Ha) (g/tr)* (Kg/Ha) 

500 80 600 96 900 144 

750 120 900 144 1000 160 

450 72 500 80 500 80 

500 80 1000 160 1500 240 

200 32 300 48 400 64 

300 48 450 72 600 96 

10 1.6 20 3.2 - -

- - - - - -

ANNEX - 12 

YEAR V 
(160 tr/Ha) 

(g/tr)* (Kg/Ha) 

900 135 

1000 150 

500 75 

1800 270 

500 75 

750 112.5 

- -

- -

(3) :Copper Sulphate (25 % Cu 0) is only required in peat soil areas. The dosage recommended here is for shallow peat (< 1 m deep) . 

*Dosage at gram per tree should be split applied; one half of dosage applied at start of rainy season, the other half towards the end of the rainy 
season. 

t3 
t-J 



VILLAGE 
LOCATION 
No. of PARTICIPANTS 

BUDGET MONTH/ 
No. YEAR PL. YEAR 

Note : 

COVERCROPS 

AREA No. of 
Partici-

(Ha) pants 

MIXED LCC 
FARMER'S Ha FARMER'S Ha NAME NAME 

FIELD MONITORING ANNEX - 13 

FIELD CONDITIONS 
REMARKS 

No. of palms Co(~~)ops Mixed LCC Intercrops Im&erata 
(Ha) (Ha) Ha) 

!j 
Vl 

INTER CROPS IMPERATA 
FARMER'S Ha FARMER'S Ha REMARKS NAME NAME 

.. ......... ........... ........ 19 ...... . 

FARMER GROUP HEAD 

( ) 



VILLAGE : ·-------------············· ·· 
LOCATION 
No. of PARTICIPANTS: ...... . 

No 
DESCRIPTION 
OF ACTIVITY I 2 3 

WORK PROGRAM OF FARMER GROUPS 
MONTH : ....................................... 19 ............ . 

DATE 

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 20 21 22 23 24 25 26 27 28 29 30 31 

I 

NOTE : If 2 or 3 fa rmer groups are sharing the use of one fi eld shed, divide this whiteboard horizontally to accommodate the groups. 

FARMER GROUP HEAD 

ANNEX - 14 

REMARKS 

19 ..... ... . 

EXTENSION OFFICER 

N 
-.I 

""" 



VILLAGE 
LOCATION 
No. of PARTICIPANTS : 

PLANTING YEAR OF 

YEAR APPLICATION 

Year I 
19 ..... (19 ....... ) 

Year II 
( 19 ....... ) 

Year llI 
(19 .. ..... ) 
Year IV 
(19 ....... ) 

Year I 
19 .... . (19 ....... ) 

Year II 
(19 ... .... ) 

Year III 
(19 ... .... ) 
Year IV 
( 19 ... .... ) 

Year I 
19 ..... (19 ...... . ) 

Year II 
( 19 ....... ) 

Year III 
(1 9 ....... ) 
Year IV 
(19 ...... . ) 

REALIZATION OF FERTILIZER APPLICATIONS 

MONTH OF FERTILIZER DOSAGE 

APPLICATION Urea/Am.S. TSP KCl Kies./Dol. Borax 

..... .. ... ... 
'"" ' .... ... 

·················· ··· ······ 
.......... .. .............. . 
..... .. ...... ... ... ........ 
........................... 
........................... 
··························· 
........................... 
. .............. ..... ..... .. 
.. ......... .. ... .. .. .. ... .. 
... ........................ 
........................ ... 
·············· ············· 
······· ·· ··· ········· ·•·· ·· 
................ ... .. ...... 

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

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

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

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

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

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

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

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

ANNEX - 15 

Remarks 

FARMER GROUP HEAD 

N 
-...! 
!JI 



VILLAGE 
LOCATION 
No. of PARTICIPANTS 

Year I Area 

No. Month of Harvested 
Harvest (Ha) 

No. of 
producing 

trees 

PRODUCTION DATA AND MARKETING ANNEX- 16 

No. of PROCESSING MARKBTING 
nuts Fresh Meat Copra "Klentik" Charcoal Fresh Meat Copra "Klentik" Charcoal 

Harvested (Kg) (Kg) Oil (Lt) (Kg) (Rp) (Rp) Oil (Rp) (Rp) 

~ 
0\ 
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BLOCK INFORMATION DATA 
PROVINCE 
UNIT 
LOCATION 

1. GENERAL INFORMATION 
Area 
Variety 
Planting design 
Origin of the seeds 
Agricultural practices : 

2. SOIL 
Type 
Topography 
Soil conservation practices 

:Monoculture CJ 
:Intercropping CJ 

: Without covercrop 
: With covercrop 

D 
D 

With 

Le 

: Induvidual terraces D 
: Drainage and valve doors D 

Land use before planting ................................... . 

ANNEX - 17 

3. FERTILIZER AND DOSAGES APPLIED IN THE LEAF SAMPLED FIELD 
FOR THE LAST 2 YEARS 

UREA/ZA TSP KCI KIES./DOLOM. BORAX 

Year Month Dose Month Dose Month Dose Month Dose Month Dose 
/Year g/tr. /Year g/tr. /Year g/tr. /Year g/tr. /Year g/tr. 

19 .. 

19 .. 

4. GIRTH MEASUREMENT 
- Girth measurement on sampled trees (25) : ............... cm (average) 

Note : Send this form together with the leaf sample to a testing laboratory. 



ANNEX- 18 

LEAF SAMPLING LABEL 

SAMPLE No 

PROVINCE 

UNIT 

LOCATION 

~ 
00 

Variety I Planting Year 

Month I Year of Planting 

Total Trees Sampled 

Leaf Number 

Date of Sampling 

Soil Type 
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PRODUCTION RECORD ANNEX - 19.1 

Unit .................. .. . Budget Y r./Plt. Yr. : ............... . 
Farmer/Block (*) : ................... . 

Coconut Type : Hybrid/Tall (*) 

No. of Total 
Marketing 

Harvest-
ing Date 

producing Nuts Nuts Copra Oil 
trees (No) (No) (Kg) (Lt) 

(*) Cross out word not applicable. 
Indicate total for each column at the end of the year. 
Production record per block should be prepared by the Unit. 

Area : ...... ... .. Ha 
No. of palms 

Income 

Nuts Copra Oil 
(Rp) (Rp) (Rp) 



RECORD OF FERTILIZER APPLICATIONS PER SEMESTER 

Urea TSP KCl Kies/ Borax Copper Salt 
Year I Semester I Month 

Am.S. Doi. Sulph. 
of application 

g/tree g/tree g/tree g/tree g/tree g/tree g/tree 

19 .... Semester I . ..................... 
Semester II .... ......... ....... .. 

19 ... . Semester I . ..................... 
Semester II ...................... 

19 .... Semester I . .... ........... ...... 
Semester II ....... ............... 

19 .. .. Semester I . .... ................. 
Semester II ................. .... . 

19 ... . Semester I . ..................... 
Semester II .. .. .................. 

19 .... Semester I . ..................... 
Semester II ............. ......... 

19 .. .. Semester I . .. .. ................. 
Semester II ...................... 

19 ... . Semester I . ..................... 
Semester II ..... ....... .... ...... 

19 .... Semester I . ..................... 
Semester II ...................... 

19 .. .. Semester I . ................... .. 
Semester II ...................... 

( This table is on the reverse side of the production record slip ) 

ANNEX: - 19.2 

Remarks 

N 
00 
0 



SMALLHOLDER COPRA DRYER 
(CAPACITY: 5,000 NUTS) 

PERSPECTIVE DRAWING 

Open windows 

o:d 
Access doors to fire places 

ANNEX-20.1 

Grid 

I 
I 
~"7 , ,, 

/// / ~· 
/ , , 

/ , / 
, / / 

/ / / 
/ , / 

,' /, / 

~ / / / 

,,,____ /,' ' 
r---- -----·~ / / ,' 

L- - _::::-==~====-= :_::-_-::-_::: ::-_-_-_:::_------ ' /:'/ ---- ----- ---- I /•' --------_.:::: ::-:: -=--~ _:=_::_~_-=-::-:: ~ :._:~ :::: ~ ~:::. =~~;:/ . 
-"l!fl-

N 
00 -
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ANNEX-20.2 

2.70 m 

T 
1. !iOm 

2,30 

SMALLHOLDER COPRA DRYER 

CROSS SECTION 

5,30m 

2.50m r 

Open windows ( 20 x 20cm ) 

r- -----, 
I I 

! Access! 
: door ! 
l I 

---~---· j 

m compacted clay 

~ concrete 

grid 

I 
I 
' I 

I I 
I I 
~--- ---- ... 

2,50m 

111'i -
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2 
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4 
5 
6 
7 
8 
9 

10 

1 
2 
3 
4 
5 

1 
2 
3 
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BILL OF MATERIALS 
FOR A SMALLHOLDER COPRA DRYER 

( 1 TON COPRA CAPACITY ) 

ANNEX - 20.3 

ITEM UNIT QUALITY 

- DRYER 
-Bricks (20 x 10 x 5 cm) Piece 2,500 
-Cement Sack 25 
- Sand M3 5 
- Stones M3 4 
- Iron rod (diam: 6 mm) M 72 
- Iron rod (diam: 4 mm) M 72 
- Iron wire Kg 2 
- Planks Piece 8 
- Nails Kg 2 
- Iron pipe (diam: 50 mm) M 12 

-GRID 
- "L" iron bars ( 40 x 40 x 5 mm) M 20 
- Iron rod (diam: 15 mm) M 12 
- Iron rod (diam: 8 mm) M 100 
-Wire net (mesh 40 mm) M 12.5 
- Wire (diam: 1 mm) Kg 2 

- SHED (5 x 7 M) 
- Bambo stems Stem 35 
- Roofing (from Palm leaves) Piece 200 
- Rattan straps (for tying) 'Piece 20 



ANNEX -21.1 

Airport 

284 

UPLB COPRA DRYER 
(CAPACITY: 1,000 NUTS) 

CROSS SECTION AND PERPECTIVE DRAWING 

3" 
60" 

8" 



9%"0 

9"D 

9 6/8 II 

3"DHOLE 

Pail No. 12 

Riveted Stop 
3"from bottom 
6 req'd 

1/2" HOLE 

285 

13/4" from bottom 
6 req'd 

' 
I 

I 
~ 

ANNEX -21.2 

18" 

1 
16" ll i..... 2" 

J . 3/16" I ~ 
Fold 

~2%" 

FIGURE 1 - LEFT : EXPLODED VIEW OF THE BURNER 
RIGHT : THE GATE ASSEMBLY 1 OF 2 



ANNEX -21 .3 
286 

Lawanit 

F1GURE 2 - EXPLODED VIEW OF THE UPPER FRONT/REAR 
AND SIDE WALLS 
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G.I. Sheet ga, 24 

Bamboo 

2" x 3" Lumber 

FIGURE 3 - TOP : HEAT DISTRIBUTOR 
BOTTOM: 1OF2 FALSE FLOORS 

ANNEX-21.4 
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ANNEX - 21.5 

BILL OF MATERIALS 
OF THE UPLB COPRA DRYER 

ITEM UNIT QUALITY 

1 - Brick ( 20 x 10 x 5 ) Piece 1824 

2 - Cement Sack 4 

3 - Sand M3 2 

4 - Asbesto cement plate 1/4 "x4' x 8 ' Piece 2 

5 - Lumber 1- 1/2" x 2" x 12' Piece 12 

6 - Lumber 2" x 3" x 12' Piece 6 

7 - Galvanized Iron Pail n: 12 Piece 8 

8 - Galvanized Sheet n: 24 x 4' x8' Piece 1 

9 - Copper Rivet n: 4 Box 1 

10 - Nails 

1" Length Kg 2 

2" Length Kg 3 

3" Length Kg 3 

11 - Common Bolt & Nut 1/4" x 5 " Piece 24 

12 - Bamboo slats 1" x 4' Bundle 2 
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ANNEX- 21.6 

WORK SCHEDULE USING UPLB DRYER 
FOR DRYING COPRA ( 5 % MOISTURE CONTENT) 

TIME OPERA TI ONS AND MAN - HOURS 

DAY 1 
06:00-08:00 Splitting Precautions should be made to make the 

split nuts drain the water off; 4 man-hrs . 
08:00-08:30 Loading No special orientation or arrangement is 

needed; 2 man-hrs. 
10:00-11:00 Firing Charged/start burners; 1 man-hr. 
12:00-20:00 Sustained, slow burning for 8 hrs. 
20:00-21:00 Firing 2nd fuel charge: 1 man-hr. 
21:00-05:00 (Sleeping Sustained, slow burning for 8 hrs. 
hours) 

DAY2 
05:00-06:00 Cooling. 
05:30-06:30 Unloading After cooling, the partially dried product is 

unloaded: 1 Man-hr. 
06:30-08:30 Shelling All the meat is removed from the shell 

using a special tool. 
08:30-09:00 Reloading Most of the coconut meat is reloaded. 
10:00-18:00 Sustained, slow burning for 8 hrs. 
18:00 Stop if goal is 10% moisture content. 

Recharge the burners if lower moisture 
level is desired. 

18:00-19:00 Firing 4th fuel charge: 1 man-hr. 
19:00-01 :00 (sleeping Sustained slow burning for 6 hrs. 
hours) 

DAY3 
05:00-06:00 Unloading 1 man-hr 
06:00-09:00 Chopping, bagging, storing. 
08:00 Dryer is now ready for loading the next 

batch. 
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ANNEX- 22 

I 

SCHEMATIC DIAGRAM 
FOR 

"KLENTIK" OIL PRODUCTION 

COCONUT 
MEAT 

G 
I. 

ratmg 
I 

Grated 
Meat 

+ Water & Pressing 

Meat cake I 

+ Water & Pressing 
.---~~~~~~~~~~~~--1 

I Meat cake II 

Fermentatiori & Pressing 

I 
Meat cake III I 

Oil 
I 

I 
+NaOH20% 
+Borax 
+Silicate 

I I 

Feeds 
I II Soap II I 

Cooking Oil 

San tan 

Decantation 

Cooking 
I 

I 

Oil Cake 

Press sing 
I 

I 

I I 
Cream cake 

I 

(For cooking or pastry) 
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ANNEX-23 

HOW TO DETERMINE WHETHER COCONUT TREES ARE 
GROWING ACCORDING TO STANDARDS 

The size of the girth .and the total number of leaves of a coconut palm during the immatu~e 
stages (i.e. from 12 - 42 months from planting) show if the palm is growing according to 
standards shown below: 

Age from planting Girth size Total number of leaves 
(months) (cm) per tree 

12 50 7 

18 75 -

24 100 12 

30 125 -

36 150 16 

42 154 -

48 - 18 

60 - 22 

To measure the girth and get the total number of leaves per tree do the following : 

1. From a 1 hectare planting block select 15 trees where girth measurements and leaf counting 
will be done every 6 months. 
2. Mark 5 consecutive trees starting from the 1 st tree of row 3. . 
. 3. Move to row 6 and mark 5 consecutive trees starting from the 3rd tree. 
4. Move to row no. 9 and mark 5 consecutive trees starting from the 5th tree. 
5. Get the average girth size by adding the 15 girth sizes and dividing the total by 15. 
6. Compare this average girth size with the standard table shown above. 
7. To obtain the average number of live leaves per tree, divide the total leaves counted from 
the 15 trees by 15. 
8. Compare this average total number of leaves with the standard table above. 

If the 'average girth size and the total number of leaves are below the standards it means any 
of the following: 

. 

* no fertilizers applied; or fertilizers were applied but below the recommended dosage; or 
late application. 

* 
* 
* 
* 

no weeding or irregularly done. 
presence of lmperata cylindrica . 
lack of water. 
presence of pests or diseases. 



PHYTOSANITARY PRODUCTS USED TO CONTROL COCONUT PESTS 

Species Active Ingredient Rate (a.i.) Observations 

I. NURSERY 

ORTHOPTERA 

Valanga Deltamethrine 1,5 g/100 1 Young colonies. 

HOMOPTERA 

Aspidiotus Aldicarbe 0,4 g/plant 

) 
On the soil in the 
nursery bag. 

Dimethoate 50 g/100 1 Larvae. 

Hysteroneura Diazinon 40 g/100 1 l Larvae-adults. 
Dimcthoate 30 g/100 1 

ISOPTERA 
" 

Coptotermes Diazinon 1 g/plant Nursery bag. 
25-50 g/nest Inside the main nest. 

Lindane 150 g/100 1 Nursery. 
(100-500 ml/seedling). 

250-500 g/nest Inside the nest. 

A CARINA 
Binapacryl 50-60 g/100 1 ) Dicofol 50-60 g/100 1 Larvae-adults. 
Dimethoate 40 g/100 1 

LEPIDOPTERA 

Cephrenes Carbary! 250 g/100 1 ) Caterpillars. 
Amathusia Carbary! 250 g/100 1 



Species Active Ingredient Rate (a.i.) (2) Observations 

COLEOPTERA 

Plesispd Deltamethrine 1,5 g/100 1 

) 
Larvae-adults 

(next application 
Dimethoate 60 g/100 1 3 weks later). 

Endosulfan 100-120 g/100 1 Larvae-adults 
(1 application, ovlcide). 

Monocrotophos 40-80 g/100 1 

l Permethrine 4 g/100 1 
Larvae-adults. Propoxur 40-60 g/100 1 

Quinalphos 10-20 g/100 1 

HYMENOPTERA 

Ants Lindane 150 g/100 1 Arround the prenursery. 
spray or powder. 

II. YOUNG CROPS 

ORTHOPTERA 

Valanga Deltarnethrine 5 g/ha Young colonies. 

HOMOPTERA 

Aspidiotus Dimethoate 250-500 g/ha 

) Larvae. 
Malathion 500 g/ha 

Astegopteryx Dimethoate 200 g/ha Larvae.adults. 
Cerataphis 

Aleurodicus Dimethoate 300 g/ha 

) Larvae-adults. 
Malathion 500 g/ha 

HEMIPTERA 

Stephanitis Endosulfan 700-1,000 g/ha Eggs-larvae-adults 
(ovicide effect). 

ISOPTERA 

Coptotermes Diazinon 1 g/plant On the soil near to 
the tree. 



ANNEX-24 
Page 3of8 

Species 

ISOPTERA 

(following) 

A CARINA 

LEPIDOPTERA 
Cephrenes 

Hidari 

Amathusia 

Parasa lepida 

Darna trima 

Darna (Ploneta) 
diducta 

Setora nitens 

Active Ingredient 

Lindane 

Binapacryl 
Dicofol 

Dimethoate 

Bacillus 
thuringiensis 

Carbary! 

Bacillus 
thuringiensis 

Carbary I 

Carbary! 

Carbary! 
Deltamethrine 
Triazophos 

Bacillus 
thuringiensis 

Carbary! 

Permethrine 

Bacillus 
thuringiensis 

Carbary! 

Bacillus 
thuringiensis 

Carbary! 

Deltamethrine 
Fenvalerate 
Permethrine 

294 

Rate (a.i.) (2) Observations 

150 g/100 1 At the start of planting 
(500-1,000 ml/tree). 

250-500 g/nest Inside the nest in 
powder form. 

500 g/ha } Larvae-adults 
700 g/ha (2nd application with 

dimethoate if insects are 
not killed). 

" 
300-500 g/ha Larvae-adults. 

500-1,000 g/ha (*)(3) 

800 g/ha 

500-1,000 g/ha (*) 

1,000 g/ha 

800-1,000 g/ha 

800-1,000 g/ha 
5 g/ha 

560 g/ha 
(200 g/ha UL V) 

500-1,000 g/ha (*) -> Caterpillars. 

1,000 g/ha I 

20 g/ha 

500-1,000 g/ha (*) I 

I 

1,000 g/ha 

600-1,200 g/ha (*) 

1,000 g/ha 

5 g/ha 
15-20 g/ha 

20 g/ha · 



Species 

Birthosea bisura 

Mahasena corbetti 

COLEOPTERA 
Exopholis 

Oryctes 

Plesispa 
(Brontispa 
sometimes) 

Rhynchophorus 

III. 

ORTHOPTERA 
Sexava 

295 

Active Ingredient Rate (a.i.) 

Carbary I 1,000 g/ha 

l Cypermethrine 5 g/ha 
Permethrine 20 g/ha 

Carbary I 1,200 g/ha 

Diazinon 4 g per plant 

Lindane 8 g per plant 

Carbofuran 0,3/4,5 g/plant 
(depending on age) 

Lindane 900 g/100 1 

Sevidol 0,8 g per plant 

Dimethoate 300-400 g/ha 
Endonsul fan 400-600 g/ha 
Lindane 4,000 g/ha 
Monocrotophos 400 g/ha 
Propoxur 500 g/ha 
Quinalphos 100 g/ha 
Dimethoate 80 g/ha 

ANNEX-24 
Page 4 of 8 

Observations 

Caterpi ll ars. 

Young caterpillars 
(to be avoided 
immediately after 
planting) 

Larvae, in the circle on 
the ground. 

In the frond axils. 

Product-soaked sawdust 
in the axils. 

In the frond axils. 

Larvae-adults on the 
spear. 

Maximum injection in 
the holes made by 
the insect. 

ADULT PLANTATIONS (ALREADY BEARING) 

Lindane 10-1 5 g/tree Young larvae (on the 
ground in the circle, 
diam. 1.5 m). 

Methamidophos 3 g/tree Root absorption. 

Phospham id on 500 g/ha Larvae-adults. 
6 g/tree Root absorption. 

Propoxur 1 0-15 g/tree On the ground in the 
circle to control young 
larvae. 



ANNEX - 24 
Page 5 of 8 

Species 

HOMOPTERA 

Aspidiotus 

Astegopteryx 

Aleurodicus 

HEMIPTERA 
Stephanitis 

ISOPTERA 
Termites 

ACARINA 
Colomerus 

LEPIDOPTERA 
Hidari 

Amathusia 

Chalcocelis 

Darna catenatus 

Darna trima 

Active Ingredient 

Dimethoate 

Malathion 

0imethoate 

n :methoate 
Endosulfan 

Endosulf'an 

Diazinon 

Lindanc 

Bacillus 
thuringiensis 

Carbary I 
Monocrotophos 

Bacillus 
thuringiensis 

Carbary I 

Carbary I 

Bacillus 
thuringiensis 

Carbary I 

Bacillus 
thuringiensis 

Carbary! 
Monocrotophos 

PcrmeLhrine 

296 

Rate (a.i.) (2) Observations 

250-500 g/ha l Larvae. 
500 g/ha 

200 g/ha Larvae-adults. 

400 g/ha Larvae-adults. 
500-1,000 g/ha Eggs-larvae-adults. 

700-1,000 g/ha Eggs-larvae-adults. 

25-50 g/nest Inside the nest. 

150 g/100 1 Spray on stem. 
250-500 g/nest Power inside the nest. 

Treatments hardly 
justified and 
unsatisfactory. 

600-1,200 g/ha ( •) ) 
Caterpi I lars. 

1,000- 1,200 g/ha 
5 g/tree Root absorption. 

600-1,200 g/ha (•) ) 
Caterpi liars. 

1,200 g/ha 

1,000 g/ha Root absorption. 

500-1,000 g/ha (*) 
1,000 g.ha 

Caterpillars. 
500-1,000 g/ha (*) 

1,000 g/ha 
7 ,5 g/Lree 

Root absorption. 

20 g/ha Caterpillars. 



Species Active Ingredient 

Parasa lepida Bacillus 
thuringiensis 

Carbary I 
Deltamethrine 
Fenvalerate 
Monocrotophos 

Permethrine 
Triazophos 

Darna (Ploneta) Bacillus 
diducta thuringiensis 

(at the beginning Carbary! 
of production) Permethrine 

Setora nitens Bacillus 
(especially at the thuringiensis 
beginning of Carbary! 
production) 

Deltamethrine 
Fenvalerate 
Permethrinc 
Quinalphos 
Triazophos 

Setothosea asigna Bacillus 
thuringiensis 

Deltamethrine 
Fenvalerate 
Permethrine 
Phosphamidon 
Quinalphos 
Triazophos 

Birthosea bisura Carbary! 
Cypermethrine 
Permethrine 

Thosea lutea Carbary! 

Thosea vetusta Carbary! 
(at the beginning 
of production) 
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Rate (a.i.) (2) 

600-1,200 gjha (•) l 
1,200 g/ha 

5 g/ha 
10 g/ha 
5 g/tree 

20 g/ha 
560 g/ha 

200 g/ha ULV 

50D-l,OOO g/ha (*) 

1,000 g/ha 
20 g/ha 

600-1,200 g/ha (*) 

1,200 g/ha 

5,7 g/ha 
20 g/ha 
25 g/ha 

200 g/ha 
300-560 g/ha 

700-1, 500 g/h: (*) 

5-7,5 g/ha 
20 g/ha 
25 g/ha 

' 
8 g/tree 

250-560 g/ha 
200-560 g/ha 

1,000 g/ha 
15-20 g/ha 

20 g/ha 

900 g/ha 

900 g/ha 

ANNEX- 24 
Page 6 of 8 

Observations 

Caterpillars. 

Root absorption. 

Caterpillars. 

Caterpillars. 

Root absorption. 

Caterpillars. 
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Species 

Mahasena corbelti 

Zeuxippa catoxantha 
(Artona) 

Batrachedra 

Tirathaba 

COLEOPTERA 

Oryctes 

Rhynchophorus 

Brontispa 
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Active Ingredient 

Monocrotophos 

Trichlorfon 

Acephate 

Carbary] 
Endosulfan 
Fenirothion 
Malathion 
Monocrotophos 

Quinalphos 
Triazophos 

Sevidan 

Endosulfan 

Carbofuran 

Lindane 

Sevidol 

Dimethoate 

Deltarnethrine 
Dimethoate 
Endosulfan 

Lindane 
Monocrotophos 

Propoxur 
Quinalphos 

Rate (a.i.) Observations 

500 g/ha Caterpillars. 
5 g/tree Root absorption. 

1,500 g/ha Caterpillars. 

500-800 g/ha l Caterpillars~ 
1,200 g/ha 
1,000 g/ha Eggs-caterpillars. 

250-350 g/ha } Caterpillars. 
500 g/ha 
10 g/tree Root absorption. 

250 g/ha 
300 g/ha 

Caterpi liars. 

1,000 g/ha 

1,000 g/ha Eggs-caterpillars. 

0,6 g/tree Frond axils. 

900 g/100 1 Product-soaked sawdust 
in frond axils. 

1,6 g/tree Frond axils. 

80 g/100 1 Maximum injection into 
holes made by insects. 

5 g/ha } Larvae-adults on the 
300-400 g/ha spear. 
400-600 g/ha Eggs-larvae-adults on the 

spear (1 application); 
4,000 g/ha 

l 400 g/tree 
Larvae-adults on the 

500 g/ha 
spear. 

1,000 g/ha 
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Species Active Ingredient Rate (a .i.) 

Lindane 5,000 g/ha 

Promecotheca Monocrotophos 7 g /tree 

Propoxur 500 g/ha 

(1) The rate is calculated on the basis of an average application of 200 l/ha, 
for treatment by spray. 

(2): (*) = Depending on commercial preparation. 

(3) The rate is calculated on the basis of an average application of 400 I/ha, 
for treatment by spray. 

ANNEX-24 
Page 8 of 8 

Observations 

Adults (powder). 
Root absorption. 

(to control adults). 
Adults. 



CONTROL MEASURE FOR COCONUT DISEASES 

Name of Disease 

1 - H elminthosporium 
leaf spot 

2 - Gray leafspot 

3 - Dry budrot 

4 - Phytophthora budrot 

5 - Stem bleeding 

Control Measures 

a. Do not overgrow seedlings, space polybag wider (i.g. 
80 x 80 x 80 cm) if seedlings can not be planted within 
six months. 

b. Do not apply excess nitrogen fertilizer. Apply 60 gr 
ammonium sulphate and 70 gr KCl per seedling in 

split application as follows : 
Age Ammo. Sulph. + KO = Total 

2 mo. 20 gr + 25 gr = 45 gr 
5 mo. 40 gr + 45 gr= 85 gr 
Total nursery 
period per seedling : 

60 gr + 70 gr= 130 gr 

c. Spray at weekly intervals any of the following fungi
cides: 
- Daconil 75 WP, 10 - 30 gr/10 ltr. water 
- Difolatan 4F, 20 - 40 cc/10 ltr. water 
- Dithane M - 45, 20 - 30 gr/10 ltr. water 

Same as H elminthosporium leaf spot 

a. Cut and bum infected seedling. 
b. Spray bi-weekly any of the following insecticides : 

- Azodrin 60 WSP, 15 - 20 cc/10 ltr. water 
- Diazinon 60 EC, 15 - 20 cc/10 ltr. water 
- Sevin 85 S, 20 gr/10 ltr. water 

a. Cut and bum infected trees. 
b. Treat healthy trees with Aliette 100 CA at 80 cc/tree/ 

year by the root absorption technique. 

a. Apply extra KCl fertilizer. 
b. Brush fungicides on the stem of infected trees such as 

- Daconil 75 WP, 100 gr/liter. 
- Dithane M-45, 80 WP + Agrolene 26 WP, at 100 gr/ 

liter. 
- Trunk inject or root absorb Bayleton 250 EC, 

Benlate or Nimrod 25 EC at 10 cc/ltr/tree. 
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ANNEX-26 

HOW TO COMPUTE WATER DEFICIT 

The principle of computing water deficit is to establish the monthly balance between 
the water requirements of the crop (evapotranspiration) and the available water supply (soil 
reserve + rainfall) . If the balance is positive, there is no water deficit, whereas if the balance 
is negative, there is water deficit. 
The assumptions are the following : 

- Soil water reserve is 200 mm. 
- Evapotranspiration is either of the following : 

* 120 mm per month with 10 rainy days or more; or 
* 150 mm per month with less than 10 rainy days. 

- Rainfall is taken from the standard rain gauge records. 
- Rainfall remaining after evapotranspiration first is used to replenish the soil water 

reserve up to capacity (200 mm); the rest is lost as run-off water. 
An example of computation is given below : 

Months Rainfall Rainy Days Evapotranspiration Soil water reserve 
mm mm 

1 2 3 
January 250 14 120 
February 215 12 120 
March 310 16 120 
April 175 15 120 
May 110 10 120 
June 70 6 150 
July 10 2 150 
August 30 1 150 
September 80 3 150 
October 120 7 150 
November 210 12 120 
December 270 13 120 

Total 1,850 111 -

Soil water reserve (see column 4) 
+ Rainfall of preceeding month (see column 1) 
- . Evapotranspiration (see column 3) 

= WATER DEFICIT 

mm 
4 

200 
200 
200 
200 
190 
110 

0 
0 
0 
0 

90 
200 

-

Water deficit 
mm 
5 
0 
0 
0 
0 
0 
0 

- 30 
- 120 
.- 70 
- 30 

0 
0 

- 250 

Run-off 

6 
130 
95 

190 
55 
0 
0 
0 
0 
0 
0 
0 

40 

510 

The longer the period observed, i.e. 10 or more years of rainfall data, the more 
accurate is the computation of the water deficit. 

Water deficit has an inverse relation with potential yield, i.e. for every 100 mm of water 
deficit there is a corresponding decrease in yield of about 500 kg of copra per hectare per year. 
This relation is assumed to be linear within reasonable limits, i.e. from 0 to 600 mm water 
deficit. 

In tidal areas, or areas with a water table which is less than 3 meters deep during the dry 
season, water deficit is considered nil. 
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