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The Atlantic Zone Programme (CATIE-AUW-MAG) 1is the result ol
an agreement for technical cooperation between the Centro
Agrondémico Tropical de Investigacidén y Ensenanza (CATIE),

the Agricultural University Wageningen (AUW) . The
Netherlands and the Ministerio de Agricultura y Ganaderia
(MAG) of Costa Rica. The Programme, that was started in

April 1986, has a long-term objective multidisciplinary
research aimcd at rational use of the natural resources in
the Atlantic Zone of Costa Rica with emphasis on the small
landowner.



REFACE

General description of the research programme on
sustainable Landus

The research programme is based on the document "elaboration of
the VF research programme in Costa Rica" prepared by the Working
Group Costa Rica (WCR) in 1990. The document can be summarized
as follows:

To develop a methodology to analyze ecologicaly sustainable and
economically feasible 1land use, three hierarchical levels of
analysis can be distinguished.

1. The Land Use System (LUS) analyses the relations between soil
type and crops as well as technology and yield.

2. The Farm System (FS) analyses the decisions made at the farm
household regarding the generation of income and on farm
activities.

3. The Regional System (RS) analyses the agroecological and
socio-economic boundary conditions and the incentives presented
by development oriented activities.

Ecological aspects of the analysis comprise comparison of the
effects of different crops and production techniques on the soil

as ecological resource. For this comparision the chemical and
physical qualities of the soil are examined as well as the
polution by agrochemicals. Evaluation of the groundwater

condition is included in the ecological approach. Criterions for
sustainability have a relative character. The question of what
is in time a more sustainable land use will be answered on the
three different levels for three major soil groups and nine
important land use types.

Combinations of crops and soils

Maiz Yuca Platano Pifia Palmito Pasto Forestal

I II III
Soil I X X X X X X
Soil II P X
Soil III X : X X P X

|l
(4

] .
As landuse 1s realized in the socio-economic context of the farm
or region, feasibility criterions at corresponding levels are to
be taken in consideration. MGP models on farm scale and regional
scale are developed to evaluate the different ecological
criterions in economical terms or visa-versa.

Different scenarios will be tested in close cooperation with the
counter parts.



PREFACE

This report presents a thesis in palm heart. The work was done on the Atlantic
Zone Project and on an experimental field at the plantation of Agropalmito
near Guidpiles, Costa Rica. This experiment was started in July 1991 by Raymond
Jongschaap and was continued until the end of 1992. This report contains the
results of the field and laboratory work done by Jorg-Jdohan Ténjes in the
period November 1991 until June 1992.

During the experiment four harvests have been done. This paper contains the
results of the second harvest, which was done in April 1992.

The work was supervised by Ir. Don Jansen in Costa Rica and by Dr. Ir. Louise
Fresco and Ir. Guiking from the Department of Tropical Crop Science from the
Agricultural University Wageningen.
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SUMMARY

On the Atlantic Zone Programme in Guépiles research is done on the crops of
the Atlantic Zone of Costa Rica. One of the crops in this zone is Bactris
gasipaes (HBK). This palm tree is grown since ancient times for its fruits in
Tropical America. When the palms are young they can be harvested for the
‘palmito’. This is the content of the pseudostem. The palmito is an important
cash crop for farmers in the zone. Often it is exported to the rich countries.
Young palm trees are grown in rows on a field and develop sprouts on the
pseudostem base. Only the palmito and two leaf sheats are exported from the
field. Sprouts take over growth.

The reaction of the crop on N-P-K fertilizers is studied in this experiment.
The production, the closing of the canopy and the development of sprouts is
studied in a 3x3x2 N-P-K experiment in four replicates. Plants were harvested
in four periods during 17 months. This report discusses the second harvest
after 8.5 months. Measurements on plant height, leaf number, sprout number,
leaf area of plants and sprouts and fresh and dry weights of leaves, sprouts,
pseudostem, palmito and leaf petioles were done. The nutrient contents of all
plant parts were determined too.

Leaf growth measurements were done in the field on plants of 4.5 to 7.5 months
of age. An equation was made for leaf growth in this period for 8 treatments
of N-P-K.

Significant nitrogen effects were found for diameter of the pseudostem, fresh
weight of the palmito, the number of sprouts, the leaf area of the sprouts,
the length of the pseudostem, plant height, the total dry weight of the
plants, the P content of the petioles and the K uptake per hectare. A
significant effect of P was found for the P content of the pseudostem and the
petioles. K has a significant effect on the palmito fresh weight and the
contents of K in the petioles, pseudostem, palmito and sprouts and the total
K uptake per hectare. An interaction of NxP was found for the total length
until the last petiole, total dry weight and total K uptake. NxP interaction
was found for the contents of P in the leaf sheats and K in the sprouts. NxPxK
interaction was found for the sprout number. o

‘After statistical analysis of the leaf growth measurements it was concluded
that the growth for all treatments can be written in one equation. More
research on leaf growth over a longer period and using more treatments has to
be done in the future.

A dose of 336 kg N and 360 kg K per hectare per year resulted in the highest
palmito fresh weight. When combined with a P fertilization of 408 kg per ha
per year the best continuity for palmito cultivation is found. Economically
it may be advisable not to use fertilizer, but to avoid losses of nutrients
specially in the first period after planting. .

More research has to be done on the sustainable cultivation of this
interesting crop. Economics and plant breeding have to be included in future
research.
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1.

INTRODUCTION

1.1 Introduction

In the humid tropics the ‘sustainability of cropping systems is difficult to

maintain.

Because of heavy rainfall nutrients can leach quickly. The high

temperatures cause a rapid mineralization of organic material (SOLLINS et al,
1986) . A perennial can protect the soil against leaching. Good fertilization
can help in maintaining the soil fertility and can keep production going.

Within the framework of the research of the Agricultural University of
Wageningen on the crops of the Atlantic Zone of Costa Rica (figure 1.1.1)

research is done on the sustainability of cropping systems.
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Research is done to know more about the sustainability of the cropping system
of palmito de pejibaye (Bactris gasipaes (HBK) under .different fertilizing

quantities of N, P and K.

It is important to know how many nutrients are removed from the field with the
parts of the plants that are removed, because this also causes reduction of
nutrients on the field.
Growth and soil fertility are connected to each other. Research had to be done
on the uptake of nutrients by palmito and their distribution over the plant
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under different fertilizing conditions.

In the Atlantic Zone an experiment was started to study the distribution of
nutrients under 18 different N-P-K fertilizer treatments. Plants are harvested
periodically and the nutrient contents in the different aerial parts are
determined. The leaf area is also measured. In this way growth of the plant,
total leaf area and uptake of nutrients can be compared.

Growth can be related to uptake of nutrients but also to morphological
differences. The amount of leaf area may determine growth. The maximum
dimension of a leaf may be sink dependent (genetically fixed), but it may also
be source dependent (related to availability of nutrients and assimilates).
In the first case, breeding for big leaves could be worthwhile, to stimulate
early growth, whereas in the latter case, more emphasis should be on
management in the early growth stages of palmito.

Leaf growth is an important process to study. Influences of fertilizer
application (and nutrient uptake) on leaf growth need to be determined to
contribute to a quantification of the effect of fertilizer application on
growth.

1.2 Bactris gasipaes

Taxonomists are in disagreement about the taxonomic best name of the peach
palm (LLERAS, 1986, LEON, 1987, ARIAS and CLEMENT, 1982). In this report the
name Bactris gasipaes (HBK) will be used. The names Guilielma gasipaes (HBK)
Bailey and G. utilis are also used in publications.

Bactris gasipaes is a caespitose, monoecious feather palm which has been
cultivated since ancient times from sea level to 1200 meter in Central and
South America (PURSEGLOVE 1985, CLEMENT 1988). It grows best from sea level
to 800 meter. The species needs a high annual rainfall of 2000 to 10000
millimeters annually (optimum 3000-5000 wmm), a warm climate (optimal
temperatures 25° to 28°C), and well drained soils (ANONYMOUS 1983, ANONYMOUS
1986) . It will grow well on acid soils. It is found from the Amazon Area,
where it most probably has its origin, until Central America (LEON, 1987).
‘'The peach palm can reach a height of maximal 20 meters and has got a stem
diameter of 10 to 25 centimeters. Figure 1.2.1 shows a mature peach palm on
a farm near Rio Frio.

The plant is armed with sharp spines on its stem, its petioles and its leaves.
It develops suckers at the base of the stém. After minimal three years
(normally 5-8) the first inflorescenses appear. The raceme has got bisexual
flowers. It produces 10-120 fruits and weights 1.5-18 kilograms. Production
can go on for 50-75 years. The fruits measure three to five centimeters. They
are conical to ovoid, have a yellow to deep orange epicarp. The mealy mesocarp
is an edible part. Fruits are cooked in salt water for about three hours. In
this way the epicarp and the conical seed, that measures about 2 centimeters
can easily be removed. The oily seed is also edible (LEON 1987, PURSEGLOVE
1985, ANONYMOUS 1985, CLEMENT 1988).

8]



Fig 1.2.1: Mature peach palm on a farm near Rio Frio

Fig 1.2.2: Young palms for palmito production’



The young palms (figure 1.2.2) can also be harvested entirely after 1.5-2.5
years to use the palm heart as a luxury vegetable. The pseudostem is cut and
the white center, from which leaves develop, is extracted (ANONYMOUS, 1985).

1.3 Palmito cultivation

After the depletion of the natural palmito resources of the forests near the
processing industry the cultivation was started. The area of palmito in
cultivation is increasing at farms and plantations.

The seeds are sown in plastic bags or nursery beds and planted in the field
after about three to six months when they have six leaves (ANONYMOUS, 1986).
Planting distances of 1-1.5 meters in the rows and 2.5-3.5 between the rows
usually are used (2000-4000 planting holes per hectare). During the growth of
the plants suckers raise from the basis of the stem. These ’'hijos’ take over
after cutting the mother plant at the harvest (MAG, 1983, BURGOS, 1977).
Still a great diversity in planting material exists. The ideotype of a
pejibaye palm for palmito production is as follows (CLEMENT, 1988):

- Trunk diameter more than 18 centimeters

- Leaf rachis more than 2.5 meter

- Leaf area more than 3.0 meter

- High net assimilation rate

- High basal shoot production

- Spineless petioles

- Rapid growth, first cut at 1.5 year

- Rapid regrowth, second cut after one year
- Resistant to leaf mite

- Good flavor

- Yield more than 3.0 tons per hectare per year

Some insects can damage the palm. Publications mention Rhynchophorus palmarum,
Metamasius hemipterus, Strategeus aloeus, and Retraerus johnstoni (MAG, 1983,
MORA, 1983). Treatments with insecticides are mostly used. Also some diseases
are caused by the fungi Graphium sp., Ceratocystis spp., Charolopsis sp.,
Monilia sp., Pestalotiopsis sp., Mycosphaerella sp., Colletotrichum spp.,
Erwinia sp., and Phytophthora sp.. Plants are usually treated with fungicides.
At plantations spray planes are used. The damage caused by animals can be big.
The ‘taltuza’ (Orthogeomys cherriei (Allen) Rodentia: Geomyidae) is a problem
in plantations and on farms. These rats can damage the roots of the palmito
plants. They feed on the roots of the plant. The best way to combat them is
to catch them in traps (ANONYMOUS 1986, DELGADO 1990-1+2, MORA 1983).
Farmers and plantations apply fertilizer if they think the plant needs it or
produces better with it. Advises for fertilization differ much. Nitrogen,
phosphate, potassium, magnesium and sometimes spore elements are applied. More
about this subject is written in paragraph 1.7.

At harvest time plants are cut near the ground. Leaves are cut and left on the
field with the leaf sheaths. The palmito ’‘candle’ with two last leaf sheaths
is exported from the field. In this condition the palmito has to be eaten or
processed within two days.



1.4 Use of heart of palm

The palmito can be used in many ways after the harvest. It tastes good in
salads and cooling drinks and is also a delicatessen cooked or fried with
spices and vegetables or in soups. It can be used to make alcoholic drinks.
It can be toasted too. The processing industry cans it in salt, acid, vinegar
or with spices. (MORA 1987)

Palm heart is exported by Brazil, Paraguay, Venezuela, the Philippines and
Costa Rica and some more small exporting countries to the United States of
America, Canada, France and other European countries (ANONYMOUS, 1985). The
market is growing still. There it is used as a ‘specialité du chef’. In the
producing countries it is often used at special occasions like weddings or
Christian holy days.

1.5 Palmito in the Atlantic Zone of Costa Rica

The cultivation of palmito in the Atlantic Zone is still increasing.
Plantations are expanding and many farmers start to plant or plant more.
Prices of palmito were high compared to other crops in July 1992, but due to
the higher supply they are getting lower. Some companies buy palmito. Most of
them are exporting the product after canning and only few are processing the
palmito for the local market. The location of Costa Rica near the United
States and Canada (the most important importing countries) and the harbor of
Limén can contribute to a good position on the world market of palmito. At
this moment Brazil is biggest exporter of palmito. Costa Rica has got the most
knowledge about the pejibaye palm and uses the most advanced cropping systems
in this crop in the world. Brazil is starting to cultivate palmito. There
palmito was extracted out of the forests of the Amazon (ANONYMOUS 1985).

1.6 Palmito in the Atlantic Zone Programme

The Atlantic 2Zone Programme is a result of an agreement for technical
cooperation between the Centro AgronSmico Tropical de Investigacién vy
Ensefianza (CATIE, Turrialba), the Ministerio de Agricultura y Ganaderia of
Costa Rica (MAG) and the Agricultural University of Wageningen, The
Netherlands. The program was started in 1986. It has as long-term objective
multidisciplinary research aimed at rational use of the natural resources in
the Atlantic Zone of Costa Rica with emphasis on the small landowner.

In its cropping systems research the program concentrates on some crops, which
are selected on the basis of their typical occurrence in the study region and
the perspectives for future development (ATLANTIC ZONE PROGRAMME, 1992). This
report is about a study on the level of the Land Use System (LUS), which
analyses the relations between soil type and crops as well as technology and
yield. The programme also studies the Farm System and the Regional System
levels.

The information the program collected from 1987-1990 formes the basis of the
work plan for the second phase: A methology for analysis and planning of
sustainable land use. In this report the maintenance of production and soil
fertility are subject of research.



1.7 Palmito and fertilizers

Some research is done on the subject of palmito fertilization. In experiments
reactions on nitrogen and phosphorous fertilization often are described.
Sometimes other elements are added to the crop. Gizman (1985) describes an
experiment with N-P-K fertilization. Interactions are left out in all
experiments. An experiment which includes possible interactions may give a
better fertilization advice.

1.8 Objectives and hypotheses

In this report an effort is made to quantify the flows of nutrients that were
mentioned: :

-The uptake rate of nutrients in relation to fertilizer application.

-The relation of dry matter growth to uptake of nutrients.

-The relation of leaf area development to growth and nutrient application.

The hypotheses of this study are:

-There is a positive relation between N-P-K fertilizer application and N, P
and K uptake by the palmito plant.

-There is a positive relation between the uptake of other nutrients and
N-P-K fertilization.

-There is a positive relation between N-P-K fertilization and fresh and
dry matter production.

-Leaf area increase of Bactris gasipaes is source dependent.



2. MATERIAL AND METHODS

A detailed report about the first period of the N-P-K fertilizer trial is
given in the report of Jongschaap (1993). The material and methods that were
essential in the second period of the research are mentioned as complete as
possible in this report. This chapter is split up in 3 paragraphs. The first
paragraph discusses the experimental field and the chosen statistical
approach. The second deals with the N-P-K fertilization and the laboratory
measurements. These are the destructive measurements. The last paragraph deals
with the non-destructive measurements on the leaves of the plants in the
field. This paragraph contains the method to find an equation to estimate the
leaf area of forked (bifid) and feathered leafs.

2.1 The experimental field

The experimental field was located on the farm of Agropalmito in Guipiles. It
is a rather flat 1.15 hectare piece of land. The soil is an alluvial deposit.
It is classified as an Andosol (Thaptic Haplodand) according to the FAO
classification. The young palm trees were planted by Jongschaap (13-16 July
1991) . Jongschaap selected plants that were more or less the same size. Plants
measured about 30 cm at that time (JONGSCHAAP, 1993). The distances in the
rows are 1 meter and between the rows 2.5 meter.

A fertilizer trial of N, P and K had to be constructed in a way in which the
separate effects of nitrogen, phosphorus and potassium could be estimated on
one hand and the interactions between these fertilizers on the other. To
reduce the size of the field a choice was made for the confounded 3x3x2
factorial test as described by Cochan and Cox (1957). Four replicates were
used. Using this method the separate N-P-K effects will come to full
expression, while the interaction effects are less clear. NxP effect is
expressed for 7/8 part and NxPxK for 5/8 part. The loss in accuracy is little
while the area of the experimental field (and the work) is reduced to
surveyable size.

There are four different replications possible. Every replication consists of
three blocks. The experimental field was divided into 4 replications. First
the type of every replication was determined by raffling. After that the
blocks were assigned by lot. The result of this is shown in figure 2.1.2.
Plots consisted of 16 plants (4x4 plants). The four plants in the center were
harvested (figure 2.1.1).

Figure 2.1.1: One plot
x = harvested plants
. = border rows




Plants from the border rows were only used if plants in the center were in bad
condition due to other causes than the treatment (damage by plagues or
diseases or flooding). Plots were marked with sticks on the corners and a
picket to know the treatment code in the middle. The code is explained in
figure 2.1.2.

The field was kept clean of weeds using Round-up (2-8-91 and 15-2-92). To
reduce damage by the ‘taltuza’ rats traps were placed in the parts were they
appeared. No visible damage was caused by these rats.

All plots were used for the fertilizer trial. The next paragraph explains the
fertilizer trial. The treatments that were used in the 1leaf growth
measurements are marked fat in figure 2.1.2. Paragraph 2.3 is about this part
of the research.



Figure 2.1.2: The experimental field.

Block 1 Block 2 Block 3
121 2 0201 121 4| 110 3 101 1 021 3] 010 1 001 3 120 4
011 3 100 1 201 4| 211 3 000 4 220 3| 200 1 221 2 120 3
210 4 201 1 100 2| 110 4 000 3 000 1] OO1 2 010 4 111 3
201 3 201 2 020 2f 101 2 000 2 101 3| 221 4 001 1 111 1) REPLICA
100 4 100 3 011 4| 110 1 220 1 220 4| 010 3 111 4 200 2 1
121 3 210 1 020 3| 220 2 211 4 110 2| 111 2 200 3 120 1
121 1 011 1 011 2| 211 1 021 1 021 4| 221 3 200 4 221 1
210 3 020 4 210 2| 021 2 101 4 211 2| 010 2 001 4 120 2
110 4 220 1 201 2] 020 2 111 3 111 4| 101 4 211 3 120 3
011 2 121 4 110 3] 111 2 100 3 210 4| 211 1 010 3 120 1
110 2 0001 220 3] 1111 001 2 001 3| 021 3 211 2 021 4
000 4 000 2 011 1| 020 1 100 2 221 2| 200 3 021 2 101 3| REPLICA
201 3 2201 121 1) 100 4 221 1 221 3| 101 1 120 2 211 4 2
121 2 201 1 000 3| 221 4 210 1 210 3 200 4 101 2 021 1
011 3 110 1 201 4| 020 4 020 3 001 1f 010 1 010 4 010 2
011 4 121 3 220 2| 210 2 001 4 100 1| 2001 200 2 120 4
000 4 210 2 221 1) 1111 010 4 010 3| 020 2 200 2 211 4
120 3 210 3 101 3| 111 3 201 1 220 4| 110 2 211 1 020 4
000 2 210 1 000 1| 100 3 021 4 021 2] 121 2 121 1 020 3
221 3 011 3 011 2| 100 2 111 2 220 3] 200 3 110 4 001 2|| REPLICA
101 4 120 2 011 4§ 100 1 220 2 021 1| 001 3 001 4 0201 3
011 1 221 2 210 4( 111 4 201 2 010 1} 121 4 001 1 110 3
101 1 000 3 120 4| 100 4 220 1 021 3| 211 2 2001 211 3
221 4 101 2 120 1| 201 4 201 3 010 2} 110 1 121 3 200 4
000 2 021 2 120 4 010 3 211 4 121 3| 221 3 110 1 011 4
111 3 210 2 111 1| 001 3 211 2 220 1| 020 3 200 4 020 4
201 3 021 4 021 1| 121 4 001 2 010 4| 200 1 221 4 200 2
210 3 120 2 111 4| 220 3 211 1 100 4| 101 3 110 2 011 2| REPLICA
210 1 201 4 000 3| 220 4 121 1 121 2| 110 4 020 2 011 3 4
111 2 120 3 000 1f 001 4 100 1 220 2| 101 2 011 1 221 1
210 4 201 1 201 2f 0011 100 3 010 2| 200 3 221 2 0201
000 4 120 1 021 3| 010 1 211 3 100 2| 101 4 110 3 101 1
The experimental field consists of eighteen combinations of
N-P-K fertilization in four replicates. In every block 24
combinations of 4 numbers can be seen. The first three num-
bers are the code of the treatment. In order they are 0, 1
or 2 doses of 336 kg nitrogen per hectare, 0, 1 or 2 doses
of 408 kg P,0; per ha and 0 or 1 doses of 360 kg K,0 per ha.
Every treatment has four small fields in one block, which
are numbered from 1 to 4 corresponding to the harvest date
(four and a half, eight and a half, thirteen, and seventeen
months after planting).




2.2 The N-P-K fertilization trial

Every two months the fertilizer was applied in the field. Near each plant a
small amount of NUTRAN (33.5% N), TSP (46% P,0;) and/or KCl (60% K,0) was
applied. The workers used small cups that were made for each one of the
fertilizers. The code on the picket determined the dose (0, 1 or 2 cups). The
total amounts per ha per year are shown in table 2.1.

Table 2.1.1: N, P and K amounts of the fertilizer trial (kg/ha/year).

NPK doses 0 1 2
N 0 336 672
P 0 408 816
K 0 360

For this experiment palmito plants were harvested four times. Jongschaap
harvested the first time. Plants were harvested at the age of four and a half
months (25-11-91 - 29-11-91). At that time it was possible to harvest one
replication in a day. This report shows the results of the second harvest
after eight and a half month (23-3-92 - 5-4-92). Plants were much bigger at
that time. Harvesting took 12 days. Every day a block was harvested and all
laboratory measurements were done the same day.

Besides the aerial part of four plants a soil sample was taken of every
harvested plot. This sample was taken from the first 20 centimeters of the
topsoil from the central part of the plots. A sample contained soil from near
the plants, from the plant wholes and the center of the plot. Samples were air
dried and send to the CORBANA laboratory in La Rita (near Glapiles). In the
laboratory the amounts of the elements Ca, Mg, K, P, Fe, Cu, Zn, and Mn and
.the pH , CEC, organic matter content and extractable acids were measured. Soil
samples were taken to check if there were any soil dlfferences in the
experimental field.

After the harvest in the morning the plants were brought to the laboratory of
the Atlantic Zone Programme. The plants were cleaned with water before the
measurements started. After that the total length of the plant until the top
of the longest leaf and the length of the plant until the highest leaf stalk
was measured. The sprouts were removed and counted and the diameter at the
pseudostem base was measured.

The plants were cut in pieces for the next measurements. Leaves were cut at
the beginning of the leaf stalks and counted. The fresh weight of the leaves,
the stems and the sprouts was determined using a balance. The ’‘palmito’ (the
heart of palm) was extracted from the pseudostem by cutting it out. The fresh
weight was determined and samples of the ’‘palmito’ and the pseudostem were
dried in an oven at 70 °C for 24 hours. Leaves were cut into veins and leaf
blades. Veins were weighed and dried in the oven. The leaf area was determined
using a leaf area measurer. Leaves are put on a transparent sheet and roll in
a constant speed over the machine. A photoelectric cell measures the amount
of light of the built-in lamp that is left through and the machine calculates
the total leaf area that is passing. Also a sample of the leaf blades was
dried in the oven. The total leaf area of the sprouts was determined too.
Samples of the sprouts were dried as well. Samples were cut in small pieces
and put in paper bags before putting them in the oven. After 24 hours all
samples were weighed and new samples were taken to send to the CORBANA
laboratory. These samples were put in sealed plastic bags. A back-up of each
sample was stored in the AZP laboratory.

The CORBANA laboratory determined the contents of the elements N, P, K, Ca,
Mg, S, Fe, Cu, 2n, and Mn of all samples (18 treatments: leaves, veins,
pseudostems, heart of palm and sprouts). ’

The results of all measurements and laboratory data were used in statistical
analyses. Results are discussed in the next chapter.
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2.3 The leaf growth and sprout development of palmito of four to seven months

The same crop was used to study of both leaf formation and leaf size. Of the
plants of the fourth harvest the leaves were numbered in order of appearance
and leaf S, 10 and 15 were marked with colored tape. Leaves were measured in
the field. After that the leaf area was calculated. At six intervals of 21
days measurements were done on the plants of the following N-P-K combinations:
000 (no fertilizer), 221 (maximum fertilizer), 021 (no N, P and K maximal),
201 (no P), 220 (no K), 111, 100, and 010.

Jongschaap (1993) made an equation to calculate leaf area of bifid leaves of
young palmito:

LA =L * W * 1.25 (equation 2.3.1)

Leaf area of one bifid leaf

Leaf length from affixture of leaf blade on leaf stalk to leaf top
Leaf width from the split point of the two leaf parts to the border
perpendicular on measurement L

LA
L
W

The equation was later corrected for the bigger leaves. Jongschaaps equation
is for leaves of until 4 months of age. Jongschaap measured leaf area by hand
to find the equation. The equation used in this part of the palmito research
was estimated using a leaf area measuring machine. For bifid leaves the
following equation was found:

LA =L *W* 1.17 (equation 2.3.2)

During leaf measurements the pinnate leaves appeared. Figure 2.3.1 and 2.3.2
show both types of leaves. For the pinnate leaves another equation was found.
Clement et al (1985) made an equation, but it takes too much time to do all
measurements. For this purpose 150 leaves were harvested from the plants that
were used by Jongschaap for the estimation of the first growth of young
palmito. The plants have the same age and are planted on the same field next
to the N-P-K fertilization trial. Each leaf was measured in a number of ways.
The total leaf length and width, length and width of a leaflet in the middle
part of the leaf and petiole length were measured. After that the leaf area
was determined using the machine. Using curve fitting functions in LOTUS a
simple equation had to be found. Simple and quick measurements that can be
used in the field without destroying the plants were necessary. The scientific
explanation of the equation was not important.

The best equation using these measurements was determined. The same L as in
equation 2.3.1 and 2.3.2 was used and the square of the width of one of the
leaflets in the middle part of the leaf (M?):

LA = -5922.62 * 181.1289 * M? + 84.36324 * L (equation 2.3.3)

After six measurements a curve, which describes the increase in leaf area, was
composed for every treatment. The curve was considered to be a function of the
second order because plants were in the accelerating growth phase. The canopy
was not closed yet. Plants had enough space until the sixth measurement.
Figure 2.3.3 and 2.3.4 show the measurements used in the equations 2.3.2 and
2.3.3 of this research.

The equations for the 4x8 treatments (four blocks of eight treatments) were
compared and statistics (ANOVA) were used to determine if equations were
different. If equations are different, leaf growth in this stage is determined
by the source (fertilizer treatments). If not, leaf growth may be sink
determined. Plant genetics determine the size of the next leaf.

During the measurements the numbers of leaves and sprouts were counted to find
differences in leaf appearance and sprout growth in the measurement period.
Also an ANOVA analysis was used to find statistically significant differences.
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Figure 2.3.1: Bifid leaf type of Bactris gasipaes

Figure 2.3.2: Pinnate leaf type of Bactris gasipaes
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Figure 2.3.3: Measurements on the bifid leaves

Figure 2.3.4: Measurements on pinnate leaves

13



3. RESULTS

The results are discussed in six paragraphs. The first paragraph discusses the
results of the measurements on the entire plant and total weights and nutrient
contains. The second one is about the stem, which contains the product:
Palmito de pejibaye. The thirth paragraph shows the results of the leaf
measurements during the second harvest of the fertilization trial. Paragraph
four is about the sprout measurements of that harvest. The fifth paragraph
deals with the soil samples. These samples reflect the quality of the
experimental field. The last paragraph is about the time series of field
measurements of leaf area and number of leaves and sprouts. Appendix 3 shows
the used data and ANOVA tables of the N-P-K fertilizer trial. Appendix 4 shows
the data of the time series.

3.1 Results of measurements on the entire plant

The total length until the last leaf petiole and until the top of the last
leaf was measured. A significant N (1%) effect was found for both measurements
(table 3.1.1).

N fertilizer NO N1 N2

dose '
length until ;

last leaf petiole 57.9 64.3 61.5
total length 168.0 183.9 _ 175.4

Table 3.1.1: Mean values of the length until the last leaf petiole and the
total length of the plants on three N fertilization levels.

For length until the last leaf petiole and total length the N treatment was
split up in NO versus N1+N2 and N1 versus N2 to find the treatment effect.
Both lengths of N1 and N2 were significantly higher than measured for NO (1%).
No significant difference was found for N1 versus N2. This means that the N1
and N2 treatments show significant effects but no significant difference
between the two is found.

To find out if the highest N dose causes salt damage a split analysis for
NO+N2 versus N1 and NO versus N2 was done too. In both cases a 1% significant
effect was found for NO+N2 versus N1 and no significant difference between NO
and N2 was found. Salt damage is found at the highest N treatment.

A statiscally significant interaction effect (1%) of N and P was found for
length until the last leaf petiole (table 3.1.2). The length until the last
leaf petiole gives an indication for the length of the palmito candle. A
longer candle may have a higher weight. The diameter of the stem is important
for the candle weight too. This is discussed in paragraph 3.2.
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Fertilization NO N1 N2
levels of N and P

PO 55.31 66.56 58.84
Pl 61.06 64.34 58.31
P2 57.34 61.97 67.31

Table 3.1.2: Mean values of the length until the last leaf petiole on three
N and three P fertilization levels.
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shows the soo 4 L 1
measurements
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values at
the three N
fertilization levels. The range of the measurements is quite broad. This is
found in all measurements.

The total dry matter production of the crop is even more important. Plants can
take up water or lose water due to climatical circumstances. It may be that
the uptake of water also depends on the fertilization 1level. The N
fertilization shows a significant effect on the total dry matter production
(figure 3.1.2). This was found for the fresh matter production too, but in dry
matter production the significance was 5% instead of 1% and also a N-P
interaction was found. Looking at the dry matter content of the plants a
difference was found between the three N levels. The N1 level showed a higher
water content than the NO and N2 levels. This shows that the plants take up
more water per amount of dry matter at this nitrogen 1level. The N-P
interaction that was feund shows that a phosphorous fertilization may be
beneficial at no or a very high nitrogen gift. The highest dry matter
productions are found at the levels N1PO, N2P2 and N1Pl1. Table 3.1.3 shows the
interaction effects of N and P on total dry matter production.
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N and P
fertilization NO N1 N2
levels
PO 369.8 581.4 456.8
Pl 466.1 501.2 434 .4
P2 450.6 460.5 514.4

Table 3.1.3: Total dry matter production per plant and N and P fertilization.

No significant higher uptake of N and P was found under higher N and P
fertilization conditions. K fertilization, N fertilization and N-P
fertilization show a significant effect on K uptake (1%, 5% and 5%). Plants
take up more K (21%) if K fertilizer is added. The N1 level results in a
higher K uptake than NO and N2 (N0=25.43 kg/ha, N1=30.37 kg/ha, N2=26.11
kg/ha) . Bigger plants have taken up more potassium. The N-P interaction shows
similar effects as the N-P interaction of the length until the last leaf
petiole '
(table

3.1.2) .
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N and P
fertilization NO N1 N2
levels
PO ’ 21.9 35.0 25.7
“ Pl 28.1 27.2 . 24.0
ﬂ, P2 26.3 28.9 28.7 “

Table 3.1.4: Mean K uptake (kg/ha) of palmito plants under different N and P

fertilization conditions
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3.2 The pseudostem and the heart of palm

Paragraph 3.1 concluded that N fertilization had a significant effect on the
length until the last leaf petiole. The size of the palmito ’‘candle’ is also
determined by its thickness. If the stem diameter is bigger, the palmito may
also be
bigger. The
s t e m
diameter is

the N3 level FIGURE 3.2. 7

( 1 %
significant Paimito fresh weight and N fertilizer
) . This 300

results in a
higher 2s0 |-

palmito a8
content also
( 5 % 200 |-
significance
of N on
palmito 150
f r e s h
weight) . The
palmito 100
content of
t he N 1
treatment is so
about 25%
higher than

e ® pxe ase

the content o o " 5 . -
of treatment ] .
NO and N2. ‘ —mean fresh weight

‘Figure 3.2.1
shows this
relation and
the ranges in which the measurements were found during the 1laboratory
measurements.The diameter of the pseudostem was not determined by the
potassium dose that was given, but a 1% significant effect was found for the
palmito content. When potassium was added a 18.5% higher palmito content was
found. Figure 3.2.2 shows the K effect on palmito content. No effects of N and
K are found on palmito dry weight, but for the farmer the fresh weight is
important. A less fibrous palmito candle is better for the quality. The uptake
of potassium in the palmito increased (K0=2.81% and K1=3.06%). These are
percentages. This means that a luxus consumption is found at the K1 level. No
higher contents of N and P are found in the palmito. In the rest of the
pseudostem a higher P content is found at higher P fertilization levels. The
P percentage does not increase more when the fertilization level is raised
from 1 to 2. The plant stops the uptake to avoid luxus consumption. The
pseudostem (minus palmito) takes up more potassium at the highest K
fertilization level. The weight does not increase which indicates a 1luxus
consumption. This subject is discussed in paragraph 3.4. First the leaf
measurements of the second harvest of this research is discussed.

3.3 Results of the leaf measurements of the second harvest

A significant effect of N fertilization on leaf weight and leaf area could be
expected. Nitrogen is important for the development of the green parts of
plants. Potassium may have an effect on the leaf development too. Potassium
is necessary for the construction of the plant skeleton.

No effects are found for leaf weight, specific leaf weight (gram leaf per m?)
and total leaf area without the sprouts. There are no differences in the
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replication
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leaves.

—mean fresh weight
The leaf °

surfaces of
the plants
show no
significant differences in percentages N and K. A N-K interaction is found for
P percentage. A lower percentage of phosphorous is found in the leaf sheets
when more N and K are added. The explanation of this may be found in the fact
that the plants are bigger when more N and K are added. Phosphorous is
.distributed different when plants need more in the pseudostem. The pseudostem
may be a stronger sink in this case. Petioles have a 1% significant higher dry
weight percentage of P, when more P is added. When more N is added the
percentage of P is decreasing in the petioles. Reason for this may be the
increasing dry weight of the petioles due to the growth stimulating N
fertilization. The dry weight K percentage of the petioles is increasing when
more K is added. A higher percentage of a nutrient shows a luxus consumption.
Uptake is increasing, while growth does not keep pace. Other growth factors
are lacking.
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3.4 The sprouts

The number and development of the sprouts are important for the production.
Every plant has to have at least one or more sprouts for the next harvests and
a well developed sprout will be harvestable aftar less time then a small one.
Too many sprouts may result in competition between them. A well balanced
sprout number is favourable.

The number of sprouts shows a 5% significant effect for N fertilization. More
nitrogen results in more sprouts (NO = 6.43 , N1 = 7.08 , N2 = 7,64 sprouts
per plant, wean values). All treatments result in enocugh gprouts. The number
of sprouts shows a significant interaction effaect for N~P-K (table 3.4.1).

KO PO Pl P2
NO 6.63 ) 5.25 6.56
N1 7.69 5.69 7.28

X1 PO Pl P2

|
i
j NO 5.69 7.38 7.06
| N1 8.44 6.13 7.31
u N2 6.88 6.44 8.63

Table 3.4.1: Number of sprouts of Bactris gasipaes plants under different
N-P=K fertilization treatments after 8.5 months
(mean values per plant)

The nitregaen dose has a 5% significant effect on tha leaf area of the sprouts.
Sprouts have the highast total leaf area when using the N1 tzeatment (NO = 674
N1l = 1384 , N2 = 1242 cm" per harvested plant, mean values). Tha saprouts with
the highaest leaf area are best developed and can take ovaer growth after the
harvest of tha mother plant. The best treatment for more harvests per land
unit is that one, which has a high leaf area per sprout. In this experiment
the treatments N1P1KO and N1P1lK1l show the best results.

Sprouts take up more potassium when K is added (1% significant, KO = 1,84% and
Kl = 2.02% of the dry waelight). Also an 5% significant interaction effeoct
between N and X is found (table 3.4.2). At the NO and N2 fertilization levels
more K results in luxus consumption by the sprouts. On level N1 the percentage
of K in the dry weight of the sprouts is more or less constant.

NO N1 N2
KO 1.8% 1.93 1.74
K1 2.18 1.%0 1.99

Table 3.4.2: Percentages of X in the dry sprouts of
Bactris gasipaes at different N and K
fertilizer treatments
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N P K N*Pp N*K P*K | N*P*K

parameter:

leaf weight

specific leaf
weight (g*m?)

total leaf area
(no sprouts)

N% dry leafs

P%¥ dry leafs . . . 5%

K% dry leafs

leaf number

N% dry pecioles

P% dry pecioles 1% 1%

K% dry peciolés <. 1%

pseudostem diameter | 1%

N% dry pseudostem

P% dry pseudostem . 5%

K% dry pseudostem . . 1%

N% dry palmito

P% dry palmito

K% dry palmito . . 1%
Palmito fresh weight | 5% . 5%

Palmito dry weight

Number of sprouts 5% . . . . . 5%
Leaf area sprouts 5%

N% in dry sprouts

P% in dry sprouts

K%¥ in dry sprouts . . 1% . 5%

Total length 1%
Length ‘til last pec | 1% . . 5%

Total fresh weight 1%

Total dry weight 5% . . 5%

N uptake

P uptake .

K uptake ss [ s sy |, . : || |

Table 3.4.3: Summarized results of the N-P-K fertilization trial

20



3.5 Soil samples of the plots of the second harvest

The CORBANA laboratory made a.list of the soil sample analysis data of the 72
samples that were send to them (appendix 2). The total nutrient uptake by the
plants was calculated using the measurements during the harvest and the other
CORBANA data about nutrient contents of the dry plant material (appendix 1).
Total uptake and soil nutrient contents were compared to find a relation
between soil and nutrient uptake. No linear relation between the two was found
in most cases. The best positive linear relation between plant uptake and soil
content was found for potassium (R squared 0.148) and manganese (R squared
0.121) . No relation was found between fertilization and N, P and K contents.
No relation was found between pH, CEC, organic matter content, extractable
acids and nutrient uptake.

3.6 Leaf area elongation, leaf number and sprout number: A time series

The leaf measurements that were done six times in the experimental field
resulted in 32*6 sprout numbers, total lengths. and 32 quadratic 1leaf
elongation equations. The number of green leaves at the last measurement was
counted and the number of new formed leaves since the first measurement was
calculated. Appendix 4 shows the data and ANOVA tables of the time series.
If leaf growth is sink determined, it may be found that the existing leaf area
determines how much leaf area is formed in the next period. Perhaps this is
a percentage of the existing leaf area. It is hard to find a significant
treatment effect between two measurements, because of the flushing way of leaf
appearance. Another problem is that no interaction effects can be found in an
incomplete treatment set. The treatments that were selected before starting
the measurements were considered to be very different, but not much was known
about the reaction of the plants on these treatments.

Results were few. No treatment effect was found between the number of sprouts,
" the percentage of growth since the last measurement and since measurement one
‘at measurement six, the total length of the plants, the number of green leaves
at the last measurement and the number of new formed leaves at the last
measurement (since the first). The significant effect for percentage growth
since the first measurement at the second measurement was the result of damage
of plants in the first replication of the N2P2K0 treatment.

Leaf appearance may depend on temperature. Temperature is quite constant in
the experimental field. A new leaf appears about every 20 days. The first and
the second harvest do not show differences in leaf number too.
During the first harvest of the N-P-K fertilization trial a significant
nitrogen and N-P-K interaction effect was found for number of sprouts. This
effect is not found in this part of the research. Jongschaap found a 5%
significant N effect during the first harvest. The interaction effects may be
the reason for no significant nitrogen effect in this small number of
treatments.
The following equation describes the leaf area elongation of Bactris gasipaes
in the period 4.5 until 7.5 months after planting:

LA(t) = LA(ty,) + t? * M (equation 3.6.1)

LA(t) = Leaf area in cm? at time t
LA(t,) = Leaf area in cm? at time t,
t = time of measurement
t=(1,2,3,4,5,6)
t, = 21 days before the first measurement
M = Multiplication factor
(M found using curve fitting)

No significant treatment effects for LA(t,) and M were found. For these
treatments equation 3.6.1 may be written in this manner:
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4. DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS
4.1 Discussion

The treatment effects in this experiment are considered less clear than
expected. Reactions on fertilization were found in some cases, but were
expected in more cases. Jongschaap, for instance, did find an effect on LAI,
but the second harvest did not show the same effect. A reason may be that the
bigger plants explore a larger part of the soil and thus are less depending
on the fertilizer gift.

Heavy rain and phosphorous fixation causes that fertilizer is available for
a very short time. Fertilizer was added every two months. Perhaps a monthly
fertilization would be better. Nitrogen losses may be smaller in that case.
The total uptake of nutrients may depend on fertilization. No significant
higher uptake of N and P was found under higher N and P fertilization
conditions. This is rather strange: An effect of N fertilization was found on
total length of the plants, length until the last leaf petioles, total fresh
matter production and.total dry matter production, but no significant higher
uptake of N was found. The P. uptake may be found in the roots, but the N
uptake should be in the green parts. However the losses of nitrogen are high
and this may be a reason why no significance is found. Only a little amount
of nitrogen may result in better growth of the crop.

Some effects may be clearer after more time. The pseudostem and the palmito
weighted more for some treatments. New leavesdevelop from the palmito. Perhaps
this will result in a higher leaf weight or area in the thirth and fourth
harvest of the experiment.

Phosphorus may be beneficial for root growth. At a low N level a better root
development may result in higher dry matter productions due to better
availability of nutrient resources. If enough nitrogen is available a higher
P dose may not be necessary for a higher dry matter production. Root
development may even result in a lower aerial dry matter production. When the
N dose is very high other nutrients are needed for the dry matter production
‘and a high P dose may be beneficial (table 3.1.3).

The reason for the broad range of the measurements may be the great genetic
differences between the planting material. Palmito plants show these
differences because no uniform varieties have been distinguished yet. This has
to be kept in mind reading the results of this experiment. There are no
varieties separated for the experiment. Plant breeding with Bactris gasipaes
is just starting and lots of research has to be done on this subject. Taking
seedlings from the same mother plants may improve the clearness of differences
between treatments.

No relation was found between pH, CEC, organic matter content, extractable
acids and nutrient uptake. A reason for this result may be the small
differences in the field and the many non-lineair relations and interaction
effects. The differences in soil properties in this field may be small for
nutrient contents, pH, CEC, organic matter and extractable acids. Significant
differences between replications may be caused by differences in drainage.
Jongschaap (1993) included a map in the appendices of his report that shows
the places were inundation was seen after heavy rainfall.

For a better research on leaf growth of Bactris gasipaes a more complete
treatment set and more and longer lasting measurements are necessary. A
description of leaf growth in a sigmoid curve may be useful. Perhaps a better
balanced fertilizer gift results in more leaf area on the long term. The time
between leaf appearances may not be shorter, but leaves may remain longer on
the plant or the area per leaf is increasing.

To find if leaf elongation is genetically determined an experiment with
varieties and fertilizers may be more interesting. The great differences
between the plants may be a reason for not finding results in this case too.
The closing of the canopy of the crop takes a year after planting. During this
time heavy rains cause losses of nutrients- by leaching. This could be
prevented by planting an intercrop in the first year. This can also reduce
costs for the small farmer. The first year no production can be expected from
a new planted field and the intercrop brings some income. The field was
cleared and plowed already and this investment can be used directly.

The N-P-K fertilization experiment was carried out on extreme fertilizer
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doses. It may be interesting to study the intermediate levels too. In this way
the breakpoint between optimal fertilization and too much fertilization may
be found. Perhaps an optimal fertilization with K is between the K0 and K1
level.

It may be concluded that the fertilizer levels N1, PO, and K1 are best for
palmito production after eight and a half month. A higher P dose does not
result in higher palmito production in this second harvest. At the moment of
this harvest plants are not big enough to harvest for the product. Within a
few months better conclusions may be drawn. The development of the sprouts is
important too. If sprouts are well developed at the first harvest (during
normal production), one of them can take over to be the next harvestable
palmito. The best N-P-K combination for high production per ha due to high
palmito content and well developed sprouts may be N1P1K1.

Despite the complications of working with this new prickly crop results that
were found in .the statistic analysis of this experiment are useful. A
fertilization advice may be given. The production and the continuity of the
production are considered to be the most important factors in choosing the
best treatment for the crop.

Economics can not be left out when drawing conclusions. Production may be
significant higher under higher fertilization conditions, but when this does
not result in higher prices fertilization may be not advisable. Returns have
to be at least as high as the inputs, otherwise fertilization is not useful
on the short term.
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4.2 Conclusions

All results of the N-P-K fertilizer trial were put together in table 3.4.3 on
page 20. In short can be concluded that 336 kg nitrogen per ha per year gives
the highest values for total length, length until the last leaf, total fresh
and total dry weight, stem diameter, palmito fresh weight and leaf area of the
sprouts. A dose of 672 kg nitrogen per ha per year damages the plants. A
potassium dose of 360 kg per ha per year results in a significant higher
palmito fresh weight.

The N1POK1l treatment would be advised if continuity of the system was not
important. Since the continuity of the system is important, the advice will
be the N1P1K1l fertilization treatment. This treatment results in a
sufficiently high number of well developed sprouts. Sprouts have a high leaf
area and can take over after the harvest of the mother plant.

In this fertilization advice no economic factors are included. In general
significant results show only little more production. From an economical point
of view no fertilization during the first period may be adv1sab1e if
fertilizer and work prices are hlgher than returns.

From the results of the time series no conclusions can be drawn. On the one
hand no differences between treatments are found, which would be reason to
conclude that leaf elongation is sink dependent, but on the other hand
interactions and the number of measurements may be the reason for not finding
any significant effects. More research has to be done on this subject to draw
conclusions.

4.3 Recommendations for further research

More research on leaf elongation is not the only recommendation that may be
given at the end of this report. In the discussion the need for a genetically
more uniform crop was mentioned and research on intermediate fertilizer level
with this crop was stressed.

‘'Research on intercropping in the period from planting to closing of the canopy
may be interesting, to prevent nutrient leaching. Economically this method may
only be interesting in case of land shortness or in case later inputs in
fertilizers and work are higher than without the intercrop. Another reason for
the intercropping was mentioned already: The land preparation work can be used
immediately by the farmer.
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Data and ANOVA tables of the N-P-K trail
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APPENDIX 4:

Data and ANOVA tables of the time series



Numbexk o}'.spaoms

treatments:) 1 2 3 4 5 6 7 8 total
0-0-0 0-1-0 0-2-1 1-0-0 1-1-1 2-0-1 2-2-0 2-2-1

blocks: 1 [v] V] (o] (1] (o] (1] 0.25 0.25 0.5

2 (1] V] 0.25 0.25 1.25 (1] V] 4] 1.75

3 0] 0 0 0.25 0] ] 0.5 0.5 1.25

4 0] 0 0 0 0 1 0.25 0 1.25

treatment totals: 0 0 0.25 0.5 1.25 1 1 0.75 4.75
ANOVA:

Dim Ss Ms b 4 F(0.05) F(0.01)yes(0.05)yes(0.01)

Niveau 1 0.705078 ) .

Blocks 3 0.099609 0.033203 0.312883 3.07 4.87 o] [v]
Treatments 7 0.404296 0.057756 0.544259 2.49 3.65 o 0
Remainder 21 2.228515 0.106119

treatments: 2 1 2 3 4 5 6 7 8 total
0-0-0 0-1-0 0-2-1 1-0-0 1-1-1 2-0-1 2-2-0 2-2-1
blocks: 1 1 0.25 0.75 0.75 0.75 0.75 0.5 0.75 5.5
2 0.25 0.75 0.25 0.75 2.75 0 0.5 0.25 5.5
3 1 0.75 1.5 1 0.25 0.75 1.5 0 6.75
4 [} 0.25 0.25 1 0.5 3 0.5 0.25 5.75
treatment totals: 2.25 2 2.75 3.5 4.25 4.5 3 1.25 23.5°
ANOVA:
Dim SS Ms f F(0.05) F(0.01)yes(0.05)yes(0.01)
Niveau 1 17.25781 : : :
Blocks 3 0.132812 0.044270 0.077122 3.07 4.87 0 0

Treatments 7;2.179687 0.311383 0.542449 2.49 3.65 o 0

Remainder 21 :12.05468 0.574032

treatments: 3 1 2 3 4 5 6 ? 7 8 total

0-0-0 0-1-0 0-2-1 1-0-0 1-1-1 2-0-1 2-2-0 2=-2-1
blocks: 1 1.25 0.75 1.5 1.75 1 1.25 . 0.5 3.25 11.25
2 1 2 0.5 1 3.5 0.25 - 0.75 1 10
3 1.5 0.75 3.25 1 0.75 1 3.25 1 12.5
4 0.25 0.5 0.5 1 0.5 4 1.5 0.5 8.75
treatment totals: 4 4 5.75 4.75 5.75 6.5 - 6 5.75 42.5
\

ANOVA: ' )

Dim SS MS f F(0.05). F(0.01)yes(0.05)yes(0.01)

Niveau 1 56.44531 ) . ) o .

Blocks 3 0.976562 0.325520 0.229598 3.07 | 4.87 0 0

Treatments 7 1.554687 0.222098 0.156651 2.49 3.65 o (1]

Remainder 21 29.77343 1.417782
treatments: u 1 2 3 4 5 6 7 8 total

0-0-0 0-1-0 0-2-1 1-0-0 1-1-1 2-0-1 2-2-0 2-2-1
blocks: 1 1.5 1.75}  2.25 4.25 1.5 2 0.75 4 18
2 2.25 2.25 . 1.25 2.25 4 1.5 1.5 1.25 16.25
3 2.25 1.5, 3.5 2.25 1 1.75 4.5 2 18.75
4 1.25 0.5: 1.7% 2 1.75 5 2 0.75 15
treatment totals: 7.25 6 8.75 10.75 8.25 10.25 8.75 8 68
ANOVA: ;

. Dim SS MS f F(0.05 F(0.01)yes(0.05)yes(0.01
Niveau 1] 1a4.5 oL ( ) (“ )yes( yyes( )
:locks 3;1.078125 0.359375 0.216689 3.07 4.87 /] 0

reatments 7 4.09375 0.584821 0.352624 2.49 3.65 0 /]
Remainder 21:34.82812 1.658482



Caemzr of cprouls )

treatments: vy

1 2 3 4 5 6 7 8 total
0-0-0 0-1-0 0-2-1 1-0-0 1-1-1 2-0-1 2-2-0 2-2-1
blocks: 1 2 2.25 2 6 2.75 2.5 1.25 4.75 23.5
2 2.75 3 2.25 3.5 4.5 2.75 2 2.5 23.25
3 3 3 4.25 2.75 3 3.25 5.5 2.75 27.5
4 1.75 1 1.75 3 3.25 6.5 2.5 0.75 20.5
treatment totals: 9.5 9.25 10.25 15.25 13.5 15 11.25 10.75 94.75
ANOVA:
Dim ss MS £ F(0.05) F(0.01)yes(0.05)yes(0.01)
Niveau 1 280.5488 e i :
Blocks 3 3.115234 1.038411 0.520828 3.07 4.87 (/] 0
Treatments 7 10.15429 1.450613 0.727573 2.49 3.65 0 0
Remainder 21 41.86914 1.993768
treatments: b 1 2 T3 a0 5 6 7 8 total
0-0-0 0-1-0 0-2~-1 1-0-0 1-1-1 2-0-1 2-2-0 2-2-1
blocks: 1 2.25 3. 3.25 6.5 4 3.5 1.75 6 30.25
2 4.25 5.25‘ 3.25 5.25 5.5 3 3.75 4.25 34.5
3 3.25 4.5 4 2.25 3.75 4 5.25 . 3.5 30.5
4 2.5 1.25) 2.5 4.5 4.25 7 4.25 1.25 27.5
treatment totals: 12.25 14 13 18.5 17.5 17.5 15 15 122.75
ANOVA :
Dim ss Ms £ F(0.05) F(0.01)yes(0.05)yes(0.01)
Niveau 1 . LT T ' . RN .
Blocks 3 3.115234 1.038411 0.445086 3.07 4.87 [+] (V]
Treatments 7 9.091796 1.298828 0.556707 2.49 3.65 (4] o
Remainder 21 48.99414 2.333054



-

treatments: 1 2 3 4 5 6 8 total
0-0-0 0-1-0 0-2-1 1-0-0 1-1-1 2-0-1 2-2-0 2-2-1
blocks: 1 23.4 15.6 18.3 17.9 13.9 0.2 -9.3 12.3 92.3
2 9.1 18.9 22.1 28.9 9.7 8.1 4.6 18.3 119.7
3 8.9 12.7 15.8 14.7 26.2 10.7 15.4 12.7 117.1
4 17.2 6.9 18.3 32 21.3 18.2 0.1 8.9 122.9
treatment totals: 58.6 54.1 74.5 93.5 71.1 37.2 10.8 52.2 452
ANOVA:
Dim Ss Ms - f F(0.05) F(0.01)yes(0.05)yes(0.01)
Niveau 1 6384.5 B .. .
Blocks 3 73.525 24.50833 0.480212 3.07 4.87 V) 0
Treatments 7 1098.95 156.9928 3.076094 2.49 3.65 1 0
Remainder 21 1071.765 51.03642
Total 32 8628.74
treatments:} 1 2 3 4 5 - 6 7 8 total
0~-0~-0 0-1-0 0-2-1 1-0-0 1-1-1 2-0-1 2-2-0 2-2-1
blocks: 1 26 30.5 31.3 32.8 15.7 41.6 10.2 44.1 232.2
2 24.4 32.5 21.6 26.1 27.5 29 25.6 29.5 216.2
3 31.5 35 21.5 20.1 27.2 23.1 37.4 22.6 218.4
4 29.3 35.4 30.9 21 21.8 19.2 23.8 16.9 198.3
treatment totals: 111.2 133.4 105.3 100 92.2 112.9 97 113.1 865.1
ANOVA:
Dim ss MS £ F(0.05) F(0.01)yes(0.05)yes(0.01)
Niveau 1 23387.43
Blocks 3 72.65343 24.21781 0.381554 3.07 4.87 0 V]
Treatmnents 7 286.7996 40.97138 0.645509 2.49 3.65 [} ]
Remainder 21 1332.899 63.47138
Total 32 25079.79 —
treatments: L 1 2 3 4 5 6 7 8 total
0-0-0 0-1-0 0-2-1 1-0-0 1-1-1 2-0-1 2-2-0 2-2-1
blocks: 1 30.4 17.1 27.4 34.1 20.8 31.9 41.9 30.3 233.9
2 27.6 34.2 29.3 33.3 30.6 34.6 i 10.9 28.3 228.8
3 34.3 28.2 26.6 27.1 33.9 45.6 31.6 44.3 271.6
4 23.6 29.6 24.6 41.2 31.3 36.4 32.3 37.4 256.4
treatnent totals: 115.9 109.1 107.9 135.7 116.6 148.5 1 116.7 140.3 990.7
ANOVA:
Dim ss MS £ F(0.05) F(0.01)yes(0.05)yes(0.01)
Niveau 1 30671.45 :
Blocks 3 149.3184 49.77281 0.989159 3.07 4.87 0 0
Treatments 7 414.3746 59.19638 1.176438 2.49 3.65 0 o
Remainder 21 1056.684 50.31828
Total 32 32291.83
e —— e m——— : tal
treatments: 1 2 3 4 5 6 7 8 to
s 0-0-0 0-1-0 0-2-1 1-0-0 1-1-1 2-0-1 2-2-0 2-2-1
blocks: 1 14.6 28.4 37.6 43.1 50.2 38.8 ; 48.1 26.2 287
2 31.8 26.8 22.1 38.3 38.1 27.6 - 61.5 36.4 282.6
3 38.4 30.7 20.4 32.3 35 48.5 38.2 45 288.5
4 44.2 32.2 34.9 33.4 32.9 44.1 39.4 30.3 291.4
treatment totals: 129 118.1 115 147.1 156.2 159 187.2 137.9 1149.5
ANOVA:
Dim ss MS £ F(0.05) F(0.01)yes(0.05)yes(0.01)
Niveau 1 41292.19
Blocks 3 5.050937 1.683645 0.019877 3.07  4.87 0 0
Treatments 7 1005.732 143.6760 1.696282 2.49  3.65 0 o
Remainder 21 1778.711 84.70055
Total 32 44081.69
treatments: 6 1 2 3 4 s 6 7 8 total
0-0-0 0-1-0 0-2-1 1-0-0 1-1-1 2-0-1 2-2-0 2-2-1
blocks: 1 §5.1 34.9 30.5 29.3 36.7 40 53.2 45.7 325.4
2 39.5 46.3 44.1 41.8 51.6 43 43.9 39 349.2
3 39.2 46.6 50.7 44.5 51 28.5 34 41.8 336.3
4 29.1 22 40.9 29.2 25.2 37.1 47.6 39.5 270.6
treatment totals: 162.9 149.8 166.2 144.8 164.5 148.6 . 178.7 166 1281.5
ANOVA: . .
Dim Ss MS f F(0.05) F(0.01)yes(0.05)yes(0.01
Nivcau 1 51320.07 . - ) ( v )y ( ” )Y ( )
Blocks 3 448.4109 149.4703 2.044309 3.07 4.87 o 0
Treatments 7 229.3871 32.76959 0.448190 2.49 3.65 0 0
Remainder 21 1535.421 73.11531
Total 32 53533.29



treatments: |

2 q 6 7 8 total
0-0-0 0-1-0 0-2-1 1-0-0 1-1-1 2-0-1 2-2-0 2-2-1
blocks: 1 69.75 62.5 70 74.25 48.25 68.5 47.75 71.25 512.25
2 61.75 60 64.75 67 62 60.5 64.75 59.25 500
3 66.25 69 64.25 66 74 64.25 74.25 67.25 545.25
4 70.25 72.5 73 62.5 69.5 69.25 66.5 62.75 546.25
treatment totals: 268 264 272 269.75 253.75 262.5 253.25 260.5 2103.75
ANOVA : ‘
Dim sS MS £ F(0.05) F(0.0l1)yes(0.05)yes(0.01)
Niveau 1 138305.1 N .
Blocks 3 205.7089 68.56966 1.510096 3.07 4.87 0 0
Treatments 7 84.91992 12.13141 0.267167 2.49 3.65 0 0
Remainder 21 953.5566 45.40745
Total 32 139549.3
. . . S — | '
treatments: 2 1 2 3 4 5 6 ' 7 8 total
0-0-0 0-1-0 0-2-1 1-0-0 1-1-1 2-0-1 2-2-0 2-2-1
blocks: 1 81.25 62.25 82 79 53 76.75 48.5 74 556.75
2 65.25 67.75 73.5 75.75 71.5 66.5 . 66.75 69 556
3 81.5 73.75 69.25 74 84 74.5 81.5 78.5 617
4 80.75 76.5 81 74.5 78.75 74.5 71 68.75 605.75
treatment totals: 308.75 280.25 305.75 303.25 287.25 292.25 i 267.75 290.25 2335.5
ANOVA:
Dim ss MS f F(0.05)! F(0.01)yes(0.05)yes(0.01)
Niveau 1 170455.0 . ... . . i N
Blocks 3 386.0703 128.6901 2.082958 3.07 | 4.87 0 0
Treatments 7 336.9921 48.14174 0.779214 2.49 | 3.65 0 0
Remainder 21 1297.429 61.78236
Total 32 172475.5
treatments:y 1 2 3 4 5 6 7 8 total
0-0-0 0-1-0 0-2-1 1-0-0 1-1-1 2-0-1 2-2-0 2-2-1 ) _
blocks: 1 90 84.5 94.75 94.75 61 90.75 54.25 89.5 622952
2 81.5 75.75 82.5 84 79 74 74.25 81.25 3225
3 92.25 86.25 74.5 84.25 91 85.5 95.5 90.25 6992
4 93.25 89 93 84.75 83.75 86.75 81.75 73.25 .
el o e o o - - - - - - - - - - - - > T - = = - - - " — " - . . - . . e = . . - - - e e
. 334.25 2676.75
treatment totals: 357 335.5 344.75 347.75 314.75 337 305.75
ANOVA: T = - T T ' 05
Dim s MS £ F(0-05)  £(0.01)yes(0.05)yes(0.01)
Niveau 1 223905.9 ] ‘
Blocks 3 330.3964 110.1321 1.197847 3.07 .87 o o
Treatments 7 502.6855 71.81222 0.781062 2.49 3 65 o o
Remainder 21 1930.775 91.94168
Total 32 226669.8
- - S - : —_ 6 2 8 total
ts: 1 2 3 4 5 z e
freatments: i 0-0-0  0-1-0  0-2-1 1-0-0 1-1-1  2-0-1 2-2-0  2-2-1 —
a T los.s 3.5  101.25 ‘62 98.75 741
blocks: : %822 91.;2 aslg; lgg.g 9;.75 86 87.5 90.25 718.75
§ 9052 101.75 "84 98 104.75 94.75 110.25 12:-: 77373;
4 108 96.5 104 92 95.5 98.25 95 . cre
-------- ——-= === . 3154.75 378 3030.5
treatment totals: 395.75 376  384.25 392 369.5 380.25
ANOVA: . .01
Dim ss MS £ F(0.05) F(0.01)yes(0 05)yes(0.01)
Niveau 1 286997.8 . - : o
Blocks 3 449.7578 149.9192 1.261217 3.07 g.:g g o
Treatments 7 291.6796 41.66852 0.350542 2.49 .
Dawmaindar 21 2496.242 118.8686



) (0*.'3?14}

treatments: § 1 2 3 4 5 6 7 8 total

blocks:

1 108.25 98.75 116.5 120.25 87.25 112.5 73.25 115.5  832.25
2 99.75 95 99  107.75 108.75 96 98.75 98 803
3 112.25 111 94.25 110 118.25 108.75 120.5 118.25  893.25
4 114.5 103.5 116.75 102.5 107.5 106.25 108.25 99.25 858.5
treatment totals: 434.75 408.25 426.5 440.5 421.75 423.5  400.75 431 3387
ANOVA:
Dim ss MSs £ F(0.05) F(0.01)yes(0.05)yes(0.01)
Niveau 1 358492.7 . L
Blocks 3 553.0781 184.3593 1.550605 3.07 4.87 Y 0
Treatments 7 308.4687 44.06696 0.370637 2.49 3.65 0 0
Remainder 21 2496.796 118.8950
Total 32 361851.1
treatments: b 1 2 3 4 5 6 7 8 total
0-0-0 0-1-0 0-2-1 1-0-0 1-1-1 2-0-1 2-2-0 2-2-1
blocks: 1 123.5 117 137.5 140 99.5 130.5 89  136.25 973.2;-
2 118 114 116 127.5 122.75 111.75 119.75  115.25 945
3 128.75 133.75 112 130.5 141 129.75 138.75 142.5 1057
4 134  125.25 130.25 122.5 128.75 130.25 124.5 113 1008.5
treatment totals: 504.25 490 495.75 520.5 492 502.25 472 507 398;.-;;-
ANOVA:
. " Dim ss MS £ F(0.05) F(0.01)yes(0.05)yes(0.01)
Niveau 1 495945.7 . : : :
Blocks 3 874.4746 291.4915 1.891352 3.07 4.87 0 0
Treatments 7 356.3574 50.90820 0.330319 2.49 3.65 0 o
Remainder 21 3236.478 154.1180

Total 32 500413.0
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M

LQ(H = tear g&m ot time €
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time of meoasugement
(‘.:{l,z,S, v,5, 6}

(hRea weeks before Lhe
Fiest meosuprement

-
-

-
-

to

measukements eucﬁx three weeks

m - mulh'r\im{'\'ov« pr»c*é&

.

treatments: L_ﬂ(e,) 1 2 3 4 5 6 7 8 total
0-0-0 0-1-0 0-2-1 1-0-0 1-1-1 2-0-1 2-2-0 2-2-1
blocks: 1 3008 2600 2988 2903 1563 2526 1091 2731 19410
2 2453 2131 2670 2413 2300 2185 1857 2201 18210
3 2393 2572 2388 2470 2515 2147 2806 2379 19670
4 2877 2659 2943 2229 3078 2692 2138 2084 20700
treatment totals: 10731 9962 10989 10015 9456 9550 7892 9395 77990
ANOVA: '
Dim ss MS £ F(0.05) F(0.01)yes(0.05)yes(0.01)
Niveau 1 s : :
Blocks 3 392634.3 130878.1 0.746868 3.07 4.87 0 0
Treatments 7 1579315. 225616.5 1.287503 2.49 3.65 [ o
Remainder 21 3679950. 175235.7
Total 32 2.0E+08
treatments: m 1 2 3 4 5 6 7 8 total
N 0-0-0 0-1-0 0-2-1 1-0-0 1-1-1 2-0-1 2-2-0 2-2-1
blocks: 1 230.6 160.7 246.1 288 125.8 257.1 115.4  261.2 1684.9
2 184.6 204.1 191 259.1 245.8 184 174.3 199.3 1642.2
3 237.7 239.6 166.3 194.4 292  233.3  273.5 295 1931.8
4 237.3 177.5 255.7 197.5 211.5 271.7 202.7 160.1 1714
treatment totals 890.2 781.9 859.1 939 875.1 946.1 765.9 915.6 6972.9
ANOVA:
Dim Ss MS f F(0.05 F(0.01 yes(0.05yes(0.01
Niveau 1 1519416 o . o
Blocks 3 6252.81 2084.27 0.80390 3.07 4.87 0 0
Treatments 7 7940.51 1134.35 0.43752 2.49 3.65 0 0
Remainder 21 54446.4 2592.68
Total 32 1588056
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qr-k’(.rl

—

treatments: o

treatment totals:
ANOVA:

Niveau

Blocks
Treatments
Remainder

Total

e ab

o

.

34.75

pec of new forred leaves Since

treatnments:

treatment totals:
ANOVA:

Niveau

Blocks
Treatments
Remainder

Total

af (ea{ oRean WWeReuse Since ﬂ“5/ (nECSuURR ynpnt

treatments: Fuem %~ 1

0-0-0

Dim
1
3

7
21

32

Qi L Bl e O

treatment totals:
ANOVA 3

Niveau
Blocks

3 4 5 6 7 8 total
0-2-1 1-0-0 1-1-1 2-0-1 2-2-0 2-2-1
8.75 9.25 8.5 9 6.5 7.5 66
8.75 8.25 9 vl 7.5 8.25 66
8.5 8.25 9 7.75 9.25 8.75 69
8.75 8 9 8.75 8.25 9 70.25
34.75 33.75 35.5 32.5 31.5 33.5 271.25
Ss MS £ F(0.05) F(0.01)yes(0.05)yes(0.01)
2299.267 :
1.740234 0.580078 1.313329 3.07 4.87 0 0
3.279296 0.468470 1.060644 2.49 3.65 0 (]
9.275390 0.441685
2313.562
ﬁast measurement (gt 6th mQGSQRngn%)
a 4 5 [ 7 8 total
0-2-1 1-0-0 1-1-1 2-0-1 2-2-0 2-2-1
4.25 5.75 5.75 5.5 4.5 S 39.5
5 5 4.5 5 4.75 4.5 38
5 5 4.5 5 5 4.5 39
4.5 4.5 S 5.25 5.25 5 38
18.75 20.25 19.75 20.75 ° 19.5 19 154.5
ss Ms £ F(0.05) F(0.01)yes(0.05)yes(0.01)
745.9453 . : :
0.210937 0.070312 0.409978 3.07 4.87 0 (]
1.492187 0.213169 1.242950 2.49 3.65 0 (]
3.601562 0.171502
751.25
(at 6th macsusement )
3 4 s 6 7 8 total
0-2-1 1-0-0 1-1-1 2-0-1 2-2-0 2-2-1
255.3 288.3 226.6 263.8 , 221.9 288.2 2010.8
237.7 324.5 282.5 242.4 1 238.7 272.5 2112.5
223.4 235 337.8 278.7 286.7 309.7 2215.6
267 288.6 222.7 279.5 237.3 218 1964.4
983.4 1136.4 1069.6 1064.4 984.6 1088.4 8303.3
ss MS £ F(0.05) F(0.01)yes(0.05)yes(0.01)
2154524. .
4690.735 1563.578 1.318233 3.07 4.87 0 0
6269.787 895.6838 0.755139 2.49 3.65 (] (]

Treatments
Remainder

24908.45 1186.116





