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Abstract
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'Plant Production Systems group, Wageningeivélsity, PO Box 430, 6700 AK Wageningen,
the Netherlands

2 plant Research International, Wageningen University and Research CeriderBox 616,
6700 AP Wageningen, the Netherlands

Abstract

The tropical oil croplatropha curcad. may have economic potgal in the global biofuel
market. However, improvement of the crop needs further research and effort, requiring
knowledge on plant phenology as a result of plant development. The main objective of this
research is to describe and evaluate the developn@niatropha curcas., and to relate this

to different soil conditions, with the aim of generating a database that could be used for future
studies. Development of the crop is invgstied through measurements of @8 Jatropha
curcasL. plants from six # FSNBy i FAStRa o0Sf2y3aAay3a G2 CIN¥YS
Mozambique Plant development is assessed through measurements of the parameters height,
number of branches grown during the first year, number of branches grown during the second
year, effectivébranch lengthand leaf area indeaf all 1898 plants. The relation between these
parameters is investigated by statistical methods aiming to derive patterns that can be
represented by mathematical equations. Dry matter and nutrient (N, P and K) content are
measured in samples of plant organs (stem, branches grown during the first and second year,
petioles and leafs) of selected plants of all the fields. Their relative distribution over the plant
organs within total plants has been calculated. To explorethdresoil nutrient status could
explain differences in plant development and nutrient content, statistical analysis has been
used to correlate plant nutrient data with soil nutrient data that were provided by plant and
soil analyses. Results obtained i thresent research indicate growth and development traits

of the specific variety of thdatropha curcas. crop cultivated in the region of Cabo Delgado.
These results can be used for further investigations in developmend. ofurcascrop
worldwide and m estimations for local bioenergy scenarios. Investigated fields belonged to a
project supported by FACT foundation, field work and measurements have been supported by
WURDGIS funded by Competing Clai@@mpeting Models project and laboratory analyses
hawe been funded by EU FPERAARDBIA- Biofuels in Africa program whereas supervision of
the MSc student has been performed by Plant Production Systems group, Wageningen
University.
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1. Introduction

Upon realizing that energy use and availability are subjects of global awareness, researchers
began to focus their efforts towards thexploration of new renewable energy resources and
the diminution of energy consumption aiming to deal with the general energy crisis. The
notable growth of global population inevitably increases the energy demand. Moreover, fossil
energy resources are digting and its unsustainability is evidef@TZ 200p In recent years,
several minor or regionally grown crops have beestplated as sustainable alternatives with
economic potentialJ. curcad. is one of these alternatives that has captured the attention of
scientists as a result of its considerable prospects in the biofuel production. Despite of the
difficulty to determire its commercial possibilitiegongschaap, Corré et al. 2Q00%is crop
originates high expectations and optimistic economic opportunities for developing tropical
countries while keeping thaffirmation of sustainable fuel alternatives.

1.1. General description and ecology of the crop

Jatropha curcad.. is a tropical oil crogrom the section Curcas of the Jatropha genus,
belonging to the Euphorbiaceae group. According to its morphologicabdeaistics, the
plant is a deciduous perennial shrub, although it might reach heights over 5 nietelisr
1996 Henning 200y With an intermittent growth pattern, the root system af. curcas
develops a central tap root and four to five minor roolts. trunk has shiny grey color and
exudes whitish latex if cuHenning 2007Kaushik, Kumar et al. 2007The leaf®f the plant
are alternate, simple and glabrous, and can present from five to seven (bladier 1996. J.
curcasproduce umbelike inflorescences on théerminal axes of the branches that may
contain around 100 unisexual yellowish and green flowgfenning 200y J. curcasis
generally described as a monoecious plant of allogamous nature, beingpuitisated by
insects(Heller 1996, although several authors reporteselfcompatibility in this crop and
natural occurrence of seffollinating flowers(Kaushik, Kumar et a&007). J. curcagproduces
globular yellow fruitdurning to black at maturity. Within these fruits, three black seeds of 1 to
2 cm in length with ellipsoid form are developéthe seeds havech oil content with toxic
components such as phorbol estesgs 8 G KS LINE G S A (Aen@dR0OYi A 2 Y @& OdzNOA y ¢

The exact center of origin & curcags still unknown. According to some authors, Brazil and
the north part of South America are the original locatiqgdengschaap, Corré et al. 2007
while others support the idea that the origin or this crop is in Central America and Mexico
(Heller 1996 Henning 200Y. J. curcass acclimated throughout the tropics and subtropics
between latitudes ranging from 30°N to 35fHenning 2007 Jongschaap, Corré et al. 2007

The crop is grown in Central America, South America, Africa and Asia. Great parts of the world
are not suitable fod. curcaproduction because either temperatures are too coldrainfall is

not enough. No data is available abalutcurcagproduction in nontropical climategHenning

2009.
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Figure2. Main distribution areas ofl. curcasn the world (greenjHenning 2002

J. curcapresents a high level of adaptation being able to grow in a wide range ofcéigratic
conditions, but performs well in semiarid tropical regions with temperatures from 20 to 30°C.
It grows well with sandy andravely drained soils. Standing water is not convenient and some
reports said that it is able to grow in saline s¢igenning 2009 Its water requirements are
low although over 1000 mm are needed for acceptable seed production. It is a drought
tolerant crop, being able to shed leafschstand until seven months in drought. It is important
to mention thatJ. curcass able to grow in marginal or waste lands. In case of cold or drought,
leafs that are shed form a mulch that may improve the soil fertility when leafs are
decomposed. It camlso act as a mineral pump, helping in the rehabilitation of waste lands
(Henning 2009 Despite all this, explicit information about the original ecosystem of this crop
is still unknownJongschaap, Corré et al. 2007
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Figure4. J. curcadruitingin 1° de Maio I, Mozambique, January 2010.

1.2. Economic Potential

J. curcadas been usd for centuries as a natural fence keeping livestock in the fields because
its toxicity avoids animals running through it. In Afridacurcadeafs, seeds and bark have
been used for traditional medicinal purpos@$enning ®07). The oil extracted from the seeds

has several purposes. For instance, it is used for lamp oil, cooking oil and soap production. The
seed cake remaining from the oil extraction might be used as a fertilizer and even as animal
feed (Heller 1996. J. curca®il is used in a local scale as biofuel for small engines in pumps or
mills (Heller 1996. Nonetheless, the most important aspect &f curcags its potential as a
bioenergy crop due to its oil. This crop has prosperous expectations because of the ease with
which its oil can be refineeller 199¢. This feature trigged the interest of scientist and
investors all over the world.
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This crop possessesromising perspectives in the biofuelhdustry. Energysecurity
considerations, increasing oil prices and environmental policies aimed at substituting fossil
fuels with renewable energy. This has led to a greater interest in biofuels. In the last years,
biofuel technologies have been a matter of interest arabearch for investors. Biofuel
production has been tripled between the years 2000 and 2@@ditionally, bssil fuel prices

are predicted to rise, and governments worldwidee dooking for alternative fuesources
(Coyle 200y, increasing the funds for research in this field to improveithmsition in the
bioenergy sector competitio(Schubert 2006 With targets such as having 10% of theroad

fuels biologically derived by 201&80oyle 200Ybiofuel crops such a%. curcasre the focus of
attention.

J. curcapresents many features that make it a suitable option to become an energy crop in
the biofuel market Biodiesel produced from its oil meet all the requirements established for
high-quality diesel(Foidl, Foidl et al. 1996-rancis, Edinger et al. 2009n addition, the
technology for diesel produced froth curca®il exists and it is available; and its gas emissions
are lower thanthose frompetrol diesel(Jongschaap, Corré et al. 2Q0Koreover, the main
advantage of this crop lies on its adaptability to marginal and waste lands that had been
claimed by several author§longschaap, Corré etl. 22007. Its low resource and labor
requirements motivate to plant it in marginal agronomic areas. It is also important that it can
be used in marginal soils where no food crops can be grown and it might recover them. All this
adds advantages td. curasin comparison to other crops used for biofuel production such as
soybean, rapeseed or maize, which have been shown to result unsustaijéajée 200Y.
Hence, there is no doubt thadt curcadias a great potential in the biofuel market.

1.3. J. curcasin the biofuel market and the challe nge ahead

Nevertheless, all these optimistic expectations cannot be fulfilled at the moment. Much work
has to be done before producind. curcasbiodiesel in industrial quantities. The huge
knowledge gap regardind curcasultivation and productivity reesents the main drawback

in this project. Only a few authors studied the productivity of this crop regarding its biofuel
production potential. From the literature it can be concluded that information akbuturcas
productivity was vague and varied stigiy. The absence of scientific reliable data and the
inadequacy of the existing data were the reasons for this lack of informéfiary Ouwens,
Francis et al. 207; Jongschaap, Corré et al. 2Q0vloreover, some authors are really skeptical
about the blessings af. curcasultivation and production in some areas, more specifically in
Africa (Franken 201D In any way, this fact should not be a reason to underestimate the
potential of this crop.J. curcaspossibilities and expectations should be investigated and
evaluated. Various studies explored hypothetical scenarios for itsyatamh andeconomic
viability with promising results in price&rancis, Edinger et al. 200&nd oil production
(Jongschaap, Corré et al. 2Q0If the combination of the good results known so far with the
abovementioned beneficial properties of th& curcascultivation is feasible, the actual
potential of this crogs more perceptible. For instance, bio gas production ftbrourcaseed
cake and plant wastehas been studied and considered a good option to make biofuel
production of this oil crop more effiant and attractive for investor@innen 2010

The author strongly believes that all the feasible options should be considered and carefully
evaluated J. curcashould be studied according to local conditions aiming to obtain profitable
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yields and therefore fulfill the hopeful expectations of the exploitation of this crop. The
potential of this crop still has to be determined through the elaboratiosaiéntifically reliable
studies of Wd  Osdpaluicti&i® under (optimal) conditions. A broad range of knowledge
fields have to be discovered and studied for this crop, but clearly cultivation studies are the
basis of further studies regarding produdtyvor breeding programs. Therefore, it is necessary
to know the growth and development of the plant in depth before other study programs can
be established. The immediate challenge is to study the plant phenology at the locarevel
therefore to contribute in possible further investigationsThis involves the collection of
reliable information regarding. curcagrowth.

1.4. Knowledge gaps in J. curcasL. investigation

The lack of knowledge regardidgcurcaa LINBR RdzOUG A2y & & & (stokthel TFSOG a
stages in the production chain. The major gaps concern agronomic aspects like growth,
development, cultivation and management. Considerable degrees of knowledge are still
required in the development of a full production system including procgssimd market
issues, without forgetting the use of products and subducts resulting from thel. curcas
production. Moreover, there is a need for a comprehensive and extensive genetic diversity
study inJ. curcaghat may lead to breeding programs targey the maximization of crop
productivity. As some authors indicate, the plantation of unimproved plant material may lead
to bad results, bad returns on investments and an important loss of interest in J. curcas
(Henning 2007) For all, accurate and relieb data concerning plant requirements dn
environment characteristics afdacking for the elaboration of complete production systems in
vast areas that can be used farcurcasultivation(Daey OuwensFrancis et al. 2007

Relating toplant cultivation, remarkable labor has to be done to collect observations in current
J. curcasplantations and implement particular experiments for disclosing the effect of
different agronomic factors on crop developmt and production. This information should be
shared to avoid unwarranted investments and tles of interest in this crofda Schio 2010
Achten et al. reported that basic agronomic attributes of this crop and environmental effects
on it have not yet been closely investigatéfichten, Verchot et al. 2008 Management
practices such as plan spacing, pruning, plant material manipulation, plant propagation, pest
and disease management and intercropping effects still have to be objscienftific study for
further discussion. ConsequencesJofcurcasultivation in soil properties like soil structure,
water holding capacity, organic matter level or soil biota activity should also be investigated
more in depth. As mentioned above, mu@search is required in the study of the influence of
the environmental parameters on plant development and subsequent production.

1.5. Selection of the knowledge gap and justification

The section above evidenced the wide variety of issues that requirbeuntesearch and
investigation. Undoubtedly an immense research is required to deal with those issues with the
consequent possibility of being vague and inaccurate. Since the last is not desired, in the
present research it was suggested to try to contributith one of the most important and
essential stages i curcaproduction, the cultivation. A close observation and analysis mainly
into growth variables in currently existirlg curcaglantations was performed to provide with
valuable information abat plant development aiming to unravel the effects of soil qualities on

it. Growth parameters and its relation to soil nutrient status reveal interesting information that
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may help to a better understanding df curcaphysiology. A general examination growth
parameters is presented through a measurement description of several characters: plant
height, number of branches grown during the first year of development, number of branches
grown during the second year of development, effective branch lengtth,|eaf area index. In

this regard, interactions among them are reported and explained when interesting conclusions
can be extracted. These features are object of study in relation to soil nutrient qualities
considering that not much is known about thisues Furthermore, dry matter and nutrient
distribution over plant organs is considered in the description of theurcaslevelopment,
being conjointly related to soil nutrients. A deeper investigation in these issues might allow to
make a progress in theninimization of the important knowledge gaps that restrict the
curcasproduction and hence the seeking of new renewable energy sources.

It is exceptionally important to advert the high dependency of results on local conditions and
circumstances, that arinevitably given and that cannot be modified. Results might offer an
overview of the performance of this crop according to the conditions existing in the study
locations. It should be a matter of discussion whether the conclusions hereby presented can be
eventually extraplated to different situations.

WageningenUniversity has been working for a longtime researching a wide range of plant
species. Within th sustainable principles &ageningerlUniversity research is being carried
out concerning new altmatives for renewable energy resources. In this study line, there are
projects that are being developed in collaboration with many organizatiorte realization

of the present researchinvestigated fields belonged to a proje supported by FACT
foundaion while field work and measurementsvere supported by WURGIS funded by
Competing Claim€ompeting Models projectlaboratory analysesvere funded by EU FP6
ERAARDBIA- Biofuels in Africa program whereas supervision of the MSc student has been
performed by Plant Production Systems group, Wageningen University.

The author submitted this report in partial fulfillment of the degree of Master of Organic
Agriculture at Wagenirgn University, the Netherlands.
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2. Objectives

2.1. General Objective

The man objective of this research was to describe the developmenlatfopha curcag. in
different soil conditionsThe goal was to explore whether differenceslircurcaslievelopment
could be attributed to soil nutrient qualities.

The final aim of this stydwas to describe and evaluate the developmentJo€urcasto
generate a database that could be used for future studies.

2.2. Specific Objectives

1 To measure the development af. curcasby different phenological and growth
parameters and describe the réil@nships between them.

I To measure the dry matter distribution within thle curcaglant, and to determine if
the nutrients in the soil affect that distribution.

1 To measure the nutrient content and distribution within tle curcaglant, and to
determineif the nutrients in the soil affect these.

1 To explore whether specific nutrient contents in the soil are correlated with growth
and development parameters.
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3. Materials and Methods

The work for this research was developed in two periods. The firgogheirom 18" January to

239 April, was dedicated to the field research in different locations in the region of Cabo
Delgado, but mainly at the EPF in Bilibiza. The second period, ffrap28s to 6" December

was directed to data analysis and repuantiting at Wageningen University.

3.1. Field work research in Cabo Delgado, Mozambique

The field researcttonsisted of severactivities. Those involved measurement taking, plant
material collection and processing and soil sampling. Growth and developaiet398 J.
curcasplants from different fields in the region of Cabo Delgado was detailed in terms of
height, number of branches grown during the first year, number of branches grown during the
second year, length of the branches and number of leaMedrient content was determined

in samples of soils and plant organs.

3.1.1. Study area

The study fields are situated in different distrigtithin the regionof Cabo Delgado in northern

Mozambique, near Tanzan{&ig.5). In this region, the most common c®gultivated are

maize, cassava, rice and beans. Only peanuts and sesame are cultivated as cash crops. During

the rainy season, only a few fields are cultivated with tomato, cucumber or fruit crops such as

mango or papaya. Irrigation is not used and onfgva farmers are starting to build small dams

to store the rain water and grow vegetabldaring the rainy seasotield work activities were

done in already existing. curcasplantations. No experiments were established for this

researchAll the fieldsdza SR Ay (KAA& aiddzRé o0Sft2y3a (2 GKS CI N
they are used as experimental ploEach field imperated by the extension worker assigned to

SIOK RAAGNAOGEZ 6KAOK KI & | ORogrdidthted in Bibizal K G KS C
Before starting thel. curcagrials, none of the fields were used for agronomic purposes. In the

area,J. curcasvas recently introduced and it is used not only for economic purposes, but also

for dealing with the animainan conflict using it aéving fencesJ. curcass gaining importance

in the area although market policies and possibilifasits useare lacking.

This research attempts to describe the phenological characteristi¢scafcasdevelopment in
different locations with different @il qualities. The idea is to observe differences in the
development of the plant and elaborat&n information database that might help minimizing
the knowledge gap regardinl curcasultivation.
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Africa Mozambique

Cabo Delgado Districts and study fields

Figure5. Location of study fikls being 1.Bilibiza I; 2. Bilibiza Il; 3. 25 Setembro; 4. 1° Maio I; 5. 1° Maio II; 6.
Ngeue; 7Nanlia in Cabo Delgado, Mozambique 20(M\aplibrary 2010
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Location of the fields

Bilibiza | and Il are located in the town of Bilibiza in Quissanga district. Its coordinates are
12°33'35.12" S, 40°15'59.56" E. Bilibiza | has an area of 0.21 ha containihgut68splants.

The field Bilibiza Il, with an extension of 0.51 ha, contains 116Qrcasrees and it presents a
small slope direction souttvest. The field name@5 Setembro is situated in the village with

the same name also in Quissanga district. Vdithextension of 0.084 ha, it contains 210
curcasplants. The fields of 1° de Maio | and Il are both located in the district of Meluco in the
small town of 1° de Maio correspondirig the coordinates:12°27'00.09" S, 39°52'24.93" E.
These study fields doot present slope. Ngeue, with coordinates 12°51'49.51" S, 39°56'57.53"
E; is located in the town of Ngeue in the district of Ancuabe. This study field does not present
slope and its area is 0.25 ha, containing 288urcadsrees. FinallyNanlia is loceed in Pemba
Metuge district, with coordinates 13°05'37.74" S, 40°17'06.80" E. Placed close to a river, it
does not have a slope and it hasound260 treesNo intercropping practices were performed

in the study fields.

Tablel. Sudy fields nain characteristics (Personal communication)

Field Age seedlings Date_ Areza Number of Spacing [m x m] Pruned

[months] Plantation [m?] Plants [#] Yes | No

Bilibiza | 2 jan-08 2030 419 2x2 X

Bilibiza Il 2 jan-08 5060 1229 2x2 X
25 Seembro 7 jun-08 840 210 2x2 X
1° Maio | 5 jun-08 2x2 X

- - 1120 280

1° Maio I 5 jun-08 2x2 X
Ngeue 5 dec07 2500 625 2x2 X
Nanlia 5 dec07 - 260 2x2 X

Figure6. Field of NgeueThe woman is the presidentof & CI NY SN & / f dzo 22010 3S5dzSx a21 | YO A
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3.1.2. Plant Material

Anumber of 188 J. curcaplants representing the Mozambican variety were used for all the
measurementsin the present study This number was composed by plants grown in
experimental fieldbelonging to theC I NY SNA Q / f dzoJ. durfapléritsOvisre ieelO (A 2 y @
sprayed and fertilization was not applied in any case. Some characteristics were common for

all the plants used in this study.

1 AllJ. curcaplants used in this study were in thiird year of development, having
been planted in between the end of 2008 and the beginning 28fér about five
months in the nursery

1 A plant spacing of 2m x 2mwvas usedrn every field obtaining a plant density of 4
plants m?.

1 The whole study was penfimed with the local vadty of J. curcasnamed
Gaz2T | YOAIldzSé o

1 Pruning was only performed in the fields of Bilibiza | and Bilibiza II.

Phenological Characterization of J. curcas

During the field work of this research different parameters were measured dhdilly for

every plant. These measurements were divided in two groups: Non destructive measurements,
comprising those that did not require the destruction of plant material; and Destructive
measurements that involved the partiat total destruction of plat material.

Non Destructive Measurements (NDM)

The aim of the application of non destructive measurements was to give a phenological
characterization ofl. curcasThe height of the plant was measured from the ground level close
to the base of the stematthe highest part of the plant with a straight stick of 2.5 m long with
gradation marks every 2.5 cm. The number of branches grown during the first year and the
number of branches grown during the second year were couared data were recordedn
everyplant, the part of the branch containing leafs was measured as well as the total length of
the branch.

Leaf Area Index (LAI)

As the development of thelantsis related to its photosynthetic capacity, theaf area mdex
(LADwas calculated by maon-destructive measurement commonly used in biomass production
estimation. The choice of calculating LAI for all the plants measured in each fielthadas
according to the high heterogeneitybservedin the fields regarding plardevelopment. The
same procedurewas followed in every field by the same extension workers under the
supervision of the author.

In every plant a representative branch was chosen. The total length and the effective length of
representative branches were measured using a measuring stickaanteasuring tape.
Effective length of the branch is understood as the part of the branch where green leaves are
growing (da Schio 2010 The number of leaves in the effective length of the representative
branch was counted in every case. A representative leaf was also selected and the width of the
leaf was measured between the two lobegiplosest to the petiole and perpendicular on the
length line from petiole to leaf tip. The length of the leaf was measured from the petiole to the
leaf tip with a measuring tape. Calculations were made to determine the LAI in every plant,
according to thanethodology described in Appendix
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Destructive measurements (DsM)

To determine the dry matter and nutrient distribution in the plantbfcurcasplant material

was collected from the study fields. This material was cut, separated, weighed, dried and
finally packaged before being sent to the laboratory to be analy@ederal activities were
done to obtain the results

Collection

In every field the 6 beslevelopedplants were cut and separated in two sets of 3 plants each.
The two sets were collectedming to make a comparison between them and determine the
existence of differences in dry matter and nutrierntent anddistribution within fields. Stem,
branches grown during the first year, branches grown during the segead petioles and

leafs werethe organs separated in every plant. Those organs were collected first by removing
all the branches from the main stem using a machete and pruning scissors. Leaves were
individually removed from the branches and manually separated from petioles. Paitttge of
branches growrduring the present season were cut and separated from those grdhen
previousyear according to visual differences in color, thickness and roughness of the surface.
All organs and all samples were weighed fresh. For each set, equahtamajieach organ was
taken and gathered in a composite sample, having as a result a sample that contained part of
each organ from the three plants of that set. In the end, 10 plant samples were collected from
every field.The sampling procedure (FB) was followed for both sets in every field.

Figure7. Organ sampling in the field of Bilibiza |, Mozambique, April 2010.
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Fresh Weighing

Total fesh plant material collected from each organ and all samples were weiglstliwith
a scale (moddPhilips HR2395weighing up to 5 kg in gradations of 1 graffeigh data were
recorded in dieldwork notebook.

Conservation and Transportation
Plant samjes were kept after weighing in labeled plastic bags and conserved in a fridge the
day before being dried to avoid spoilage

Sample Drying and Weighing

Samples were dried in the laboratory of the Mozambican Agronomy Research Institute
(Instituto delnvestgacdoAgraria de Mogambique (IIAM)) located in the city of Nampula, 440
km away from Bilibiza. All the samples were chopped and put into labeled paper bags. Samples
directed to dry matter determination were packed in paper bags containing 100 g of sample.
Two different drying procedures were performed: The samples directed to nutrient analysis
were dried at 70°C for 48 hours in a forced circulation oven (mbadbcon FSOM HBiDwhile

the samples directed to dry matter distribution determination were dried180°Cfor 72
hours in an oven (modd@inder WJ . These last dried samples were weighed with a precision
scale (modeBcaltec SBC ¥and the data was recorded for further calculations of dry matter
distribution.

3.1.3. Soil
According to FAO soil classifiion, the dominant soils in the study area are Cambésal
Acrisol with some Chernozefiielsen 2009

Soil Sampling

During the field work a soflampling program was performed in the fields of Bilibiza I, Bilibiza

II, 25 de Setembro, 1° de Maio I, 1° de Maio II, Ngeue, Nanlia and additionally in Xinavane. This
program involved the collection of soil samples for nutrient analysis. Samples weretesdtra

from three different soil layers: 0 to 20 cm, 20 to 40 cm and 40 to 60 cm deep. Two composite
samples, each containing three samples, were obtained from every field. Each subsample was
composed by six subsamples collected from every sampling pothieirield. Soil samphg
protocol can be found ikppendix2.

Sample drying and conservation

Soil samples were placed in paper trays and suaddfor 3 days. When dry, part of the
samples wapackaged inample plastic bags and labeled before being dentaboratoryfor
nutrient analysis
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3.1.4. Climate Data

The climate in the region where measurements were performed is within the-agnatic

zone R8 and it is characterized by a dry and a rainy (December to May) season and mean
annual rainfall over 8@ mm(Nielsen 2009Climate 2010 A weather station was notvailable

so weather variables were not recorded for this study. The closest weather station was in the
city of Pemba (158'23.53"S, 40°31'04.08"ELonsequently, real weather variables and
conditions in the study fields might vary.

Table2. Mean temperatures and precipitation data in the city of Pemba, capital of Cabo Delgado, Mozambique
(2010).

Year| Month Mean Temperature [°C] Precipitation amount [mm]
January 27,4 237,48
February 26,7 225,82

March 27 84,07
April 26,2 2,28
May 25,5 3,05
June 23,8 7,11

2008

July 23,4 0
August 23,7 0
September 24,8 0,25
October 26,3 0
November 27,5 35,56
December 27,3 62,24
January 28 298,7
February 27,1 98,55
March 27,7 52,83
April 26,7 20,83
May 25,8 2,04
June 24,8 2,03
2009
July 23,5 0,51
August 24,2 1,52
September 25,1 3,05
October 26,8 7,11
November 27,3 41,41
December 27,7 35,56
January 27,6 156,73

2010

February 27,7 250,94
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March 27,5 228,35

April 27,8 68,58

Since the date that plants wereatsplanted to the fields, available climate data about
temperatures and precipitations show that the mean temperatures for the two first year of
plant development were 25.8 °C and 26.2 °C respectively. Average monthly rainfall was 54.82
mm forthe year 208 and 47.01 mm in the case of the y@&09. According to the data, plants
were established in the fields in the beginning of the rainy season, what could have been
benefical for the establishmentTemperatures seem to be within the optimal range of
temperatures forJ. curcagrowth (Heming 2009.

Figurel0. Dry soil samples before being packaged,
Bilibiza, Mozambique, 2010.

Figure9. Plant data collection in Ngeue,
Mozambique, 2010(Picture by Flemming
Nielsen, 2010)
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3.2 Research at Wageningen University, the Netherlands
Several activities were performed to obtain resulisring the research pevd in Wageningen.

3.2.1. Sample Preparation

A preparation for soil and plant samples was required before being analyzed in the laboratory.
Plant and soil dry samples were milled to a particle size of 1 mm and packaged using the
facilities in the laborator of Radix Agros, in Wageningen University Campus. Plant and soll
samples were individually milled with a ground rfritlodel Tecator Cyclotec 1093 Sample Mill

After each turn, the mill was proplgr cleaned using air pressurearSples were stored in
plastc pots hermetically closed and labeled according to the list in Appendix 3.

3.2.2. Laboratory Analyses
Plant and soil material was analyzed by BLGG Laboratories in Oosterbeek, the Netherlands.
The analyses were directed to determine the nutrient statuthefplant and soil material.

Plant Analysis

Analyses performed to plant samples revealed the nutrient status ofJtheurcasamples
collected. Quantities for tle following elements were determinedSodium Potassium
CalciumMagnesiumPhosphorusManganese Iron, Zing Sulphurand Total Nitrogen

Results from these analyses can be found in Appefdexpressed by grams of nutrient per
kilogram of DM. In the present investigation, only N, P and K were considered.

Soil Analysis

Soil analyses came up witte amounts of nutrient in the soil of the study fields. The elements
analyzed were:Total Nitrogen Phosphorus (FPAE) Phosphorus¢ Aluminum Potassium
Magnesium Sodium ManganeseCopper Cobalt Selenium Boron Zing Acidity (pH), Organic
Carbonand Organic Matter.

Results from these analyses can be found\ppendix 4 expressed bynilligramsof nutrient
per kilogram of DM for N and K, while P is expressed by milligram®eop& 100 grams of
soil. In the present investigation, only N, P anddferconsidered.

3.2.3. Statistical Analysis

Data collected during the field work were organized in calculation sheets using Microsoft Excel.
Every statistical calculation was executed with the free statistical software R and R
Commander. Charts were elaladed using Microsoft Excel and Bescriptive methods have
been usedor phenological data collected from every plant and LAI calculations. To determine
the existence ofdifferences within and between fields regarding nutrient and dry matter
distribution, data was processed with R andC@mmander to perfon the analysis of the
variance, always with a level of confidence of P=0.05.
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4. Results and Discussion
Outcomes of the present research are presented in this chapter.

4.1 Soil Nutrients

Soil compositia and nutrient availability are relevant parameters that directly influence the
crop growth and development. Soil analyses performed to the samples collected from all the
study fields revealed the nutrient status of the stifate zones where the plantsese growing.

In the present research, the three main elements affecting plant growth were considered:
nitrogen (N), phosphorus (in the form of phosphorus oxidg)sPand potassium (K). The
statistical comparison of the two composite samples in each fietdveld that there are not
significant differences regarding soil N, P and K content within any of the fields. However, it
was possible to find significant differences for the content of the three eléméptween
fields, with P=0.05.

Table3. Soil N, P and K levels per study field and soil layer. Mozambique, 2010.

Soil Nutrients
, , i Soil Layer
Field Composite Nutrient [mg/kg] Average
D1 D2 | D3
Total N 480 | 410 | 400 | 430,00
Composite 1 P [mgP,0s/100 g] 1 0 0 0,33
K 86 84 | 102 | 90,67
Total N 350 | 410 | 480 | 413,33
Bilibiza | Composite 2 P [mgP,0s/100 g] 2 0 0 0,67
K 78 86 | 80 81,33
Average Total N 415 | 410 | 440 | 421,67
Averages | AverageP [mgP,0O5/1009]| 1,5 0 0 0,50
Average K 82 85 | 91 86,00
Total N 930 - - 930,00
Composite 1 P [mgP-0s/100 g] 1 - - 1,00
K 40 - - 40,00
Total N 650 - - 650,00
Bilibiza Il | Composite 2 P [mgP,Os/100 g] 1 - - 1,00
K 49 - - 49,00
Average Total N 790 - - 790,00
Averages | AverageP [mgP,0s/100 g] 1 - - 1,00
Average K 445 - - 44,50
Total N 190 | 70 | 70 | 110,00
Composite 1 P [mgP,0s/100 g] 1 0 0 0,33
K 38 24 | 23 28,33
25 Setembro _ Total N 170 | 120 | 70 | 120,00
Composite 2 P [mgP,0s/100 g] 1 1 0 0,67
K 30 22 | 25 25,67
Average Total N 180 | 95 70 | 115,00
Averages
AverageP [mgP,0s/100 g] 1 0,5 0 0,50
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Average K 34 23 24 27,00
Total N 360 | 170 | 140 | 223,33
Composite 1 P [mgP,0s/100 g] 5 2 0 2,33
K 52 45 | 35 44,00
Total N 350 | 250 | 160 | 253,33
1 Maio | Composite 2 P [mgP,0s/100 g] 5 3 0 2,67
K 56 37 | 36 43,00
Average Total N 355 | 210 | 150 | 238,33
Averages | AverageP [mgP,0s/100 g] 5 2,5 0 2,50
Average K 54 41 | 355| 43,50
Total N 350 | 140 245,00
Composite 1 P [mgP,0s/100 g] 6 2 0 2,67
K 61 50 | 38 49,67
Total N 470 | 130 300,00
1 Maio Il | Composite 2 P [ng P,Os/100 g] 9 3 1 4,33
K 45 35 | 20 33,33
Average Total N 410 | 135 272,50
Averages | AverageP [mgP,0s/100g]| 7,5 | 25| 0,5 3,50
Average K 53 | 42,5| 29 41,50
Total N 340 | 270 305,00
Composite 1 P [mgP,0s/100 g] 1 0 0,50
K 42 36 39,00
Total N 330 330,00
Ngeue Composite 2 P [mgP,0s/100 g] 2 1 0 1,00
K 161 | 33 | 32 75,33
Average Total N 335 | 270 302,50
Averages | AverageP [mgP,0s/100g] | 1,5 0,5 0 0,67
Average K 101,5| 34,5| 32 56,00
Total N 620 620,00
Composite 1 P [ng P,Os/100 g] 14 9 9 10,67
K 140 | 38 | 26 68,00
Total N 460 | 400 430,00
Nanlia Composite 2 P [mgP,0s/100 g] 12 8 8 9,33
K 56 48 | 52 52,00
Average Total N 540 | 400 470,00
Averages | AverageP [mgP,05/100g]| 13 85| 85 10,00
Average K 98 43 | 39 60,00
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Results show that the highest leva soil nitrogenwas found in the field of Bilibiza Il with an
average content of 790 mg N per kg of soil. This was followed by Nanlia and Bilibiza | with
average contents over 400 mg N per kg of soil. Lower nitregacentrations were obtained

in the fields located in 1° de Maio and the one in Ngeith contents between 250 and 300

mg N per kg of soilyhile the poorest soil in terms of soil nitrogen content veadlected in25
Setembro, with an average of 115 mghbper kg of soil. In the case of phosphorus, every field
presented low concentration levels with the exception of Nanlia where the concentration in
soil for this element was in average 10 mg gdfper 100 g of soil, 20 times higher than in the
fields of Bilibiza | and 25 Setembro, and 10 times higher than in Bilibiza Il and Ngeue.
Moreover, soil from the fields of 1° de Maio | and 1° de Maio Il contained an average
phosphorus concentration of 2.5 and 3.5 mgHper 100 g of soil respectively. Regardsay
potassium, analyses showed that the soil sampled in the field of Bilibiza | contained the higher
potassium concentration, averaging 85 mg K per 100 g of soil. Ngeue and Nanlia follow this
field, with averages of 77.5 and 60 mg K per 100 g of soil. &mils from the fields of 1° de
Maio and Bilibiza | presented average potassium concentrations in soil between 40 and 45 mg
of K per 100 g of soil while soil fronb Zetembro again contained the lowest potassium
concentration with 27 mdK per 100 g of sbon average.
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4.2. Measurements

Several parameters were measurexcharacterize the development df curcasplant height,
number of branches grown during the first year, number of branches grown during the second
year, effective length of the branch dreaf area index. These parameters give an idea of the
degree of development of a plant. In this research it was possible to measure all the
parameters above mentioned always in the same way and by the same team to minimize the
measuring errors. In this estion, plant phenological characteristics are reported.
Unfortunately, some parameters could not be measured in the study fields of 25 Setembro and
Nanlia. Plants in the first field were too small whereas plants in the second field were too big.
Results btained are related to plant development afterwards.

4.1.1. Height

Plant height was measured for all the plants in every field to observe the degree of
development of the plants]. curcaplants in the fields of 1° de Maio were observed among
the biggestfor height averaging heights over 2 m. The field of Bilibiza Il and Ngeue contained
trees with average heights above 1.8 m, while plants in 25 Setembro were smaller averaging
heights under 40 cm.

Table4. Average height ofl. curcagplants in the study fields, Mozambique, 2010.

Height

Field n | Height[m]| SD
Bilibizal | 419 1,406 0,296
Bilibiza Il | 887 1,840 0,316
25 Setembro| 178 0,395 0,124
1° Maio | 65 2,044 0,321
1° Maio Il 119 2,127 0,280
Ngeue 231 1,827 0,288

The analysisfahe variance revealed significant differences for the parameter height between
the study fields in this research. The fields with the higher average heights do not correspond
with the higher nutrient contents in soil. However, it was observed g#faSeeémbro,the field

with the poorest nutrient statuscorresponds with the smaller plants.
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4.1.2. Number of branches grown during the first and second year and total number

of branches

After measuring the height, the number of branches grown in the firat yad the number of
branches grown during the second year were counted for every plant. The total nurhber o
branches was also calculated.

Table5. Average number of branches df curcagplants in the study fields, Mozambique, 2010

Number of Branches
Field n BF[#] SD BS[#] D T‘gf‘;r?é‘gze[;]of D
Bilibizal | 419 | 3,683 | 2,088 12,081 8,391 16,663 9,97
Bilbizall | 887 | 3979 | 1,747 17,303 9,343 21,282 9,384
25 Setembro | 178 | 1,000 0 2719 1,609 2,719 1,609
1°Maiol | 65 | 6,154 | 328 21,923 | 12,683 28,077 15,287
°Maioll | 119 | 5429 | 2,192 28277 | 12,244 33,706 13,423
Ngeue 231 | 4160 | 1,869 12,797 5,687 16,957 6,729

J. curcadrees in 1° de Maio | and 1° de Maio Wlere recorded with the highest average
number of branches growduring the first and second year, with over 6 and 5 branches from
the first year, and above 21 and 28 branches from the second year per tree respectively.
Regarding the average number of branches from the first year, 1° de Maio fields were followed
by the fields of Ngeue and those in Bilibiza with around 4 branches per tree. Plants in 25
Setembro presented only one branch developed in the first year, coinciding with the stem.
Significantly different results were obtained for the number of branches growimglahe first

year between fields. The number of branches grown in the second year differs significantly
between fields, as well as the total number of branches when comparing them with the
ANOVA test, with P=0.05.

As it happened in the case of heightetlields with plants presenting the higher average
number of branches developed during the first and second year are not those with the higher
N, P and K pools in the soflgain the field with lowest soil nutrient content (25 Setembro)
showed lowest braching.It can be observed that the fields that have been pruned present
the lowest average number of branches grown during the first y8imilar effect occurs with

the number of branches from the second year, where the fields with pruned plants, Bllibiza
and Bilibiza Il accompanied by Ngeue, presented lower average number of branches than fields
in 1° de Maio. It is unknown how plants were pruned in the field8iibiza during the first

year.
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4.1.3. Effective Branch Length

The effective branch lenlgtis understood as the length of the part of the branch containing
green leafs. The measurements of EBL provided more information about developmént of
curcas Average values of EBL for the plants in the different study fields are shbiims
point. BBL could not be measured in the field 25 Setembro due to theidefidevelopment of

the plants.

Table6. Average effective branch lengths in the study fields in Mozambique, 2010.

Effective Branch Length
Field n | EBL[m]| SD
Bilibizal | 419| 0,450 | 0,18
Bilibiza Il | 887 | 0,700 | 0,218
1°Maiol | 65 | 0,399 | 0,171
1°Maio Il | 119 | 0,477 | 0,174
Ngeue |231| 0,275 | 0,12

Plants in Bilibiza Il presented in average longer branch parts with green leafs than the rest of
the fields with 70 cm, followedy 1° de Maio Il and Bilibiza | with an average EBL of 47.7 and
45 cm respectively. Shorter effective branch parts were recorded in the fields of 1° de Maio |
and Ngeue where plants averaged EBL values of 39.9 cm for 1° de Maio and 27.5 cm in the
case of lgeue. The analysis of the variance revealed significant differences between fields for
the parameter effective branch lengtld. curcaplants in the field of Bilibiza Il presented the
longest effective branch length in average. This fact may suggestpthatd plants could
developlarger parts of the branch with green leaves this caseplants that presented the
higher number of branches presented also relatively long effective branch lengths.
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4.1.4. Leaf Area Index (LAI)
Leaf area indexmeasurementsprovide with further information about development af.

curcas During the field work LAl was calculated for all the plants measured. Unfortunately this
parameter could not be measured in the field 25 Setembro because of the deficient
development of thel. curcaplants nor in Nanlia because plants were too big.

Table7. Average LAl values calculated far curcaplants in the study fields in Mozambique, 2010.

Leaf AreaIndex
Field n LAI SD
Bilibiza | | 419| 1,674 | 1,592
Bilibizal | 887 | 3,385 2,492
1°Maio | | 65 | 1,890 1,472
1°Maio Il | 119 | 3,596 | 2,365
Ngeue | 231 1,031| 0,801

Results show that plants in 1° de Maio | presented the highest LAl walwerage with 3.596
closely followed by plants from Bilibiza Il with an averagevafle of 3.385. Average LAl
values were lower for plants in the fields of 1° de Maio I, Bilibiza | and Ngeue, with 1.89, 1.674
and 1.031 respectively. LAl values analysis indicated that this parameter differs significantly
between the study fields for P=Ib. In this case, the soil nutrient status of the fields seems to
have no effect on this parameter. However, it is observed the fields with higher average
effective branch lengths present the highest leaf area indexes.LAl is important for
photosyntheic activity, plants with high LAI are expected to produce more biomass.
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4.1.5. Interactions between parameters

In all the fields, the different parameters measured forcurcaplants were interrelated to
reveal and assess correlations between themhis section, the interactions between growth
parameters are analyzed and discussétharts represent the data from all the plants
measured in this research.

4.1.5.1. Height vs. Number of branches grown during the first year

According to the data collected in the fields, the interaction between the pararadieight
and number of branchesgrown during the first yearof development ofJ. curcaswas
determined(Fig 9).
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Figurell. Correlation between the parameters Height and Branches grown during the first year from plant
the study fields, Mozambique, 2010.

The adjustment of the linear regression line to the daf points is not good, resulting in a
coefficient of determination Rof 0.3273. This means that in thk curcagplants from the
study fields the parameter height explains the 32.73 % of the number of branches grown
during the first year. The equationf ahe adjusted regression line is y = 2,29x + 0,0836,
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meaning that and increases of one meter in height would result in an increase of 2.29 units in
the number of branches grown in the first year.

4.1.5.2. Height vs. Number of branches grown during the second year
The interactiorbetween the parameters height and number of branches developed during the
second year is now detailed.
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Figurel2. Correlation between the parameters Height and Branches grown during the secondfyear plants
in the study fields, Mozambique, 2010.

The linear adjustment performed by the simple linear regressimodel showed a strongr
relationship between height andhe number of branches from the second year of
developmentthan in the previous cas@he number of branches grown during the second year
is directly related to the number of branches from the first year. Hence, the correlation
between these two parameters was expectddhe equation of the line adjusted to the cloud

of points suggests that an increase of 1 meter in height would hdenafit of an increase of
11.38 more branches grown during the second year. In other wordsulitl be concluded that

in plants from the study fields the height could explain the 41.15% of the production of the
branches during the second year of the development of the plant.
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4.1.5.3. Height vs. Total number of branches

After analyzing the interaction between the growth parameters height and total number of
branches developed by the plants during the first two years of development, the following

results are obtained.
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Figurel3. Correlation between the parameters Height and Total number of branches from plants in the stt

fields, Mozambique, 2010.

The graphical representation of the interactidoetween height and the total number of

branches from the plants in the study fields showed

an adjusted line corresponding to the

equationy = 14,533x 4,7135. This means that an increase of one meter in the height af.the
curcasplants would result in & increase of the number of branches in the plants of 14.53

units. The coefficient of determination Rurned out to

be 0.4546, therefore fod. curcas

plants from this study height explains the 45.46 % of the total number of branches developed.
Increase n height leads to more branches grown during the first year, and more first year
branches will lead to more second year branches. Therefore, an increase of height must lead to

a higher total number of branches.
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4.1.5.4. Height vs. Effective branch length

Measurements of height and EBL performed to plants in all the fields were interrelated.
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Figurel4. Correlaton between the parameters Height and EBL from plants in the study fields, Mozambiqu

2010.

The statistical analysis performed to the interaction between the parameters height and
effective branch lengtirevealed a weak corration between them with a coefficient of

correlationof 0.1831. This would mean that height would explain just the 18.31% of the EBL.
The equation of the adjusted linear regression reveals that an increase of one meter of the

parameter height would resulh an increase of the EBL of 0.28 meters.
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4.1.5.5. Height vs. Leaf Area Index
The interaction between height and leaf area index in the plants studied in this research was
analyzedhrough statisticalmethods
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Figurelb. Correlation between the parameters Height and LAI from plants in the study fields, Mozambique
2010.

The equation resuting from the linear regression analysys= 3,2505x% 3,111, suggests that if
the height of the plants is increased one meter, LAl value would increase 3.25 Timits
coefficient of correlation is in this case 0.2784, meaning that only 27.8A%e LAl is
explained by the parameter heighih the present study, LAl values are expressed per plant.
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4.1.5.6. Number of branches grown during the second year vs. Leaf area index

The analysis of the interaction ve¢en the growth parameters number of branches grown
during the second year of plant development and leaf area index responded to the most
robust correlation.
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Figurel6. Correlation between the parameters Branches grown during the second year and LAI from plan
the study fields, Mozambique, 2010.

The strongest interactioamong allthe growth parameters measured in this study was found
when studying the relation between the number of branches grown during the second year
and the leaf area index. In plants of the study fieldslwould be explained in 56.64% by the
number of brancles grown during the second year
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The relations described e#at in this section were also analyzed separately in every study
field. In general terms, all the relations presented statistical significahablg¢8). However,

two exceptions wereencountered The first one was described the field of 25 Setembro
where height was not significantly correlated to the number of branches grown during the first
year. Plants were clearly undeveloped in this field and this might be themdas the lack of
correlation The second exception was found in the field®Maio | where results suggested
that the correlation between the parameters height and EBL was not statistically significant.
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Table8. Simple linear regressiorquations, coefficients of correlation, waluesand significancef the interactions between growth parameterstudied in every study field, Mozambique,

2010.

48

Interactions between growth parameterper field

Relation Equation R2 p-value Significance

Height vs. Branchdsrstyear y =0,0693x 4,1506 | 0,2386| < 2el6 Statistically Significant

Height vs. BrancheSecondyear y =0,0216x + 1,125] 0,3748| <2el6 Statistically Significant

Bilibiza | Height vs. Total Number of Branch| y=0,0183x +1,1 | 0,3814| <2el6 Statistically Significant

Height vsEBL y =0,9744x + 0,967] 0,3505| < 2el6 Statistically Significant

Height vs. LAI y =0,1224x + 1,201} 0,4325| < 2el6 Statistically Significant

BranchesSecondyear vs. LAI y =4,5772x + 5,320 0,7544| 1,52E14 Statistically Significant

Heightvs. BrancheFirstyear y =0,0751x + 1,541} 0,1723| < 2el6 Statistically Significant

Height vs. BrancheSecondyear y =0,0189x + 1,512] 0,2503| < 2el6 Statistically Significant

Bilibiza | Height vs. Total Number of Branch| y = 0,0176x + 1,466] 0,2726| < 2el6 Statistically Significant

Height vsEBL y =0,8529x + 1,243} 0,3462| < 2el6 Statistically Significant

Height vs. LAl y =0,0728x + 1,5934 0,3302| < 2el6 Statistically Significant

BranchesSecondyear vs. LAI y =2,7252x + 8,0774 0,6627 | < 2el6 Staistically Significant
Height vs. Branchdsrstyear X X 0,573 | Not Statistically Significan

25 Setembro| Height vs. BrancheSecondyear y =4.1622x + 1.0754 0.103 | 1,26E05 Statistically Significant

Height vs. Total Number of Branch| y = 4.1622x + @754 | 0.103 | 1,26E05 Statistically Significant

Height vs. Branchdsrstyear y =0,047x + 1,7549 0,2312| 5,04E05 Statistically Significant

Height vs. BrancheSecondyear y =0,0118x + 1,785] 0,2175| 9,00E05 Statistically Significant

10 Maio | Heightvs. Total Number of Branchgq y = 0,0103x + 1,755} 0,2402| 3,41E05 Statistically Significant
Height vsEBL y =-0,0936x + 2,081¢ 0,0025| 0,69274 | Not Statistically Significar

Height vs. LAI y =0,0744x + 1,903] 0,1165| 0,0054 Statistically Significant

BranchesSecondyear vs. LAI y =5,6745x + 11,207 0,4338| 2,47E09 Statistically Significant

10 Maio || Height vs. Branchdsrstyear y =0,0327x + 1,949¢ 0,0653| 0,00504 Statistically Significant

Height vs. BrancheSecondyear y =0,0094x + 1,860§ 0,102 | 3,36E06 Statistically Significant
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Height vs. Total Number of Branch| y = 0,0087x + 1,833] 0,1739| 2,39E06 Statistically Significant

Height vsEBL y = 0,6384x + 1,822§ 0,1563| 8,60E06 Statistically Significant

Height vs. LAI y =0,0402x + 1,982¢ 0,1148| 0,000164| Statistically Significant

BranchesSecondyear vs. LAI y =3,6749x + 15,064 0,5041| <2el6 Statistically Significant

Height vs. Branchdsrstyear y =0,0374x + 1,671§ 0,0588| 0,000199| Statistically Significant

Height vs. BranclsSecondyear y =0,02x + 1,5717| 0,1552| 5,33E10 Statistically Significant

Ngeue Height vs. Total Number of Branch| y =0,0172x + 1,536} 0,1602| 2,66E10 Statistically Significant

Height vsEBL y =0,7903x + 1,61| 0,1075| 3,45E07 Statistically Significant

Height vs. LAl y=0,108x + 1,7162 0,09 | 3,46E06 Statistically Significant

BranchesSecondyear vs. LAI y =5,0305x + 7,610] 0,5024| < 2el6 Statistically Significant
TOTALInteractions between growth parameters

Height vs. Branchdsrstyear y =2,29x + 0,0836 | 0,3273| <2e1l6 Statistically Significant

Height vs. BrancheSecondyear y =11,838%4,0427 | 0,4115| < 2el6 Statistically Significant

Total Height vs. Total Number of Branch| y = 14,533%4,7135 | 0,4546| < 2el6 Statistically Significant

Height vs.EBL y = 0,2864x + 0,051} 0,1831| < ?2el6 Statistically Significant

Height vs. LAl y =3,2505% 3,111 | 0,2784| < 2el6 Statistically Significant

BranchesSecondyear vs. LAI y =0,1834x%0,4297 | 0,5664| < 2el6 Statistically Significant
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4.3 Dry Matter Calculations

Additional information about development df curcagan be provided by the study of the dry
matter distribution in the plants. The evaluation &fcurcadiomass development was one of
the objectives of this reseah. Plant material collected in the study fields was processed with
the aim of determining the dry matter content and its distribution in the plant. Results in this
section refer to dry matter content per plant organ and field.

4.3.1. Dry Matter content pe r organ

A comparison between fresh matter and dry matter content was made for each one of the five
organs studied in this research: stem, branches grown during the first year, branches grown
during the second year, petioles and leafs. Another comparisos also made anm sets
collectedwithin the same field. &ults can be founth the table below (Tabl8).

Figurel7. J. curcasamples drying in the oven fdDM and nutrient determination atllAM laboratories in
Nampula, Mozamhijue, 2010.

Figurel8. Weighingbranches grown during the second year sampidIAM laboratories in Nampula,
Mozambique, 2010.
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Table9. Data and results of FM, DM and DM content for each organ in all gtfields, Mozambique, 2010.

50

% DM Content

Setl Set 2
Field Organ Average % DM
FM DM %DM FM DM %DM
Stem 2195.00 | 577.02 | 26.29| 2705.00 | 728.81 | 26.94 26.62
Branches first year | 5198.00 | 1608.83| 30.95| 3053.00 | 1025.75| 33.60 32.27
Bilibiza | | Branches seond year| 10590.00| 2576.86| 24.33| 3909.00 | 866.86 | 22.18 23.25
Petioles 1600.00 | 215.82 | 13.49| 1698.00 | 210.52 | 12.40 12.94
Leafs 2952.00 | 749.99 | 25.41| 3036.00 | 740.18 | 24.38 24.89
Stem 2329.00 | 708.90 | 30.44| 676.00 | 197.93 | 29.28 29.86
Branches firsyear 2333.00 | 723.39 | 31.01| 2179.00 | 652.22 | 29.93 30.47
Bilibiza Il | Branches second yeg 11128.00| 2309.73| 20.76 | 6826.00 | 1454.96| 21.32 21.04
Petioles 2892.00 | 433.02 | 14.97| 1538.00 | 205.63 | 13.37 14.17
Leafs 4546.00 | 1070.31| 23.54| 3482.00 | 1006.19| 28.90 26.22
Stem 1071.00 | 270.32 | 25.24| 1103.00 | 280.31 | 25.41 25.33
Branches first year | 1082.00 | 248.12 | 22.93| 1939.00 | 597.87 | 30.83 26.88
25 Setembo | Branches second yeq 1665.00 | 361.14 | 21.69| 1748.00 | 386.33 | 22.10 21.90
Petioles 363.00 | 43.45 |11.97| 575.00 | 63.46 | 11.04 11.50
Leds 684.00 | 107.91 | 15.78| 687.00 | 157.54 | 22.93 19.35
Stem 4148.00 | 1349.18| 32.53| 1430.00 | 460.83 | 32.23 32.38
Branches first year | 9716.00 | 2923.45| 30.09 | 3859.00 | 1070.76| 27.75 28.92
1 Maio | Branches second yeq 4762.00 | 1098.36| 23.07 | 5022.00 | 1114.48| 22.19 22.63
Petioles 457.00 | 52.19 | 11.42| 747.00 | 83.61 | 11.19 11.31
Leafs 1774.00 | 443.82 | 25.02| 1222.00 | 367.47 | 30.07 27.54
1 Maio I Stem 3693.00 | 1196.13| 32.39 | 2490.00 | 803.17 | 32.26 32.32
Branches first year | 8254.00 | 2480.16| 30.05| 10782.00| 3035.35| 28.15 29.10
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Branches second yea 7368.00 | 1633.93| 22.18 | 6750.00 | 1464.89| 21.70 21.94

Petioles 1430.00 | 167.04 | 11.68| 2792.00 | 313.54 | 11.23 11.46

Leafs 3249.00 | 832.17 | 25.61| 6610.00 | 1421.41| 21.50 23.56

Stem 2360.00 | 794.21 | 33.65| 5081.00 | 1378.12| 27.12 30.39

Branchedirst year | 11314.00| 3272.12| 28.92| 6742.00 | 1988.35| 29.49 29.21

Ngeue Branches second yeq 5434.00 | 1317.09| 24.24 | 7853.00 | 1781.92| 22.69 23.46
Petioles 685.00 | 80.93 | 11.81| 578.00 | 66.30 | 11.47 11.64

Leafs 1569.00 | 471.61 | 30.06| 1582.00 | 405.34 | 25.62 27.84

Branches first year | 3146.00 | 833.06 | 26.48 - - - 26.48

Nanlia Branches second yed 1036.00 | 209.19 | 20.19 - - - 20.19
Petioles 433.00 52,52 | 12.13 - - - 12.13

Leafs 1114.00 | 336.05 | 30.17 - - - 30.17
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J. curcas..development explaing by soil nutrient status

ANOVAtest results on dry matter content analyses indicatdthtt there are not significant
differences within fieldsegarding this aspectwhile statistical significant differences were
observed for dry matter content between fields in the case of the organs stem and petioles.
For the rest of the organs, the dry ter content did not significantly diffebetween fields
Reasos to explain these differencaés dry matter content are unclear.

4.3.2. Dry Matter Distribution

After calculating the dry matter content in every plant organ, it was also possible to ¢alcula
the dry matter distribution over plant organs. Results of this study show how dry matter is
distributed over organs withid. curcagplants from the study arealn this case comparisons
between sets and fields were also done.

Table10. Results on DM distribution over plant organs in all study fields, Mozambique, 2010.

Dry Matter Distribution
Field Set Stem [g] BF[g] BY0] Petioles [g]| Leaf [g] | Total DM [g]
Set1 | 577,022 | 1608,833| 2576,865| 215824 | 749,985 | 5728528
o Dist [%] | 10,073 | 28,085 | 44,983 | 3,768 | 13,092
Bibizal - ™Set2 | 728,808 | 1025747 866,860 | 210,518 | 740.177 | 3572110
Dist.[%] | 20,403 | 28,715 | 24,267 | 5893 | 20721
Set1 | 708,901 | 723,393 | 2309,728| 433,019 | 1070,310| 5245351
ity | DiSL61| 18515 | 13791 | 44034 | 828 | 20405
Set2 | 197,926 | 652,218 | 1454,962| 205,631 | 1006,194| 3516,930
Dist[%] | 5,628 | 18545 | 41,370 | 5847 | 28,610
Setl | 270,320 | 248,124 | 361,139 | 43455 | 107,008 | 1030,946
Dist [%] | 26,221 | 24,068 | 35030 | 4215 | 10467
25 Setembro
Set2 | 280,305 | 597,871 | 386325 | 63463 | 157,543 | 1485508
Dist [%] | 18,869 | 40,247 | 26,006 | 4272 | 10,605
Set1 | 1349,178| 2923.447| 1098.355| 52,194 | 443.819 | 5866,094
iy | Distlo6l| 22,006 | 49829 | 18721 | 0890 | 7565
Set2 | 460,832 | 1070,757| 1114,482| 83,612 | 367,468 | 3097,150
Dist [%] | 14,879 | 34,572 | 35984 | 2700 | 11,865
Set1 |1196,126| 2480,162| 1633,928| 167,038 | 832,166 | 6309,420
_ Dist [%] | 18,958 | 39,309 | 25897 | 2,647 | 13.189
IMaloll T oet2 | 803,174 | 3035349 1464,885| 3135542 | 1421,414| 7038,364
Dist [%] | 11,411 | 43,126 | 20,813 | 4455 | 20195
Set1 | 794211 | 3272.122| 1317,093| 80,926 | 471,610 | 5935,962
Ngeve | DSt | 13380 [ 55,124 [ 22188 | 1363 | 7,045
Set2 |1378.120| 1988,351| 1781,924| 66,297 | 405,340 | 5620,031
Dist [%] | 24,522 | 35380 | 31,707 | 1180 | 7.212
_ Set 1 i 833,061 | 209,189 | 52,52 | 336,049 | 1430,822
Nanlia - mocpa |- 58,223 | 14,620 | 3671 | 23486 i
AverageDistribution [%] | 16.738 34.232 30.917 3.790 14.323
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J. curcas..development explaing by soil nutrient status

Results obtained in this section suggest that dry matter distribution in plants do not
significantly differ within fieldsNonethdess, data may otherwise suggest that there are
differences regarding dry matter distribution. It isiportant to point out that onlytwo
observations per fieldegarding this aspeatere available. With so few data, sistics might

lack robustness.Hence additional data are needed to draw firmer conclusiong/hen
performing the comparison between fields, differences in dry matter distribution were
observed for petioles and leafs, while no significant differences were observed for the rest of
the organgstem and branches grown during the first and second péaevelopmen}.
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J. curcas..development explaing by soil nutrient status

4.4. Plant Nutrients

Results from the analyses performed to plant samples collected from the study fields deal with
the nutritional statusof the different organs studied. Amats of the three most relevant plant
nutrients influencing growth and developmefit e. nitrogen, phosphorus and potassijyrare
quantified. It must be underlined that plant nutrient results are expressed first in
concentration as grams of nutrient perdgiram of dry matter; second by amount collected in
grams and third by its distribution over organs within the plant as percenteBgeompare the
values obtained in the analyses within aathongfields, nutrient quantities and its distribution
over plant agans are presentedyborgan and sefor all the organgstem, branches grown
during the first year, branches grown during the second year, petioles and deafselds.

No significant differences regarding nutrient concentration were found withindiédany of

the organs. Thidact obviously affects the nutrient distribution. Considering that nutrient
concentration did not significantly differ either between fields nor between organs, it is
reasonable tothink that the higher is the biomass recordddr an organ, the larger is the
amount of nutrient observed for that organ. This fact occurred for the three elements in
different organs.Regarding nitrogen distribution, significant different distribution of this
element was observed between fields imetcases of branches grown during the first year and
leafs; while no significant differences were found in the nitrogen distribution for the other
three organsstudied The field of1° de Maiol presented the highest percentage of N in
branches grown durim the first year. As it was explained above, this fact makes sense since
plants in this field presented the highest number of branches developed during the first year.
Similarly occurred in the field of Bilibiza I, where plants presented the lowest gagsenf N

in branches grown during the first year, because plants in this fields presented the lowest
number of branches grown during the first year and low biomass for this organ. In thefcase
phosphorus, no statistically significant differences wersasieed between fields regarding its
distribution for any organ except for the branches grown during the first year of development
The fields ofl° de Maio | and Ngeue had the highest P percentage in branches grown during
the first year due to the fact thaplants in both fields presented the higher number of
branches from the first year and also the highest biomass for this organ. On the other hand,
the lowest P percentage was recorded for the branches grown during the first year in the field
of Bilibiza Il Similar results as phosphorus were obtained for potassium. No statistically
significant differences were observed for potassium distribution over plant organs between
fields except for the case of branches grown during the first year. Again, the 6€k? de

Maio Il and Ngeue presented the highepercentage of K in braches grown during the first
year, while Bilibiza Il presented the lowest percentage of K in the same organ.
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Tablell. Plant nutrient (N, P and K) results engssed by concentration, amount and distribution over plant organs in all study fields, Mozambique, 2010.

Plant Nutrients

Stem

Branches First Year

Branches Second Year

Petioles

Leaves

Field | Set | Nut "Conc [g/kg Dist. Conc. Dist. | Conc. [g/kg Dist. Conc. Dist. Conc. [g/kg . T[(;t]al
DM] Qldl %] | [g/kg DM] Qldl [9%)] DM] Qldl %] | [g/kg DM] Qldl [9%)] DM] Qlg] | Dist. [%]
N 2,5 1,44 3,53 3,8 6,11 14,97 6,9 17,78 43,55 8,2 1,77 4,33 18,3 13,72 33,61 40,83
S P 0,9 0,52 6,54 0,9 1,45 18,25 1,7 4,38 55,20 1,1 0,24 2,99 1,8 1,35 17,01 7,94
K 13 7,50 5,07 15 24,13 16,33 33 85,04 57,53 54 11,65 7,88 26 19,50 13,19 147,82
N 3,8 2,77 7,79 6,3 6,46 18,18 7,3 6,33 17,81 7,7 1,62 4,56 24,8 18,36 51,65 35,54
Bl S2 P 0,6 0,44 | 11,92 0,8 0,82 22,37 1 0,87 2364 1 0,21 5,74 1,8 1,33 36,33 3,67
K 9 6,56 8,92 14 14,36 19,53 25 21,67 29,48 52 10,95 14,89 27 19,98 27,18 73,52
Av N 3,15 2,11 5,52 5,05 6,29 16,47 7,1 12,05 31,57 7,95 1,70 4,44 21,55 16,04 42,01 38,18
Av | AvP 0,75 0,48 8,24 0,85 1,13 19,55 1,35 2,62 45,23 1,05 0,22 3,86 1,8 1,34 23,12 5,80
AvK 11 7,03 6,35 14,5 19,25 17,39 29 53,35 48,21 53 11,30 10,21 26,5 19,74 17,84 110,67
N 1,9 1,35 3,07 3,6 2,60 5,93 6,7 15,48 35,27 5,8 2,51 5,72 20,5 21,94 50,00 43,88
S P 1 0,71 | 10,35 0,9 0,65 9,51 1,4 3,23 47,23 1 0,43 6,33 1,7 1,82 26,58 6,85
K 16 11,34 | 9,62 14 10,13 8,59 22 50,81 43,10 46 19,92 16,90 24 25,69 21,79 117,89
N 3 0,59 1,97 54 3,52 11,67 5,9 8,58 28,44 4.8 0,99 3,27 16,4 16,50 54,66 30,19
Bll S2 P 0,6 0,12 2,82 1 0,65 15,47 1,3 1,89 44,87 0,7 0,14 3,41 1,4 1,41 33,42 4,22
K 12 2,38 3,64 18 11,74 | 17,98 21 30,55 46,80 22 4,52 6,93 16 16,10 24,66 65,29
Av N 2,45 0,97 2,62 4.5 3,06 8,27 6,3 12,03 32,48 5,3 1,75 4,72 18,45 19,22 51,90 37,03
Av | AvP 0,8 0,41 7,48 0,95 0,65 11,78 1,35 2,56 46,33 0,85 0,29 5,22 1,55 1,61 29,18 5,53
Av K 14 6,86 7,49 16 10,93 11,94 21,5 40,68 44,42 34 12,22 13,34 20 20,89 22,81 91,59
N 2,8 0,76 | 14,36 3,9 0,97 18,37 4,3 1,55 29,47 6,1 0,27 5,03 16 1,73 32,77 5,27
S P 1 0,27 | 16,68 15 0,37 22,97 1,9 0,69 42,35 1 0,04 2,68 2,3 0,25 15,32 1,62
2% K 14 3,78 | 20,00 16 3,97 20,98 19 6,86 36,26 47 2,04 10,79 21 2,27 11,97 18,92
S2 N 2,7 0,76 9,33 2,6 1,55 19,17 6,1 2,36 29,06 7,8 0,50 6,10 18,7 2,95 36,33 8,11
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P 0,8 0,22 | 9,55 11 0,66 28,02 2,1 0,81 34,57 3,6 0,23 9,73 2,7 0,43 18,12 2,35
K 10 2,80 | 11,58 11 6,58 27,16 23 8,89 36,70 49 3,11 12,84 18 2,84 11,71 24,21
AvN 2,75 0,76 | 11,31 3,25 1,26 18,85 52 1,95 29,22 6,95 0,38 5,68 17,35 2,34 34,93 6,69
Av | AvP 0,9 0,25 | 12,47 13 0,51 25,96 2 0,75 37,74 2,3 0,14 6,85 2,5 0,34 16,98 1,98
Av K 12 3,29 | 15,27 135 5,27 24,45 21 7,87 36,51 48 2,58 11,94 19,5 2,55 11,83 21,57
N 2,2 2,97 | 12,56 2,6 7,60 32,17 4,1 4,50 19,06 6,6 0,34 1,46 18,5 8,21 34,75 23,63
SL P 1,1 148 | 17,29 1,2 3,51 40,88 1.6 1,76 20,48 2,8 0,15 1,70 3,8 1,69 19,65 8,58
K 18 24,29 | 19,95 18 52,62 | 43,23 27 29,66 | 24,36 78 4,07 3,34 25 11,10 9,11 121,73
N 2,3 1,06 | 6,86 2,5 2,68 17,32 4,7 524 33,89 59 0,49 3,19 16,3 5,99 38,75 15,46
Ml S2 P 0,8 0,37 | 9,77 1 1,07 28,38 1.2 1,34 35,45 1.8 0,15 3,99 2,3 0,85 22,40 3,77
K 17 7,83 | 10,49 21 22,49 | 30,10 25 27,86 | 37,29 79 6,61 8,84 27 9,92 13,28 74,71
AvN 2,25 2,01 | 10,31 2,55 5,14 26,30 4,4 4,87 24,92 6,25 0,42 2,14 17,4 7,10 36,33 19,54
Av | AvP 0,95 0,93 | 1500 11 2,29 37,06 1,4 1,55 25,05 2,3 0,15 2,40 3,05 1,27 20,49 6,18
AvK 17,5 16,06 | 16,35 19,5 37,55 | 38,23 26 28,76 | 29,28 78,5 5,34 5,44 26 10,51 10,70 98,22
N 2,9 3,47 | 841 2,8 6,94 16,84 7,7 12,58 | 30,51 6,6 1,10 2,67 20,6 17,14 41,57 41,24
SL P 0,9 1,08 | 12,46 11 2,73 31,59 15 2,45 28,38 2,3 0,38 4,45 2,4 2,00 23,12 8,64
K 11 13,16 | 9,02 15 37,20 | 25,51 36 58,82 | 40,33 80 13,36 9,16 28 23,30 15,98 145,84
N 2,7 2,17 | 4,27 2,7 8,20 16,14 7,1 10,40 | 20,49 7,3 2,29 4,51 19,5 27,72 54,59 50,77
Mil S2 P 11 0,88 | 8,08 11 3,34 30,55 1,8 2,64 24,13 2,1 0,66 6,02 2,4 3,41 31,21 10,93
K 14 11,24 | 6,94 16 48,57 | 29,98 26 38,09 | 23,51 82 25,71 | 15,87 27 38,38 23,69 161,99
AvN 2,8 2,82 | 6,13 2,75 7,57 16,45 7,4 11,49 | 24,98 6,95 1,70 3,69 20,05 22,43 48,76 46,01
Av | AvP 1 0,98 | 10,02 11 3,03 31,01 1,65 2,54 26,00 2,2 0,52 5,33 2,4 2,70 27,64 9,78
Av K 12,5 12,20 | 7,93 15,5 42,88 | 27,86 31 48,45 | 31,48 81 19,54 | 12,69 27,5 30,84 20,04 153,92
N 2,5 1,99 | 5,87 4,4 14,40 | 42,55 6,7 8,82 26,08 7 0,57 1,67 17,1 8,06 23,83 33,84
SL P 0,8 0,64 | 9,22 11 3,60 52,22 1,3 1,71 24,84 1,2 0,10 141 18 0,85 12,32 6,89
NG K 15 11,91 | 9,82 19 62,17 | 51,24 24 31,61 | 26,05 65 5,26 4,34 22 10,38 8,55 121,33
S2 N 2,9 4,00 | 13,03 51 10,14 | 33,07 4,7 8,38 27,31 7.4 0,49 1,60 18,9 7,66 24,98 30,66




P 0,9 1,24 | 18,03 1,3 2,58 37,58 11 1,96 28,50 1,8 0,12 1,74 2,4 0,97 14,15 6,88
K 17 23,43 | 21,14 21 41,76 | 37,68 18 32,07 | 28,94 70 4,64 4,19 22 8,92 8,05 110,82
AvN 2,7 2,99 | 9,27 4,75 12,27 | 38,04 57 8,60 26,67 7,2 0,53 1,64 18 7,86 24,38 32,25
Av | AvP 0,85 0,94 | 13,62 1,2 3,09 44,91 12 1,84 26,67 15 0,11 1,57 2,1 0,91 13,23 6,89
AvK 16 17,67 | 15,22 20 51,96 | 44,77 21 31,84 | 27,43 67,5 4,95 4,26 22 9,65 8,31 116,07
N - - - 4 3,33 22,51 12 2,51 16,95 7,5 0,39 2,66 255 8,57 57,88 14,81
NA SL P - - - 14 117 31,02 3,2 0,67 17,80 7,2 0,38 10,06 4,6 1,55 41,12 3,76
K - - - 10 8,33 33,50 28 5,86 23,55 69 3,62 14,57 21 7,06 28,38 24,87
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J. curcas..development explaing by soil nutrient status

4.5 Relations between soil nutrient status, growth parameters and

nutrient content in plant organs

Assessing). curcashiomass development in relation to soil nutrient status was one of the
objectives of this research. Nutrient results from soil samples were interrelated first with
growth parameters; second, with dry matter distribution plant and finally with nutrient
content in plant organs.

When relating soil nitrogen content to growth parameters, no statistically significant
correlations were found between them. It was observed that soil nitrogen does not
significantly influence t growth parameters measured. On the other hand, phosphorus
appeared to have significant influence in the production of branches from the second year,
and consequently in the total number of branches developed.bgurcaplants. Higher soil P
contents wee related to higher plants. In the case of soil potassium, no significant correlations
were found with growth parameter data.

Data indicated that soil nutrient status regarding nitrogen, phosphorous and potassium
concentrations did not present statisti¢alsignificant correlations to the distribution of dry
matter over plant organs.

The analysis of the interactions between soil nutrients and nutrient content in plant organs
revealed that neither soil nitrogen nor soil potassium were significantly relateditrogen and

the potassium content present in plant organs respectively. Nonetheless, soil phosphorus
content presented statistically significant positive correlations to P content in stem, branches
grown during the second year, petioles and leafs.

In general, study fields presenting the highest soil nutrient contents did not present the plants
with higher values observed for growth parameters. In fact, more developed plants in terms of
growth parameters considered in this study were observed in figitls average soil nitrogen

and potassium content. However, more developed plants corresponded to the fields with
higher soil phosphorous concentratiomhese results suggest that P actually influences the
growth and development od. curcasn the study &ea, and it might be considered a lirnig
factor. Notwithstanding thdact that it was observed that high soil nutrient content does not
necessarily imply greater plant development, it was noticed that plants were smaller and less
developed in poorer salwith lower soil N, P and K concentrations. Hence, soil nutrients are
indeed fundamental for plant growth and development, but these considerations suggest that
the importance of soil nutrients id. curcaglevelopment might not be as influential as other
parameters such us water availability or crop management.
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Table12 Average soil N, P and K content and average values for growth parameters measured in all study fields, Mozambique, 2010.

TOtiLg\llE;age N,PPALK[:/ field Height | Branches First| Branches Second Total number of EBL[M] LAl Total DM

Field (mg Nikg] | P205 /10(;39] K [mg K/kg]|  [m] Year [#] Year[#] Branches [#] (9]
Bilibiza | 421.667 0.5 86 1.406 3.683 12.981 16.663 0.450 1.674 | 4650.319
Bilibiza Il 790 1 44.5 1.840 3.979 17.303 21.282 0.700 3.385 | 4381.141
25 Setembro 115 0.5 27 0.395 1.000 2.719 2.719 - - 1258.227
1° Maio | 238.333 25 43.5 2.044 6.154 21.923 28.077 0.399 1.890 | 4482.072
1° Maio Il 281.667 3.5 41.5 2.127 5.429 28.277 33.706 0.477 3.596 | 6673.892
Ngeue 317.5 1 77.5 1.827 4.160 12.797 16.957 0.275 1.031 | 5777.996

Nanlia 493.333 10 60 - - - - - - -

Table13 Average soil N, P and K content andesiage N, P and K content ingpit organs in all study fields, Meambique, 2010.

Total Average N, P, K by field Nitrogen [g/kg DM] Phosphorus[g/kg DM] Potassium[g/kg DM]

Field | N [mg N/kg] | P-AL [mg ROs/100 g] | K [mg K/kg]| S BF | BS P L S BF | BS P L S BF BS P L

BI 421.667 0.5 86 3.15(5.05| 7.10| 7.95| 21.55| 0.75| 0.85| 1.35| 1.05 | 1.80| 11.00| 14.50 | 29.00 | 53.00| 26.50
BII 790 1 44.5 245| 45 | 6.30| 5.30| 18.45|0.80| 0.95| 1.35| 0.85| 1.55| 14.00| 16.00| 21.50 | 34.00| 20.00
25S 115 0.5 27 2.75|3.25|5.20( 6.95| 17.35| 0.90| 1.30| 2.00| 2.30 | 2.50 | 12.00| 13.50| 21.00 | 48.00| 19.50
Ml 238.333 25 43.5 2.25|255(440|6.25|17.40| 0.95| 1.10|1.40| 2.30| 3.05| 17.50| 19.50| 26.00| 78.50 | 26.00
Ml 281.667 35 415 2.80| 2.75|7.40| 6.95| 20.05| 1.00| 1.10| 1.65| 2.20| 2.40 | 12.50| 15.50| 31.00| 81.00| 27.50
NG 3175 1 77.5 270 | 4.75|5.70| 7.20| 18.00| 0.85| 1.20| 1.20| 1.50| 2.10 | 16.00| 20.00 | 21.00| 67.50 | 22.00
NA 493.333 10 60 - |4.00|12.0|750| 2550 - |1.40]|3.20|7.20| 4.60 - 10.00| 28.00| 69.00 | 21.00
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Tablel4. Statistical results from the analyses of the interactions between soil nutrients, growth parameters aadtpiutrients in all study fields, Mozambique, 2010.

Relations
Nutrient Parameter Equation R2 p-value Significance
Height y =0,001x + 1,2327 R2=0,1407 0,4638 | Not Statistically Significan
Branched-irstyear y = 0,0012x + 3,635] R?=0,0247| 0,7663 | Not Statistically Significan
BranchesSecondyear y =0,0077x + 13,234 R2=0,0417 0,698 | Not Statistically Significan
Total number of branches | y =0,0098x + 16,37¢ R2=0,0452 0,686 | Not Statistically Significan
Effective Branch Lenigt y = 0,0006x + 0,220 R2=0,7105 0,073 | Not Statistically Significan
Total Nvs. LAI y =0,0021x + 1,436] R2=0,182| 0,474 | Not Statistically Significan
Total N in Stem y =-0,0002x + 2,743] R2=0,015¢ 0,8136 | Not Statistically Significan
Total N in Branchédsirstyear | y =0,0025x + 2,870§ R2=0,3111 0,1932 | Not Statistically Significan
Total N in BrancheSecondyear | y = 0,0041x + 5,320] R2=0,1285 0,4298 | Not Statistically Significan
Total N in Petioles y =-0,0017x + 7,5199 R2=0,1842 0,336666| Not Satistically Significan
Total N in Leafs y = 0,0043x + 18,111 R? =0,1028 0,483324| Not Statistically Significan
Height y =0,3552x + 1,073§ R2=0,4563 0,1409 | Not Statistically Significan
Branched-irstyear y=1,1012x + 2,415} R2=0,5764 0,08 Not Statistically Significan
BranchesSecondyear y = 6,3637x + 6,454y R2=0,7925 0,0174 Statistically Significant
Total number of branches | y =7,5982x + 8,503] R?2=0,7548 0,0247 Statistically Significant
Effective Branch Length | y =-0,0071x 40,4723 | R2=0,0033 0,9265 | Not Statistically Significan
Pvs. LAI y =0,4577x + 1,536 R2=0,26269 0,377 | Not Statistically Significan
P in Stem y =0,0633x + 0,78| R2=0,6876 0,0413 Statistically Significant
P in BranchebBirstyear y =0,0343x + 1,0354¢ R =0,3727| 0,145 | Not Statistically Significan
P in BrancheSecondyear y =0,1803x + 1,2467 R2=0,7737 0,00904 Statistically Significant
P in Petioles y = 0,6085x + 0,834] R2=0,9154 0,00073 Statistically Significant
P in Leafs y=0,2732x + 1,89 | R2=0,8305 0,00428 Statistically Significant
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Kvs.

Height y =0,0068x + 1,242§ R2=0,0598 0,641 | Not Statistically Significan
Branched-irstyear y =0,013x + 3,3732 R2=0,0285 0,749 | Not Statistically Significan
BranchesSecondyear y =-0,0155x + 16,829 R2=0,0017 0,939 | Not Statistically Significan
Total number of branches | y =0,0074x + 19,50{ R2=0,0003 0,976 | Not Statistically Significan
Effective Branch Length y =-0,0036x + 0,669 R? =0,2425 0,3993 | Not Statistically Significan
LAI y =-0,0396x + 4,637 R2=0,5708 0,1397 | Not Statistically Significan
Kin Stem y =-0,0051x + 14,107 R2=0,0022 0,929 | Not Statistically Significan
K in BrancheBirstyear y =0,0177x + 14,60§ R2=0,0118 0,8164 | Not Statistically Significan
Kin Branchessecondyear y =0,0397x + 23,20] R2=0,0403 0,66597 | Not Statistically Significan
K in Petioles y =0,0435x + 59,21 R2=0,0029 0,909 | Not Statistically Significan

K in Leafs y =0,0413x + 20,974 R2=0,0681] 0,57181 | Not Statistically Sigficant
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4.6 Discussion

Field measurements andsubsequent alculations allowed to characterizel. curcas
development in the study area. Several variables have influedcedrcaslevelopment in the
different locations. The study fields presedta wide range of environmental factors and
management practices( g. pruning oweeding) that complicate the description ofl. curcas
development. Weather conditions could not be detailed per location and this might have
resulted in development effects that dar are unknownThe short period in the study fields
and the numerous constraints encountered during the field research precluded any further
research or trial experiment®espite all the study fields used in this research shared several
characteristicsuch as plant spacing, plant variety and age of the tréésjmportant to point

out the relevance of the high heterogeneitpservedin terms of plant and field¢onditions
Further investigations wouldertainly have to deal with the fact thad. curas plants were
already in the fields and some factors would have to be considered. fiReghy manner, the
favorable environment leads to promising expectations ahbuturcaproduction in the area.
Results of the measurements and observations suggefsgatlires that should be discussed
according to the already existing circumstances. The outcomes of this investigation are
specified and activities for further researches are suggested.

According to eme authors J. curcasnight contribute positively to loal development in Cabo
Delgado (Nielsen 200%9 This research contributes with information applicable to other
researches performed in the are®runed plants might have larger biomass development
concerning effective branch length and leafs, whereas not pruned plants might grow higher.
Reasons for this & could be that pruned plants invest a higher amount of matter in new
branches, resulting in more compactut intense developmentOther management practices
such asveedingmight also have an influence dncurcagrowth and development. Plants and
weeds seem to compete with. curcador resources, given that plants in fields with higher
weed desity presented poorer state of development. Some of the fields like those in Bilibiza
or Nanlia had been looked after in this respect and its plants presented better conditions than
in other fields such as 25 Setembro or Ngeue. In general terms, if diatibns used in this
study would have been looked after properly, the potential plants could have been studied
with a higher degree of accuracy improving the reliability of the results obtained in the present
research Pest and diseasestudies were notconsidered in the scope of this research.
However, field observations suggest that this aspect may be relevant affecting plant growth.
As far as it is known]. curcashenefits from the presence olvater sources close to the
plantations. Plantations withoti water sources in the surroundings presented smaller plants
than fields that could profit from water sourceNotwithstandingJd. curcasvas reported to be
drought tolerant (Henning 2007 Jongschaap, Corré et al. 200The absence of irrigation
systems could be important in water shortage periods where river water can be used to
overcome water streswhen accepable productions are targeted. The study fields used in the
present research presented remarkable different soil N, P and K levels among them, including
the certainty that no fertilizers of any kind where applied. According to the results from the
data andyses, it seemed that the largest plants in terms of height were not growing in the
fields with the higher soil nutrient contents. The highest LAl values were obtained in fields
where plants presented high percentage of N in leafs and also high leaf sqmnaduction.
Higher phosphorus content in soil might lead to taller plants and a higher number of branches
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developed, mainly branches grown during the second year of development. Additionally, P
might lead to an increase of P concentrationJircurca®rgans. These considerations suggest
that P might be a limiting factor and it could be a matter of study in further researches.
Considering that nutrient concentrations do not vary among fieldaais confirmed that the
larger the biomass collected for amgan, the higher thenutrient percentagein that organ
Overall plants presenting the highest values for the measurements of the growth parameters
in this study generally do not correspond to the fields with the higher levels of N, P and K
concentrationsin soil. In general terms;the valuesfrom the measurements of growth
parameters did not present normal distribution. Observations were certainly heterogeneous
and interactions between parameters presented difficult linear trend adjustments.

The final aimof the J. curcasplantations isto improve the seed productioo generate
incomes. For this purpose, knowledgelincurcagultivation, growth and development has to

be increased and several issues have to be considered. Management activities suclkliag wee
are important to obtain bigger and healthier plants that may lead to higher seed productions.
Firm actions should be carried out in this respect. A better use of the space might also be an
idea. For further investigations, intercropping certain spedietweenJ. curcagows might
have beneficial effects for the nutrient availability for this crop. A plant spacing study might
help finding a better space occupation with the objective of obtaining a greater development
of lateral branches, hence a highgtoduction. This would have as a consequence a reduction
of weed growth, thus, a better plant development. Nevertheless, no pruning related studies
are being carried out at the moment even considering that this practice might have positive
effects on prodiction. Moreover, extra reasons have to be researched to explain the high
variability observed within study fields concerning plant development. Soil analyses are the
main tool to determine whether this heterogeneity can be attributed to soil nutrientusat

but in the present resaah it has been shown that this not enough to justify this issun

this regard, experiments with previously established conditions accompanied by monitoring
systems would be useful, aiming to find better results concerttiegdevelopment ofl. curcas

in this region. In addition, already existing productignvestigationsinvolving J. curcas
varieties and location trial studies could be improved. This might lead to the development of
new studies and researches such as bregdirogramsthat may result in future beneficial
impacts.

Besides all the different studies performed in this report, further knowledge is requiréd in
curcasgrowth, development and cultivation to elaborate a proper production systéns.the

hope of the author that the outcomes of this investigation can be useful for further
investigations in this subject and contribute to the general benefits achievement in a global
scale.
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5. Conclusions

In the recent years, fluctuating oil prices and the increggnvironmental awareness have led

to a global interest in biofuels. The speciedtropha curcak. has been promoted not only for
biofuel production, but also as a poverty alleviation instrum@aTZ 200p J. curca®il was
proposed as a possible way to find a solution for problems concerning energy production
(Jongchaap, Corré et al. 20P7This is one out of humerous options, but according to the
curcas promoters it seems to have a promising futuf(@ongschaap, Corré et al. 2007
However, this isue is highly dependent on local and regional characteristics. These
peculiarities deal with food security, land ownership, resource availability, natural limitations
and constraints, technology and logistic availability and market issues among othecgsPol
related to energy production and management deserve special mention, since they are the
first responsible to begin the process of implementation of new renewable energy source
systems. Therefore, the complexity of the decision making process whdanmapting such

an energy systens understandable. As reported By curcagpromoters, several reasons make
this crop a good choice with many beneficial consequences for the(doegschaap, Car et

al. 2007. For instance). curcass able to grow in marginal land where no other crop can be
profitable, it is used in fences and it might be used in intercropping systems. This perennial
crop requires low technology inputs and no machinery iedesl for its management.
However, it demands human labor for pruning and harvesting. Its drought tolerance allows this
crop to come over stress periods caused by lack of water or lack of human commitmedt. The
curcasseed production provides with severptoducts besides oil, such as latex, seed cake
used as a fertilizer, medicinal substances and insecticides that may be useful for the local
population according to several papers in comparable af@asgschaap, Corré et al. 2007
Rijssenbeek and Togola 2Q0For the reasons abovementionedi,curcagould be integrated

in the region of Cabo Delgado. Nonelbss, different interests regarding this crop have been
shownin Mozambique and in poor areas of Africa in genéffadnken 201D At the regional

level, the NGO ADPP together with FACT Foundation are currently carrying eutrexys

with J. curcas, studying the performance of this crop in variety and yield trials for fence use
and on farm productiomn many parts of the world, including Cabo Delgddaelation to this
aspect, local specific studies are recommended for tlability of these projects. Further
research is needed in several areas of cognition related to the cultivation and Jdsewtas

to disclose its potential in Cabo Delgado. Genetic selection in breeding programs, plantation
location studies, socieconamic feasibility studies and policy regulations involving local
developing applications are issues that have to be closely conducted.

At this point, research is clearly required. Growth and developmetit ofircass investigated

in the present researchiming to contribute to a better understanding of the potential source

of energy and income that this crop represents in Cabo Delgado, Mozambique. The outcomes
from this research revealed several findings that might be interesting for further investigations
about this plant. After assessing those outcomes it is possible to concludelthaircas
develops differently between locations within the region of Cabo Delgado. Thereupon, there is
no doubt that there exist factors that condition the growth and deysient of this plant.
Targeting to find possible explanations for these differences, investigations regarding
interactions between growth parameters performed in this research revealed the existence of
correlations among them. This means that it would begible to find mathematical equations
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that could express those relations among growth factors. These equations would help
characterizing the development od. curcasdecreasing consequently the need of taking
measurements in further investigations. Supplamtary local research is needed in this
respect. Dry matter content and distribution appeared to be similar in all the cases analyzed
disregarding differences in plant development. Pruning might lead to an increase of biomass
accumulation over branches deteped during the second year, petioles and leafs. According
to this study,J. curcaggrowth and development differences cannot be attributed to soil
nitrogen and potassium content. However, the element phosphorus represents the exception
in this aspect. Kher soil phosphorus content might have effects on plant development such
as an increase of the total number of branches developed (mainly developed during the
second year), increase in plant height and a higher phosphorus accumulation in all plant
orgars.

In conclusionit can be affirmed thaseveralfactorscertainlyinfluence the developmentf the
crop J. curcas.in Cabo DelgaddMlozambique Possible factorsfluencing that development
might be waer availability, weeds, pest and diseases, or ngement activities such as
pruningor plant spacinglf this crop is going to be considered as an actual biofuel souree, t
final message is #t much more research is needed regardihgcurcasdevelopment and
cultivation
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Appendix 1. LAI

The LAI determination program developed Rgymond Jongschaap et alas applied in this
research. This protocdhvolved the measurements of differeparameters from each plant in
every study field Datacollected was processed and wséor LAl determiation using the
Protocol LAI Estimation Methddongschaap, Corré et al. 2007

Measurements

The protocol for themeasurementgequired up to six parameter®r LAI calculations (Table
15).

Tablel5 Parameters required for LAl determination and its units.

Parameter Unit
Plant density [m2 *tree™]
Total number of branabs [#]
Number of leaves in the representative bran [#]
Length of the branch part with leaves [cm]
Leaf width [cm]
Leaf length [cm]

The length of the leaf was measured from the top of the petiole to the leaf tip. The width was
measured taking the dtance between the two lobe tips closest to the petiole and
perpendicular on the lengthine from petiole to leaf tip (Fid.7).

Tablel16. Estimation method of LAI per tree. Estimation method per leaf presented at Expert seminak. anrcas
L.(Jongschaap, Corré et al. 2007

Step Step Unit
Identify theJ. curcasree a
Write down identification codes and observation date b
Establish the plant density of the curcastand c | [m** tree]
Identify a representative branch d
Count the number of leaves on the representative branch e [#]
Measure the length of the part with leaves of the representative braf f [ecm]
Identify a representative leaf in the mid of theafesection of the branch ¢
Measure width of the leaf between outer tips h [ecm]
Measure length of the leaf tip to the start of the petiole i [cm]
Estimate Leaf Area of the leaf j [sz]
Estimate Leaf Area of representative Branch; LAB = e *j k [cm?]
Gount the total number of branches I [#]
Measure/estimate each branch length and give average value | m [cm]
Measure/estimate each branch length that has leaves and give avel n [cm]
Calculate total branch length with leaves: | * n 0 [cm]
Calculate LAver tree as: LAT =(o/ f)*k /10000 p [m?]
Calculate Leaf Area Index as: LAl=p/c q [m2 m'2]
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Figurel9. J curcadeaf: length (i) and width (h) measurements.
Calculations
The data collected was us@dthe calcuhtions for LAl estimation as follows:
Leaf area of leaf

For each plant, a representative leaf was chosen and its length and width measured. The leaf
area was calculated according to the following formula:

,VE mw EzE?®
(Soares Severino, Silga Vale et al. 2007
Leafarea of representative branch

The leaf area per branch was calculated following the formula:

Total branch length with leaves

The total branch length containing leafs was calculated as follows:

4" 1z1
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Leaf aea per tree
The following formula was used in order tdigsate the total leaf area ped. curcasree:

5 .I.z E
T APTTNT

Leaf Area Index
LAI was estimated according to the following formula:

Y

> O

70



J. curcas..development explaing by soil nutrient status

71



J. curcas..development explaing by soil nutrient status

Appendix 2. Soil Sampling Protocol

During he field work of this research a soil sampling program was performed in the fields of
Bilibiza 1, Bilibiza Il, 25 de Setembro, 1° de Maio I, 1° de Maio Il, Ngeue, Nanlia and additionally
Xinavane. This program involved the collection of soil samples toentianalysis. According

to the sandysoil texture, anauger soil sampler was useal collect the samples. The area of

the fields never exceeded the size of one hectare and in every case soil characteristics
appeared similar. Therefore, only one samplimgt was considered in the sampling protocol.

A composite soil sample shoulepresent a uniform field area. In this researcptcomposite
sampleswere obtained from every field. Each composite sample contathegk subsamples

from each sampling deptlEach subsample was composed by soil extrddtem 6 different
pointsin the fieldaccording to the sampling scheme (F2@). Representative samples could be
collected with this procedure following carefully the sampling procedure.

Sample Location

A sysematic sampling scheme was useansideringthe characteristics of the fields The
protocol for sample loating is illustrated below (Fig. 2an every field, six sampling points
were identified for both composite samples, being represented by C1 thegwaiere the soll

was collected for the composite sample 1; and C2 those that represent the point for the
composite sample 2. The aim of this sampling point distribution is to observe possible
differences in the soil nutrient status within the same field.

Figure20. Sampling point location.
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Surface

D1

20cm A

D2
40 cm

D3
60 cm

Figure22. Samping Depths.

Equipment
Materials needed to perform the soil sampling were:

Soil sampler

Knife

Bucket
Identification labels
Plastic bags
Sample platc bags
Tape

Hoe

Measuring tape

= =4 -4 4 - -8 a8 -8 -9

Sample Collection Figure21. Samplingand measuring
eauipment. Mozambiaue. 2010.

Soil samples were collected usiagtainless(Dutch type augérsampler using the procedure
belowdescribed. The sampling method allowed direct sample collection in the sampler and on
site sample mixingrad composition.Samples rom every field and soil layer were collected
from three different depths: from the surface to a depth of 20 cm; from 20 to 40 cm; and from
40 to 60 cm deep. Samples were collected from soil zones where vegetation and surface
materals were previously removed with a hoe.
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Procedure

The 6 sampling points were identified in the field and at each of them, the following procedure
was executed:

The sampler was placed in the point and driven into the soil to a depth of 20 cm.

The samplewas removed from the subsurface

The soil contained in the sampler was put into a bucket and mingled

This operation was repeated for the 6 points and the whole amount of soil extracted

from the first 20 cm of soil was properly hand mixed until the samls

homogeneous. Packaging and labeling.

5. Approximately one kg of the soil was collected from the bucket and stored in a plastic
bag with its identification label.

6. Field observations were recorded when necessary.

7. Equipment was cleaned before each sampfingceeding.

N PE

This procedure was repeated for the next two depths: 20 to 40 cm and 40 to @@em The
second composite sample was obtained following the same procedure.

Sample Handling

Samples were sun dried in labeled paper trays before being packafied.te handling all
the samples were transported to Wageningen University in the Netherlands.

Labeling procedures in Bilibiza

Samples were identified with printed labelgith a sample identification code. The code
included information about thdield, canposite samplenumber, soil depth layer, sampling

date and the name of the person who collected the samples. The following list was used in this
study:

1 Fields
o Bl=Bilibiza 1
B2= Bilibiza 2
25= 25 de Setembro
M1=1° Maio 1
M2= 1° Maio 2
NG= Ngeue
NA= Nanlia
X= Xinavane
1 Soil Layer
0 D1=0to 20 cm deep
o0 D2=20to 40 cm deep
0 D3=40to 60 cm deep
1 Composite Soil Sample
0o C1= Composite sample 1
0 C2= Composite sample 2

O O O 0O o oo
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A table including &st of the samples can be found in Appendix 3.
Packaging procedures in Bilibiza

Soil samples were weighed and packaged in labeled plastic Bags. were carefully folded
and closed using tape. The samples were kept in bags and in taped clean and dry boxes.
Samples were taken to Wageningen University, the Netherlands.

Laboratory

Soil material was analyzed by BLGG Laboratories in Oosterbeek, the Netherfaralgses
results can be observed in Appendix 4.
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Appendix 3. Sample list

Sample identification is detailed in this appendix

Tablel7. Sample coding for lab@tory nutrient analysis.

Sample Coding
Plant Samples Soil Samples
Field Sample Numben  Field Sample Number
Bilibiza | Bilibiza Il
B1-S1S 1 B1-C1D1 68
B1-StOB 2 B1-C1D2 69
B1-SINB 3 B1-C1D3 70
B1LSLP 4 B1-C2D1 71
BLSEL 5 B1-C2D2 72
B1-S2S 6 B1-C2D3 73
B1-S20B 7 Bilibiza Il
B1-S2NB 8 B2C1D1 74
B1S2P 9 B2C2D1 75
B1-S2L 10 25 Setembro
Bilibiza Il 25C1D1 76
B2 S1S 11 25C1D2 77
B2 S1OB 12 25C1D3 78
B2 SINB 13 25C2D1 79
B2 S1P 14 25C2D2 80
B2 SIL 15 25C-D3 81
B2 S2S 16 1° Maio |
B2 S20B 17 M1-C:D1 82
B2 S2NB 18 M1-C:D2 83
B2 S2P 19 M1-CxD3 84
B2 S2L 20 M1-C2D1 85
25 Setembro M1-C2D2 86
25 S1S 21 M1-C2D3 87
25 S1OB 22 1° Maio I
25 SINB 23 M2-C1D1 88
25 SIP 24 M2-C:D2 89
25 SIL 25 M2-C1D3 90
25 S2S 26 M2-C2D1 91
25-S20B 27 M2-C2D2 92
25 S2NB 28 M2-C2D3 93
25 S2P 29 Ngeue
25-S2L 30 NGC1D1 94
1° Maio | NGC:D2 95
M1- S1S 31 NGC1D3 96
M1- S1OB 32 NGC2D1 97
M1- SENB 33 NGC2D2 98
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M1- SEP 34 NGC2D3 99
M1- SEL 35 Nanlia
M1- S2S 36 NACLD1 100
M1- S20B 37 NACLD2 101
M1- S2NB 38 NACLD3 102
M1- S2P 39 NAC2D1 103
M1- S2L 40 NAC2D2 104
1° Maio Il NAC2D3 105
M2- SES 41
M2- S1OB 42
M2- SENB 43
M2- S1P 44
M2- S1L 45
M2- S2S 46
M2- S20B 47
M2- S2NB 48
M2- S2P 49
M2- S2L 50
Ngeue
NG S1S 51
NG S:tOB 52
NG SINB 53
NG SEP 54
NG SiL 55
NG S2S 56
NG S20B 57
NG S2NB 58
NG S2P 59
NG S2L 60
Nanlia
NAOB 61
NANB 62
NA P 63
NA-L 64
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Appendix 4. Laboratory analyses results

Plant and soil samples were analyzed for this resedrgsults from nutrienanalyse are
presentedin this appendix (Table 18, Table 19).
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Plant Samples

Table18. Plantsamplenutrient analyses results. ;:]ur
Plant Nutrient Analysis Results ¢as
, Humidity Na K Mg Ca P Mn Fe s Zn Total N T
Field Sample Number de
[g/kq] [9/kg DM] | [g/kg DM] | [g/kg DM] | [g/kg DM] | [g/kg DM] | [mg/kg DM] | [mg/kg DM] | [g/kg DM] | [g/kg DM] | [g/kg DM] el
B1-S1S 1 57 0.8 13 3 4 0.9 20 113 0.2 9 2.5 p
B1-S1OB 2 53 0.2 15 1.7 3.7 0.9 214 32 04 7 3.8 me
B1-S1:-NB 3 52 0.4 33 2.6 9.3 1.7 287 33 0.5 21 6.9 nt
B1-S1P 4 60 1.5 54 1.7 8.2 1.1 481 58 0.7 24 8.2 exp
B1S1L 5 80 0.5 26 6.7 15.8 1.8 463 117 1.03 10 18.3 1@in
B1-S2S 6 48 0.3 9 1.8 2.9 0.6 114 97 0.3 8 3.8 :\d
B1-S20B 7 53 0.4 14 16 3.9 08 300 162 05 0.1 6.3 :Z“
B1-S2NB 8 49 0.4 25 1.8 54 280 33 0.5 22 7.3 qnut
B1-S2P 9 55 1.5 52 1.6 8.1 464 47 0.7 23 7.7 e
B1-S2L 10 57 0.6 27 6.7 15 1.8 296 264 1.7 21 24.8 nt
B2 S1S 11 57 0.2 16 2.4 2.4 1 154 67 0.4 12 1.9 Sta
B2 S10OB 12 45 0.4 14 2.5 54 0.9 43 56 0.5 6 3.6
B2 SINB 13 53 0.6 22 3.6 17.3 14 107 54 0.6 23 6.7
B2 S1P 14 52 1.9 46 1.9 20 1 130 38 0.5 12 5.8
B2 SiL 15 49 0.9 24 9.6 33.1 1.7 124 85 1.4 12 20.5
B2 S2S 16 50 1.6 12 3 10.9 0.6 81 89 0.5 27 3
B2 S20B 17 47 0.3 18 2 5.6 1 326 121 0.5 14 54
B2 S2NB 18 39 1 21 4.5 17.2 1.3 106 33 0.5 18 5.9
B2 S2P 19 49 5.3 22 2.7 16.5 0.7 113 58 04 7 4.8
B2 S2L 20 65 2 16 9.9 29.9 1.4 110 91 1.2 8 16.4
25 S1S 21 57 0.6 14 25 8.5 1 321 82 0.4 7 2.8
25 S10B 22 51 0.7 16 3.9 6.2 15 357 60 0.4 18 3.9
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25-SIENB 23 58 0.5 19 2.7 5.3 1.9 260 73 0.5 14 4.3
25 SIkP 24 55 2 47 2 19.9 1 146 49 0.5 14 6.1
25 SkL 25 78 0.7 21 59 13.9 2.3 219 370 1.2 27 16
25 S2S 26 53 0.7 10 2.6 2.9 0.8 196 64 0.2 7 2.7

25-520B 27 58 0.6 11 21 3.9 11 279 57 0.4 10 2.6

25 S2NB 28 53 0.8 23 5 9 2.1 394 53 0.5 19 6.1
25 S2P 29 61 3.3 49 3.7 13.2 3.6 342 317 0.7 33 7.8
25-S2L 30 79 11 18 8.8 19.5 2.7 303 103 13 12 18.7
M1-S1S 31- 43 0.3 18 2.6 3.7 11 162 36 0.4 7 2.2

M1- S1:OB 32 48 0.2 18 2.6 3.7 1.2 153 50 0.4 10 2.6

M1- SENB 33 43 0.3 27 2.6 6.5 1.6 166 58 0.4 14 4.1
M1- S:P 34 46 0.8 78 3 19.1 2.8 162 36 0.8 16 6.6
M1- SkL 35 53 0.2 25 9.5 26.8 3.8 188 84 13 8 18.5
M1-S2S 36- 45 0.2 17 2.5 3.4 0.8 109 76 0.4 8 2.3

M1- S20B 37 45 0.3 21 2.7 5.9 1 192 63 0.5 13 2.5

M1- S2NB 38 38 0.1 25 21 5.2 1.2 78 45 0.4 8 4.7
M1- S2P 39 45 0.6 79 25 17.3 18 180 56 0.6 12 59
M1-S2L 40 81 0.2 27 10.1 26.3 2.3 186 84 1.2 8 16.3
M2- S1S 41- 49 0.4 11 1.9 3.5 0.9 196 98 0.5 39 2.9

M2- S1OB 42 49 0.3 15 2.3 5.8 11 300 93 0.5 26 2.8

M2- SENB 43 47 0.4 36 29 7.4 15 259 60 0.7 36 7.7
M2- SEP 44 57 1.2 80 29 18.8 2.3 341 55 1 26 6.6
M2- SkL 45 61 0.4 28 9.5 23.2 2.4 264 87 1.4 13 20.6
M2-S2S 46 51 0.4 14 2.6 6.8 11 211 98 0.5 21 2.7

M2- S20B 47 49 0.3 16 2.8 8 11 181 76 0.5 13 2.7

M2- S2NB 48 53 0.4 26 2.6 6.2 1.8 174 62 0.8 27 7.1
M2- S2P 49 48 1.3 82 3.2 16.9 2.1 417 71 1 27 7.3
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M2- S2L 50 65 0.5 27 9.4 28.6 2.4 240 89 13 13 19.5
NG SiS 51 53 0.6 15 2.7 6.4 0.8 518 132 0.4 14 2.5
NG S:OB 52 47 0.5 19 3.1 6 11 302 61 0.4 12 4.4
NG SINB 53 57 0.5 24 4 7.6 13 360 76 0.5 12 6.7
NG StP 54 56 1.7 65 3.6 20.8 1.2 444 80 0.8 14 7
NG SiL 55 54 0.4 22 9.7 21.7 1.8 326 149 1.2 7 171
NG S2S 56 45 0.4 17 3.5 7.2 0.9 403 147 0.6 18 2.9
NG S20B 57 49 0.5 21 4.2 9.2 13 352 170 0.5 11 51
NG S2NB 58 49 0.5 18 3 5 11 305 77 0.4 10 4.7
NG S2P 59 51 1.8 70 4.8 23.3 18 413 71 1 15 7.4
NG S2L 60 48 0.5 22 11.9 25 2.4 354 149 13 8 18.9
NA-OB 61 39 11 10 2.6 3.6 14 31 30 0.5 8 4
NA-NB 62 46 1.8 28 4.8 18.5 3.2 88 155 1 61 12
NA-P 63 43 3.7 69 4.2 32.7 7.2 110 150 0.8 39 7.5
NA-L 64 49 1.6 21 8.6 33.4 4.6 93 421 1.6 29 255
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Table19. Soil sample analyses results.

Soil Samples

Total P P-AL K Mg Na Mn cu Co Se B zn Organi oM
Soil Samples N pH [

n[f/ﬂg] FE'/ES] imo P;?Slloo Eﬂg] M[gn/]l?g] [mg Na/kg] MH;Eg] [ug Culkg] Cg;gk’g] S[eljgg] B[/lli%] [ug Zn/kg] %] %]
B1-C1D1 | 68 480 <0,2 1 86 72 7 9050 4 133 0.5 57 680 43 0.4 0.9
B1-CtD2 | 69 410 <0,2 0 84 69 7 4890 10 177 0.8 63 410 41 0.5 1
B1-CtD3 | 70 400 <0,2 0 102 77 14 5280 14 340 0.7 104 1060 4 0.4 7
B1-C2D1 | 71 350 <0,2 2 78 86 8 6570 4 45 1.9 74 410 5.1 0.5 1
B1C2D2 | 72 410 <0,2 0 86 71 8 9470 8 201 1.3 71 710 42 0.4 0.8
B1-C2D3 | 73 480 <0,2 0 80 62 8 6640 9 193 1 86 940 41 0.3 0.7
B2CtD1 | 74 930 <0,2 1 40 134 25 1810 4 6.1 2.9 178 60 5.7 1 2
B2C2D1 | 75 650 <0,2 1 49 84 15 1910 14 6.3 1.6 125 50 6 0.7 1.4
25CiD1 | 76 190 0.6 1 38 19 5 6640 34 74 0.6 35 350 6.8 0.2 0.4
25CtD2 | 77 70 <0,2 0 24 11 4 2030 19 38 1.2 35 300 55 0 <0,2
25CiD3 | 78 70 0.2 0 23 8 4 990 12 32 0.5 39 300 5.4 0.2 0.3
25C2D1 | 79 170 <0,2 1 30 23 4 7500 12 61 0 36 270 49 0.2 0.4
25C2D2 | 80 120 <0,2 1 22 13 4 3780 20 61 0.3 37 470 48 0.1 0.3
25C2D3 | 81 70 <0,2 0 25 13 5 2640 22 63 1 39 390 5.4 0.1 0.2
M1-CD1 | 82 360 <0,2 5 52 93 6 8770 13 22 2.3 90 210 5 0.9 1.8
M1-C:D2 | 83 170 <0,2 2 45 62 4 8810 9 24 2.2 87 160 5 0.3 0.6
M1-C1D3 | 84 140 <0,2 0 35 33 5 9100 6 33 1.4 63 130 5.8 0.1 0.3
M1-C2D1 | 85 350 0.8 5 56 100 6 12590 6 34 2.6 90 150 5.9 0.6 1.2
M1-C2D2 | 86 250 <0,2 3 37 58 5 6780 6 16 1.6 59 100 0.3 0.5
M1-C2D3 | 87 160 <0,2 0 36 35 5 9170 2 35 1.4 69 90 0.2 0.4
M2-C1D1 | 88 350 0.4 6 61 77 6 8320 6 16 2.3 69 90 0.5 1.1
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M2-CtD2 | 89 140 <0,2 2 50 42 5 8770 7 22 2 59 100 5.9 0.3 0.6
M2-C1D3 | 90 - <0,2 0 38 23 6 9680 5 45 0.9 59 180 6 0.2 0.3
M2-C2D1 | o1 470 0.6 9 45 70 5 3310 7 13 2.8 79 80 6.5 0.6 1.2
M2-C2D2 | 92 130 <0,2 3 35 39 6 6120 6 19 15 68 80 6.5 0.2 0.4
M2-C2D3 | 93 - <0,2 1 20 21 4 4670 3 24 0.9 50 140 6.4 0.2 0.3
NGC:D1 | 94 340 <0,2 1 42 60 8 15940 17 44 2.2 69 220 5.6 0.5 1.1
NGCtD2 | 95 270 <02 0 36 55 8 16740 12 36 1.1 60 140 5.8 0.3 0.6
NGC1D3 | 96 - 0.5 - - - - 19 6.4 - - 260 0.2 0.5
NGC2D1 | 97 330 <0,2 2 161 94 42 17510 12 35 2.6 114 180 5.6 0.5 1
NGC2D2 | 98 - <0,2 1 33 56 6 11950 19 28 1.3 52 170 5.7 0.4 0.7
NGC2D3 | 99 - <0,2 0 32 50 6 10150 12 36 1.1 53 100 2.9 0.3 0.6
NACED1 | 100 | 620 1 14 140 223 43 3670 14 12 1.7 111 100 5.4 0.8 1.7
NACIDZ | 101 - <0,2 9 38 142 11 960 12 5.4 15 61 80 5.4 0.6 1.2
NA-C1D3 | 102 - <0,2 9 26 101 9 1100 16 6.5 0.7 69 90 5.3 0.9 1.8
NAC2D1 | 103 | 460 0.5 12 56 185 8 2300 11 7.7 1.5 67 90 5.4 0.7 1.3
NA-C2D2 | 104 | 400 <0,2 8 48 189 11 2400 9 13 1.9 80 100 5.9 0.5 1.1
NAC2D3 | 105 - 0.9 8 52 211 31 3060 11 7.8 2 125 60 6 0.8 15
X-C:D1 | 106 | 480 0.2 1 15 36 5 7110 11 5.7 3.8 105 90 6.1 0.5 1
X-CtD2 | 107 | 340 <0,2 0 12 23 4 5370 6 5.8 1.8 92 100 6.2 0.3 0.6
X-CkD3 | 108 - <0,2 0 11 17 4 4020 9 5.6 2.3 97 100 6.4 0.3 0.6
X-C2D1 | 109 - <0,2 0 30 39 3 18070 8 101 1.2 36 40 6.1 0.5 0.9
X-C2D2 | 110 | 430 0.6 0 92 25 28 4190 4 49 0.9 69 80 55 0.3 0.6
X-C2D3 | 111 - <0,2 0 84 52 13 7040 6 6 1.9 168 70 5.3 0.2 0.5
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Appendix 5. Data figures

Graphic representations of measurements and data are shown in this app&utix.used in
the elaboration of the following charts is available in the results chapteaft@r 4) in the
present report.

1. Measurements
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Figure23. Average height values measured in plants in study fields, Mozambique, 2010.
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Figure24. Average number of branches counted in plants in studyidg& Mozambique, 2010.
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Effective Branch Length [m]
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Figure25. Average EBL values measured in plants in study fields, Mozambique, 2010.
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Figure26. Average LAl values measured in plants in study fields, Mozambique, 2010.

85



J. curcas..development explaing by soil nutrient status

2. Dry Matt er Calculations
2.1. Dry Matter Content

Figure27. Stem DM content per set in study fields, Mozambique, 2010.

Figure28. Branches grown during the fisrt year DM content per set in study fields, Mozambig0ép.
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