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Abstract  
Josema Albeniz1, Maja Slingerland1, Raymond Jongschaap2 

1Plant Production Systems group, Wageningen University, PO Box 430, 6700 AK Wageningen, 

the Netherlands 

2 Plant Research International, Wageningen University and Research Center, P.O. Box 616,  

6700 AP Wageningen, the Netherlands 

Abstract 

The tropical oil crop Jatropha curcas L. may have economic potential 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 development of Jatropha curcas L., 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 investigated through measurements of 1898 Jatropha 

curcas L. plants from six diŦŦŜǊŜƴǘ ŦƛŜƭŘǎ ōŜƭƻƴƎƛƴƎ ǘƻ CŀǊƳŜǊΩǎ /ƭǳōǎ ƛƴ /ŀōƻ 5ŜƭƎŀŘƻΣ 

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, effective branch length and leaf area index of 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 explore whether soil 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 in the present research indicate growth and development traits 

of the specific variety of the Jatropha curcas L. crop cultivated in the region of Cabo Delgado. 

These results can be used for further investigations in development of J. curcas crop 

worldwide and in estimations for local bioenergy scenarios. Investigated fields belonged to a 

project supported by FACT foundation, field work and measurements have been supported by 

WUR-DGIS funded by Competing Claims-Competing Models project and laboratory analyses 

have been funded by EU FP6 - ERA-ARD-BIA - 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 the exploration 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 depleting and its unsustainability is evident (GTZ 2009). In recent years, 

several minor or regionally grown crops have been postulated as sustainable alternatives with 

economic potential. J. curcas L. 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 determine its commercial possibilities (Jongschaap, Corré et al. 2007), this crop 

originates high expectations and optimistic economic opportunities for developing tropical 

countries while keeping the affirmation of sustainable fuel alternatives. 

1.1. General description and ecology of the crop  
Jatropha curcas L. is a tropical oil crop from the section Curcas of the Jatropha genus, 

belonging to the Euphorbiaceae group. According to its morphological characteristics, the 

plant is a deciduous perennial shrub, although it might reach heights over 5 meters (Heller 

1996; Henning 2007). With an intermittent growth pattern, the root system of J. curcas 

develops a central tap root and four to five minor roots. Its trunk has shiny grey color and 

exudes whitish latex if cut (Henning 2007; Kaushik, Kumar et al. 2007). The leafs of the plant 

are alternate, simple and glabrous, and can present from five to seven lobes (Heller 1996). J. 

curcas produce umbel-like inflorescences on the terminal axes of the branches that may 

contain around 100 unisexual yellowish and green flowers (Henning 2007). J. curcas is 

generally described as a monoecious plant of allogamous nature, being cross-pollinated by 

insects (Heller 1996), although several authors reported self-compatibility in this crop and 

natural occurrence of self-pollinating flowers (Kaushik, Kumar et al. 2007). J. curcas produces 

globular yellow fruits turning to black at maturity. Within these fruits, three black seeds of 1 to 

2 cm in length with ellipsoid form are developed. The seeds have rich oil content with toxic 

components such as phorbol esters aƴŘ ǘƘŜ ǇǊƻǘŜƛƴ ŦǊŀŎǘƛƻƴ άŎǳǊŎƛƴέ(Henning 2007). 

The exact center of origin of J. curcas is still unknown. According to some authors, Brazil and 

the north part of South America are the original locations (Jongschaap, Corré et al. 2007), 

while others support the idea that the origin or this crop is in Central America and Mexico 

(Heller 1996; Henning 2007). J. curcas is acclimated throughout the tropics and subtropics 

between latitudes ranging from 30ºN to 35ºS (Henning 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 for J. curcas production because either temperatures are too cold or rainfall is 

not enough. No data is available about J. curcas production in non-tropical climates (Henning 

2009). 
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Figure 1.  J. curcas belt, distribution of J. curcas in the world (Jongschaap, Corré et al. 2007). 

 

Figure 2. Main distribution areas of J. curcas in the world (green)(Henning 2002). 

J. curcas presents a high level of adaptation being able to grow in a wide range of agro-climatic 

conditions, but performs well in semiarid tropical regions with temperatures from 20 to 30ºC. 

It grows well with sandy and gravely drained soils. Standing water is not convenient and some 

reports said that it is able to grow in saline soils (Henning 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 leafs and stand until seven months in drought. It is important 

to mention that J. curcas is 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 can also 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 unknown (Jongschaap, Corré et al. 2007). 
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Figure 3. Row if 3 year old J. curcas plants in 1º de Maio I, Mozambique, January 2010. 

 

Figure 4. J. curcas fruit ing in 1º de Maio I, Mozambique, January 2010. 

1.2. Economic Potential  
J. curcas has been used for centuries as a natural fence keeping livestock in the fields because 

its toxicity avoids animals running through it. In Africa, J. curcas leafs, seeds and bark have 

been used for traditional medicinal purposes (Henning 2007). 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. curcas oil is used in a local scale as biofuel for small engines in pumps or 

mills (Heller 1996). Nonetheless, the most important aspect of J. curcas is 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 refined (Heller 1996). This feature trigged the interest of scientist and 

investors all over the world.  
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This crop possesses promising perspectives in the biofuel industry. Energy security 

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 and research for investors. Biofuel 

production has been tripled between the years 2000 and 2007. Additionally, fossil fuel prices 

are predicted to rise, and governments worldwide are looking for alternative fuel sources 

(Coyle 2007), increasing the funds for research in this field to improve their position in the 

bioenergy sector competition (Schubert 2006). With targets such as having 10% of the on-road 

fuels biologically derived by 2015 (Coyle 2007) biofuel crops such as J. curcas are the focus of 

attention. 

J. curcas presents 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; Francis, Edinger et al. 2005). In addition, the 

technology for diesel produced from J. curcas oil exists and it is available; and its gas emissions 

are lower than those from petrol diesel (Jongschaap, Corré et al. 2007). Moreover, the main 

advantage of this crop lies on its adaptability to marginal and waste lands that had been 

claimed by several authors (Jongschaap, Corré et al. 2007). 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 to J. curcas in comparison to other crops used for biofuel production such as 

soybean, rapeseed or maize, which have been shown to result unsustainable (Coyle 2007). 

Hence, there is no doubt that J. curcas has a great potential in the biofuel market. 

1.3. J. curcas in 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 producing J. curcas biodiesel in industrial quantities. The huge 

knowledge gap regarding J. curcas cultivation and productivity represents 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 about J. curcas 

productivity was vague and varied strongly. The absence of scientific reliable data and the 

inadequacy of the existing data were the reasons for this lack of information (Daey Ouwens, 

Francis et al. 2007; Jongschaap, Corré et al. 2007). Moreover, some authors are really skeptical 

about the blessings of J. curcas cultivation and production in some areas, more specifically in 

Africa (Franken 2010). In any way, this fact should not be a reason to underestimate the 

potential of this crop. J. curcas possibilities and expectations should be investigated and 

evaluated. Various studies explored hypothetical scenarios for its production and economic 

viability with promising results in prices (Francis, Edinger et al. 2005) and oil production 

(Jongschaap, Corré et al. 2007). If the combination of the good results known so far with the 

abovementioned beneficial properties of the J. curcas cultivation is feasible, the actual 

potential of this crop is more perceptible. For instance, bio gas production from J. curcas seed 

cake and plant waste has been studied and considered a good option to make biofuel 

production of this oil crop more efficient and attractive for investors (Minnen 2010) 

The author strongly believes that all the feasible options should be considered and carefully 

evaluated. J. curcas should 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 elaboration of scientifically reliable 

studies of WΦ ŎǳǊŎŀǎΩs productivity 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 productivity or 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 local level and 

therefore to contribute in possible further investigations. This involves the collection of 

reliable information regarding J. curcas growth. 

1.4. Knowledge gaps in J. curcas L. investigation  
The lack of knowledge regarding J. curcasΩǎ ǇǊƻŘǳŎǘƛƻƴ ǎȅǎǘŜƳ ŀŦŦŜŎǘǎ ƛŦ ƴƻǘ ŀƭƭΣ Ƴƻst of the 

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 processing and market 

issues, without forgetting the use of products and sub-products resulting from the J. curcas 

production. Moreover, there is a need for a comprehensive and extensive genetic diversity 

study in J. curcas that may lead to breeding programs targeting 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 reliable data concerning plant requirements and 

environment characteristics are lacking for the elaboration of complete production systems in 

vast areas that can be used for J. curcas cultivation (Daey Ouwens, Francis et al. 2007). 

Relating to plant cultivation, remarkable labor has to be done to collect observations in current 

J. curcas plantations and implement particular experiments for disclosing the effect of 

different agronomic factors on crop development and production. This information should be 

shared to avoid unwarranted investments and the loss of interest in this crop (da Schio 2010). 

Achten et al. reported that basic agronomic attributes of this crop and environmental effects 

on it have not yet been closely investigated (Achten, 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 object of scientific study for 

further discussion. Consequences of J. curcas cultivation 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, much research 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 require further research 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 contribute with one of the most important and 

essential stages in J. curcas production, the cultivation. A close observation and analysis mainly 

into growth variables in currently existing J. curcas plantations was performed to provide with 

valuable information about 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 of J. curcas physiology. A general examination on 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 length, and leaf 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 this issue. Furthermore, dry matter and nutrient 

distribution over plant organs is considered in the description of the J. curcas development, 

being conjointly related to soil nutrients. A deeper investigation in these issues might allow to 

make a progress in the minimization of the important knowledge gaps that restrict the J. 

curcas production 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 are inevitably 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 extrapolated to different situations. 

Wageningen University has been working for a longtime researching a wide range of plant 

species. Within the sustainable principles of Wageningen University, research is being carried 

out concerning new alternatives for renewable energy resources. In this study line, there are 

projects that are being developed in collaboration with many organizations. In the realization 

of the present research investigated fields belonged to a project supported by FACT 

foundation while field work and measurements were supported by WUR-DGIS funded by 

Competing Claims-Competing Models project. Laboratory analyses were funded by EU FP6 - 

ERA-ARD-BIA - 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 Wageningen University, the Netherlands. 
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2. Objectives 

2.1. General Objective 
The main objective of this research was to describe the development of Jatropha curcas L. in 

different soil conditions. The goal was to explore whether differences in J. curcas development 

could be attributed to soil nutrient qualities. 

The final aim of this study was to describe and evaluate the development of J. curcas to 

generate a database that could be used for future studies. 

2.2. Specific Objectives 
¶ To measure the development of J. curcas by different phenological and growth 

parameters and describe the relationships between them. 

¶ To measure the dry matter distribution within the J. curcas plant, and to determine if 
the nutrients in the soil affect that distribution. 

¶ To measure the nutrient content and distribution within the J. curcas plant, and to 
determine if the nutrients in the soil affect these. 

¶ 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 first period, from 18th January to 

23rd 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, from 25th April to 6th December, 

was directed to data analysis and report writing at Wageningen University. 

3.1. Field work research in Cabo Delgado, Mozambique  
The field research consisted of several activities. Those involved measurement taking, plant 

material collection and processing and soil sampling. Growth and development of 1898 J. 

curcas plants 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 leaves. Nutrient content was determined 

in samples of soils and plant organs. 

3.1.1. Study area 

The study fields are situated in different districts within the region of Cabo Delgado in northern 

Mozambique, near Tanzania (Fig. 5). In this region, the most common crops cultivated 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 only a few farmers are starting to build small dams 

to store the rain water and grow vegetables during the rainy season. Field work activities were 

done in already existing J. curcas plantations. No experiments were established for this 

research. All the fields ǳǎŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ōŜƭƻƴƎ ǘƻ ǘƘŜ CŀǊƳŜǊǎΩ /ƭǳō ŦǊƻƳ ŜŀŎƘ ŘƛǎǘǊƛŎǘ ŀƴŘ 

they are used as experimental plots. Each field is operated by the extension worker assigned to 

ŜŀŎƘ ŘƛǎǘǊƛŎǘΣ ǿƘƛŎƘ Ƙŀǎ ŀ ŎƻƴǘǊŀŎǘ ǿƛǘƘ ǘƘŜ CŀǊƳŜǊΩǎ /ƭǳō ŘƛǊŜŎǘƛƻƴ board located in Bilibiza. 

Before starting the J. curcas trials, none of the fields were used for agronomic purposes. In the 

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

for dealing with the animal-man conflict using it as living fences. J. curcas is gaining importance 

in the area although market policies and possibilities for its use are lacking. 

This research attempts to describe the phenological characteristics of J. curcas development in 

different locations with different soil qualities. The idea is to observe differences in the 

development of the plant and elaborate an information database that might help minimizing 

the knowledge gap regarding J. curcas cultivation. 
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Figure 5. Location of study fields being 1. Bilibiza I; 2. Bilibiza II; 3. 25 Setembro; 4. 1º Maio I; 5. 1º Maio II; 6. 
Ngeue; 7. Nanlia in Cabo Delgado, Mozambique 2010.(Maplibrary 2010) 
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Location of the fields  

Bilibiza I and II are located in the town of Bilibiza in Quissanga district. Its coordinates are 

12°33'35.12" S, 40°15'59.56" E. Bilibiza I has an area of 0.21 ha containing 468 J. curcas plants. 

The field Bilibiza II, with an extension of 0.51 ha, contains 1109 J. curcas trees and it presents a 

small slope direction south-west. The field named 25 Setembro is situated in the village with 

the same name also in Quissanga district. With an extension of 0.084 ha, it contains 210 J. 

curcas plants. The fields of 1º de Maio I and II are both located in the district of Meluco in the 

small town of 1º de Maio corresponding to the coordinates: 12°27'00.09" S, 39°52'24.93" E. 

These study fields do not 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 288 J. curcas trees. Finally, Nanlia is located 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 has around 260 trees. No intercropping practices were performed 

in the study fields. 

Table 1. Study fields main characteristics (Personal communication) 

Field 
Age seedlings 

[months] 
Date 

Plantation 
Area 
[m

2
] 

Number of 
Plants [#] 

Spacing [m x m] 
Pruned 

Yes No 

Bilibiza I 2 jan-08 2030 419 2 x 2 X 
 

Bilibiza II 2 jan-08 5060 1229 2 x 2 X 
 

25 Setembro 7 jun-08 840 210 2 x 2 
 

X 

1º Maio I 5 jun-08 
1120 280 

2 x 2 
 

X 

1º Maio II 5 jun-08 2 x 2 
 

X 

Ngeue 5 dec-07 2500 625 2 x 2 
 

X 

Nanlia 5 dec-07 - 260 2 x 2 
 

X 

 

 

Figure 6. Field of Ngeue. The woman is the president of thŜ CŀǊƳŜǊΩǎ /ƭǳō ƻŦ bƎŜǳŜΣ aƻȊŀƳōƛǉǳŜΣ 2010. 
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3.1.2. Plant Material  

A number of 1898 J. curcas plants representing the Mozambican variety were used for all the 

measurements in the present study. This number was composed by plants grown in 

experimental fields belonging to the CŀǊƳŜǊǎΩ /ƭǳō ƛƴ ŜŀŎƘ ƭƻŎŀǘƛƻƴΦ J. curcas plants were never 

sprayed and fertilization was not applied in any case. Some characteristics were common for 

all the plants used in this study. 

¶ All J. curcas plants used in this study were in the third year of development, having 
been planted in between the end of 2008 and the beginning 2009 after about five 
months in the nursery. 

¶ A plant spacing of 2m x 2m was used in every field obtaining a plant density of 4 
plants/m2. 

¶ The whole study was performed with the local variety of J. curcas named 
άaƻȊŀƳōƛǉǳŜέΦ 

¶ Pruning was only performed in the fields of Bilibiza I and Bilibiza II. 

Phenological Characterization of J. curcas 

During the field work of this research different parameters were measured individually 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 partial or total destruction of plant material.  

Non Destructive Measurements (NDM) 

The aim of the application of non destructive measurements was to give a phenological 

characterization of J. curcas. The height of the plant was measured from the ground level close 

to the base of the stem to the 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 counted and data were recorded. In 

every plant, 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 the plants is related to its photosynthetic capacity, the leaf area index 

(LAI) was calculated by a non-destructive measurement commonly used in biomass production 

estimation. The choice of calculating LAI for all the plants measured in each field was made 

according to the high heterogeneity observed in the fields regarding plant development. The 

same procedure was 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 stick and a measuring 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 lobe tips closest 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 the methodology described in Appendix 1. 
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Destructive measurements (DsM) 

To determine the dry matter and nutrient distribution in the plant of J. curcas, plant 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 analyzed. Several activities were 

done to obtain the results. 

Collection 

In every field the 6 best developed plants were cut and separated in two sets of 3 plants each. 

The two sets were collected aiming to make a comparison between them and determine the 

existence of differences in dry matter and nutrient content and distribution within fields. Stem, 

branches grown during the first year, branches grown during the second year, petioles and 

leafs were the 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. Parts of the 

branches grown during the present season were cut and separated from those grown the 

previous year according to visual differences in color, thickness and roughness of the surface. 

All organs and all samples were weighed fresh. For each set, equal amounts of each 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 (Fig. 8) was followed for both sets in every field. 

 

Figure 7. Organ sampling in the field of Bilibiza I, Mozambique, April 2010. 



 

 
 

 

Figure 8. Plant organ sampling procedure.
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Fresh Weighing 

Total fresh plant material collected from each organ and all samples were weighed in situ with 

a scale (model Philips HR2395) weighing up to 5 kg in gradations of 1 gram. Weigh data were 

recorded in a fieldwork notebook. 

Conservation and Transportation 

Plant samples 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 de Investigação Agraria de Moçambique (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 70ºC for 48 hours in a forced circulation oven (model Labcon FSOM HD); while 

the samples directed to dry matter distribution determination were dried at 100ºC for 72 

hours in an oven (model Binder WT) . These last dried samples were weighed with a precision 

scale (model Scaltec SBC 41) and the data was recorded for further calculations of dry matter 

distribution. 

3.1.3. Soil 

According to FAO soil classification, the dominant soils in the study area are Cambisol and 

Acrisol with some Chernozem (Nielsen 2009) 

Soil Sampling 

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

II, 25 de Setembro, 1º de Maio I, 1º de Maio II, Ngeue, Nanlia and additionally in Xinavane. This 

program involved the collection of soil samples for nutrient analysis. Samples were extracted 

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 point in the field. Soil sampling 

protocol can be found in Appendix 2. 

Sample drying and conservation 

Soil samples were placed in paper trays and sun dried for 3 days. When dry, part of the 

samples was packaged in sample plastic bags and labeled before being sent to laboratory for 

nutrient analysis. 
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3.1.4. Climate Data 

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

zone R8 and it is characterized by a dry and a rainy (December to May) season and mean 

annual rainfall over 800 mm (Nielsen 2009; Climate 2010). A weather station was not available 

so weather variables were not recorded for this study. The closest weather station was in the 

city of Pemba (12°58'23.53"S, 40°31'04.08"E). Consequently, real weather variables and 

conditions in the study fields might vary. 

Table 2. Mean temperatures and precipitation data in the city of Pemba, capital of Cabo Delgado, Mozambique 
(2010). 

Year Month Mean Temperature [ºC] Precipitation amount [mm] 

2008 

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 

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 

2009 

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 

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 

2010 
January 27,6 156,73 

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

April 27,8 68,58 

 

Since the date that plants were transplanted 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 ºC and 26.2 ºC respectively. Average monthly rainfall was 54.82 

mm for the year 2008 and 47.01 mm in the case of the year 2009. According to the data, plants 

were established in the fields in the beginning of the rainy season, what could have been 

beneficial for the establishment. Temperatures seem to be within the optimal range of 

temperatures for J. curcas growth (Henning 2009). 

 

 

Figure 10. Dry soil samples before being packaged, 
Bilibiza, Mozambique, 2010. 

  

Figure 9. 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 results during the research period 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 laboratory of Radix Agros, in Wageningen University Campus. Plant and soil 

samples were individually milled with a ground mill (model Tecator Cyclotec 1093 Sample Mill). 

After each turn, the mill was properly cleaned using air pressure. Samples were stored in 

plastic 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 status of the plant and soil material. 

Plant Analysis 

Analyses performed to plant samples revealed the nutrient status of the J. curcas samples 

collected. Quantities for the following elements were determined: Sodium, Potassium, 

Calcium, Magnesium, Phosphorus, Manganese, Iron, Zinc, Sulphur and Total Nitrogen 

Results from these analyses can be found in Appendix 4, expressed 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 with the amounts of nutrient in the soil of the study fields. The elements 

analyzed were: Total Nitrogen, Phosphorus (P-PAE), Phosphorus ς Aluminum, Potassium,  

Magnesium, Sodium, Manganese, Copper, Cobalt, Selenium, Boron, Zinc, Acidity (pH), Organic 

Carbon and Organic Matter. 

Results from these analyses can be found in Appendix 4, expressed by milligrams of nutrient 

per kilogram of DM for N and K, while P is expressed by milligrams of P2O5 per 100 grams of 

soil. In the present investigation, only N, P and K were considered. 

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 elaborated using Microsoft Excel and R. Descriptive methods have 

been used for phenological data collected from every plant and LAI calculations. To determine 

the existence of differences within and between fields regarding nutrient and dry matter 

distribution, data was processed with R and R-Commander to perform the analysis of the 

variance, always with a level of confidence of P=0.05.  

 

  



J. curcas L. development explained by soil nutrient status 

33 
 

4. Results and Discussion 
Outcomes of the present research are presented in this chapter. 

4.1 Soil Nutrients  
Soil composition 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 substrate zones where the plants were growing. 

In the present research, the three main elements affecting plant growth were considered: 

nitrogen (N), phosphorus (in the form of phosphorus oxide, P2O5) and potassium (K). The 

statistical comparison of the two composite samples in each field showed 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 elements between 

fields, with P=0.05. 

Table 3. Soil N, P and K levels per study field and soil layer. Mozambique, 2010. 

Soil Nutrients 

Field Composite Nutrient [mg/kg] 
Soil Layer 

Average 
D1 D2 D3 

Bilibiza I 

Composite 1 

Total N 480 410 400 430,00 

P [mg P2O5/100 g] 1 0 0 0,33 

K 86 84 102 90,67 

Composite 2 

Total N 350 410 480 413,33 

P [mg P2O5/100 g] 2 0 0 0,67 

K 78 86 80 81,33 

Averages 

Average Total N 415 410 440 421,67 

Average P [mg P2O5/100 g] 1,5 0 0 0,50 

Average K 82 85 91 86,00 

Bilibiza II 

Composite 1 

Total N 930 - - 930,00 

P [mg P2O5/100 g] 1 - - 1,00 

K 40 - - 40,00 

Composite 2 

Total N 650 - - 650,00 

P [mg P2O5/100 g] 1 - - 1,00 

K 49 - - 49,00 

Averages 

Average Total N 790 - - 790,00 

Average P [mg P2O5/100 g] 1 - - 1,00 

Average K 44,5 - - 44,50 

25 Setembro 

Composite 1 

Total N 190 70 70 110,00 

P [mg P2O5/100 g] 1 0 0 0,33 

K 38 24 23 28,33 

Composite 2 

Total N 170 120 70 120,00 

P [mg P2O5/100 g] 1 1 0 0,67 

K 30 22 25 25,67 

Averages 
Average Total N 180 95 70 115,00 

Average P [mg P2O5/100 g] 1 0,5 0 0,50 
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Average K 34 23 24 27,00 

1 Maio I 

Composite 1 

Total N 360 170 140 223,33 

P [mg P2O5/100 g] 5 2 0 2,33 

K 52 45 35 44,00 

Composite 2 

Total N 350 250 160 253,33 

P [mg P2O5/100 g] 5 3 0 2,67 

K 56 37 36 43,00 

Averages 

Average Total N 355 210 150 238,33 

Average P [mg P2O5/100 g] 5 2,5 0 2,50 

Average K 54 41 35,5 43,50 

1 Maio II 

Composite 1 

Total N 350 140  245,00 

P [mg P2O5/100 g] 6 2 0 2,67 

K 61 50 38 49,67 

Composite 2 

Total N 470 130  300,00 

P [mg P2O5/100 g] 9 3 1 4,33 

K 45 35 20 33,33 

Averages 

Average Total N 410 135  272,50 

Average P [mg P2O5/100 g] 7,5 2,5 0,5 3,50 

Average K 53 42,5 29 41,50 

Ngeue 

Composite 1 

Total N 340 270  305,00 

P [mg P2O5/100 g] 1 0  0,50 

K 42 36  39,00 

Composite 2 

Total N 330   330,00 

P [mg P2O5/100 g] 2 1 0 1,00 

K 161 33 32 75,33 

Averages 

Average Total N 335 270  302,50 

Average P [mg P2O5/100 g] 1,5 0,5 0 0,67 

Average K 101,5 34,5 32 56,00 

Nanlia 

Composite 1 

Total N 620   620,00 

P [mg P2O5/100 g] 14 9 9 10,67 

K 140 38 26 68,00 

Composite 2 

Total N 460 400  430,00 

P [mg P2O5/100 g] 12 8 8 9,33 

K 56 48 52 52,00 

Averages 

Average Total N 540 400  470,00 

Average P [mg P2O5/100 g] 13 8,5 8,5 10,00 

Average K 98 43 39 60,00 
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Results show that the highest level of soil nitrogen was found in the field of Bilibiza II with an 

average content of 790 mg N per kg of soil. This was followed by Nanlia and Bilibiza I with 

average contents over 400 mg N per kg of soil. Lower nitrogen concentrations were obtained 

in the fields located in 1º de Maio and the one in Ngeue with contents between 250 and 300 

mg N per kg of soil; while the poorest soil in terms of soil nitrogen content was collected in 25 

Setembro, with an average of 115 mg of N per 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 of P2O5 per 100 g of soil, 20 times higher than in the 

fields of Bilibiza I and 25 Setembro, and 10 times higher than in Bilibiza II and Ngeue. 

Moreover, soil from the fields of 1º de Maio I and 1º de Maio II contained an average 

phosphorus concentration of 2.5 and 3.5 mg P2O5 per 100 g of soil respectively. Regarding soil 

potassium, analyses showed that the soil sampled in the field of Bilibiza I 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 each. Soils from the fields of 1º de 

Maio and Bilibiza I presented average potassium concentrations in soil between 40 and 45 mg 

of K per 100 g of soil while soil from 25 Setembro again contained the lowest potassium 

concentration with 27 mg K per 100 g of soil on average.  
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4.2. Measurements  
Several parameters were measured to characterize the development of J. curcas: plant height, 

number of branches grown during the first year, number of branches grown during the second 

year, effective length of the branch and leaf 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 section, 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 obtained 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. J. curcas plants in the fields of 1º de Maio were observed among 

the biggest for height averaging heights over 2 m. The field of Bilibiza II and Ngeue contained 

trees with average heights above 1.8 m, while plants in 25 Setembro were smaller averaging 

heights under 40 cm. 

Table 4. Average height of J. curcas plants in the study fields, Mozambique, 2010. 

Height 

Field n Height [m] SD 

Bilibiza I 419 1,406 0,296 

Bilibiza II 887 1,840 0,316 

25 Setembro 178 0,395 0,124 

1º Maio I 65 2,044 0,321 

1º Maio II 119 2,127 0,280 

Ngeue 231 1,827 0,288 

 

The analysis of the 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 that 25 Setembro, the field 

with the poorest nutrient status, corresponds 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 first year and the number of 

branches grown during the second year were counted for every plant. The total number of 

branches was also calculated. 

Table 5. Average number of branches of J. curcas plants in the study fields, Mozambique, 2010. 

Number of Branches 

Field n BF [#] SD BS [#] SD 
Total number of 

Branches [#] 
SD 

Bilibiza I 419 3,683 2,088 12,981 8,391 16,663 9,97 

Bilibiza II 887 3,979 1,747 17,303 9,343 21,282 9,384 

25 Setembro 178 1,000 0 2,719 1,609 2,719 1,609 

1º Maio I 65 6,154 3,28 21,923 12,683 28,077 15,287 

1º Maio II 119 5,429 2,192 28,277 12,244 33,706 13,423 

Ngeue 231 4,160 1,869 12,797 5,687 16,957 6,729 

 

J. curcas trees in 1º de Maio I and 1º de Maio II were recorded with the highest average 

number of branches grown during 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, 1º 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 grown during the 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 height, the fields 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 soil. Again the field with lowest soil nutrient content  (25 Setembro) 

showed lowest branching. It can be observed that the fields that have been pruned present 

the lowest average number of branches grown during the first year. Similar effect occurs with 

the number of branches from the second year, where the fields with pruned plants, Bilibiza I 

and Bilibiza II accompanied by Ngeue, presented lower average number of branches than fields 

in 1º de Maio. It is unknown how plants were pruned in the fields of Bilibiza during the first 

year. 
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4.1.3. Effective Branch Length  

The effective branch length is understood as the length of the part of the branch containing 

green leafs. The measurements of EBL provided more information about development of J. 

curcas. Average values of EBL for the plants in the different study fields are  shown at this 

point. EBL could not be measured in the field 25 Setembro due to the deficient development of 

the plants. 

Table 6. Average effective branch lengths in the study fields in Mozambique, 2010. 

Effective Branch Length 

Field n EBL [m] SD 

Bilibiza I 419 0,450 0,18 

Bilibiza II 887 0,700 0,218 

1º Maio I 65 0,399 0,171 

1º Maio II 119 0,477 0,174 

Ngeue 231 0,275 0,12 

 

Plants in Bilibiza II presented in average longer branch parts with green leafs than the rest of 

the fields with 70 cm, followed by 1º de Maio II and Bilibiza I with an average EBL of 47.7 and 

45 cm respectively. Shorter effective branch parts were recorded in the fields of 1º de Maio I 

and Ngeue where plants averaged EBL values of 39.9 cm for 1º de Maio and 27.5 cm in the 

case of Ngeue. The analysis of the variance revealed significant differences between fields for 

the parameter effective branch length. J. curcas plants in the field of Bilibiza II presented the 

longest effective branch length in average. This fact may suggest that pruned plants could 

develop larger parts of the branch with green leaves. In this case, plants 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 index measurements provide with further information about development of J. 

curcas. During the field work LAI 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 the J. curcas plants nor in Nanlia because plants were too big. 

Table 7. Average LAI values calculated for J. curcas plants in the study fields in Mozambique, 2010. 

Leaf Area Index 

Field n LAI SD 

Bilibiza I 419 1,674 1,592 

Bilibiza II 887 3,385 2,492 

1º Maio I 65 1,890 1,472 

1º Maio II 119 3,596 2,365 

Ngeue 231 1,031 0,801 

 

Results show that plants in 1º de Maio I presented the highest LAI value in average with 3.596, 

closely followed by plants from Bilibiza II with an average LAI value of 3.385. Average LAI 

values were lower for plants in the fields of 1º de Maio I, Bilibiza I and Ngeue, with 1.89, 1.674 

and 1.031 respectively. LAI values analysis indicated that this parameter differs significantly 

between the study fields for P=0.05. 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. As LAI is important for 

photosynthetic 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 for J. curcas plants were interrelated to 

reveal and assess correlations between them. In this section, the interactions between growth 

parameters are analyzed and discussed. Charts 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 parameters height 

and number of branches grown during the first year of development of J. curcas was  

determined (Fig. 9). 

The adjustment of the linear regression line to the cloud of points is not good, resulting in a 

coefficient of determination R2 of 0.3273. This means that in the J. curcas plants from the 

study fields the parameter height explains the 32.73 % of the number of branches grown 

during the first year. The equation of the adjusted regression line is y = 2,29x + 0,0836, 

y = 2,29x + 0,0836 R² = 0,3273 

Figure 11. Correlation between the parameters Height and Branches grown during the first year from plants in 
the study fields, Mozambique, 2010. 
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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 interaction between the parameters height and number of branches developed during the 

second year is now detailed.  

The linear adjustment performed by the simple linear regression model showed a stronger 

relationship between height and the number of branches from the second year of 

development than in the previous case. The 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 expected. The equation of the line adjusted to the cloud 

of points suggests that an increase of 1 meter in height would have a benefit of an increase of 

11.38 more branches grown during the second year. In other words, it could 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. 

y = 11,838x - 4,0427 R² = 0,4115 

Figure 12. Correlation between the parameters Height and Branches grown during the second year from plants 
in the study fields, Mozambique, 2010. 
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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. 

The graphical representation of the interaction between height and the total number of 

branches from the plants in the study fields showed an adjusted line corresponding to the 

equation y = 14,533x - 4,7135. This means that an increase of one meter in the height of the J. 

curcas plants would result in an increase of the number of branches in the plants of 14.53 

units. The coefficient of determination R2 turned out to be 0.4546, therefore for J. curcas 

plants from this study height explains the 45.46 % of the total number of branches developed. 

Increase in 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. 

y = 14,533x - 4,7135 R² = 0,4546 

Figure 13. Correlation between the parameters Height and Total number of branches from plants in the study 
fields, Mozambique, 2010. 
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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. 

The statistical analysis performed to the interaction between the parameters height and 

effective branch length revealed a weak correlation between them, with a coefficient of 

correlation of 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 result in an increase of the EBL of 0.28 meters.  

  

y = 0,2864x + 0,051 R² = 0,1831 

Figure 14. Correlation between the parameters Height and EBL from plants in the study fields, Mozambique, 
2010. 
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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 

analyzed through statistical methods. 

The equation resulting from the linear regression analysis, y = 3,2505x - 3,111, suggests that if 

the height of the plants is increased one meter, LAI value would increase 3.25 units. The 

coefficient of correlation is in this case 0.2784, meaning that only 27.84% of the LAI is 

explained by the parameter height. In the present study, LAI values are expressed per plant. 

  

y = 3,2505x - 3,111 R² = 0,2784 

Figure 15. Correlation between the parameters Height and LAI from plants in the study fields, Mozambique, 
2010. 
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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 between the growth parameters number of branches grown 

during the second year of plant development and leaf area index responded to the most 

robust correlation. 

The strongest interaction among all the 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 fields, LAI would be explained in 56.64% by the 

number of branches grown during the second year. 

y = 0,1834x - 0,4297 R² = 0,5664 

Figure 16. Correlation between the parameters Branches grown during the second year and LAI from plants in 
the study fields, Mozambique, 2010. 
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The relations described earlier in this section were also analyzed separately in every study 

field. In general terms, all the relations presented statistical significance (Table 8). However, 

two exceptions were encountered. The first one was described in 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 the reason for the lack of 

correlation. The second exception was found in the field of 1º Maio I where results suggested 

that the correlation between the parameters height and EBL was not statistically significant.  
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Table 8. Simple linear regression equations, coefficients of correlation, p-values and significance of the interactions between growth parameters studied in every study field, Mozambique, 
2010.                     

Interactions between growth parameters per field 

 Relation Equation R2 p-value Significance 

Bilibiza I 

Height vs. Branches First year y = 0,0693x + 1,1506 0,2386 < 2e-16 Statistically Significant 

Height vs. Branches Second year y = 0,0216x + 1,1252 0,3748 < 2e-16 Statistically Significant 

Height vs. Total Number of Branches y = 0,0183x + 1,1 0,3814 < 2e-16 Statistically Significant 

Height vs. EBL y = 0,9744x + 0,9671 0,3505 < 2e-16 Statistically Significant 

Height vs. LAI y = 0,1224x + 1,201 0,4325 < 2e-16 Statistically Significant 

Branches Second year vs. LAI y = 4,5772x + 5,3202 0,7544 1,52E-14 Statistically Significant 

Bilibiza II 

Height vs. Branches First year y = 0,0751x + 1,5415 0,1723 < 2e-16 Statistically Significant 

Height vs. Branches Second year y = 0,0189x + 1,5123 0,2503 < 2e-16 Statistically Significant 

Height vs. Total Number of Branches y = 0,0176x + 1,4661 0,2726 < 2e-16 Statistically Significant 

Height vs. EBL y = 0,8529x + 1,2435 0,3462 < 2e-16 Statistically Significant 

Height vs. LAI y = 0,0728x + 1,5935 0,3302 < 2e-16 Statistically Significant 

Branches Second year vs. LAI y = 2,7252x + 8,0774 0,6627 < 2e-16 Statistically Significant 

25 Setembro 

Height vs. Branches First year Χ Χ 0,573 Not Statistically Significant 

Height vs. Branches Second year y = 4.1622x + 1.0754 0.103 1,26E-05 Statistically Significant 

Height vs. Total Number of Branches y = 4.1622x + 1.0754 0.103 1,26E-05 Statistically Significant 

1º Maio I 

Height vs. Branches First year y = 0,047x + 1,7549 0,2312 5,04E-05 Statistically Significant 

Height vs. Branches Second year y = 0,0118x + 1,7857 0,2175 9,00E-05 Statistically Significant 

Height vs. Total Number of Branches y = 0,0103x + 1,7555 0,2402 3,41E-05 Statistically Significant 

Height vs. EBL y = -0,0936x + 2,0816 0,0025 0,69274 Not Statistically Significant 

Height vs. LAI y = 0,0744x + 1,9037 0,1165 0,0054 Statistically Significant 

Branches Second year vs. LAI y = 5,6745x + 11,201 0,4338 2,47E-09 Statistically Significant 

1º Maio II 
Height vs. Branches First year y = 0,0327x + 1,9499 0,0653 0,00504 Statistically Significant 

Height vs. Branches Second year y = 0,0094x + 1,8609 0,1692 3,36E-06 Statistically Significant 
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Height vs. Total Number of Branches y = 0,0087x + 1,8337 0,1739 2,39E-06 Statistically Significant 

Height vs. EBL y = 0,6384x + 1,8228 0,1563 8,60E-06 Statistically Significant 

Height vs. LAI y = 0,0402x + 1,9829 0,1148 0,000164 Statistically Significant 

Branches Second year vs. LAI y = 3,6749x + 15,064 0,5041 <2e-16 Statistically Significant 

Ngeue 

Height vs. Branches First year y = 0,0374x + 1,6718 0,0588 0,000199 Statistically Significant 

Height vs. Branches Second year y = 0,02x + 1,5717 0,1552 5,33E-10 Statistically Significant 

Height vs. Total Number of Branches y = 0,0172x + 1,5365 0,1602 2,66E-10 Statistically Significant 

Height vs. EBL y = 0,7903x + 1,61 0,1075 3,45E-07 Statistically Significant 

Height vs. LAI y = 0,108x + 1,7162 0,09 3,46E-06 Statistically Significant 

Branches Second year vs. LAI y = 5,0305x + 7,6103 0,5024 < 2e-16 Statistically Significant 

TOTAL  Interactions between growth parameters 

Total 

Height vs. Branches First year y = 2,29x + 0,0836 0,3273 < 2e-16 Statistically Significant 

Height vs. Branches Second year y = 11,838x - 4,0427 0,4115 < 2e-16 Statistically Significant 

Height vs. Total Number of Branches y = 14,533x - 4,7135 0,4546 < 2e-16 Statistically Significant 

Height vs. EBL y = 0,2864x + 0,051 0,1831 < 2e-16 Statistically Significant 

Height vs. LAI y = 3,2505x - 3,111 0,2784 < 2e-16 Statistically Significant 

Branches Second year vs. LAI y = 0,1834x - 0,4297 0,5664 < 2e-16 Statistically Significant 
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4.3 Dry Matter Calculations  
Additional information about development of J. curcas can be provided by the study of the dry 

matter distribution in the plants. The evaluation of J. curcas biomass development was one of 

the objectives of this research. 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 comparison was also made among sets 

collected within the same field. Results can be found in the table below (Table 9). 

 

Figure 17. J. curcas samples drying in the oven for DM and nutrient determination at IIAM laboratories in 
Nampula, Mozambique, 2010. 

 

Figure 18. Weighing branches grown during the second year samples at IIAM laboratories in Nampula, 
Mozambique, 2010.



 

 
 

Table 9. Data and results of FM, DM and DM content for each organ in all study fields, Mozambique, 2010.  

% DM Content 

Field Organ 
Set 1 Set 2 

Average % DM 
FM DM %DM FM DM %DM 

Bilibiza I 

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 

Branches second 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 

Bilibiza II 

Stem 2329.00 708.90 30.44 676.00 197.93 29.28 29.86 

Branches first year 2333.00 723.39 31.01 2179.00 652.22 29.93 30.47 

Branches second year 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 

25 Setembro 

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 

Branches second year 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 

Leafs 684.00 107.91 15.78 687.00 157.54 22.93 19.35 

1 Maio I 

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 

Branches second year 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 II 
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 year 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 

Ngeue 

Stem 2360.00 794.21 33.65 5081.00 1378.12 27.12 30.39 

Branches first year 11314.00 3272.12 28.92 6742.00 1988.35 29.49 29.21 

Branches second year 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 

Nanlia 

Branches first year 3146.00 833.06 26.48 - - - 26.48 

Branches second year 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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ANOVA test results on dry matter content analyses indicated that there are not significant 

differences within fields regarding this aspect, while 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 matter content did not significantly differ between fields. 

Reasons to explain these differences in 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 calculate 

the dry matter distribution over plant organs. Results of this study show how dry matter is 

distributed over organs within J. curcas plants from the study area. In this case comparisons 

between sets and fields were also done. 

Table 10. Results on DM distribution over plant organs in all study fields, Mozambique, 2010. 

Dry Matter Distribution 

Field Set Stem [g] BF [g] BS[g] Petioles [g] Leafs [g] Total DM [g] 

Bilibiza I 

Set 1 577,022 1608,833 2576,865 215,824 749,985 5728,528 

Dist. [%] 10,073 28,085 44,983 3,768 13,092  

Set 2 728,808 1025,747 866,860 210,518 740,177 3572,110 

Dist. [%] 20,403 28,715 24,267 5,893 20,721  

Bilibiza II 

Set 1 708,901 723,393 2309,728 433,019 1070,310 5245,351 

Dist. [%] 13,515 13,791 44,034 8,255 20,405  

Set 2 197,926 652,218 1454,962 205,631 1006,194 3516,930 

Dist. [%] 5,628 18,545 41,370 5,847 28,610  

25 Setembro 

Set 1 270,320 248,124 361,139 43,455 107,908 1030,946 

Dist. [%] 26,221 24,068 35,030 4,215 10,467  

Set 2 280,305 597,871 386,325 63,463 157,543 1485,508 

Dist. [%] 18,869 40,247 26,006 4,272 10,605  

1 Maio I 

Set 1 1349,178 2923,447 1098,355 52,194 443,819 5866,994 

Dist. [%] 22,996 49,829 18,721 0,890 7,565  

Set 2 460,832 1070,757 1114,482 83,612 367,468 3097,150 

Dist. [%] 14,879 34,572 35,984 2,700 11,865  

1 Maio II 

Set 1 1196,126 2480,162 1633,928 167,038 832,166 6309,420 

Dist. [%] 18,958 39,309 25,897 2,647 13,189  

Set 2 803,174 3035,349 1464,885 313,542 1421,414 7038,364 

Dist. [%] 11,411 43,126 20,813 4,455 20,195  

Ngeue 

Set 1 794,211 3272,122 1317,093 80,926 471,610 5935,962 

Dist. [%] 13,380 55,124 22,188 1,363 7,945  

Set 2 1378,120 1988,351 1781,924 66,297 405,340 5620,031 

Dist. [%] 24,522 35,380 31,707 1,180 7,212  

Nanlia 
Set 1 - 833,061 209,189 52,523 336,049 1430,822 

Dist. [%] - 58,223 14,620 3,671 23,486 - 

Average Distribution [%] 16.738 34.232 30.917 3.790 14.323  

  



J. curcas L. development explained by soil nutrient status 

53 
 

Results obtained in this section suggest that dry matter distribution in plants do not 

significantly differ within fields. Nonetheless, data may otherwise suggest that there are 

differences regarding dry matter distribution. It is important to point out that only two 

observations per field regarding this aspect were available. With so few data, statistics might 

lack robustness. Hence, additional data are needed to draw firmer conclusions. When 

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 organs (stem and branches grown during the first and second year of development).  
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4.4. Plant Nutrients  
Results from the analyses performed to plant samples collected from the study fields deal with 

the nutritional status of the different organs studied. Amounts of the three most relevant plant 

nutrients influencing growth and development (i. e. nitrogen, phosphorus and potassium) are 

quantified. It must be underlined that plant nutrient results are expressed first in 

concentration as grams of nutrient per kilogram of dry matter; second by amount collected in 

grams and third by its distribution over organs within the plant as percentage. To compare the 

values obtained in the analyses within and among fields, nutrient quantities and its distribution 

over plant organs are presented by organ and set for all the organs (stem, branches grown 

during the first year, branches grown during the second year, petioles and leafs) and fields.  

No significant differences regarding nutrient concentration were found within fields for any of 

the organs. This fact obviously affects the nutrient distribution. Considering that nutrient 

concentration did not significantly differ either between fields nor between organs, it is 

reasonable to think that the higher is the biomass recorded for 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 in the cases of branches grown during the first year and 

leafs; while no significant differences were found in the nitrogen distribution for the other 

three organs studied. The field of 1º de Maio I presented the highest percentage of N in 

branches grown during 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 II, where plants presented the lowest percentage of 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 the case of 

phosphorus, no statistically significant differences were observed between fields regarding its 

distribution for any organ except for the branches grown during the first year of development. 

The fields of 1º de Maio I and Ngeue had the highest P percentage in branches grown during 

the first year due to the fact that plants 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 II. 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 fields of 1º de 

Maio II and Ngeue presented the highest percentage of K in braches grown during the first 

year, while Bilibiza II presented the lowest percentage of K in the same organ.  



 

 
 

Table 11. Plant nutrient (N, P and K) results expressed by concentration, amount and distribution over plant organs in all study fields, Mozambique, 2010.  

Plant Nutrients 

Field Set Nut 
Stem Branches First Year Branches Second Year Petioles Leaves 

Total 
[g] Conc. [g/kg 

DM] 
Q [g] 

Dist. 
[%] 

Conc. 
[g/kg DM] 

Q [g] 
Dist. 
[%] 

Conc. [g/kg 
DM] 

Q [g] 
Dist. 
[%] 

Conc. 
[g/kg DM] 

Q [g] 
Dist. 
[%] 

Conc. [g/kg 
DM] 

Q [g] Dist. [%] 

BI 

S1 

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 

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 

S2 

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 

P 0,6 0,44 11,92 0,8 0,82 22,37 1 0,87 23,64 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 

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 P 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 

Av K 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 

BII 

S1 

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 

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 

S2 

N 3 0,59 1,97 5,4 3,52 11,67 5,9 8,58 28,44 4,8 0,99 3,27 16,4 16,50 54,66 30,19 

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 

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 P 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 

25S 
S1 

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 

P 1 0,27 16,68 1,5 0,37 22,97 1,9 0,69 42,35 1 0,04 2,68 2,3 0,25 15,32 1,62 

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 1,1 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 

Av 

Av N 2,75 0,76 11,31 3,25 1,26 18,85 5,2 1,95 29,22 6,95 0,38 5,68 17,35 2,34 34,93 6,69 

Av P 0,9 0,25 12,47 1,3 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 13,5 5,27 24,45 21 7,87 36,51 48 2,58 11,94 19,5 2,55 11,83 21,57 

MI 

S1 

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 

P 1,1 1,48 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 

S2 

N 2,3 1,06 6,86 2,5 2,68 17,32 4,7 5,24 33,89 5,9 0,49 3,19 16,3 5,99 38,75 15,46 

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 

Av 

Av N 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 P 0,95 0,93 15,00 1,1 2,29 37,06 1,4 1,55 25,05 2,3 0,15 2,40 3,05 1,27 20,49 6,18 

Av K 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 

MII 

S1 

N 2,9 3,47 8,41 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 

P 0,9 1,08 12,46 1,1 2,73 31,59 1,5 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 

S2 

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 

P 1,1 0,88 8,08 1,1 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 

Av 

Av N 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 P 1 0,98 10,02 1,1 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 

NG 
S1 

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 

P 0,8 0,64 9,22 1,1 3,60 52,22 1,3 1,71 24,84 1,2 0,10 1,41 1,8 0,85 12,32 6,89 

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 5,1 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 1,1 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 

Av 

Av N 2,7 2,99 9,27 4,75 12,27 38,04 5,7 8,60 26,67 7,2 0,53 1,64 18 7,86 24,38 32,25 

Av P 0,85 0,94 13,62 1,2 3,09 44,91 1,2 1,84 26,67 1,5 0,11 1,57 2,1 0,91 13,23 6,89 

Av K 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 

NA S1 

N - - - 4 3,33 22,51 12 2,51 16,95 7,5 0,39 2,66 25,5 8,57 57,88 14,81 

P - - - 1,4 1,17 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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4.5 Relations between  soil nutrient  status, growth parameters and  

nutrient content  in plant organs  
Assessing J. curcas biomass 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 in 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 the 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 by J. curcas plants. Higher soil P 

contents were 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 statistically significant 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 related to nitrogen 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 fields with average soil nitrogen 

and potassium content. However, more developed plants corresponded to the fields with 

higher soil phosphorous concentration. These results suggest that P actually influences the 

growth and development of J. curcas in the study area, and it might be considered a limiting 

factor. Notwithstanding the fact 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 soils with 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 in J. curcas development might not be as influential as other 

parameters such us water availability or crop management. 

  

 



 

 
 

Table 12. Average soil N, P and K content and average values for growth parameters measured in all study fields, Mozambique, 2010. 

Total Average N, P, K by field 
Height 

[m] 
Branches First 

Year [#] 
Branches Second 

Year[#] 
Total number of 

Branches [#] 
EBL[m] LAI 

Total DM 
[g] Field 

Total N 
[mg N/kg] 

P-AL [mg 
P2O5/100 g] 

K [mg K/kg] 

Bilibiza I 421.667 0.5 86 1.406 3.683 12.981 16.663 0.450 1.674 4650.319 

Bilibiza II 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 

1º Maio I 238.333 2.5 43.5 2.044 6.154 21.923 28.077 0.399 1.890 4482.072 

1º Maio II 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 - - - - - - - 

 

Table 13 Average soil N, P and K content and average N, P and K content in plant organs in all study fields, Mozambique, 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 P2O5/100 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 2.45 4.5 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 

MI 238.333 2.5 43.5 2.25 2.55 4.40 6.25 17.40 0.95 1.10 1.40 2.30 3.05 17.50 19.50 26.00 78.50 26.00 

MII 281.667 3.5 41.5 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 317.5 1 77.5 2.70 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 7.50 25.50 - 1.40 3.20 7.20 4.60 - 10.00 28.00 69.00 21.00 
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Table 14. Statistical results from the analyses of the interactions between soil nutrients, growth parameters and plant nutrients in all study fields, Mozambique, 2010. 

 

Relations 

Nutrient Parameter Equation R² p-value Significance 

Total N vs. 

Height y = 0,001x + 1,2327 R² = 0,1407 0,4638 Not Statistically Significant 

Branches First year y = 0,0012x + 3,6352 R² = 0,0247 0,7663 Not Statistically Significant 

Branches Second year y = 0,0077x + 13,234 R² = 0,0417 0,698 Not Statistically Significant 

Total number of branches y = 0,0098x + 16,376 R² = 0,0452 0,686 Not Statistically Significant 

Effective Branch Length y = 0,0006x + 0,2208 R² = 0,7105 0,073 Not Statistically Significant 

LAI y = 0,0021x + 1,4362 R² = 0,182 0,474 Not Statistically Significant 

Total N in Stem y = -0,0002x + 2,7431 R² = 0,0156 0,8136 Not Statistically Significant 

Total N in Branches First year y = 0,0025x + 2,8705 R² = 0,3111 0,1932 Not Statistically Significant 

Total N in Branches Second year y = 0,0041x + 5,3203 R² = 0,1285 0,4298 Not Statistically Significant 

Total N in Petioles y = -0,0017x + 7,5195 R² = 0,1842 0,336666 Not Statistically Significant 

Total N in Leafs y = 0,0043x + 18,111 R² = 0,1028 0,483324 Not Statistically Significant 

P vs. 

Height y = 0,3552x + 1,0738 R² = 0,4563 0,1409 Not Statistically Significant 

Branches First year y = 1,1012x + 2,4155 R² = 0,5764 0,08 Not Statistically Significant 

Branches Second year y = 6,3637x + 6,4545 R² = 0,7925 0,0174 Statistically Significant 

Total number of branches y = 7,5982x + 8,5033 R² = 0,7548 0,0247 Statistically Significant 

Effective Branch Length y = -0,0071x + 0,4723 R² = 0,0033 0,9265 Not Statistically Significant 

LAI y = 0,4577x + 1,5369 R² = 0,2626 0,377 Not Statistically Significant 

P in Stem y = 0,0633x + 0,78 R² = 0,6876 0,0413 Statistically Significant 

P in Branches First year y = 0,0343x + 1,0354 R² = 0,3727 0,145 Not Statistically Significant 

P in Branches Second year y = 0,1803x + 1,2462 R² = 0,7737 0,00904 Statistically Significant 

P in Petioles y = 0,6085x + 0,8341 R² = 0,9154 0,00073 Statistically Significant 

P in Leafs y = 0,2732x + 1,8299 R² = 0,8305 0,00428 Statistically Significant 
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K vs. 
 
 

Height y = 0,0068x + 1,2425 R² = 0,0598 0,641 Not Statistically Significant 

Branches First year y = 0,013x + 3,3732 R² = 0,0285 0,749 Not Statistically Significant 

Branches Second year y = -0,0155x + 16,829 R² = 0,0017 0,939 Not Statistically Significant 

Total number of branches y = 0,0074x + 19,508 R² = 0,0003 0,976 Not Statistically Significant 

Effective Branch Length y = -0,0036x + 0,669 R² = 0,2425 0,3993 Not Statistically Significant 

LAI y = -0,0396x + 4,6372 R² = 0,5708 0,1397 Not Statistically Significant 

K in Stem y = -0,0051x + 14,107 R² = 0,0022 0,929 Not Statistically Significant 

K in Branches First year y = 0,0177x + 14,608 R² = 0,0118 0,8164 Not Statistically Significant 

K in Branches Second year y = 0,0397x + 23,203 R² = 0,0403 0,66597 Not Statistically Significant 

K in Petioles y = 0,0435x + 59,21 R² = 0,0029 0,909 Not Statistically Significant 

K in Leafs y = 0,0413x + 20,974 R² = 0,0681 0,57181 Not Statistically Significant 
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4.6 Discussion 
Field measurements and subsequent calculations allowed to characterize J. curcas 

development in the study area. Several variables have influenced J. curcas development in the 

different locations. The study fields presented a wide range of environmental factors and 

management practices (e. g. pruning or weeding) that complicated the description of J. curcas 

development. Weather conditions could not be detailed per location and this might have 

resulted in development effects that so far are unknown. The short period in the study fields 

and the numerous constraints encountered during the field research precluded any further 

research or trial experiments. Despite all the study fields used in this research shared several 

characteristics such as plant spacing, plant variety and age of the trees, it is important to point 

out the relevance of the high heterogeneity observed in terms of plant and field conditions. 

Further investigations would certainly have to deal with the fact that J. curcas plants were 

already in the fields and some factors would have to be considered fixed. In any manner, the 

favorable environment leads to promising expectations about J. curcas production in the area. 

Results of the measurements and observations suggested features 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 some authors, J. curcas might contribute positively to local development in Cabo 

Delgado (Nielsen 2009). This research contributes with information applicable to other 

researches performed in the area. Pruned plants might have larger biomass development 

concerning effective branch length and leafs, whereas not pruned plants might grow higher. 

Reasons for this fact could be that pruned plants invest a higher amount of matter in new 

branches, resulting in a more compact but intense development. Other management practices 

such as weeding might also have an influence on J. curcas growth and development. Plants and 

weeds seem to compete with J. curcas for resources, given that plants in fields with higher 

weed density 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 the plantations 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 diseases studies were not considered 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, J. curcas benefits from the presence of water sources close to the 

plantations. Plantations without water sources in the surroundings presented smaller plants 

than fields that could profit from water sources. Notwithstanding J. curcas was reported to be 

drought tolerant (Henning 2007; Jongschaap, Corré et al. 2007), the absence of irrigation 

systems could be important in water shortage periods where river water can be used to 

overcome water stress when acceptable 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 analyses, it seemed that the largest plants in terms of height were not growing in the 

fields with the higher soil nutrient contents. The highest LAI values were obtained in fields 

where plants presented high percentage of N in leafs and also high leaf biomass production. 

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 concentration in J. curcas organs. 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 fields, it was confirmed that the 

larger the biomass collected for an organ, the higher the nutrient percentage in 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 

concentrations in soil. In general terms, the values from 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 aim of the J. curcas plantations is to improve the seed production to generate 

incomes. For this purpose, knowledge in J. curcas cultivation, growth and development has to 

be increased and several issues have to be considered. Management activities such as weeding 

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 species between J. curcas rows 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 higher production. 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 production. 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 nutrient status, 

but in the present research it has been shown that this is not enough to justify this issue. In 

this regard, experiments with previously established conditions accompanied by monitoring 

systems would be useful, aiming to find better results concerning the development of J. curcas 

in this region. In addition, already existing production investigations involving J. curcas 

varieties and location trial studies could be improved. This might lead to the development of 

new studies and researches such as breeding programs that may result in future beneficial 

impacts.  

Besides all the different studies performed in this report, further knowledge is required in J. 

curcas growth, development and cultivation to elaborate a proper production system. It is 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 increasing environmental awareness have led 

to a global interest in biofuels. The species Jatropha curcas L. has been promoted not only for 

biofuel production, but also as a poverty alleviation instrument (GTZ 2009). J. curcas oil was 

proposed as a possible way to find a solution for problems concerning energy production 

(Jongschaap, Corré et al. 2007). This is one out of numerous options, but according to the J. 

curcas promoters it seems to have a promising future (Jongschaap, Corré et al. 2007). 

However, this issue 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 others. Policies 

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 when implementing such 

an energy system is understandable. As reported by J. curcas promoters, several reasons make 

this crop a good choice with many beneficial consequences for the area (Jongschaap, Corré et 

al. 2007). For instance, J. curcas is 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 is needed 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 commitment. The J. 

curcas seed production provides with several products 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 areas (Jongschaap, Corré et al. 2007; 

Rijssenbeek and Togola 2007). For the reasons abovementioned, J. curcas could be integrated 

in the region of Cabo Delgado. Nonetheless, different interests regarding this crop have been 

shown in Mozambique and in poor areas of Africa in general (Franken 2010). At the regional 

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

with J. curcas, studying the performance of this crop in variety and yield trials for fence use 

and on farm production in many parts of the world, including Cabo Delgado. In relation to this 

aspect, local specific studies are recommended for the viability of these projects. Further 

research is needed in several areas of cognition related to the cultivation and use of J. curcas 

to disclose its potential in Cabo Delgado. Genetic selection in breeding programs, plantation 

location studies, socio-economic 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 development of J. curcas is investigated 

in the present research aiming 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 conclude that J. curcas 

develops differently between locations within the region of Cabo Delgado. Thereupon, there is 

no doubt that there exist factors that condition the growth and development 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 be possible to find mathematical equations 
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that could express those relations among growth factors. These equations would help 

characterizing the development on J. curcas decreasing consequently the need of taking 

measurements in further investigations. Supplementary 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 developed during the second year, petioles and leafs. According 

to this study, J. curcas growth and development differences cannot be attributed to soil 

nitrogen and potassium content. However, the element phosphorus represents the exception 

in this aspect. Higher 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  

organs. 

In conclusion, it can be affirmed that several factors certainly influence the development of the 

crop J. curcas L. in Cabo Delgado, Mozambique. Possible factors influencing that development 

might be water availability, weeds, pest and diseases, or management activities such as 

pruning or plant spacing. If this crop is going to be considered as an actual biofuel source, the 

final message is that much more research is needed regarding J. curcas development and 

cultivation.  
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Appendix 1. LAI  
The LAI determination program developed by Raymond Jongschaap et al. was applied in this 

research. This protocol involved the measurements of different parameters from each plant in 

every study field. Data collected was processed and used for LAI determination using the 

Protocol LAI Estimation Method (Jongschaap, Corré et al. 2007) 

Measuremen ts 

The protocol for the measurements required up to six parameters for LAI calculations (Table 

15). 

Table 15 Parameters required for LAI determination and its units. 

Parameter Unit 

Plant density [m2 *tree
-1
] 

Total number of branches [#] 

Number of leaves in the representative branch [#] 

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 distance between the two lobe tips closest to the petiole and 

perpendicular on the length line from petiole to leaf tip (Fig. 17). 

Table 16. Estimation method of LAI per tree. Estimation method per leaf presented at Expert seminar on J. curcas 
L. (Jongschaap, Corré et al. 2007) 

Step Step Unit 

Identify the J. curcas tree a 
 

Write down identification codes and observation date b 
 

Establish the plant density of the J. curcas stand c [m
2
 *  tree

-1
] 

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 branch f [cm] 

Identify a representative leaf in the mid of the leaf-section of the branch g 
 

Measure width of the leaf between outer tips h [cm] 

Measure length of the leaf tip to the start of the petiole i [cm] 

Estimate Leaf Area of the leaf j [cm
2
] 

Estimate Leaf Area of representative Branch; LAB = e * j k [cm
2
] 

Count the total number of branches l [#] 

Measure/estimate each branch length and give average value m [cm] 

Measure/estimate each branch length that has leaves and give average: n [cm] 

Calculate total branch length with leaves: l * n o [cm] 

Calculate LA per tree as: LAT = ( o /  f ) * k / 10000 p [m
2
] 

Calculate Leaf Area Index as: LAI = p / c q [m
2
 m

-2
] 
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Figure 19. J. curcas leaf: length (i) and width (h) measurements. 

Calculations  

The data collected was used in the calculations for LAI 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: 

,! Ê πȢψτz Èz ÉȢ  

(Soares Severino, Silva do Vale et al. 2007) 

Leaf area of representative branch 

The leaf area per branch was calculated following the formula: 

,!"Ë Åz Ê 

Total branch length with leaves 

The total branch length containing leafs was calculated as follows: 

4",Ï ÌzÎ 

  

h 

i 
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Leaf area per tree 

The following formula was used in order to estimate the total leaf area per J. curcas tree: 

,!4Ð  
Ï

Æ
ᶻ
Ë

ρππππ
 

Leaf Area Index 

LAI was estimated according to the following formula: 

,!)Ñ
Ð

Ã
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Appendix 2. Soil Sampling Protocol  
During the field work of this research a soil sampling program was performed in the fields of 

Bilibiza I, Bilibiza II, 25 de Setembro, 1º de Maio I, 1º de Maio II, Ngeue, Nanlia and additionally 

Xinavane. This program involved the collection of soil samples for nutrient analysis. According 

to the sandy soil texture, an auger soil sampler was used to 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 sampling unit was considered in the sampling protocol. 

A composite soil sample should represent a uniform field area. In this research, two composite 

samples were obtained from every field. Each composite sample contained three subsamples 

from each sampling depth. Each subsample was composed by soil extracted from 6 different 

points in the field according to the sampling scheme (Fig. 20). Representative samples could be 

collected with this procedure following carefully the sampling procedure. 

Sample Location  

A systematic sampling scheme was used considering the characteristics of the fields.  The 

protocol for sample locating is illustrated below (Fig. 20). In every field, six sampling points 

were identified for both composite samples, being represented by C1 the points were the soil 

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.  

 

Figure 20. Sampling point location. 
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Figure 22. Sampling Depths. 

 

Equipment  

Materials needed to perform the soil sampling were: 

¶ Soil sampler  

¶ Knife 

¶ Bucket 

¶ Identification labels 

¶ Plastic bags 

¶ Sample plastic bags 

¶ Tape 

¶ Hoe 

¶ Measuring tape 

Sample Collection  

Soil samples were collected using a stainless (Dutch type auger) sampler using the procedure 

below described. The sampling method allowed direct sample collection in the sampler and on 

site sample mixing and composition. Samples from 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 

materials were previously removed with a hoe. 

  

 

Figure 21. Sampling and measuring 
equipment, Mozambique, 2010. 
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Procedure  

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

was executed: 

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

2. The sampler was removed from the subsurface. 

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

4. 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 sample was 

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 sampling proceeding. 

This procedure was repeated for the next two depths: 20 to 40 cm and 40 to 60 cm deep. The 

second composite sample was obtained following the same procedure. 

Sample Handling  

Samples were sun dried in labeled paper trays before being packaged. After the handling all 

the samples were transported to Wageningen University in the Netherlands. 

Labeling procedures in Bilibiza  

Samples were identified with printed labels with a sample identification code. The code 

included information about the field, composite sample number, soil depth layer, sampling 

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

study: 

¶ Fields 

o B1= Bilibiza 1 

o B2= Bilibiza 2 

o 25= 25 de Setembro 

o M1= 1º Maio 1 

o M2= 1º Maio 2 

o NG= Ngeue 

o NA= Nanlia 

o X= Xinavane 

¶ Soil Layer 

o D1= 0 to 20 cm deep 

o D2= 20 to 40 cm deep 

o D3= 40 to 60 cm deep 

¶ Composite Soil Sample 

o C1= Composite sample 1 

o C2= Composite sample 2 
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A table including a list of the samples can be found in Appendix 3. 

Packaging procedures in Bilibiza  

Soil samples were weighed and packaged in labeled plastic bags. 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 Netherlands. Analyses 

results can be observed in Appendix 4. 
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Appendix 3. Sample list  
Sample identification is detailed in this appendix. 

Table 17. Sample coding for laboratory nutrient analysis. 

Sample Coding 

Plant Samples Soil Samples 

Field Sample Number Field Sample Number 

Bilibiza I Bilibiza II 

B1-S1-S 1 B1-C1-D1 68 

B1-S1-OB 2 B1-C1-D2 69 

B1-S1-NB 3 B1-C1-D3 70 

B1-S1-P 4 B1-C2-D1 71 

B1-S1-L 5 B1-C2-D2 72 

B1-S2-S 6 B1-C2-D3 73 

B1-S2-OB 7 Bilibiza II 

B1-S2-NB 8 B2-C1-D1 74 

B1-S2-P 9 B2-C2-D1 75 

B1-S2-L 10 25 Setembro 

Bilibiza II 25-C1-D1 76 

B2- S1-S 11 25-C1-D2 77 

B2- S1-OB 12 25-C1-D3 78 

B2- S1-NB 13 25-C2-D1 79 

B2- S1-P 14 25-C2-D2 80 

B2- S1-L 15 25-C2-D3 81 

B2- S2-S 16 1º Maio I 

B2- S2-OB 17 M1-C1-D1 82 

B2- S2-NB 18 M1-C1-D2 83 

B2- S2-P 19 M1-C1-D3 84 

B2- S2-L 20 M1-C2-D1 85 

25 Setembro M1-C2-D2 86 

25- S1-S 21 M1-C2-D3 87 

25- S1-OB 22 1º Maio II 

25- S1-NB 23 M2-C1-D1 88 

25- S1-P 24 M2-C1-D2 89 

25- S1-L 25 M2-C1-D3 90 

25- S2-S 26 M2-C2-D1 91 

25- S2-OB 27 M2-C2-D2 92 

25- S2-NB 28 M2-C2-D3 93 

25- S2-P 29 Ngeue 

25- S2-L 30 NG-C1-D1 94 

1º Maio I NG-C1-D2 95 

M1- S1-S 31 NG-C1-D3 96 

M1- S1-OB 32 NG-C2-D1 97 

M1- S1-NB 33 NG-C2-D2 98 
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M1- S1-P 34 NG-C2-D3 99 

M1- S1-L 35 Nanlia 

M1- S2-S 36 NA-C1-D1 100 

M1- S2-OB 37 NA-C1-D2 101 

M1- S2-NB 38 NA-C1-D3 102 

M1- S2-P 39 NA-C2-D1 103 

M1- S2-L 40 NA-C2-D2 104 

1º Maio II NA-C2-D3 105 

M2- S1-S 41 

M2- S1-OB 42 

M2- S1-NB 43 

M2- S1-P 44 

M2- S1-L 45 

M2- S2-S 46 

M2- S2-OB 47 

M2- S2-NB 48 

M2- S2-P 49 

M2- S2-L 50 

Ngeue 

NG- S1-S 51 

NG- S1-OB 52 

NG- S1-NB 53 

NG- S1-P 54 

NG- S1-L 55 

NG- S2-S 56 

NG- S2-OB 57 

NG- S2-NB 58 

NG- S2-P 59 

NG- S2-L 60 

Nanlia 

NA-OB 61 

NA-NB 62 

NA- P 63 

NA- L 64 
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Appendix 4. Laboratory analyses results  
Plant and soil samples were analyzed for this research. Results from nutrient analyses are 

presented in this appendix (Table 18, Table 19). 
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Plant Samples 
Table 18. Plant sample nutrient analyses results.  

Plant Nutrient Analysis Results 

Field Sample Number 
Humidity Na K Mg Ca P Mn Fe S Zn Total N 

[g/kg] [g/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] 

B1-S1-S 1 57 0.8 13 3 4 0.9 20 113 0.2 9 2.5 

B1-S1-OB 2 53 0.2 15 1.7 3.7 0.9 214 32 0.4 7 3.8 

B1-S1-NB 3 52 0.4 33 2.6 9.3 1.7 287 33 0.5 21 6.9 

B1-S1-P 4 60 1.5 54 1.7 8.2 1.1 481 58 0.7 24 8.2 

B1-S1-L 5 80 0.5 26 6.7 15.8 1.8 463 117 1.03 10 18.3 

B1-S2-S 6 48 0.3 9 1.8 2.9 0.6 114 97 0.3 8 3.8 

B1-S2-OB 7 53 0.4 14 1.6 3.9 0.8 300 162 0.5 0.1 6.3 

B1-S2-NB 8 49 0.4 25 1.8 5.4 1 280 33 0.5 22 7.3 

B1-S2-P 9 55 1.5 52 1.6 8.1 1 464 47 0.7 23 7.7 

B1-S2-L 10 57 0.6 27 6.7 15 1.8 296 264 1.7 21 24.8 

B2- S1-S 11 57 0.2 16 2.4 2.4 1 154 67 0.4 12 1.9 

B2- S1-OB 12 45 0.4 14 2.5 5.4 0.9 43 56 0.5 6 3.6 

B2- S1-NB 13 53 0.6 22 3.6 17.3 1.4 107 54 0.6 23 6.7 

B2- S1-P 14 52 1.9 46 1.9 20 1 130 38 0.5 12 5.8 

B2- S1-L 15 49 0.9 24 9.6 33.1 1.7 124 85 1.4 12 20.5 

B2- S2-S 16 50 1.6 12 3 10.9 0.6 81 89 0.5 27 3 

B2- S2-OB 17 47 0.3 18 2 5.6 1 326 121 0.5 14 5.4 

B2- S2-NB 18 39 1 21 4.5 17.2 1.3 106 33 0.5 18 5.9 

B2- S2-P 19 49 5.3 22 2.7 16.5 0.7 113 58 0.4 7 4.8 

B2- S2-L 20 65 2 16 9.9 29.9 1.4 110 91 1.2 8 16.4 

25- S1-S 21 57 0.6 14 2.5 8.5 1 321 82 0.4 7 2.8 

25- S1-OB 22 51 0.7 16 3.9 6.2 1.5 357 60 0.4 18 3.9 
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25- S1-NB 23 58 0.5 19 2.7 5.3 1.9 260 73 0.5 14 4.3 

25- S1-P 24 55 2 47 2 19.9 1 146 49 0.5 14 6.1 

25- S1-L 25 78 0.7 21 5.9 13.9 2.3 219 370 1.2 27 16 

25- S2-S 26 53 0.7 10 2.6 2.9 0.8 196 64 0.2 7 2.7 

25- S2-OB 27 58 0.6 11 2.1 3.9 1.1 279 57 0.4 10 2.6 

25- S2-NB 28 53 0.8 23 5 9 2.1 394 53 0.5 19 6.1 

25- S2-P 29 61 3.3 49 3.7 13.2 3.6 342 317 0.7 33 7.8 

25- S2-L 30 79 1.1 18 8.8 19.5 2.7 303 103 1.3 12 18.7 

M1- S1-S 31- 43 0.3 18 2.6 3.7 1.1 162 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- S1-NB 33 43 0.3 27 2.6 6.5 1.6 166 58 0.4 14 4.1 

M1- S1-P 34 46 0.8 78 3 19.1 2.8 162 36 0.8 16 6.6 

M1- S1-L 35 53 0.2 25 9.5 26.8 3.8 188 84 1.3 8 18.5 

M1- S2-S 36- 45 0.2 17 2.5 3.4 0.8 109 76 0.4 8 2.3 

M1- S2-OB 37 45 0.3 21 2.7 5.9 1 192 63 0.5 13 2.5 

M1- S2-NB 38 38 0.1 25 2.1 5.2 1.2 78 45 0.4 8 4.7 

M1- S2-P 39 45 0.6 79 2.5 17.3 1.8 180 56 0.6 12 5.9 

M1- S2-L 40 81 0.2 27 10.1 26.3 2.3 186 84 1.2 8 16.3 

M2- S1-S 41- 49 0.4 11 1.9 3.5 0.9 196 98 0.5 39 2.9 

M2- S1-OB 42 49 0.3 15 2.3 5.8 1.1 300 93 0.5 26 2.8 

M2- S1-NB 43 47 0.4 36 2.9 7.4 1.5 259 60 0.7 36 7.7 

M2- S1-P 44 57 1.2 80 2.9 18.8 2.3 341 55 1 26 6.6 

M2- S1-L 45 61 0.4 28 9.5 23.2 2.4 264 87 1.4 13 20.6 

M2- S2-S 46 51 0.4 14 2.6 6.8 1.1 211 98 0.5 21 2.7 

M2- S2-OB 47 49 0.3 16 2.8 8 1.1 181 76 0.5 13 2.7 

M2- S2-NB 48 53 0.4 26 2.6 6.2 1.8 174 62 0.8 27 7.1 

M2- S2-P 49 48 1.3 82 3.2 16.9 2.1 417 71 1 27 7.3 
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M2- S2-L 50 65 0.5 27 9.4 28.6 2.4 240 89 1.3 13 19.5 

NG- S1-S 51 53 0.6 15 2.7 6.4 0.8 518 132 0.4 14 2.5 

NG- S1-OB 52 47 0.5 19 3.1 6 1.1 302 61 0.4 12 4.4 

NG- S1-NB 53 57 0.5 24 4 7.6 1.3 360 76 0.5 12 6.7 

NG- S1-P 54 56 1.7 65 3.6 20.8 1.2 444 80 0.8 14 7 

NG- S1-L 55 54 0.4 22 9.7 21.7 1.8 326 149 1.2 7 17.1 

NG- S2-S 56 45 0.4 17 3.5 7.2 0.9 403 147 0.6 18 2.9 

NG- S2-OB 57 49 0.5 21 4.2 9.2 1.3 352 170 0.5 11 5.1 

NG- S2-NB 58 49 0.5 18 3 5 1.1 305 77 0.4 10 4.7 

NG- S2-P 59 51 1.8 70 4.8 23.3 1.8 413 71 1 15 7.4 

NG- S2-L 60 48 0.5 22 11.9 25 2.4 354 149 1.3 8 18.9 

NA-OB 61 39 1.1 10 2.6 3.6 1.4 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 25.5 82 



 

 
 

Soil Samples 

Table 19. Soil sample analyses results.  

Soil Samples 

Total 
N 

P P-AL K Mg Na Mn Cu Co Se B Zn 
pH 

C 
Organi

c 
OM 

[mg 
N/kg] 

[mg 
P/kg] 

[mg P2O5/100 
g] 

[mg 
K/kg] 

[mg 
Mg/kg] 

[mg Na/kg] 
[µg 

Mn/kg]  
[µg Cu/kg] 

[µg 
Co/kg] 

[µg 
Se/kg] 

[µg 
B/kg] 

[µg Zn/kg] [%] [%] 

B1-C1-D1 68 480 <0,2 1 86 72 7 9050 4 133 0.5 57 680 4.3 0.4 0.9 

B1-C1-D2 69 410 <0,2 0 84 69 7 4890 10 177 0.8 63 410 4.1 0.5 1 

B1-C1-D3 70 400 <0,2 0 102 77 14 5280 14 340 0.7 104 1060 4 0.4 7 

B1-C2-D1 71 350 <0,2 2 78 86 8 6570 4 45 1.9 74 410 5.1 0.5 1 

B1-C2-D2 72 410 <0,2 0 86 71 8 9470 8 201 1.3 71 710 4.2 0.4 0.8 

B1-C2-D3 73 480 <0,2 0 80 62 8 6640 9 193 1 86 940 4.1 0.3 0.7 

B2-C1-D1 74 930 <0,2 1 40 134 25 1810 4 6.1 2.9 178 60 5.7 1 2 

B2-C2-D1 75 650 <0,2 1 49 84 15 1910 14 6.3 1.6 125 50 6 0.7 1.4 

25-C1-D1 76 190 0.6 1 38 19 5 6640 34 74 0.6 35 350 6.8 0.2 0.4 

25-C1-D2 77 70 <0,2 0 24 11 4 2030 19 38 1.2 35 300 5.5 0 <0,2 

25-C1-D3 78 70 0.2 0 23 8 4 990 12 32 0.5 39 300 5.4 0.2 0.3 

25-C2-D1 79 170 <0,2 1 30 23 4 7500 12 61 0 36 270 4.9 0.2 0.4 

25-C2-D2 80 120 <0,2 1 22 13 4 3780 20 61 0.3 37 470 4.8 0.1 0.3 

25-C2-D3 81 70 <0,2 0 25 13 5 2640 22 63 1 39 390 5.4 0.1 0.2 

M1-C1-D1 82 360 <0,2 5 52 93 6 8770 13 22 2.3 90 210 5 0.9 1.8 

M1-C1-D2 83 170 <0,2 2 45 62 4 8810 9 24 2.2 87 160 5 0.3 0.6 

M1-C1-D3 84 140 <0,2 0 35 33 5 9100 6 33 1.4 63 130 5.8 0.1 0.3 

M1-C2-D1 85 350 0.8 5 56 100 6 12590 6 34 2.6 90 150 5.9 0.6 1.2 

M1-C2-D2 86 250 <0,2 3 37 58 5 6780 6 16 1.6 59 100 
 

0.3 0.5 

M1-C2-D3 87 160 <0,2 0 36 35 5 9170 2 35 1.4 69 90 
 

0.2 0.4 

M2-C1-D1 88 350 0.4 6 61 77 6 8320 6 16 2.3 69 90 
 

0.5 1.1 
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M2-C1-D2 89 140 <0,2 2 50 42 5 8770 7 22 2 59 100 5.9 0.3 0.6 

M2-C1-D3 90 - <0,2 0 38 23 6 9680 5 45 0.9 59 180 6 0.2 0.3 

M2-C2-D1 91 470 0.6 9 45 70 5 3310 7 13 2.8 79 80 6.5 0.6 1.2 

M2-C2-D2 92 130 <0,2 3 35 39 6 6120 6 19 1.5 68 80 6.5 0.2 0.4 

M2-C2-D3 93 - <0,2 1 20 21 4 4670 3 24 0.9 50 140 6.4 0.2 0.3 

NG-C1-D1 94 340 <0,2 1 42 60 8 15940 17 44 2.2 69 220 5.6 0.5 1.1 

NG-C1-D2 95 270 <0,2 0 36 55 8 16740 12 36 1.1 60 140 5.8 0.3 0.6 

NG-C1-D3 96 - 0.5 - - - - - 19 6.4 - - 260 
 

0.2 0.5 

NG-C2-D1 97 330 <0,2 2 161 94 42 17510 12 35 2.6 114 180 5.6 0.5 1 

NG-C2-D2 98 - <0,2 1 33 56 6 11950 19 28 1.3 52 170 5.7 0.4 0.7 

NG-C2-D3 99 - <0,2 0 32 50 6 10150 12 36 1.1 53 100 2.9 0.3 0.6 

NA-C1-D1 100 620 1 14 140 223 43 3670 14 12 1.7 111 100 5.4 0.8 1.7 

NA-C1-D2 101 - <0,2 9 38 142 11 960 12 5.4 1.5 61 80 5.4 0.6 1.2 

NA-C1-D3 102 - <0,2 9 26 101 9 1100 16 6.5 0.7 69 90 5.3 0.9 1.8 

NA-C2-D1 103 460 0.5 12 56 185 8 2300 11 7.7 1.5 67 90 5.4 0.7 1.3 

NA-C2-D2 104 400 <0,2 8 48 189 11 2400 9 13 1.9 80 100 5.9 0.5 1.1 

NA-C2-D3 105 - 0.9 8 52 211 31 3060 11 7.8 2 125 60 6 0.8 1.5 

X-C1-D1 106 480 0.2 1 15 36 5 7110 11 5.7 3.8 105 90 6.1 0.5 1 

X-C1-D2 107 340 <0,2 0 12 23 4 5370 6 5.8 1.8 92 100 6.2 0.3 0.6 

X-C1-D3 108 - <0,2 0 11 17 4 4020 9 5.6 2.3 97 100 6.4 0.3 0.6 

X-C2-D1 109 - <0,2 0 30 39 3 18070 8 101 1.2 36 40 6.1 0.5 0.9 

X-C2-D2 110 430 0.6 0 92 25 28 4190 4 4.9 0.9 69 80 5.5 0.3 0.6 

X-C2-D3 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 appendix. Data used in 

the elaboration of the following charts is available in the results chapter (Chapter 4) in the 

present report.  

1. Measurements  

 

Figure 23. Average height values measured in plants in study fields, Mozambique, 2010. 

 

Figure 24. Average number of branches counted in plants in study fields, Mozambique, 2010. 
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Figure 25. Average EBL values measured in plants in study fields, Mozambique, 2010. 

 

Figure 26. Average LAI values measured in plants in study fields, Mozambique, 2010. 
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2. Dry Matt er Calculations  
2.1. Dry Matter Content  

 

Figure 27.  Stem DM content per set in study fields, Mozambique, 2010. 

 

Figure 28.  Branches grown during the fisrt year DM content per set in study fields, Mozambique, 2010. 
















































