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ABSTRACT
This study assessed influencing factors on growth performance of 5, 7, 10 and 12-year-old pinus caribaea grown at Butainamwa village in Bukoba Rural District, Tanzania. Specifically, the research objectives were to determine strata mean tree stands parameters DBH and Height at juvenile stage of 5 years old plantation; at first thinning stage of 7 years old plantation; at second thinning stage of 10 years old plantation; and at sale stage classes of 12 years as base of bargaining power as well as Smallholder‟s decisions making, Socio economic and demographic characteristics and other influencing factors to implement or, to not implement better silvicultural management. The actual total population strata stand 18 606 for this study at Butainamwa village comprised Sub-village Bugyabuso strata stands 8 469 and Sub-village Bweshamuzi strata stands 10 137.  Total actual population at age of five years was 4 929, at age of seven years was 3 989, at age of ten years was 4 844 and Similarly at age of twelve years was 4 844. Primary data extracted on the field data forms involved direct measurement from each selected strata stand drawn optimal Temporary Sample Plots (TSPs) of 10m x 20m with 40 stands collected variable parameters DBH (cm) and Height (m); and Secondary data from various sources was summarised, coded and analysed. Based on the ANCOVA, stem form shows good growth rate and that DBH cm varies according to the area (sub village) as the p value is less than 0.05 and that the height is also statistically significant as p value for the height is less than 0.05. Also, variations in diameter (DBHcm) of trees is 99.3% determined by height (Hm) of the tree as partial η² (η²p) is 0.993. The area of the place (sub villages) explains 3.9% variations in tree diameters. 

Keywords: Diameter, Height, Smallholder, Stem form.              
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CHAPTER ONE 
INTRODUCTION
 This chapter consists of background information, statement of the research problem, and research objectives, and research questions, relevance of the research and organization of the dissertation. 
1.1 Background to the Study
Tanzania is one of the few countries in the world which still has land available as well as proper climatic conditions and soil fertility required for tree planting activities (PFP 2015). The ownership of industrial forest plantation is divided into government (central government), private forest plantations, villages and individuals owned forests. The area owned by government is estimated to 85 000 ha, private sector forest is about 40 000 ha and between 80 000 and 140 000 ha are under villages and individual farm plantations. The most industrial plantation species are pine (pinus patula, pinus elliotti and pinus caribaea), cypress, eucalyptus and teak (Ngaga, 2011).   
The industrial forest plantations have a good potential to contribute to the national economic and rural development (Malinga, 2011). According to Nshubemuki, et al. 2001 and Malinga, (2011) plantation forests can go a long way in augmenting and increasing industrial and non-industry wood supply, provided that the right species of trees are planted in the right places and proper management practices are put in place. In most cases plantations, especially those of exotic tree species are preferred due to their fast rate of growth and easy management (Malinga, 2011). 
 The study from the Southern Highlands (Arvola., Malkamἅki., Penttilἅ., and Toppinen, 2019) shows that in the rapidly growing Tanzania economy, increasing demand for timber and limited wood supply from industrial plantations and natural forests have opened a new livelihood opportunity for small holder farmers, thus in the Bukoba Rural District (BRD) of Kagera region, Tanzania, which is undergoing a tree growing boom. According to Arvola et al., (2019) in the absence of support services, research and statistics, the magnitude of the phenomena has remained unclear, along with the farmers‟ capability to meet market demands, access the markets, and negotiate prices.  
The main tree species planted are eucalyptus and pine; commercial trees farmers have a preference for eucalyptus and pine because these trees are strong and have a high survival rate in harsh conditions. The growth is generally good and the wood can be used for many purposes. Other species planted in three land fertility farm categories “kibanja”, “kikamba”, and “lweya” are mainly Measopsis eminii (Mihumula) and Grevillea robusta (Grevillea). 
In Kagera region tree plantations is a common practice. Large scale pine plantations are established by Companies and large land owners; this is profitable business. The study by Mwanukuzi (2009) shows that out of 160km2 of grassland 44% was converted into eucalyptus and pine farms. When considering the Height – Diameter allometry for tree species in Tanzania mainland Mugasha, Mauya, Njana, Karlson, Malimbwi, and Ernest, (2019) maintain that total tree height (H) and diameter at breast height (DBH) are among the important single tree parameters that describe forest structure and other forest characteristics. Most tree variables which are difficult to measure directly such as tree biomass and volume are highly correlated with DBH and H.  
Moreover, Green Resource Limited (GRL) Forest Plantation, December, 2016 in Southern Highland Tanzania recorded Pinus Patula (PP) Strata Mean Growth performance at age 5, 10 and 15 years old plantation was DBH 12.7cm, 18.3cm and 19.3cm respectively with corresponding height 10.4m, 16.0m, 16.3m respectively.  Higher quality wood products and higher productivity from pinus caribaea plantations depends on proper strata stem stands management practices and sustainability of improved agriculture practice (land preparation, practice spacing, timely planting, weeding, pest and disease control) and production technologies (Use of improved variety recommended, fertilizer, and application crop rotation). However, Socio-economic and demographic characteristics of the respondents have some influence on farmer production decisions (Sulo et al., 2012). 
All the citation literature above necessitated the researcher to use applied research at Butainamwa village in Bukoba Rural District, Tanzania by converting custom private owned grassland “lweya” about 35 ha into twelve segment blocks for  rotational fast grow commercial tree and other support services to agro forestry activities and conduct assessment of influencing factors on growth performance of pinus caribaea  diameter and height at juvenile stage of 5 years old plantations, at first thinning stage of 7 years old plantations, at second thinning stage of 10 years old plantations and at sale stage classes of 12 years old as base of price bargaining power as well as Stallholder’s decisions making, Socio economic and demographic characteristics and other influencing factors to implement or, to not implement better silvicultural management. Three pinus caribae categories grown are pinus caribaea var bahamensis (PCB), pinus caribaea var caribaea (PCC) and pinus caribaea var hondurensis (PCH). This focus has invested in convincing smallholder farmers on the importance of sustainable commercial tree planting for the environment and for their own land use economic benefits and community development at large.  

1.2 Statement of the Research Problem 
The research by Sikor (2001; Ewers 2006; Mather 2007; Liu et al., 2017; Anne et al., 2019) shows that Commercial tree farmers are presently using tree growing as efficient means of livelihood diversification, but the boom may not be sustained and benefits achievable and more widely spread if the productivity of the business and wood quality are not addressed, in conjunction with agriculture. The high timber demand, wood scarcity and farmers‟ needs for cash had led to a situation where wood from smallholder farmers is harvested before maturing, thus affects the quality of the products. However, the pricing of trees sold from smallholder plantations is based on visual assessment only in favor of the purchaser without considering production cost. Knowledge gap area identified for further study was farmer capability to meet market demand, access the market and negotiate prices.
Smallholders through participatory practice experience gain, usually have good knowledge about which locations are suitable for which species, although mostly the farmers restrict themselves to only eucalyptus, pine and sometimes maesopsis eminii “Mihumula” and grevillea robusta “grevillea”. Eucalyptus is planted on hilltops and in dry areas; Maesopsis eminii “Mihumula” is usually planted in somewhat richer soils and grevillea can grow in poorer soils. The introduced pine species in Bukoba Rural District is mostly used by smallholders converting grassland into pine species farms. Three pinus caribae categories grown are pinus caribaea var bahamensis (PCB), pinus caribaea var caribaea (PCC) and pinus caribaea var hondurensis (PCH); however, farmers have observed variation on growth rates.  The knowledge on growth performance of pinus caribaea parameters and standard quality of strata stem form is important in order to identify specific physical scarce resources and silviculture activities management which caused variation in growth characteristics of specific commercial tree in the study area. 
Research by Anne et al., (2019) maintain that in the absence of support services, research and statistics, the magnitude of the phenomena has remained unclear, along with the farmers‟ capability to meet market demands, access the markets, and negotiate prices. In the research (Kalanzi et al., 2014); Results on growth performance of 5-year-old plantations showed that the Pinus caribaea species registered good growth rates in Gulu and Mubende districts and poor growth rates in Nakasongola District. In Gulu and Mubende districts the mean DBH was 17.29cm and 14.44cm respectively, while the corresponding mean height was 12.39m and 11.38m. 
Growth of the pine trees in Nakasongola district was substantially slower, with mean DBH of 9.89cm and mean height of 9.01m. Identified knowledge gap area for further study was Tree performance to the age of full maturity in order to provide a more elaborate understanding of the influencing of site and stand factors on growth performance. Similarly, according to Ethiopia Agricultural Research Organization Central Library, 2004) Pinus caribaea attained 19.2cm DBH and 20.2m height at the age of 12 years.  
Farmers are required to comply with Forest plantation and woodlot Technical guideline provided by Forest and Beekeeping Division (MNRT, 2017).  Management practices applied in forest plantations have been outlined into establishment, weeding, pruning, thinning and harvesting general. It also includes forest health and protection, maintenances of long term site productivity and growth yield and rotation age (Mathu and Nganga, 2011). The understanding of growth performance (Diameter, Height) and stem form of commercial trees at nearly end of juvenile stage and at thinning stages as well as at prunning in the study area will enable farmers and policy makers to identify specific physical scarce resources and silviculture activities management which caused variation in growth characteristics of specific commercial tree in the study area. Moreover, tree growth performance can be determined by its Diameter at Breast Height (DBH) in centimetre and the height in metre. The DBH is measured at mark 1.3 metre from the tree stump. The DBH in the study area can be used to determine tree height and volume for tree farm management decision making in order to comply with Forest plantation and Woodlot Technical guideline (MNRT, 2017). 
1.3 
Research Objectives 
1.3.1 General Research Objective
The general objective of this study is to assess the influencing factors on growth performance of 5, 7, 10 and 12 years old pinus caribaea grown at Butainamwa village in Bukoba Rural District, Tanzania. 
1.3.2 Specific Research Objectives
Specifically, the study aimed: 
i. To determine growth performance of pinus caribaea strata mean tree stands parameters Diameter and Height at juvenile stage of 5 years old plantation. 
ii. To determine growth performance of pinus caribaea strata mean tree stands parameters Diameter and Height at first thinning stage of 7 years old plantation
iii. To determine growth performance of pinus caribaea strata mean tree stands parameters Diameter and Height at second thinning stage of 10 years old plantation. 
iv. To determine growth performance of pinus caribaea strata mean tree stands parameters Diameter and Height at sale stage classes of 12 years old as base of price bargaining power as well as Stallholder’s decisions making, Socio economic and demographic characteristics and other influencing factors to implement or, to not implement better silvicultural management. 
1.4 
Research Questions
 1.4.1 General Research Question
 To what extent does the growth performance of pinus caribaea grown at Butainamwa village in Bukoba Rural District, Tanzania? 
 1.4.2 Specific Research Questions
 The study shall answer the following important question: 
i. What is the growth performance of pinus caribaea strata mean tree stands parameters Diameter and Height at juvenile stage of 5 years old plantation? 

ii. What is the growth performance of pinus caribaea strata mean tree stands parameters Diameter and Height at first thinning stage of 7 years old plantation?

iii. What is the growth performance of pinus caribaea strata mean tree stands parameters Diameter and Height at second thinning stage of 10 years old plantation? 

iv. What is the growth performance of pinus caribaea strata mean tree stands parameters Diameter and Height at sale stage classes of 12 years old as base of price bargaining power as well as Smallholder‟s decisions making, Socio economic and demographic characteristics and other influencing factors to implement or, to not implement better silvicultural management? 

 1.5 
Relevance of the Research
 The study gives an insight of how to use tree stands parameters Diameter (DBH) and Height (H) to analyse critically the growth performance of commercial trees in the study area in order to identify specific physical scarce resources and silviculture activities management which caused variation in growth characteristics of specific commercial tree in the study area. Adds up knowledge and understanding on commercial tree growth performance and enlightens grassland owners on how they can utilize resource and opportunities to raise the standard of living. 
This study results have invested in convincing smallholder farmers on the importance of sustainable commercial tree planting for the environment and for their own economic benefits. It will provide a more elaborate understanding of the influence of site and stand factors on growth performance of pinus caribae categories grown which are pinus caribaea var bahamensis (PCB), pinus caribaea var caribaea (PCC) and pinus caribaea var hondurensis (PCH) in related agricultural zone. Also will enable small holder commercial tree farmers to Increase Land use, the average household size is 4.4 person lives on a multipurpose 1 – 5Acre (0.4 – 2.0ha) banana and coffee farm. 
. 
1.6 
Organization of the Dissertation 
 This research report consists six chapters. Chapter one an introduction has background information, statement of the research problem, and research objectives, and research questions, relevance of the research and organization of the dissertation. Chapter two Literature review has overview, conceptual definitions, critical review of supporting theories or theoretical analysis, empirical analysis of relevant studies, research gap identified, analytical/conceptual frame work for studying a problem and analysing data. Chapter three Research design and methods/methodology has overview, research strategies, sampling design and procedures, variables and measurement procedures, methods of data collection, data processing and analysis, and expected results of the study. Chapter four is results of the findings; chapter five is discussion of the findings while chapter six is conclusions and comments. 
CHAPTER TWO 
LITERATURE REVIEW 
2.1 
Overview
This chapter is concerned with conceptual definitions; critical review of supporting theories/analysis; empirical analysis of relevant studies; research gap identified; analytical/conceptual framework; theoretical framework; and statement of the hypotheses. 
2.2 
Conceptual Definitions
2.2.1 Tree DBH Growth Performance Measure
DBH refers to the tree diameter measured at 4.5 feet above the ground (1.35meter). Records shows the two most common instruments used to measure DBH are a girthing (or diameter) tape and calliper. Diameter Tape actually measure the girth (circumference) of the tree when wrapped around (Moran and Williams, 2002) the circumference of a tree, the D-tape is calibrated in divisions of π centimetres (3.14159cm). Scientists use a standard method DBH to measure the size of trees, to ensure consistency overtime, across plots and between data collections. Mostly the DBH measurement can be used to compute the volume, biomass, and carbon storage of trees. 
2.2.2 Tree Height Growth Performance Measure 
Most forest applications use one of two types of tree height measures, the total height or merchantable height. The principle and technologies (Moran and  Williams, 2002) for measuring any of these heights are essentially the same.  Total height of a tree is from its stump to its tiptop. Normally a one foot stand stump is standard, although there are times when another base is used. In determining stand height, a stand is presumed perpendicular to the ground; therefore, the stand makes a right angle with the ground and a right triangle (Moran and Williams 2002) or slope can be drawn from it. The three sides of stand triangle are the tree, a horizontal distance along the ground and an imaginary diagonal line running from the top of the tree to the ground. The tree’s height can be determining using %slope formula as well as calibrated Trigonometric levelling equipment. 
Merchantable height is the height of a stand from its stump to a trunk diameter at which the trunk is small to be marketable, no more cut into logs for sale. This is “merchantable top diameter”, commonly six inches (Moran and Williams, 2002) or some percentage of diameter low in the stand, such as diameter at breast height (DBH). “Taper height” is very similar, without the emphasis in the top diameter being the end of merchantability. 
2.3 Critical Review of supporting Theories
2.3.1 Botanic Description
Researchers specify (Orwa et al., 2009) Pinus Caribaea is a medium growing fine tree to 20 – 30m tall, often 45m, with a diameter at breast height of 50 – 80cm and occasionally up to above 1meter; its trunk generally straight and well formed; lower branches large, horizontal and drooping; upper branches often ascending to form an open, rounded to pyramidal crown; young trees with a dense, pyramidal crown. This kind of species has leaves needlelike, crowded and spreading at ends of twigs, remaining attached for 2 years; in fascicles of 3 – 5, mostly 15 – 25cm long, 1.5mm wide or less, rigid serrulate, dark or yellowish – green, slightly shiny, with stomata in whitish lines on all surfaces. 
However Its strobilus appear before the new leaves with male strobilus many and sessile in whorled, short, crowded clusters near ends of twigs, mostly in lower part of the crown; mature cones usually reflexes, symmetrical cone scales reflexes or wide spreading, thin, flat, dark chocolate-brown on inner surfaces; and seeds narrowly ovoid, about twice as long as broad, pointed at both ends, has 3 angled, averaging less than 6mm long, 3mm wide, black, mottled grey or light brown.„Pinus‟ originated from the Greek word „Pinos‟ (Pine tree), possibly from the Celtic term „Pin‟ or „Pyn‟ (Mountain or rock) is referring to the habitat of the pine. 
2.3.2 Biology, Ecology and Biophysical Limits 
 Young plantations usually start bearing female cones when they are 3 – 4 years old but these do not produce fertile seed owing to the inadequate supply of pollen at this age, unless older plantations adjoin the site. Male and female flowers are borne on the same plant. The female cones (Orwa et al., 2009) are the equivalent of long shoots whereas the male cones are the equivalent of needle bundles (short shoots). There is a variation in the proportion of male to female cones, with some trees producing almost entirely male cones and others almost entirely female cones. 
Literature on ecology shows this species grows best in frost-free areas up to about 700M in more fertile sites with good subsoil drainage and annual rainfall of 2000 – 3000mm. Generally, at elevations of 600 – 800m it is associated with Pinus oocarpa var. hondrensis and Pinus oocarpa var. ochoterenai (Orwa, et al., 2009). Further Pinus Caribaea is rated as moderately fire resistant; tolerates salt winds and hence may be planted near the Coast. Theories of biophysical limits recorded Altitude: 0 – 1500m, mean annual temperature: 22 – 37 degree C; Mean annual rainfall: 1000 – 3000mm. Soil type are usually loams or sandy loams, sometimes with high amounts of gravel and generally well drained. The pH is usually between 5.0 and 5.5. 
2.3.3 Pinus Caribaea Products 
Mostly Pinus Caribaea, being a fast-growing species, can be used for fuel wood for both industrial and home use. However, it throws out sparks when burning. Literatures said the presence of long tracheids makes Pinus Caribaea (and other pines) a good source of wood pulp; and that Plantations at 15 years are ideal for pulpwood production (Orwa et al., 2009). The tree is used for general – purpose pulpwood, the manufacture of particleboard, fibreboard and chipboard. Plantation – grown wood has an average density of 410kg per cubic meter; and the grain is even to finely interlocked with a coarse texture. 
Transmission poles of Pinus Caribaea are popular in Tanzania and Malaysia, among other places (Orwa et al., 2009). Its low timber density and other poor properties, however, render the timber unstable for structural work or even furniture. The wood exudes much resin, which makes it less suitable for certain uses such as joinery and looting. Furthermore, can be used for shuttering; temporary applications and packaging. Due to its ease of setting, ease of nailing, and its resistance to splitting render it is useful for turnery, toys, moulding and other novelty items. 
Pinus Caribaea can be effectively tapped for oleoresins from when it is 10 years old and has 20cm dbh. Empirical literature shows in Sri Lanka, an industry has been established to manufacture gum resin, turpentine and heavy oils from oleoresins (Orwa et al., 2009). An average of 25g per tree per day of Oleoresins can be tapped. About 75% gum resin and 20% turpentine can be manufactured from the oleoresin.  Pinus Caribaea bark contains tannin; about 10% can be extracted and dried to a reddish powder soluble in water. Literatures show Pinus Caribaea leaf oil is sometimes used for medicinal baths; locally, the seeds may be consumed. 
2.3.4 Pinus Caribaea Services 
Literatures show in many places where Pinus Caribaea grows, the mat of needles on the ground is considered valuable for the protection of the soil surface from erosion. Empirical Literature shows in Sri Lanka a massive reforestation programme was undertaken with plantations of Pinus Caribaea to convert heavily eroded lands on which nothing else could be grown. Pinus carbaea is the only species reported so far successfully used to clothe barren eroded and denuded lands with a tree cover. 
2.3.5 Pinus Caribaea Tree Management 
Literature shows that initial spacing for Pinus Caribaea depends on the markets for which the pine is being grown and the technique used in tending the plantation. Mechanical cultivation requires a spacing of at least 3m between the rows, but close spacing is possible within rows. When it is grown for pulpwood, a spacing of 2 X 2m is used to give maximum stem production of suitable sizes in the shortest time possible without thinning. According to WakK Foundation‟s report 2016, the spacing for pine has larger variation per woodlot, ranging from 1 X 1 meter to 3 by 3 meters; wider spacing is usually applied in case of intercropping. The literature recommended stands pruning to reduce fire danger, improve form, improve access within the crop, and reduce the size and frequency of knots, especially in saw logs.  
However, in Pinus Caribaea plantations grown for pulpwood on a short rotation of 10 – 15 years, there may be 1 early cleaning thinning at 3 – 4 years old to remove malformed trees, or no thinning at all (Orwa et al., 2009). Where both saw logs and pulpwood are being produced, a heavy thinning at 10 years for pulpwood may leave an open crop for logs saw harvested during the second thinning at 17 years. The literature shows that the tree responds well to low levels of nitrogen fertilization but trials in the Philippines showed no response to either phosphorus or potassium (Orwa et al., 2009). 
2.4 
Empirical Literature Review 
Pinus Caribaea var. Hondurensis (PCH) is widely grown in the African tropical and subtropics (Louppe et al., 2008, Kalanzi et al., 2014). In Africa, PCH is reported to be adaptable to a wide range of climates and elevations (Francis, 1992; OtengAmouko and Brink, 2008). In Uganda, Kaboggonza (2011) found that PCH grows well in shallower soils on lower elevation sites and performs well on fairly dry sites. Because of its fast growth rate coupled with ability to adapt to a wide range of climatic conditions, PCH is widely planted by farmers throughout Uganda (Jacovelli et al., 2009). 
In Tanzania has reported that the only specie which is growing well at Rubare Forest Plantations (Rubare and Minziro) is Pinus caribaea. The growth rate by site classes falls in site classes I – V. However, most of compartments are considered to be in site class one to three (MNRT, 2017). Forest plantations play significant role in national economy as source of raw material for wood based industries and contribute to job creation, export promotion and government revenue by taxation ( Chamshama and Malimbwi, 1996). 
2.4.1 Growth Performance of Pinus Caribaea Strata Mean Tree stands Parameters Diameter and Height at Juvenile Stage of 5 Years Old Plantation  
According to the study (Kalanzi, et al., 2014) variation in growth characteristics of pinus caribaea var hondurensis (PCH) has been reported across the major pine growing areas of Uganda. Growth parameters of 5 years old pinus caribaea var hondurensis (PCH) were assessed in terms of height, diameter at breast height (DBH) and foxtailling in six districts. Results showed that the pines trees registered good growth rates in Gulu and Mubende districts and poor growth rates in Nakasongola District. In Gulu and Mubende districts the mean DBH was 17.29cm and 14.44cm respectively, while the corresponding mean height was 12.39m and 11.38m. Growth of the pine trees in Nakasongola district was substantially slower, with mean DBH of 9.89cm and mean height of 9.01m. 
Due to major climate and land characteristics similarities in Bukoba Rural District, Tanzania and cited districts in Uganda the researcher has decided to use these known value registered good growth rates for variable parameter comparison during testing results of growth performance of Pinus caribaea grown at Butainamwa village, Kasharu ward in Bukoba Rural District. This village has four administrative localities Bugyabuso, Bweshamuzi, Kinamira, and Mukaranga with small holder farmers adopted agroforestry management practice in planting pinus caribaea. The growth performance of commercial trees at nearly end of juvenile stage in the study area will enable farmers and policy makers to identify specific physical scarce resources and silviculture activities management which caused variation in growth characteristics of specific commercial tree in the study area. Moreover, growth performance of pinus caribae parameters Diameter and Height should be measured prior to second pruning stage at 5 years old plantation. Pruning schedule for Pines at TANWAT (TANWAT, 2004) indicated: Age 5-6 years, Mean dominant height 7.5m, Pruning height 3.0 – 4.0m and Diameter limit 9.0cm. 
2.4.2 Growth Performance of Pinus Caribaea Strata Mean Tree Stands Parameters Diameter and Height at First thinning stage of 7 Years Old Plantation 
The knowledge on growth performance of pinus caribae parameters and proper management practice is important in order to harvest high quality wood products and higher productivity from the forest plantation. Farmers are required to comply with Forest plantation and woodlot Technical guideline provided by Forest and Beekeeping Division (MNRT, 2017).  Management practices applied in forest plantations have been outlined into establishment, weeding, pruning, thinning and harvesting general. It also includes forest health and protection, maintenances of long term site productivity and growth yield and rotation age (Mathu and Nganga, 2011). Artificial thinning is the removal of proportion of individual living trees from a stand before clear felling (SAIF, 2000). 
Further growth performance of pinus caribae parameters Diameter and Height should be measured prior to third pruning and first thinning stage at 7 years old plantation. Pruning schedule for Pines at TANWAT (TANWAT, 2004) indicated: Age 7-8 years, mean dominant height 10.5m, Pruning height 5.0 – 6.0m and Diameter limit 10.0cm.   It will provide a more elaborate understanding of the influence of site and stand factors on growth performance of pinus caribae also continue to enable farmers and policy makers identify specific physical scarce resources and silviculture activities management which caused variation in growth characteristics of specific commercial tree in the study area. 
2.4.3 Growth Performance of Pinus Caribaea Strata Mean Tree Stands Parameters Diameter and Height at Second thinning Stage of 10 Years Old Plantation 
Moreover, Farmers are required to comply with Forest plantation and woodlot Technical guideline provided by Forest and Beekeeping Division (MNRT, 2017).  Further growth performance of pinus caribae parameters Diameter and Height should be measured prior to fourth pruning and second thinning stage at 10 years old plantation. Pruning schedule for Pines at TANWAT (TANWAT, 2004) indicated: Age 9-10 years, mean dominant height 13.5m, Pruning height above 7.0m and Diameter limit 11.0cm.    
The major objectives of thinning are (Evans, 1992., SAIF, 2000): (i) reduce the number of trees in a stand so that the best remaining ones have more space for crown and root development to encourage stem diameter increment and so reach a usable size sooner, (ii) for stand hygiene both to remove dead, dying, diseased and any other trees, which may be a source of infection for, or cause damage to the remaining healthy ones and to reduce between tree competition to avoid stress levels which may encourage pest and disease attack, (iii) remove trees of poor form (crooked, forked, basal sweep, roughly branched, etc.) so that all future, increment is concentrated only on the best trees, (iv) to favour the most vigorous trees with good form which are likely to make up the final crop, and (v) provide an intermediate financial return from sale of wood from thinning especially second thinning onwards. 
More trees are initially established than the required final crop so that there are sufficient trees from which the final crop can be selected and to enhance early canopy closure to suppress weed growth and utilize the site better (SAIF, 2000). Thinning must be done at the right time, in the right way and at the right intensity so that a mean breast height diameter of 40cm predicted in most thinning schedule is achieved (MNRT, 2017). 
2.4.4 Growth Performance of Pinus Caribaea Strata Tree Stands Parameters Diameter and Height at Sale Stage Classes of 12 Years Old Plantation as base of Price bargaining power and decisions making to comply rotational harvest
Further private forest farmers are required to comply with Forest plantation and woodlot Technical guideline provided by Forest and Beekeeping Division (MNRT, 2017).  Management practices applied in forest plantations have been outlined into establishment, weeding, pruning, thinning and harvesting general. It also includes forest health and protection, maintenances of long term site productivity and growth yield and rotation age (Mathu and Nganga, 2011).  Craib (1939) has shown that the clear timber must be at least 10cm thick to be economically justifiable. To obtain this for pruning as high as 7m, the mean breast height diameter over bark would need to be at least 45cm for most pines (Marsh, 1978). Rotation length must be adjusted to allow for such growth (Zobel et al., 1987). Pruning will be less feasible on poor site that require longer rotations to attain the desired dimensions. Pruning trials should be established for new species currently being used in plantations. However, if the demand and price of quality timber rises in the tropics, this will make pruning an attractive silvicultural operation given the advantage of fast growth rates. 
2.5 
Research Gap Identified 
In a study (Mwanukuzi, 2009) of 151 households it was observed that eucalyptus and pine planting in the Bukoba region has resulted in change of land ownership whereby “Communal grasslands turned into private property for the wealthy individuals who had means to occupy a large tract of land at the expense of the poor majority”. The same study found a reduction of food production due to impoverishment of home garden, because of less nutrients mobilization from grassland to home garden as grassland were replaced by woodlots. In his study he concluded that eucalypt and pine products do not produce significant income for community. 
In order to better assess the socioeconomic impact of the project, it is strongly recommended to do research on those impact (WakK Forestry program in Kagera, 2016). In other side partly there is positive impact on environment. If the plantations are well established and the right species are planted, it prevents erosion and improve the condition of soil as well as biodiversity also the presence of woodlots have attracted more rain in the region. The knowledge on growth performance parameters of pinus caribae and proper management practice is important in order to harvest high quality wood products and higher productivity from the forest plantation. 
Farmers are required to comply with Forest plantation and woodlot Technical guideline provided by Forest and Beekeeping Division (MNRT, 2017).   There is still a research gap on tree growing by smallholders compared to large-scale plantations (Snelder and Lasco, 2008). Even when data and information are available, the great majority of experiences come from the Asian continent. The gap in research and literature on smallholder tree growing in Eastern Africa is vast, and the scattered information available is largely hidden in reports from donor-funded projects (Arvola et al. 2019). The knowledge area gap and recommended further research in studies done as cited above have motivated the Researcher to conduct this study tittle Influencing factors on Growth Performance of 5,7,10 and 12-year-old Pinus caribaea Grown at Butainamwa Village in Bukoba Rural District Tanzania.
2.6 Conceptual Framework for Studying a Problem and Analysing the Data 
This consist plantation block selection for smallholder commercial tree growth performance study and analysis of the strata mean tree stands parameters DBH and Height at juvenile stage of 5 years, at first thinning stage of 7 years, at second thinning stage of 10 years and at sale stage classes as base of price bargaining power as well as Smallholder‟s decisions and other influencing factors to implement or, to  not implement, better silvicultural management. A term concept has been defined as an intellectual representation of some aspect of reality that is derived from observations made from phenomena. Conceptual framework is the logical structure of meaning consists of concepts that are placed within a logical and sequential design, represents less formal structure and used for studies in which existing theory is inapplicable or insufficient (Abdellah,2011). 
Conceptual framework provide researcher with an filtering instrument for selecting suitable research questions and related data gathering methods (Vaughan,2008). Independent variable is the variable that stands alone and is not changed by the other variables you are trying to measures whereas dependent variable is something that depends on other factors observations made from phenomena. Conceptual framework is the logical structure of meaning consists of concepts that are placed within a logical and sequential design, represents less formal structure and used for studies in which existing theory is inapplicable or insufficient (Abdellah,2011). 
Conceptual framework provide researcher with a filtering instrument for selecting suitable research questions and related data gathering methods (Vaughan,2008). Independent variable is the variable that stands alone and is not changed by the other variables you are trying to measures whereas dependent variable is something that depends on other factors. 
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Figure 2.1: Conceptual Framework  

Source: Researcher, (2021) 
[image: image2.emf]
Figure 2.2: LCF BAKAMAMU Pine Tree Blocks in a Study Area 

Source: Researcher Comprehensive business plan 2017-2018 FBM.OUT

2.7 
Theoretical Framework 
The theoretical framework of this study consists in a variety of approaches that have been previously used to study the growth performance of Pine species variables Stands Height and DBH behind Smallholders decisions and other influencing factors to implement or, to not implement, better silvicultural management. 
Table 2.1: Reference Literature Reviewed Summary 
	S/N 
	Name 
	Title 
	Variable used 
	Area 
for 
further 
study identified 

	 
	Orwa et al., 2009 
	Pinus caribaea 
	Botanic, biology, biophysical limits, ecology, products, services and tree management 
	Influencing factors of farmer to adopt improved tree management and new technology 

	 
	WakK 
Foundation, 2016 
	Forest program in Kagera 2016 
	Pinus caribaea, tree Management 
	Socio-economic practice and impact of eucalyptus and pinus products 

	 
	Louppe et al., 2008, Kalanzi et al., 2014 
	Growth performance of 5-year old pinus caribaea var hondurensis (Barr and Golf) in selected district of Uganda 
	Height, Diameter at breast height DBH, and foxtail ling 
	Tee performance to the age of full maturity in order to provide a more 
elaborate understanding of the influencing of site and stand factors on growth performance. 

	 
	Francis, 1992; Oteng-  Amouk and Brink, 2008 
	Pinus 
Caribaea 
Morelet.  
	Adoption 
in 
Africa, 
climate, elevation 
	Profitability/Farmer social 
economic development 

	 
	Kaboggonza,  2011 
	Forest plantations and woodlots in Uganda 
	Shallower soils, lower elevation, 
fairly dry sites  
	Farmer practice on plantation/woodlots  management 

	 
	Jacovelli et al., 2009 
	Tree planting guidelines for Uganda 
	Establishment, weeding, pruning, thinning, harvest 
	Farmer knowledge and practice on 
planting guideline 

	 
	MNRT, 2017 
	Forest plantation and woodlot technical  guideline 
	Establishment, weeding, pruning, thinning and 
harvesting general  
	Farmer capability to practice Forest plantation woodlot technical guideline 

	 
	TANWAT, 2004 
	Prunning Schedule 
	Diameter , Height 
	Farmer adoption on prunning practice 

	 
	Mathu 
and 
Nganga, 2011 
	Forest plantation and woodlots in Tanzania 
	Health, 
rotation  Productivity 
	Influencing factors on new technology 

	 
	Arvola 
et al., 2019 
	Mapping the future market potential of small scale tree 
farmers 
	Smallholder, tree plantation, forest 
transition, livelihood diversification 
	Farmer capability to meet market demand, access the market and 
negotiate prices 

	 
	Moran and Williams, 2002
	instruments used to measure tree growth performance 

Diameter and Height 
	Diameter at breast height DBH, total Height, merchantable 

Height 
	Farmer knowledge and understanding practice on growth performance parameters 


 Source: research data, (2022).
 CHAPTER THREE
RESEARCH METHODOLOGY 
3.1 
Overview
Gives details of the research philosophy, research design, sampling design, study area, data collection methods, data analysis methods used in the research and the critical choices made. 
3.2 
Research Design 
Kothari (2004) defines research design as conceptual structure within which the research is conducted. It constitutes the blue print of collection, measurement, and analysis of data. In this context, the research design is a structure of the research, which is used to show how all the major parts of the research project work together to try to address the central research questions. As such, the design includes an outline of what the researcher did from the beginning to the final analysis of data. 
The study was designed to assess the population parameters of each two independent Pinus Caribaea PCH strata stands at age of 5, 7, 10 and 12 years grown in Bugyabuso locality and Bweshamuzi locality hence cross sectional design was adopted because in cross sectional design data are collected at single point in time without repetition from a sample selected to represent some large population (Kothari, 2008). The design is also useful for descriptive and determination of relationship between the independent variables (Saunders et al., 2007). Socio economic and demographic characteristics data were collected using structured checklist questionnaire while review of document was used to explore general information. Research data cleaning to ensure high quality and paradigm (Ontology, Epistemology, Research methodology) were adopted and observed for a pattern of beliefs and understanding from the theories and practices of this study.
3.3 
Area of the Research
Bukoba Rural District (BRD) which still has land available as well as proper climatic conditions and soil fertility required for commercial tree planting activities is situated on the greater East African plateau, beyond the steep cliffs along the western shores of Lake Victoria, in the Kagera region, western Tanzania (PEI-Bukoba Rural District Report, 2015). The BRD is located at an altitude of between 1 200m to 1 300m above sea level. Administratively, the BRD comprises of four Division, 28 Wards, and 92 villages; human population is between 3 000 and 3 500 per village. One of the village is Butainamwa in Kasharu ward has four administrative sub-village (locality) Bugyabuso, Bweshamuzi, Kinamira, and Mukaranga with major smallholder farmers adopted commercial agroforestry management practice. Based on pronounced investment opportunity, call for Motherland community economic development research, environmental motivation, development professionally, as well as personally interest; it is thus area of study chosen ideal for this research (Anderson and Feder, 2007). 

3.4 Target Population
The target population is a group which the researcher is interested in gaining information and drawing conclusion (Kothari, 2004). Strata stand Pinus caribaea at age of 5, 7, 10 and 12 years of at least 2 ha and availability of secondary data were the target population in the study area Bukoba Rural District. The actual total population strata stand 18 606 for this study at Butainamwa village comprised Sub-village Bugyabuso strata stands 8 469 and Sub-village Bweshamuzi strata stands 10 137.  Total actual population at age of five years was 4 929 comprised Sub-village Bugyabuso strata stands 2 325 and Sub-village Bweshamuzi strata stands 2 604. Total actual population at age of seven years was 3 989 comprised Sub-village Bugyabuso strata stands 1 664 and Sub-village Bweshamuzi strata stands 2 325. Total actual population at age of ten years was 4 844 comprised Sub-village Bugyabuso strata stands 2 240 and Sub-village Bweshamuzi strata stands 2 604. Similarly, total actual population at age of twelve years was 4 844 comprised Sub-village Bugyabuso strata stands 2 240 and Sub-village Bweshamuzi strata stands 2 604. 
3.5 Sampling Design and Procedures 
The study adopted multistage sampling techniques, selected sample size and desired level of precision depended on the population size and research cost and 95% margin error was chosen. Multistage sampling refers to a sampling technique carried out through various stages, Kothari (2014) defines sampling technique as a selection of some part of an aggregate or totality of what the population is made. The Simple random sampling technique was used in selecting two strata stands age of 5 years, two strata stands age of 7 years, two strata stands age of 10 years and two strata stands age of 12 years of at least 2 hectare (ha) from the four existing administrative locality Bugyabuso, Bweshamuzi, Kinamira, and Mukaranga. 
From each selected strata stand has drawn optimal Temporary Sample Plots (TSPs) of 10m x 20m with 40 stands collected variable parameters DBH (cm) and Height (m). The TSP approach was suitable for this study has it permitted rapid collection of data (Magnussen and Reed, 2004). The TSP 40 stands is desirable, the Economists (1997) in Saunders et al (2000) suggest a minimum of 30 items to be included in a sample when statistical analysis will be adopted. The TSPs were positioned 20m away from the stand boundary to minimize edge effect and at least 100m apart to lessen the effect of various micro-habitats within the stand. For large areas in forestry research, sampling could provide all necessary information at much lower costs with reliable result than total enumeration (ADAM, 1989). Further 30 farmers respondent from each locality were interviewed on socio-economic and demographic characteristics. 
Table 3.1: Summary of Strata stand Sample used in the Study
	Tree type
	Category
	Tree age years
	Population
	Sample size

	Pinus Caribaea
	Bugyabuso
	5
	2325
	40

	
	
	7
	1664
	40

	
	
	10
	2240
	40

	
	
	12
	2240
	40

	
	
	Sub-total
	8469
	160

	
	Bweshamuzi
	5
	2604
	40

	
	
	7
	2325
	40

	
	
	10
	2604
	40

	
	
	12
	2604
	40

	
	
	Sub-total
	10137
	160

	
	Total Sample
	5
	4929
	80

	
	
	7
	3989
	80

	
	
	10
	4844
	80

	
	
	12
	4844
	80

	
	
	TOTAL
	18606
	320


Source: Researcher, (2021) 
Table 3.2: Interviewed on Socio-Economic and Demographic Characteristics
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Variable    Categories    Frequency    Percentage    

Age                20  –   35 years    26    21.67    

36  –   51 years    63    52.50    

Above 52 years    31    25.83    

Total    120    100.00    

Gender            Male    95    79.17    

Female    25    20.83    

Total    120    100.00    

Marital status                    Single    13    10.83    

Married    89    74.17    

Separated    4    3.33    

Widow    14    11.67    

Total    120    100.00    

Education level                    No formal education    5    4.17    

Primary education    46    38.33    

Secondary education    37    30.83    

Post  –   Secondary education    32    26.67    

Total    120    100.00    

Household size                1  –   5 members    35    29.17    

6  –   10 members    77    64.17    

11or above members    8    6.66    

Total    120    100.00    

Commercial tree     Farm size (ha)             1  –   10 ha    19    15.83    

11  –   21ha    55    45.83    

22  –   32 ha    38    31.67    

33 ha or above    8    6.67    

Total    1 20    100.00    

 


Source: Researcher Field Data, (2021). 
3.6 Variables and Measurement Procedures 
Independent variable DBH refers to the tree diameter measured at 4.5 feet above the ground (1.35meter). Records shows the two most common instruments used to measure DBH are a girthing (or diameter) tape and calliper. Diameter Tape actually measure the girth (circumference) of the tree when wrapped around the circumference of a tree, the D-tape is calibrated in divisions of π centimetres (3.14159cm). Scientists use a standard method DBH to measure the size of trees, to ensure consistency overtime, across plots and between data collections. Mostly the DBH measurement can be used to compute the volume, biomass, and carbon storage of trees. Researcher has used D-tape to measure direct independent variable DBH of 
40 stands from each selected strata stand drawn optimal Temporary Sample Plots (TSPs) of age class years 5, 7, 10 and 12. 
Independent variable Total height of a tree is from its stump to its tiptop. Normally a one foot stand stump is standard, although there are times when another base is used. In determining stand height, a stand is presumed perpendicular to the ground; therefore, the stand makes a right angle with the ground and a right triangle or slope can be drawn from it. The three sides of stand triangle are the tree, a horizontal distance along the ground and an imaginary diagonal line running from the top of the tree to the ground. The tree‟s height can be determining using %slope formula as well as calibrated Trigonometric levelling equipment. During this study area the researcher has used Trigonometric equipment to measure direct independent variable Height. Further variable observation data constant factor DBH – Height relationship 1: 84.67cm from Temporary Sample Plots (TSPs) was applied to other stands at each same age class years 5, 7, 10 and 12. 
3.7 Methods of Data Collection 
Data collection is the process of obtaining evidence in a systematic way to ascertain answers to the research problem (Kitchin and Tate, 2000). Moreover, Kothari (2004) argues that data collection methods refer to the process of obtaining evidence in a systematic way to ascertain educational and other problems. Multiple sources of information are necessary in order to obtain information. Data were collected both primary and secondary data. A pilot survey was done before the actual study to pre – test the instrument for its accuracy, adequate of the time allocated and for the researchers to familiarize the study site. De Vaus (1993) stated that do not take the risk, pilot test first. Reliability defined as the extent to which results are consistent overtime (Saunders, Lewis & Thornhill, 2012). Reliability has to do with accuracy and precision of measurement procedure. Validity implies applicability and usefulness of the data obtained through such reliable design and all the way to conclusive findings (Kothari, 2007). Reliability refers to the extent to which data collection techniques or analysis procedures used yield consistent findings and it can be assessed by posing the following three questions: Would the measure yield the same results on other occasions? Would similar observations be reached by other observers? Is there transparency in how sense was made from the raw data? 
Table 3.3: Summary of Diameter and Height Primary Data collected in the Study 
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Source: Researcher, 2021)  
During the actual study direct measurement results of the stand variables DBH and Height primary data collection were filled on site data forms and stored in Laptop Ms Excel software. Secondary data were collected to obtain further insight on the topic from such documents as the published and unpublished dissertations, reports from different sources such as Open University of Tanzania Library, Ministry of Natural Resources and Tourism, National Bureau of Statistics, Bukoba Rural District, LCF  BAKAMAMU, together with Kasharu Ward Executive Officer (WEO), Butainamwa Village Executive Officer (VEO) and references electronic sources. 

Table 3.4: Summary of Stem Form Primary Data collected in the Study 
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Source: Researcher, (2021) 

3.8 Data processing and Analysis 
Primary data extracted on the field data forms involved direct measurement from each selected strata stand drawn optimal Temporary Sample Plots (TSPs) of 10m x 20m with 40 stands collected variable parameters DBH (cm) and Height (m); and Secondary data from various sources was summarised, coded, and analysed.  Mathematical model Analysis of covariance (ANCOVA) was used to analyse data using user friendly software called jamovi.  Analysis of covariance (ANCOVA) is utilized to examine the differences in the mean values of the dependent variables that are associated to the effect of the controlled independent variables while taking into account the influence of the uncontrolled independent variables. Unlike ANOVA, ANCOVA is also used and applied when the other predictor variable is continuous, like in our case of the height. This model was more applicable to this study as just like ANOVA it is an observable technique utilized to compare the means of more than two population groups which T- TEST cannot do. 
Based on the analysis of the ANCOVA, the model is statistically significant as p<0.5. The Homogeneity of Variances Test Levene' show that p>0.05 indicating that variances are equal; therefore, the assumption has not been violated. The analysis also shows that DBH cm varies according to the area (sub village) as the p value is less than 0.05. The results indicate that the height is also statistically significant as p value for the height is less than 0.05. On the other hand, the results show that variations in diameter (DBHcm) of trees is 99.3% determined by height (Hm) of the tree as partial η² (η²p) is 0.993. The area of the place (sub villages) explains 3.9% variations in tree diameters (See appendix V for more results output). 
3.9 Data Reliability and Validity

Reliability defined as the extent to which results are consistent overtime (Saunders, Lewis & Thornhill, 2012). Reliability has to do with accuracy and precision of measurement procedures. Validity implies applicability and usefulness of the data obtained through such reliable design and all the way to conclusive findings (Kothari, 2007). Reliability refers to the extent to which data collection techniques or analysis procedures used yield consistent findings and it can be assessed by posing the following three questions: - 

i. Would the measures yield the same results on other occasions?

ii. Would similar observations be reached by other observers?

iii. Is there transparency in how sense was made from the raw data?

This study applied a single item instead of multiple-item measures for doubly concrete constructs based on the nature of study on diameter (DBH in cm) and Height (H in m). This is very much reliable as measurements were taken directly after measuring the trees not based on assumptions or application of a Likert scale.  This also supported and recommended by Bergkvist and Rossiter (2007). When the single item (SI) is unambiguous and concrete or doubly concrete a 1-item questionnaire can be as effective as a multi-item (MI) scale” (Bergkvist, 2014; Bergkvist & Rossiter, 2007; Diamantopoulos et al., 2014; Rossiter, 2002; Wanous & Hudy, 1997). There are instances like in our circumstances were single-item measures can provide useful information (Fisher et al, 2016). Furthermore, in this research Cronbach’s Alpha test was used to assess the reliability of the scale where a cut-off point of 0.70 adopted so that the corrections between items of particular scale were improved.
Table 3.5: Scale Reliability Statistics of Data Collected in the Study 
	Scale Reliability Statistics

	
	
	
	
	
	
	
	
	
	

	 
	mean
	sd
	Cronbach's α
	McDonald's ω

	scale
	
	28.0
	
	9.30
	
	0.992
	
	0.997
	

	             Source: Researcher, (2021)



3.10 
Benchmark Results of the Study 
3.10.1 Strata Mean Tree Stands Parameters Diameter and Height at Juvenile Stage of 5 Years old Plantation 
Independent variable mean DBH cm Good growth rate for Pinus Caribaea PCH at five years age is equal to or greater than 17.29cm recorded in Gulu District, Uganda. Independent variable mean Height (m) Good growth rate for Pinus Caribaea PCH at five years age is equal to or greater than 12.39m recorded in Gulu District, Uganda. Moreover Green Resource Limited (GRL) Forest Plantation, December, 2016 in Southern Highland Tanzania recorded Pinus Patula (PP) Strata Mean Growth performance at age 5, 10 and 15 years old plantation was DBH 12.7cm, 18.3cm and 19.3cm respectively with corresponding height 10.4m, 16.0m, 16.3m respectively.  
3.10.2 Strata Mean Tree Stands Parameters Diameter and Height at first thinning stage of 7 Years Old Plantation 
Independent variable mean DBH cm Good growth rate for Pinus Caribaea PCH at seven years age is equal to or greater than 18.3cm recorded in Southern Highland GRL Plantations, Tanzania.  Independent variable mean Height (m) Good growth rate for Pinus Caribaea PCH at seven years age is equal to or greater than 16.0m recorded in Southern Highland GRL Plantations, Tanzania. 
3.10.3 Strata Mean Tree Stands Parameters Diameter and Height at Second thinning stage of 10 Years Old Plantation 
Independent variable mean DBH cm Good growth rate for Pinus Caribaea PCH at ten years age is equal to or greater than 19.3cm recorded in Southern Highland GRL Plantations, Tanzania with corresponding Independent variable mean Height (m) is equal to or greater than 16.3m. 
3.10.4 Strata Mean Tree Stands Parameters Diameter and Height at at Sale Stage Classes of 12 Years Old Plantation as base of Price bargaining power and decisions making to comply rotational harvest
Independent variable mean DBH cm Good growth rate for Pinus Caribaea PCH at sale stage classes of 12 years old plantation is equal to or greater than 35.43cm recorded in Southern Highland GRL Plantations, Tanzania with corresponding Independent variable mean Height (m) is equal to or greater than 30.3m. 
Table 3.6: Summary of Study Objective Benchmark Results  
	S/N
	Variable
	Objective1 at 5years
	Objective2 at 7years
	Objective3 at 10years
	Objective4 at ≥12years

	1
	Diameter(cm) 
	≥17.29
	≥18.30
	≥19.30
	≥35.43

	2
	Height(m)
	≥12.39
	≥16.00
	≥16.30
	≥30.30

	3
	Stem form
	Straight
	Straight
	Straight
	Straight


Source: Researcher February, 2021 
CHAPTER FOUR
FINDINGS
4.1 Results of the Findings
This chapter aims to answer the specific research questions. To determine strata mean tree stands parameters DBH and Height at juvenile stage of 5 years old plantation; Strata mean tree stands parameters DBH and Height at first thinning stage of 7 years old plantation; Strata mean tree stands parameters DBH and Height at second thinning stage of 10 years old plantation; and Strata mean tree stands parameters DBH and Height at sale at sale stage classes of 12 years old plantation as base of price bargaining power as well as Smallholder‟s decisions making, Socio economic and demographic characteristics and other influencing factors to implement or, to not implement better silvicultural management.

4.1.1 Sample Descriptive Analysis
Based on the analysis of the ANCOVA, the model is statistically significant as p<0.5. The Homogeneity of Variances Test Levene' show that p>0.05 indicating that variances are equal; therefore, the assumption has not been violated. The analysis also shows that DBH cm varies according to the area (sub village) as the p value is less than 0.05. The results indicate that the height is also statistically significant as p value for the height is less than 0.05. On the other hand, the results show that variations in diameter (DBHcm) of trees is 99.3% determined by height (Hm) of the tree as partial η² (η²p) is 0.993. The area of the place (sub villages) explains 3.9% variations in tree diameters.

Table 4.1: Summary of Study Objective Sample Descriptive 
[image: image6.png]SN Variable Ofjectie 1 Objective  Objective | Objective 4
atSyan  atTyers  atl0years |at Dyears

1| MeanDiameter (cm) 2007 2185 3651 4259

2 | MeanHeight (m) 17.00 1850 3091 3629

3| Stem form saight % 9826 5503 9695 | 10000

4| Stem form forked % 093 402 227 000

5 | Stem form crooked % 081 095 074 000





Source: Researcher February, 2021 
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Figure 4.1: Tree Height – Sub-Village Analysis  
Source: Researcher, (2021)

Table 4.2:  Tree Diameter (DBH), Height and – Sub-Village Descriptive       
	  
	Sub-village 
	DBH cm 
	Height m 

	N  
	Bugyabuso
	160  
	160  

	   
	Bweshamuzi 
	160  
	160 

	Mean 
	Bugyabuso 
	31.0  
	26.4 

	  
	Bweshamuzi 
	29.5 
	24.9 

	Range  
	Bugyabuso 
	33.1  
	28.8  

	  
	Bweshamuzi 
	30.6 
	29.9  

	Maximum  
	Bugyabuso 
	50.6  
	43.7  

	  
	Bweshamuzi 
	48.1  
	44.8  

	Kurtosis 
	Bugyabuso  
	-1.50  
	-1.48  

	   
	Bweshamuzi 
	-1.48  
	-1.42  

	Std. error kurtosis  
	Bugyabuso 
	0.381  
	0.381 

	   
	Bweshamuzi  
	0.381  
	0.381  

	Shapiro-Wilk  W
	Bugyabuso 
	0.881 
	0.881  

	   
	Bweshamuzi 
	0.869  
	0.874  

	Shapiro-Wilk p  
	Bugyabuso 
	< .001  
	< .001  

	   
	Bweshamuzi 
	< .001 
	< .001 


[image: image8.png](120K) by o011

12

50

40

30

20

DBHcm



 
[image: image9.png]DBH cm

50

40

£

20

:

7 0
Tree Age (year)

12



 
Figure 4.2: Tree DBHcm - Tree Age Analysis 

Source: Researcher, (2021)
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Figure 4.3: Tree Height m – Tree age Analysis 

 Source: Researcher, (2021)

4.1.2 Results for Objective One  
The mean DBH and Height at juvenile stage of 5 years old plantation was 20.07 cm and 17.00 m respectively while Strata Stem form indicated straight was 98.26%, forked was 0.93%, and crooked was 0.81%. In Bugyabuso and Bweshamuzi locality the mean DBH was 20.10 cm and 20.04 cm respectively while the corresponding mean height was 17.02 m and 16.97 m. There is variation on mean DBH and on mean height indicates that growth performance varies according to area (sub village). 
Table 4.3: Summary 5 years old Pinus Caribaea Growth rates in Butainamwa Village 
	Administrative 
Locality 
 
	Strata Mean Growth rate 
 
 
	 
	Strata Stem form  
 
 
 

	
	Diameter cm 
 
	Height m 
 
	Total 
 
	Straight 
 
	Forked 
 
	Crooked
 

	Bweshamuzi 
 
	20.04 
 
	16.97 
 
	2604 
 
	2548 
 
	31 
 
	25 
 

	Bugyabuso 
 
	20.10 
 
	17.02 
 
	2325 
 
	2295 
 
	15 
 
	15 
 


Source: Researcher field Data February, 2021 
 4.1.3 Results for Objective Two  
The mean DBH and Height at first thinning stage of 7 years old plantation was 21.85 cm and 18.50 m respectively while Strata Stem form indicated straight was 95.03%, forked was 4.02%, and crooked was 0.95%. In Bugyabuso and Bweshamuzi locality the mean DBH was 22.58 cm and 21.12 cm respectively while the corresponding mean height was 19.12 cm and 17.88 m.  There is variation on mean DBH and on mean height indicates that growth performance varies according to area (sub village). 

Table 4.4: Summary 7 Years old Pinus Caribaea Growth Rates in Butainamwa Village
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Source: Researcher Field Data February, 2021  
 
 
 
 
4.1.4 Results for Objective Three  
The mean DBH and Height at second thinning stage of 10 years old plantation was 36.51 cm and 30.91 m respectively while Strata Stem form indicated straight was 96.99%, forked was 2.27%, and crooked was 0.74%. In Bugyabuso and Bweshamuzi locality the mean DBH was 37.58 cm and 35.43 cm respectively while the corresponding mean height was 31.82 cm and 30.00 m. There is variation on mean DBH and on mean height indicates that growth performance varies according to area (sub village). 

Table 4.5: Summary 10 Years Old Pinus Caribaea Growth Rates in Butainamwa Village 
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Source: Researcher Field Data February, 2021  
4.1.5 Results for Objective Four  
The mean DBH and Height at sales class stage of 12 years old plantation was 42.59 cm and 36.29 m respectively while Strata Stem form indicated straight was 100.00%, forked was 0.00%, and crooked was 0.00%. In Bugyabuso and Bweshamuzi locality the mean DBH was 43.58 cm and 41.59 cm respectively while the corresponding mean height was 37.74 cm and 34.85 m. There is variation on mean DBH and on mean height indicates that growth performance varies according to area (sub village). 
Table 4.6: Summary 12 years old Pinus Caribaea Growth Rates in Butainamwa Village 
	Administrative 
Locality 
	Strata Mean Growth rate 
	 
	Strata Stem form 
 
 
	

	
	Diameter cm 
	Height m 
	Total 

	Straight 

	Forked 

	Crooked 


	Bweshamuzi 
	41.59 
	34.85 
	2532 
	2532 
	0 
	0 

	Bugyabuso 
	43.58
	37.74 
	2166 
	2166 
	0  
	0  


Source: Researcher field data February, 2021 
4.1.6 Recommendations  
The recommendations were given based on the results of the analysis in relation to specific objectives of the research in the study area, Socio Economic factors, Agriculture practices and Improved Technology. In general, the assessment shows acceptable good growth rate Diameter and Height and stem form of Pinus caribaea in the study area though there is need to observe influenced factors of strata mean growth rate slight variation between two administrative localities Bugyabuso and Bweshamuzi. The strata stem form forked and crooked indicated that sometimes there was incident of fire and animals (Cattle, Goats, and Sheep) need more control. However, majority of household use firewood as source of energy for cooking results shortage of natural forest resource under village administrative; observation shows bad behaviour of cutting stands age 4 to 7 for cooking energy. Village administrative need seminars and awareness on Public and Private own agroforestry policy and control. The recommended rotational clear fall harvest was stands quality 12 years old with DBH ≥ 40cm. Further during this study area, the observation data constant factor D – H relationship 1: 84.67cm was applied to stands at age years 5, 7 and 10. The researcher wishes to call upon further researches on the Pinus Caribaea Profitability and sustainable market of commercial tree grown in Kagera Region and its effect on community economic development in Tanzania. 

Table 4.7: Summary of Strata Stems Form in Bweshamuzi and Bugyabuso Locality
[image: image14.png]Age | Stem form | Bweshamuzi | Bugyabuso | Total | °Population
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Source: Researcher, (2021) 
However according to the research (Kalanzi et al., 2014) variation in growth characteristics of pinus caribaea var hondurensis (PCH) has been reported across the major pine growing areas of Uganda. 
Table 4.8: Registered 5 Years old Pinus Caribaea (PCH) Good Growth Rates in Uganda 
[image: image15.png]District Mean Growth rate Remarks,
DBHinam |Heightinm

Gulu 1729 1239 | Goodgrowthrae

Marbende 144 1138 | Goodgrowthrae

Nekasongla | 9.89 S0T | Substantially slower





Source: Researcher modified (Kalanzi et al., 2014)  
Moreover Green Resource Limited (GRL) Forest Plantation, December, 2016 in Southern Highland Tanzania recorded Pinus Patula (PP) Strata Mean Growth performance at age 5, 10 and 15 years old plantation was DBH 12.7cm, 18.3cm and 19.3cm respectively with corresponding height 10.4m, 16.0m, 16.3m respectively. 
Table 4.9: Prunning Schedule for Pines at TANWAT  
	  Mean dominant height (m) 
	Age (Years) 
	Prunning height (m) 
	Diameter limit 
(cm) 

	4.0 
	3-4 
	2.0 
	Half height 

	7.5 
	5-6 
	3.0-4.0 
	9.0 

	10.5 
	7-8 
	5.0-6.0 
	10.0 

	13.5 
	9-10 
	7+ 
	11.0 


Source: TANWAT (TANWAT, 2004) 
CHAPTER FIVE
DISCUSSION OF THE FINDINGS
5.1 Discussion
In general, the assessment shows good growth rate of Pinus caribaea in the study area. The mean DBH and Height at juvenile stage of 5 years old plantation indicated positive variance 16.08% and 37.21% respectively when compared to good growth rate Gulu district in Uganda at juvenile stage of 5 years old plantation. The mean DBH and Height at juvenile stage of 5 years old plantation was 20.07 cm and 17.00 m respectively. In Bugyabuso and Bweshamuzi locality the mean DBH was 20.10 cm and 20.04 cm respectively while the corresponding mean height was 17.02 m and 16.97 m. 
The growth rate parameters DBH and Height in Bugyabuso locality was slightly higher compared to indicators in Bweshamuzi locality. This concur with the study (Kalanzi et al., 2014); Results showed that the Pinus caribaea species registered good growth rates in Gulu and Mubende districts and poor growth rates in Nakasongola District. In Gulu and Mubende districts the mean DBH was 17.29cm and 14.44cm respectively, while the corresponding mean height was 12.39m and 11.38m. Growth of the pine trees in Nakasongola district was substantially slower, with mean DBH of 9.89cm and mean height of 9.01m. 
Similarly, according to Ethiopia Agricultural Research Organization Central Library, 2004) Pinus caribaea attained 19.2cm DBH and 20.2m height at the age of 12 years. The species has the potential to be planted as an alternative to Pinus Patula on similar sites. Both Pinus caribaea and Pinus Patula oocarpa showed slight differences in DBH and Height growth. GRL reported Pinus Patula at age of 10 years was 18.3cm DBH and 16.0m height while at 15 years was 19.3cm DBH and 16.3m height. 
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 Figure 5.1: Analysis of Pinus Caribaea Mean DBH cm at Age 5yrs, 7yrs, and 10yrs
Source: Researcher, (2021) 
The mean DBH and Height at first thinning stage of 7 years old plantation was 21.85 cm and 18.50 m respectively. In Bugyabuso and Bweshamuzi locality the mean DBH was 22.58 cm and 21.12 cm respectively while the corresponding mean height was 19.12 cm and 17.88 m. The growth rate parameters DBH and Height in Bugyabuso locality was slightly higher compared to indicators in Bweshamuzi locality. The mean DBH and Height at second thinning stage of 10 years old plantation was 36.51 cm and 30.91 m respectively. In Bugyabuso and Bweshamuzi locality the mean DBH was 37.58 cm and 35.43 cm respectively while the corresponding mean height was 31.82 cm and 30.00 m. The growth rate parameters DBH and Height in Bugyabuso locality was slightly higher compared to indicators in Bweshamuzi locality. 
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Figure 5.2: Analysis of Pinus Caribaea Mean Height (m) at age 5yrs, 7yrs, and 10yrs 

Source: Researcher, (2021) 
Table 5.1: Summary of Strata Stems form in Bweshamuzi and Bugyabuso   Locality 
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Source: Researcher, (2021) 
The Strata Stem form at juvenile stage of 5 years old plantation indicated straight was 98.26%, forked was 0.93%, and crooked was 0.81%. In Bugyabuso locality indicated straight was 98.71%, forked was 0.65%, and crooked was 0.64%; while in Bweshamuzi locality indicated straight was 97.85%, forked was 1.19%, and crooked was 0.96%. 
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Figure 5.3: Analysis of Pinus Caribaea Strata Stem Form at Juvenile stage 5 Years old

Source: Researcher, (2021) 
The Strata Stem form at first thinning stage of 7 years old plantation indicated straight was 95.03%, forked was 4.02%, and crooked was 0.95%. In Bugyabuso locality indicated straight was 92.79%, forked was 6.55%, and crooked was 0.66%; while in Bweshamuzi locality indicated straight was 96.43%, forked was 2.41%, and crooked was 1.16%. This translates that crooked stands 0.95% of the population will be removed at first thinning stage of 7 years old plantation and remain with balance stands 99.05% to the second thinning stage of 10 years old. 
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Figure 5.4: Analysis of Pinus Caribaea Strata Stem Form at First thinning Stage of 7 Years Old 

Source: Researcher, (2021) 
The Strata Stem form at second thinning stage of 10 years old plantation indicated straight was 96.99%, forked was 2.27%, and crooked was 0.74%. In Bugyabuso locality indicated straight was 96.70%, forked was 2.90%, and crooked was 0.40%; while in Bweshamuzi locality indicated straight was 97.24%, forked was 1.73%, and crooked was 1.03%. This translates that forked stands 2.27% as well as crooked stands 0.74% of the population will be removed at second thinning stage of 10 years old plantation and remain with balance stands 96.99% to next schedule stage of sales logs classes bargaining and timber products production.
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Figure 5.5: Analysis of Pinus Caribaea Strata Stem Form at Second thinning Stage of 10 Years Old Plantation 
Source: Researcher, (2021) 
 Socio-economic and demographic characteristics of the respondents have some influence on farmer production decisions (Sulo et al., 2012). Because of this reason, socio-economic and demographic characteristics of the respondents were also focused in this study with the aim of determining how such characteristics influenced farmer‟s decision in responding to the sustainability of improved agriculture practice and production technologies (Use of improved variety recommended, fertilizer, and application crop rotation). The characteristics described in the study include age, education, gender, marital status, household size, and farm size presented in table 5.2. 
Table 5.2: Summary of Socio-economic and Demographic Characteristics Results 
	Variable 
	Categories 
	Frequency 
	Percentage 

	Age 
 
	below 35 years 
	26 
	21.67 

	
	35 – 51 years 
	63 
	52.50 

	
	Above 51 years 
	31 
	25.83 

	
	Total 
	120 
	100.00 

	Gender 
 
	Male 
	95 
	79.17 

	
	Female 
	25 
	20.83 

	
	Total 
	120 
	100.00 

	Marital status 
 
	Single 
	13 
	10.83 

	
	Married 
	89 
	74.17 

	
	Separated 
	4 
	3.33 

	
	Widow 
	14 
	11.67 

	
	Total 
	120 
	100.00 

	Education level 
 
	No formal education 
	5 
	4.17 

	
	Primary education 
	46 
	38.33 

	
	Secondary education 
	37 
	30.83 

	
	Post – Secondary education 
	32 
	26.67 

	
	Total 
	120 
	100.00 

	Household size 
 
	1 – 5 members 
	35 
	29.17 

	
	6 – 10 members 
	77 
	64.17 

	
	11or above members 
	8 
	6.66 

	
	Total 
	120 
	100.00 

	Commercial tree 
Farm size (ha) 
 
	1 – 10 hectare (ha) 
	19 
	15.83 

	
	11 – 21hectare (ha) 
	55 
	45.83 

	
	22 – 32 hectare (ha) 
	38 
	31.67 

	
	33 hectare or above 
	8 
	6.67 

	
	Total  
	120 
	100.00 


Source: Researcher, (2021) 
Age is one of the most important demographic variables and is the primary basis of demographic classification in vital statistics, census and survey (NBS, 2005). According to CIMMYT and Nanai, (1993) age has considerable influence on either use or no use of any technology introduced in any particular area. John (1995) further argued that older people have more experience but their receptivity to new ideas and technologies decrease with age. The age of the farmer has an impact on experience wealth and decision making in all matters which affect the rate and extent of sustainable use of new technology. Farmers in the younger age groups may easily switch over the use of a certain technology to using more recent technologies. 
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Figure 5.6: Analysis of Commercial Tree Farmer Age Characteristics in the Study Area 
Source: Researcher, (2021) 
The findings in the study area summarized in Table 5.6 reveal that 21.67% of Farmers fall within 20 – 35 years, 52.50% fall within the age group of 36 – 51 years, and 25.83% were above 52 years. These findings indicate that majority farmers are within the active age range, and because younger farmers are more likely to adopt new technologies; improved agriculture practice (land preparation, practice spacing, timely planting, weeding, pest and disease control) and production technologies (Use of improved variety recommended, fertilizer, and application crop rotation) in commercial tree farming are likely to be widely adopted in the study area. Similar findings were reported by Esiobu, et al., (2014a) who revealed that farmers within the age range of 41 to 50 years are still in their active age, more receptive to innovation, more technically efficient, effective and could withstand the stress and strain involved in making decisions on new ideas and therefore contributing significantly to the adoption of new technologies. The number of respondents in the age group of farmers above 52 years was few recorded 25.83%.  
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Figure 5.7: Analysis of Commercial Tree Farmer Gender Characteristics in the Study Area 
Source: Researcher, (2021) 
/
The study regards on gender characteristics shows 79.17% of the respondents were male headed households and 20.83% were female headed households. The findings imply that the study area is more likely to have faster adoptions to improved technologies because as Ndawaita (2001) observed male farmers dominate valued household resources such as land, oxen plough, improved varieties directed to farming. Due to these reasons the speed of adoption to improved technologies of commercial tree production is likely to be lower among the female headed households than is likely to be the case with the male headed households who have access to assets to improved commercial tree production technologies. 
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Figure 5.8: Analysis of Commercial Tree Farmer Marital Status Characteristics 
Source: Researcher, (2021) 
The study results on marital status show that 74.17% of the respondents were married, 11.67% were widow, 10.83% were single, and about 3.33% were separated. The higher the percentage of married couples implies majority of farmers had permanent residence and household responsibilities, and only a few farmers, being single and separated. Married groups have the advantage of sharing managerial skills within the family and access for more labour force which can be employed in improved technologies for commercial tree production activities. 
This finding is similar to Damisa and Yohana (2007) who observed that, married farmers are likely to be under pressure to produce more, not only for family consumption but also for sale. The desire to produce more could lead to agricultural information seeking and use. Similarly, the availability of family labour could be an incentive to the married farmer to cultivate more crops and to use agricultural information. 
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Figure 5.9: Analysis of Commercial Tree Farmer Education Characteristics 
Source: Researcher, (2021) 
Education is a key determinant of the lifestyle and status an individual enjoys in the society (NBS, 2005). The results in Table 12 show that 38.33% of the respondents have primary education, 30.83% have secondary education, and 26.67% have post- secondary education. This mean majority 95.83% of the respondents were able to read and write while few 4.17% were unable to read and write. The explanation to these findings is that agricultural activities need someone with basic education. The level of education is one of the most important variable social factors. The education variable might be attributed to the high level of knowledge and experience about improved farm practices acquired by the educated farmer. This helps her/his to influence major decisions being taken in the home, farm management inclusive (Damisa and Yohana, 2007). 
Similar findings were reported by other researchers such (Urio, 1996) cited by Ndawaita, 2001) who found that only educated people participate in agricultural experimentation. In this study educated people mean a farmer who can impart or acquire general knowledge, developing the powers of reasoning and judgement, and generally of preparing oneself or other intellectually for mature life. In the study area, the majority (69.16%) of farmers have formal education which contributes to their level of understanding of different improved technologies. Also the findings show that 26.67% of the respondents had post-secondary education. 
The findings on household size characteristics indicated that 67.17% households had between 6 and 10 family members, 29.17% had between 1 and 5 family members while 6.66% households had family members 11 or above. The large size of households implies that the amount of family labour available for household activities was high, although in some households the number of family members included even the children, very aged old people and physically disabled individuals who do not actually participate in income generating activities. 
According to Martey et al., (2013) household size serves as a form of family labour and compliments the efforts of the household heads on the farm. Availability of family labour provides the household head in assessing the performance of existing and potential farm activities and systems family labour by providing farmers with the potential for more profit while at the same time protecting the environment (Tegegne et al., 2001). On the other hand, lack of adequate farm labour supply could be a barrier to the adoption of more sustainable farming system. 
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Figure 5.10: Analysis of Commercial Tree Farmer Household Size Characteristics   
Source: Researcher, (2021) 
 The results were further revealed that in the study area majority of grass land tenure has adopted of improved agriculture practice and production technologies (Use of improved variety recommended, fertilizer, and application crop rotation) in exercise of converting grass land into sustainable commercial tree farming practice. Farm size records of the commercial tree farmers in the study area show that 45.83% of the respondents had farm size ranging from 11 – 21ha; 31.67% of the respondents had a farm size ranging from 22 – 32ha; 15.83% of the respondents had a farm size ranging from 1 – 10 ha while farm size category 33ha or above recorded 6.67% of the total sustainable commercial tree farmers. 
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Figure 5.11: Analysis of Commercial Tree Farmer Farm Size Characteristics 
Source: Researcher, (2021) 
During the formal group discussions, the respondents confirmed that majority own land through purchasing and others had inherited their lands from their ancestors. The findings revealed further that having a large farm size had a big impact on influencing sustainability commercial tree improved agriculture practice and production technologies. It is frequently argued that farmers with larger farms size were more likely to sustain an improved technology than those with smaller farm sizes as they can afford to devote part of their field for use with improved technologies (Alene et al., 2000). As reported by Adeyemo (2009), large farm size increases farmer‟s productivity, improves their technical knowledge, and makes efficient use of resources. 

CHAPTER SIX
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
This chapter presents conclusions and recommendations of the study. Section 6.1 presents highlights of research major objective and research specific objectives; section 6.2 and 6.3 presents conclusion and recommendations respectively. 
6.1 Summary
The general objective of this study was to assess the growth performance of pinus caribaea grown at Butainamwa village in Bukoba Rural District, Tanzania. Specifically, the research objectives were to (i) determine strata mean tree stands parameters DBH and Height at juvenile stage of 5 years old plantation; (ii) determine strata mean tree stands parameters DBH and Height at first thinning stage of 7 years old plantation; (iii) determine strata mean tree stands parameters DBH and Height at second thinning stage of 10 years old plantation; and (iv) determine strata mean tree stands parameters DBH and Height at sale stage classes as base of bargaining power as well as Smallholder‟s decisions making, Socio economic and demographic characteristics and other influencing factors to implement or, to not implement better silvicultural management.

The confidence reference benchmark results was Independent variable mean DBH cm Good growth rate for Pinus Caribaea PCH at five years age is equal to or greater than 17.29cm recorded in Gulu District, Uganda while the corresponding Independent variable mean Height (m) Good growth rate for Pinus Caribaea PCH at five years age is equal to or greater than 12.39m recorded in Gulu District, Uganda. 
6. 2 Conclusions 
Assessed strata mean tree stands parameters DBH and Height at juvenile stage of 5 years old plantation indicated good growth performance rate and straight stem form. The mean DBH and Height at juvenile stage of 5 years old plantation was 20.07 cm and 17.00 m respectively while Strata Stem form at juvenile stage of 5 years old plantation indicated straight was 98.26%, forked was 0.93%, and crooked was 0.81%. 
Assessed strata mean tree stands parameters DBH and Height at first thinning stage of 7 years old plantation indicated good growth performance rate and straight stem form. The mean DBH and Height at first thinning stage of 7 years old plantation was 21.85 cm and 18.50 m respectively while Strata Stem form at first thinning stage of 7 years old plantation indicated straight was 95.03%, forked was 4.02%, and crooked was 0.95%. This translates that crooked stands 0.95% of the population will be removed at first thinning stage of 7 years old plantation and remain with balance stands 99.05% to the second thinning stage of 10 years old. 
Assessed strata mean tree stands parameters DBH and Height at second thinning stage of 10 years old plantation indicated good growth performance rate and straight stem form. The mean DBH and Height at second thinning stage of 10 years old plantation was 36.51 cm and 30.91 m respectively while Strata Stem form at second thinning stage of 10 years old plantation indicated straight was 96.99%, forked was 2.27%, and crooked was 0.74%. This translates that forked stands 2.27% as well as crooked stands 0.74% of the population will be removed at second thinning stage of 10 years old plantation and remain with balance stands 96.99% to next schedule stage of sales logs classes bargaining and timber products production. 
Assessed strata mean tree stands parameters Diameter and Height at sale stage classes of 12 years old as base of price bargaining power as well as Smallholder’s decisions making, Socio economic and demographic characteristics and other influencing factors to implement or, to not implement better silvicultural management indicated good growth performance rate and straight stem form. The indicated mean DBH and Height at sale stage of 12 years old plantation was 42.59 cm and 36.29 m respectively and straight stands 100% comply with The United Republic of Tanzania royalty Logs classification based on Log mid diameter in centimetre were (i) 11cm – 20cm (ii) 21cm – 25cm (iii) 26cm – 35cm (iv) Greater than 35cm. 
Socio-economic and demographic characteristics of the respondents were also focused in this study with the aim of determining how such characteristics influenced farmer‟s decision in responding to the sustainability of improved agriculture practice (land preparation, practice spacing, timely planting, weeding, pest and disease control) and production technologies (Use of improved variety recommended, fertilizer, and application crop rotation). The research results were revealed that in the study area majority of grass land tenure has adopted of improved agriculture practice and production technologies (Use of improved variety recommended, fertilizer, and application crop rotation) in exercise of converting grass land into sustainable commercial tree farming practice. 
Farm size records of the commercial tree farmers in the study area show that 45.83% of the respondents had farm size ranging from 11 – 21ha; 31.67% of the respondents had a farm size ranging from 22 – 32ha; 15.83% of the respondents had a farm size ranging from 1 – 10 ha while farm size category 33ha or above recorded 6.67% of the total sustainable commercial tree farmers. Further was revealed that 21.67% of Farmers fall within 20 – 35 years, 52.50% fall within the age group of 36 – 51 years, and 25.83% were above 52 years. 
These findings indicate that majority farmers are within the active age range, and because younger farmers are more likely to adopt new technologies; improved agriculture practice (land preparation, practice spacing, timely planting, weeding, pest and disease control) and production technologies (Use of improved variety recommended, fertilizer, and application crop rotation) in commercial tree farming are likely to be widely adopted in the study area. The number of respondents in the age group of farmers above 52 years was few recorded 25.83%. Other revealed Socio-economic and demographic characteristics of STD (Small Tree Growers) included Gender, Marital status, Education level, and Household size. 
6. 3 Recommendations 
The recommendations were given based on the results of the analysis in relation to specific objectives of the research in the study area, Socio Economic factors, Agriculture practices and Improved Technology. In general, the assessment shows acceptable good growth rate DBH and Height and stem form of Pinus caribaea in the study area though there is need to observe influenced factors of strata mean growth rate slight variation between two administrative localities Bugyabuso and Bweshamuzi. The strata stem form forked and crooked indicated that sometimes there was incident of fire and animals (Cattle, Goats, and Sheep) need more control. However, majority household use firewood as source of energy for cooking results shortage of natural forest resource under village administrative; observation shows bad behaviour of cutting stands age 4 to 7 for cooking energy. Village administrative need seminars and awareness on Public and Private own agroforestry policy and control. The recommended rotational clear fall harvest was stands quality 12 years old with DBH ≥ 40cm. 
6. 4 Areas for Further Research 
The researcher wishes to call upon further researches on the Pinus Caribaea Profitability and sustainable market of commercial tree grown in Kagera Region and its effect on community economic development in Tanzania. 
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APPENDICES
APPENDIX I:  Checklist structured socio-economic characteristics Questionnaires
FARMER’s PERSONAL PROFILE 
Questions in this section collect Socio-economic characteristics information. 
 Instruction: I will be very happy if you can fill in the following details about your personal profile. Responses given will be confidential used for Open University of Tanzania MBA candidate research purpose only entitled: The Influencing factors on growth performance of 5, 7, 10 and 12 years old Pinus caribaea grown at Butainamwa village, Bukoba Rural District Tanzania. 
1. What is your gender? Please Tick (√) only one.  
 
 
 
	 
	Male 
 
 
 
 
 
 
	 


 
  
  Female    
2. What is your house hold size? Please Tick (√) only one.  
 
	 
	1 - 5 member  
 
	 
	6 – 10 member 
	  


 
  
 
 above 11 members 
 
3. What is your marital status? Please Tick (√) only one. 

	
 


	 
	Single 
	
	Married  
	 



 
 Separated Widow  
  
4. What is your highest education level? Please Tick (√) only one.  
  
 
 
 
 
 
	 
	No formal education  
 
	 



 
 Primary education 
 
	
	Secondary education  
 
 
	 



 
 Post-secondary education 
 
5. How old are you? Please Tick (√) only one. 
	 

	  


	 



 20 -35years
                     36 – 51 years       52 years or above 
 
6. What is your commercial tree farm size? Please Tick (√) only one. 
 
	 
	1 - 10 ha 
	 
	11 – 21 ha  
	 
	22 – 32 ha 
	 



   
 33 ha or above 
Please re-check to see whether you have answered all questions. Thank you. 
APPENDIX II Plantation field data plot form
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APPENDIX III:  Plantation site view visit Plates
 PLATE 1: Ten years old stands on LCF BAKAMAMU Block 6, Area (140m X 80m) 
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Source: Researcher Photo on site view visit date taken was day 11 February, 2021. 
PLATE 2: 5 years old stands on LCF BAKAMAMU Block 4, Area (125m X 93m) 
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Source: Researcher Photo on site view visit date taken was day 11 February, 2021. 
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 PLATE 3: 7 years old stands on LCF BAKAMAMU Block1, Area (104m X 80m) 
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Source: Researcher Photo on site view visit date taken was day 11 February, 2021. 
PLATE 4: 7 years old stands on LCF BAKAMAMU Block2, Area (125m X 100m) 
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Source: Researcher Photo on site view visit date taken was day 11February, 2021. 
PLATE 5: 5 years old stands on LCF BAKAMAMU Block8, Area (140m X 93m) 
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Source: Researcher Photo on site view visit date taken was day 11 February, 2021 
PLATE 6: Eucalyptus stands on LCF BAKAMAMU Block11, Area (140m X 93m) 
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Source: Researcher Photo on site view visit date taken was day 11 February, 2021. 
 PLATE 7: Site view on LCF BAKAMAMU education Block, Area (110m X 359m) 
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Source: Researcher Photo on site view visit date taken was day 11 February, 2021. 
PLATE 8: 3 years old stands on LCF BAKAMAMU Block10, Area (140m X 93m) 
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Source: Researcher Photo on site view visit date taken was day 11 February, 2021. 
APPENDIX IV:   LCF BAKAMAMU PINE TREE BLOCKS IN A STUDY AREA
[image: image36.emf]
Comprehensive business plan 2017-2018 FBM.OUT. 
APPENDIX V:  Analysis Results of the ANCOVA  
Descriptive 
	
	Tree Age year) 
	DBH cm 
	Height m 

	                      N
	5
	80
	80

	
	7
	80
	80

	
	10
	80
	80

	
	12
	80
	80

	                  Mean
	5
	20.1
	17.0

	
	7
	21.9
	18.5

	
	10
	36.5
	30.9

	
	12
	42.6
	36.3

	                     Media
	5
	19.4
	16.4

	
	7
	21.3
	18.1

	
	10
	36.0
	30.4

	
	12
	42.0
	36.2

	 Standard deviation
	5
	1.99
	1.68

	
	7
	2.06
	1.75

	
	10
	3.71
	3.15

	
	12
	3.69
	3.41

	               Minimum
	5
	17.5
	14.8

	
	7
	19.1
	16.2

	
	10
	30.2
	25.6

	
	12
	36.4
	30.4

	              Maximum
	5
	28.0
	23.7

	
	7
	29.3
	24.8

	
	10
	44.6
	37.8

	
	12
	50.6
	44.8

	             Skewness
	5
	1.27
	1.27

	
	7
	1.32
	1.32

	
	10
	0.400
	0.399

	
	12
	0.409
	0.494

	Std. error skewness
	5
	0.269
	0.269

	
	7
	0.269
	0.269

	
	10
	0.269
	0.269

	
	12
	0.269
	0.269

	Kurtosis
	5
	2.20
	2.20

	
	7
	1.97
	1.97

	
	10
	-0.610
	-0.612

	
	12
	-0.631
	-0.223

	Std. error kurtosis
	5
	0.532
	0.532

	
	7
	0.532
	0.532

	
	10
	0.532
	0.532

	
	12
	0.532
	0.532


Descriptives 

[image: image37]
ANCOVA - DBH cm 
	  
	Sum of Squares 
	df 
	Mean Square 
	F 
	p 
	η²p 

	Overall model 
 
	31678.09
 
	2 
 
	15839.045 
 
	23614.0 
 
	< .001 
 
	 

	Height m 
 
	31669.36
 
	1 
 
	31669.359 
 
	46990.4 
 
	< .001 
 
	0.993 
 

	Sub-village 
 
	8.73
 
	1 
 
	8.730 
 
	13.0 
 
	< .001 
 
	0.039 
 

	Residuals 
 
	213.64
 
	317 
 
	0.674 
 
	 
	 
	 


Homogeneity of Variances Test (Levene's) 
	F 
	df1 
	df2 
	p 

	1.61 
 
	1 
 
	318 
 
	0.206 
 


APPENDIX VI:  Site results 5 years old Pinus Caribaea grown in Bugyabuso locality

	Location: Bugyabuso Plot N0: 4 Age: 5yrs Area: 125m x 93m Species: PC       Population:2325

	Tree Number
	DBHcm
	Height m
	Strata Stem form
	Remarks

	
	
	
	Straight
	Forked
	Crooked
	

	1
	22.61
	19.14
	1
	0
	0
	Good growth rate

	2
	19.42
	16.44
	1
	0
	0
	Good growth rate

	3
	18.47
	15.64
	1
	0
	0
	Good growth rate

	4
	19.75
	16.72
	1
	0
	0
	Good growth rate

	5
	20.70
	17.53
	1
	0
	0
	Good growth rate

	6
	17.83
	15.10
	1
	0
	0
	Good growth rate

	7
	23.57
	19.96
	1
	0
	0
	Good growth rate

	8
	21.34
	18.07
	1
	0
	0
	Good growth rate

	9
	17.52
	14.83
	1
	0
	0
	Good growth rate

	10
	19.11
	16.18
	0
	1
	0
	Good growth rate

	11
	19.11
	16.18
	1
	0
	0
	Good growth rate

	12
	20.38
	17.26
	1
	0
	0
	Good growth rate

	13
	19.11
	16.18
	1
	0
	0
	Good growth rate

	14
	20.06
	16.98
	1
	0
	0
	Good growth rate

	15
	20.70
	17.53
	1
	0
	0
	Good growth rate

	16
	19.74
	16.71
	1
	0
	0
	Good growth rate

	17
	18.15
	15.38
	1
	0
	0
	Good growth rate

	18
	17.51
	14.83
	1
	0
	0
	Good growth rate

	19
	19.11
	16.18
	1
	0
	0
	Good growth rate

	20
	17.83
	15.10
	0
	0
	1
	Good growth rate

	21
	21.34
	18.07
	1
	0
	0
	Good growth rate

	22
	17.83
	15.10
	1
	0
	0
	Good growth rate

	23
	19.43
	16.45
	1
	0
	0
	Good growth rate

	24
	20.38
	17.26
	1
	0
	0
	Good growth rate

	25
	28.03
	23.73
	1
	0
	0
	Good growth rate

	26
	21.34
	18.07
	1
	0
	0
	Good growth rate

	27
	19.43
	16.45
	1
	0
	0
	Good growth rate

	28
	23.25
	19.69
	1
	0
	0
	Good growth rate

	29
	18.47
	15.64
	1
	0
	0
	Good growth rate

	30
	17.83
	15.10
	1
	0
	0
	Good growth rate

	31
	23.24
	19.68
	1
	0
	0
	Good growth rate

	32
	18.79
	15.91
	1
	0
	0
	Good growth rate

	33
	18.47
	15.64
	1
	0
	0
	Good growth rate

	34
	21.65
	18.33
	1
	0
	0
	Good growth rate

	35
	22.29
	18.87
	1
	0
	0
	Good growth rate

	36
	21.65
	18.33
	1
	0
	0
	Good growth rate

	37
	17.83
	15.10
	1
	0
	0
	Good growth rate

	38
	21.66
	18.11
	1
	0
	0
	Good growth rate

	39
	20.06
	16.98
	1
	0
	0
	Good growth rate

	40
	19.11
	16.18
	1
	0
	0
	Good growth rate

	Mean
	20.10
	17.02
	
	
	
	


APPENDIX VII:  Site results 5 years old Pinus Caribaea grown in Bweshamuzi locality

	Location: Bweshamuzi Plot N0: 8 Age: 5yrs Area: 140m x 93m Species: PC   Population:2604

	Tree Number
	DBHcm
	Height m
	Strata Stem form
	Remarks

	
	
	
	Straight
	Forked
	Crooked
	

	1
	23.89
	20.23
	1
	0
	0
	Good growth rate

	2
	22.61
	19.14
	1
	0
	0
	Good growth rate

	3
	21.34
	18.07
	1
	0
	0
	Good growth rate

	4
	22.29
	18.87
	1
	0
	0
	Good growth rate

	5
	19.11
	16.18
	1
	0
	0
	Good growth rate

	6
	20.38
	17.26
	1
	0
	0
	Good growth rate

	7
	21.02
	17.80
	1
	0
	0
	Good growth rate

	8
	18.47
	15.64
	1
	0
	0
	Good growth rate

	9
	19.11
	16.18
	1
	0
	0
	Good growth rate

	10
	22.93
	19.41
	1
	0
	0
	Good growth rate

	11
	19.74
	16.71
	1
	0
	0
	Good growth rate

	12
	21.34
	18.07
	1
	0
	0
	Good growth rate

	13
	25.16
	21.30
	1
	0
	0
	Good growth rate

	14
	23.25
	19.69
	1
	0
	0
	Good growth rate

	15
	20.06
	16.98
	0
	1
	0
	Good growth rate

	16
	19.75
	16.72
	1
	0
	0
	Good growth rate

	17
	18.47
	15.64
	1
	0
	0
	Good growth rate

	18
	18.47
	15.64
	1
	0
	0
	Good growth rate

	19
	18.15
	15.37
	1
	0
	0
	Good growth rate

	20
	19.11
	16.18
	1
	0
	0
	Good growth rate

	21
	19.43
	16.45
	1
	0
	0
	Good growth rate

	22
	18.79
	15.91
	1
	0
	0
	Good growth rate

	23
	20.70
	17.53
	1
	0
	0
	Good growth rate

	24
	19.11
	16.18
	1
	0
	0
	Good growth rate

	25
	19.11
	16.18
	1
	0
	0
	Good growth rate

	26
	19.11
	16.18
	1
	0
	0
	Good growth rate

	27
	21.66
	18.34
	1
	0
	0
	Good growth rate

	28
	18.79
	15.91
	1
	0
	0
	Good growth rate

	29
	18.15
	15.37
	1
	0
	0
	Good growth rate

	30
	18.15
	15.37
	0
	0
	1
	Good growth rate

	31
	18.79
	15.91
	1
	0
	0
	Good growth rate

	32
	18.47
	15.64
	1
	0
	0
	Good growth rate

	33
	21.34
	18.07
	1
	0
	0
	Good growth rate

	34
	22.93
	19.41
	1
	0
	0
	Good growth rate

	35
	19.11
	16.18
	1
	0
	0
	Good growth rate

	36
	19.43
	16.45
	1
	0
	0
	Good growth rate

	37
	19.75
	16.72
	1
	0
	0
	Good growth rate

	38
	18.47
	15.64
	1
	0
	0
	Good growth rate

	39
	18.15
	15.37
	1
	0
	0
	Good growth rate

	40
	17.52
	14.83
	1
	0
	0
	Good growth rate

	Mean
	20.04
	16.97
	
	
	
	


APPENDIX VIII:  Site results 7 years old Pinus Caribaea grown in Bugyabuso locality

	Location: Bugyabuso Plot N0: 1 Age: 7yrs Area: 104m x 80m Species: PC       Population: 1664

	Tree Number
	DBHcm
	Height m
	Strata Stem form
	Remarks

	
	
	
	Straight
	Forked
	Crooked
	

	1
	28.03
	23.73
	1
	0
	0
	Good growth rate

	2
	26.11
	22.11
	1
	0
	0
	Good growth rate

	3
	21.66
	18.34
	1
	0
	0
	Good growth rate

	4
	21.02
	17.80
	1
	0
	0
	Good growth rate

	5
	23.89
	20.23
	1
	0
	0
	Good growth rate

	6
	24.52
	20.76
	1
	0
	0
	Good growth rate

	7
	20.06
	16.98
	1
	0
	0
	Good growth rate

	8
	24.52
	20.76
	1
	0
	0
	Good growth rate

	9
	21.34
	18.07
	1
	0
	0
	Good growth rate

	10
	26.75
	22.65
	1
	0
	0
	Good growth rate

	11
	25.48
	21.57
	1
	0
	0
	Good growth rate

	12
	29.30
	24.81
	1
	0
	0
	Good growth rate

	13
	22.29
	18.87
	1
	0
	0
	Good growth rate

	14
	21.66
	18.34
	1
	0
	0
	Good growth rate

	15
	20.70
	17.53
	0
	1
	0
	Good growth rate

	16
	21.01
	17.79
	1
	0
	0
	Good growth rate

	17
	25.48
	21.57
	1
	0
	0
	Good growth rate

	18
	23.24
	19.67
	1
	0
	0
	Good growth rate

	19
	22.93
	19.41
	1
	0
	0
	Good growth rate

	20
	21.66
	18.34
	1
	0
	0
	Good growth rate

	21
	20.06
	16.98
	1
	0
	0
	Good growth rate

	22
	21.97
	18.50
	1
	0
	0
	Good growth rate

	23
	21.02
	17.80
	1
	0
	0
	Good growth rate

	24
	21.34
	18.07
	1
	0
	0
	Good growth rate

	25
	21.34
	18.07
	1
	0
	0
	Good growth rate

	26
	20.07
	16.99
	1
	0
	0
	Good growth rate

	27
	21.34
	18.07
	1
	0
	0
	Good growth rate

	28
	22.29
	18.87
	1
	0
	0
	Good growth rate

	29
	20.38
	17.26
	1
	0
	0
	Good growth rate

	30
	21.66
	18.34
	0
	0
	1
	Good growth rate

	31
	21.97
	18.60
	1
	0
	0
	Good growth rate

	32
	22.61
	19.14
	1
	0
	0
	Good growth rate

	33
	21.02
	17.80
	1
	0
	0
	Good growth rate

	34
	21.33
	18.06
	1
	0
	0
	Good growth rate

	35
	22.61
	19.14
	1
	0
	0
	Good growth rate

	36
	21.34
	18.07
	1
	0
	0
	Good growth rate

	37
	22.61
	19.14
	1
	0
	0
	Good growth rate

	38
	21.02
	17.80
	1
	0
	0
	Good growth rate

	39
	23.25
	19.69
	1
	0
	0
	Good growth rate

	40
	22.29
	18.87
	1
	0
	0
	Good growth rate

	Mean
	22.58
	19.12
	
	
	
	


APPENDIX IX:  Site results 7 years old Pinus Caribaea grown in Bweshamuzi locality

	Location: Bweshamuzi Plot N0: 2 Age: 7yrs Area: 125m x 93m Species: PC   Population: 2325

	Tree Number
	DBHcm
	Height m
	Strata Stem form
	Remarks

	
	
	
	Straight
	Forked
	Crooked
	

	1
	24.52
	20.76
	1
	0
	0
	Good growth rate

	2
	24.84
	21.03
	1
	0
	0
	Good growth rate

	3
	23.88
	20.22
	1
	0
	0
	Good growth rate

	4
	21.66
	18.34
	1
	0
	0
	Good growth rate

	5
	23.89
	20.23
	1
	0
	0
	Good growth rate

	6
	20.38
	17.26
	1
	0
	0
	Good growth rate

	7
	20.06
	16.98
	1
	0
	0
	Good growth rate

	8
	20.70
	17.53
	1
	0
	0
	Good growth rate

	9
	21.02
	17.80
	1
	0
	0
	Good growth rate

	10
	20.70
	17.53
	1
	0
	0
	Good growth rate

	11
	20.38
	17.26
	1
	0
	0
	Good growth rate

	12
	19.74
	16.71
	0
	1
	0
	Good growth rate

	13
	20.70
	17.53
	1
	0
	0
	Good growth rate

	14
	19.74
	16.71
	1
	0
	0
	Good growth rate

	15
	21.33
	18.06
	1
	0
	0
	Good growth rate

	16
	19.74
	16.71
	1
	0
	0
	Good growth rate

	17
	20.70
	17.53
	1
	0
	0
	Good growth rate

	18
	19.11
	16.18
	1
	0
	0
	Good growth rate

	19
	19.11
	16.18
	1
	0
	0
	Good growth rate

	20
	19.11
	16.18
	1
	0
	0
	Good growth rate

	21
	20.38
	17.26
	1
	0
	0
	Good growth rate

	22
	21.34
	18.07
	1
	0
	0
	Good growth rate

	23
	22.93
	19.41
	1
	0
	0
	Good growth rate

	24
	19.11
	16.18
	0
	0
	1
	Good growth rate

	25
	19.43
	16.45
	1
	0
	0
	Good growth rate

	26
	19.75
	16.72
	1
	0
	0
	Good growth rate

	27
	19.43
	16.45
	1
	0
	0
	Good growth rate

	28
	20.38
	17.26
	1
	0
	0
	Good growth rate

	29
	19.75
	16.72
	1
	0
	0
	Good growth rate

	30
	21.02
	17.80
	1
	0
	0
	Good growth rate

	31
	21.34
	18.07
	1
	0
	0
	Good growth rate

	32
	21.01
	17.79
	1
	0
	0
	Good growth rate

	33
	25.48
	21.57
	1
	0
	0
	Good growth rate

	34
	23.24
	19.68
	1
	0
	0
	Good growth rate

	35
	22.93
	19.41
	1
	0
	0
	Good growth rate

	36
	21.66
	18.34
	1
	0
	0
	Good growth rate

	37
	20.06
	16.98
	1
	0
	0
	Good growth rate

	38
	21.97
	18.60
	1
	0
	0
	Good growth rate

	39
	21.02
	17.80
	1
	0
	0
	Good growth rate

	40
	21.34
	18.07
	1
	0
	0
	Good growth rate

	Mean
	21.12
	17.88
	
	
	
	


APPENDIX X:  Site results 10 years old Pinus Caribaea grown in Bugyabuso locality

	Location: Bugyabuso Plot N0: 6  Age: 10yrs Area: 140m x 80m Species: PC       Population: 2240

	Tree Number
	DBHcm
	Height m
	Strata Stem form
	Remarks

	
	
	
	Straight
	Forked
	Crooked
	

	1
	37.26
	31.55
	1
	0
	0
	Good growth rate

	2
	36.94
	31.28
	1
	0
	0
	Good growth rate

	3
	35.05
	29.68
	1
	0
	0
	Good growth rate

	4
	35.67
	30.20
	1
	0
	0
	Good growth rate

	5
	42.36
	35.87
	1
	0
	0
	Good growth rate

	6
	32.48
	27.50
	1
	0
	0
	Good growth rate

	7
	43.63
	36.94
	1
	0
	0
	Good growth rate

	8
	32.17
	27.24
	0
	1
	0
	Good growth rate

	9
	35.99
	30.47
	1
	0
	0
	Good growth rate

	10
	39.49
	33.44
	1
	0
	0
	Good growth rate

	11
	37.58
	31.82
	1
	0
	0
	Good growth rate

	12
	37.26
	31.55
	0
	1
	0
	Good growth rate

	13
	35.35
	29.93
	1
	0
	0
	Good growth rate

	14
	35.09
	30.47
	1
	0
	0
	Good growth rate

	15
	42.68
	36.14
	1
	0
	0
	Good growth rate

	16
	32.80
	27.77
	1
	0
	0
	Good growth rate

	17
	43.95
	37.21
	1
	0
	0
	Good growth rate

	18
	32.48
	27.50
	0
	0
	1
	Good growth rate

	19
	36.31
	30.74
	1
	0
	0
	Good growth rate

	20
	39.81
	33.71
	1
	0
	0
	Good growth rate

	21
	37.90
	32.09
	1
	0
	0
	Good growth rate

	22
	37.58
	31.82
	1
	0
	0
	Good growth rate

	23
	35.67
	30.20
	1
	0
	0
	Good growth rate

	24
	36.31
	30.74
	0
	0
	1
	Good growth rate

	25
	42.99
	36.40
	1
	0
	0
	Good growth rate

	26
	33.12
	28.04
	1
	0
	0
	Good growth rate

	27
	44.28
	37.49
	1
	0
	0
	Good growth rate

	28
	32.80
	27.77
	1
	0
	0
	Good growth rate

	29
	36.62
	31.01
	1
	0
	0
	Good growth rate

	30
	40.13
	33.98
	1
	0
	0
	Good growth rate

	31
	38.22
	32.36
	1
	0
	0
	Good growth rate

	32
	37.90
	32.09
	1
	0
	0
	Good growth rate

	33
	35.99
	30.47
	1
	0
	0
	Good growth rate

	34
	36.62
	31.01
	1
	0
	0
	Good growth rate

	35
	43.31
	36.67
	1
	0
	0
	Good growth rate

	36
	33.44
	28.31
	1
	0
	0
	Good growth rate

	37
	44.59
	37.75
	1
	0
	0
	Good growth rate

	38
	33.12
	28.04
	1
	0
	0
	Good growth rate

	39
	36.94
	31.28
	1
	0
	0
	Good growth rate

	40
	40.45
	34.25
	1
	0
	0
	Good growth rate

	Mean
	37.58
	31.82
	
	
	
	


APPENDIX XI:  Site results 10 years old Pinus Caribaea grown in Bweshamuzi locality

	Location: Bweshamuzi Plot N0: 11 Age: 10yrs Area: 140m x 93m Species: PC   Population: 2604

	Tree Number
	DBHcm
	Height m
	Strata Stem form
	Remarks

	
	
	
	Straight
	Forked
	Crooked
	

	1
	35.63
	30.17
	1
	0
	0
	Good growth rate

	2
	35.33
	29.91
	1
	0
	0
	Good growth rate

	3
	33.53
	28.39
	1
	0
	0
	Good growth rate

	4
	34.13
	28.90
	1
	0
	0
	Good growth rate

	5
	40.41
	34.22
	1
	0
	0
	Good growth rate

	6
	31.13
	26.36
	1
	0
	0
	Good growth rate

	7
	41.62
	35.24
	1
	0
	0
	Good growth rate

	8
	30.83
	26.10
	1
	0
	0
	Good growth rate

	9
	34.42
	29.14
	1
	0
	0
	Good growth rate

	10
	37.72
	31.94
	1
	0
	0
	Good growth rate

	11
	35.02
	29.65
	1
	0
	0
	Good growth rate

	12
	34.72
	29.40
	1
	0
	0
	Good growth rate

	13
	32.95
	27.90
	1
	0
	0
	Good growth rate

	14
	33.53
	28.39
	1
	0
	0
	Good growth rate

	15
	39.81
	33.71
	1
	0
	0
	Good growth rate

	16
	30.53
	25.85
	0
	0
	1
	Good growth rate

	17
	41.01
	34.72
	1
	0
	0
	Good growth rate

	18
	30.24
	25.60
	0
	1
	0
	Good growth rate

	19
	33.83
	28.64
	1
	0
	0
	Good growth rate

	20
	38.55
	32.64
	1
	0
	0
	Good growth rate

	21
	35.93
	30.42
	1
	0
	0
	Good growth rate

	22
	35.63
	30.17
	1
	0
	0
	Good growth rate

	23
	35.05
	29.68
	1
	0
	0
	Good growth rate

	24
	34.42
	29.14
	1
	0
	0
	Good growth rate

	25
	40.71
	34.47
	1
	0
	0
	Good growth rate

	26
	31.43
	26.61
	1
	0
	0
	Good growth rate

	27
	41.91
	35.49
	1
	0
	0
	Good growth rate

	28
	31.13
	26.36
	1
	0
	0
	Good growth rate

	29
	31.72
	29.40
	1
	0
	0
	Good growth rate

	30
	38.02
	32.19
	1
	0
	0
	Good growth rate

	31
	35.32
	29.91
	1
	0
	0
	Good growth rate

	32
	35.02
	29.65
	1
	0
	0
	Good growth rate

	33
	33.23
	28.14
	1
	0
	0
	Good growth rate

	34
	33.83
	28.64
	1
	0
	0
	Good growth rate

	35
	40.12
	33.97
	1
	0
	0
	Good growth rate

	36
	30.83
	26.10
	1
	0
	0
	Good growth rate

	37
	41.31
	35.03
	1
	0
	0
	Good growth rate

	38
	30.53
	25.85
	1
	0
	0
	Good growth rate

	39
	34.13
	28.90
	1
	0
	0
	Good growth rate

	40
	38.87
	32.91
	1
	0
	0
	Good growth rate

	Mean
	35.43
	30.00
	
	
	
	


APPENDIX XII:  Site Results 12 years old Pinus Caribaea Grown in Bugyabuso Locality
	Location: Bugyabuso Plot N0: 10  Age: 12yrs Area: 140m x 80m Species: PC       Population: 2240

	Tree  Number
	DBHcm
	Height m
	Strata Stem form
	Remarks

	
	
	
	Straight
	Forked
	Crooked
	

	1
	43.26
	37.47
	1
	0
	0
	Good growth rate

	2
	42.94
	37.20
	1
	0
	0
	Good growth rate

	3
	41.05
	35.60
	1
	0
	0
	Good growth rate

	4
	41.67
	36.12
	1
	0
	0
	Good growth rate

	5
	48.36
	41.79
	1
	0
	0
	Good growth rate

	6
	38.48
	33.42
	1
	0
	0
	Good growth rate

	7
	49.63
	42.86
	1
	0
	0
	Good growth rate

	8
	38.17
	33.16
	1
	0
	0
	Good growth rate

	9
	41.99
	36.39
	1
	0
	0
	Good growth rate

	10
	45.49
	39.36
	1
	0
	0
	Good growth rate

	11
	43.58
	37.74
	1
	0
	0
	Good growth rate

	12
	43.26
	37.47
	1
	0
	0
	Good growth rate

	13
	41.35
	35.85
	1
	0
	0
	Good growth rate

	14
	41.99
	36.39
	1
	0
	0
	Good growth rate

	15
	48.68
	42.06
	1
	0
	0
	Good growth rate

	16
	38.80
	33.69
	1
	0
	0
	Good growth rate

	17
	49.95
	43.13
	1
	0
	0
	Good growth rate

	18
	38.48
	33.42
	1
	0
	0
	Good growth rate

	19
	42.31
	36.66
	1
	0
	0
	Good growth rate

	20
	45.81
	39.63
	1
	0
	0
	Good growth rate

	21
	43.90
	38.01
	1
	0
	0
	Good growth rate

	22
	43.58
	37.74
	1
	0
	0
	Good growth rate

	23
	41.67
	36.12
	1
	0
	0
	Good growth rate

	24
	42.16
	36.66
	1
	0
	0
	Good growth rate

	25
	48.99
	42.32
	1
	0
	0
	Good growth rate

	26
	39.12
	33.96
	1
	0
	0
	Good growth rate

	27
	50.28
	43.41
	1
	0
	0
	Good growth rate

	28
	38.80
	33.69
	1
	0
	0
	Good growth rate

	29
	42.62
	36.93
	1
	0
	0
	Good growth rate

	30
	46.13
	39.90
	1
	0
	0
	Good growth rate

	31
	44.22
	38.28
	1
	0
	0
	Good growth rate

	32
	43.90
	38.01
	1
	0
	0
	Good growth rate

	33
	41.99
	36.39
	1
	0
	0
	Good growth rate

	34
	42.62
	36.93
	1
	0
	0
	Good growth rate

	35
	49.31
	42.59
	1
	0
	0
	Good growth rate

	36
	39.44
	34.33
	1
	0
	0
	Good growth rate

	37
	50.59
	43.67
	1
	0
	0
	Good growth rate

	38
	39.12
	33.96
	1
	0
	0
	Good growth rate

	39
	42.94
	37.20
	1
	0
	0
	Good growth rate

	40
	46.45
	40.17
	1
	0
	0
	Good growth rate

	Mean
	43.58
	37.74
	
	
	
	


APPENDIX XIII:  Site results 12 years old Pinus Caribaea grown in Bweshamuzi locality

	Location: Bweshamuzi Plot N0: 12 Age: 12yrs Area: 140m x 93m Species: PC   Population: 2604

	Tree Number
	DBHcm
	Height m
	Strata Stem form
	Remarks

	
	
	
	Straight
	Forked
	Crooked
	

	1
	41.80
	35.02
	1
	0
	0
	Good growth rate

	2
	41.50
	44.76
	1
	0
	0
	Good growth rate

	3
	39.70
	33.24
	1
	0
	0
	Good growth rate

	4
	40.30
	33.75
	1
	0
	0
	Good growth rate

	5
	46.58
	39.07
	1
	0
	0
	Good growth rate

	6
	37.30
	31.21
	1
	0
	0
	Good growth rate

	7
	47.79
	40.09
	1
	0
	0
	Good growth rate

	8
	37.02
	30.95
	1
	0
	0
	Good growth rate

	9
	40.59
	33.99
	1
	0
	0
	Good growth rate

	10
	43.89
	36.79
	1
	0
	0
	Good growth rate

	11
	41.19
	34.49
	1
	0
	0
	Good growth rate

	12
	40.89
	34.26
	1
	0
	0
	Good growth rate

	13
	39.12
	32.75
	1
	0
	0
	Good growth rate

	14
	39.70
	33.24
	1
	0
	0
	Good growth rate

	15
	45.98
	38.56
	1
	0
	0
	Good growth rate

	16
	36.70
	30.71
	1
	0
	0
	Good growth rate

	17
	47.18
	36.26
	1
	0
	0
	Good growth rate

	18
	36.41
	30.45
	1
	0
	0
	Good growth rate

	19
	40.02
	33.49
	1
	0
	0
	Good growth rate

	20
	44.72
	37.49
	1
	0
	0
	Good growth rate

	21
	42.09
	35.27
	1
	0
	0
	Good growth rate

	22
	41.79
	35.02
	1
	0
	0
	Good growth rate

	23
	41.22
	34.53
	1
	0
	0
	Good growth rate

	24
	40.59
	33.99
	1
	0
	0
	Good growth rate

	25
	46.88
	36.02
	1
	0
	0
	Good growth rate

	26
	37.61
	31.46
	1
	0
	0
	Good growth rate

	27
	48.08
	40.34
	1
	0
	0
	Good growth rate

	28
	37.29
	31.21
	1
	0
	0
	Good growth rate

	29
	40.59
	34.25
	1
	0
	0
	Good growth rate

	30
	44.19
	37.04
	1
	0
	0
	Good growth rate

	31
	41.49
	34.76
	1
	0
	0
	Good growth rate

	32
	41.19
	34.51
	1
	0
	0
	Good growth rate

	33
	39.41
	32.98
	1
	0
	0
	Good growth rate

	34
	40.01
	33.49
	1
	0
	0
	Good growth rate

	35
	46.28
	38.82
	1
	0
	0
	Good growth rate

	36
	37.02
	30.95
	1
	0
	0
	Good growth rate

	37
	47.46
	36.58
	1
	0
	0
	Good growth rate

	38
	36.72
	30.71
	1
	0
	0
	Good growth rate

	39
	40.28
	33.74
	1
	0
	0
	Good growth rate

	40
	45.04
	37.76
	1
	0
	0
	Good growth rate

	Mean
	41.59
	34.85
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